RENORBIO

Programa de P6s-Graduagao em Biotecnologia

Bioprospecg¢ao da geopropolis deMelipona fasciculata Smith
Como insumo na geragao de produtos leishmanicidas

Richard Pereira Dutra

Sao Luis-MA
2012



RICHARD PEREIRA DUTRA

Bioprospeccao da geopropolis de Melipona fasciculata Smith como insumo
na geracao de produtos leishmanicidas

Tese apresentada ao Programa de Pés-Graduacgido em
Biotecnologia da Rede Nordeste de Biotecnologia —
Ponto Focal do Maranhao, da Universidade Federal
do Maranhao, como requisito para obtencao do titulo
de Doutor em Biotecnologia

Orientadora: Profa. Dra. Rosane Nassar Meireles Guerra

Co-Orientadora: Profa. Dra. Maria Nilce de Sousa Ribeiro

Sao Luis-MA

2012



Dutra, Richard Pereira

Bioprospec¢do da geoprépolis de Melipona fasciculata Smith como
insumo na geracao de produtos leishmanicidas. 2012

140f.

Impresso por computador (fotocopia).

Orientadora: Rosane Nassar Meireles Guerra.

Co-orientadora: Maria Nilce de Sousa Ribeiro

Tese (Doutorado) - Universidade Federal do Maranhéo -
Doutorado em Biotecnologia, Rede Nordeste de Biotecnologia, 2012.

1. Geoprépolis 2.Abelhas sem ferrdao 3.Melipona fasciculata Smith 4.
Leishmania amazonensis 5.Atividade leishmanicida 6. Taninos hidrolisaveis 1.

Titulo

CDU 638.162




RICHARD PEREIRA DUTRA

Bioprospeccao da geopropolis de Melipona fasciculata Smith como insumo
na geracao de produtos leishmanicidas

Tese apresentada ao Programa de Pds-Graduagdo em
Biotecnologia da Rede Nordeste de Biotecnologia —
Ponto Focal do Maranhdo, como requisito para
obtencdo do titulo de Doutor em Biotecnologia

A Banca Examinadora da qualificacdo de Tese de Doutorado apresentada em sessdo publica
considerou o candidato aprovado em19 /09 / 2012

Profa. Dra. Rosane Nassar Meireles Guerra (Orientadora)

Universidade Federal do Maranhio - UFMA

Profa. Dra. Maria Nilce de Sousa Ribeiro(Co-orientadora)

Universidade Federal do Maranhio - UFMA

Prof. Dr. Alberdan Silva Santos (1° Examinador)
Universidade Federal do Para - UFPA

Prof. Dr. Valério Monteiro Neto (2° Examinador)

Centro Universitario do Maranhio - CEUMA

Profa. Dra. Flavia Raquel Fernandes do Nascimento (3° Examinador)

Universidade Federal do Maranhio - UFMA

Prof. Dr. Ant6nio Marcus de Andrade Paes (4° Examinador)

Universidade Federal do Maranhio - UFMA



Dedico este trabalho aos meus pais, Vasti, Lasaro (in
memorian), a0 meu irmao Rafael, minha esposa Juliana e

ao meu filho Pedro Lucas.



AGRADECIMENTOS

A DEUS pelo presente da vida, por ser minha fortaleza, por tantas oportunidades recebidas e

pela realizacdo de mais um sonho.

A minha familia, minha mae Vasti Dutra, meu irmao Rafael Dutra e minha esposa Juliana
Pereira pelo apoio, amor e carinho incondicional que sempre me proporcionaram. Pessoas

especiais com as quais aprendi a ser humilde e ter garra para ir atrds de todos os meus sonhos.

A Profa. Dra. Rosane Nassar Meireles Guerra, por sua orientagdo, confianca e oportunidade

para a realizag¢do do doutorado.

A Profa. Dra. Maria Nilce de Sousa Ribeiro, ndo s6 pela co-orientacdo, mas pela presenca
constante em todos os momentos, 0 que fez surgir uma grande amizade, fruto do respeito,

confianca, paciéncia e incentivos que me ajudaram a seguir em frente.

A Profa. Dra. Flavia Raquel Fernandes do Nascimento, pelas contribui¢des nos testes

bioldgicos.

A Profa. Dra. Fldvia Amaral, pelas contribui¢des na organizagdo dos resultados deste

trabalho.

A Profa. Dra. Luce Maria Branddao Torres, por sua amizade e valiosas contribui¢des nas
andlises quimicas por cromatografia gasosa, realizadas no Instituto de Botanica do Estado de

Sao Paulo, que tanto enriqueceram este trabalho.

A Dairlane e Gabriel, alunos do Laboratério de Fitoquimica do Instituo de Botanica do Estado
de Sao Paulo, pela gentileza, disponibilidade e contribuicdes durante as andlises quimicas por

cromatografia gasosa.

A Jeamile Bezerra, Mayara Silva e Fernando Patricio pela amizade, gentileza, paciéncia e

apoio para a realizacdo dos ensaios leishmanicidas.



Ao Tonicley Alexandre da Silva pela disponibilidade e contribuicdes em todas as etapas da

patente, da escrita ao depdsito.

A Professora Gilvanda Nunes e a Valéria Aranha do Departamento de Apoio a Projetos de
Inovacdo e Gestdo de Servicos Tecnoldgicos (DAPI), pelas correcdes e normatizacdo do

pedido de patente.

Aos amigos do Laboratério de Farmacognosia I, Bruno Vinicius, Marisa Batista, Mayara
Soares, Janale Santos, Vanessa Silva, Abigail Castro, Josianne Barboza, pela amizade,

companheirismo, nas andlises quimicas e pelos momentos de descontracio vividos.

Aos amigos do Laboratério de Imunofisiologia (LIF), Aramys Silva, Abigail Aragjo,
Anselmo, Anne Karine Martins, Diego Arruda, Thiare Fortes, Lucilene Amorim, Eder Fialho,

Graciomar Costa, pelas colaboracdes na realizagcdo dos testes bioldgicos.

Aos colegas de Pds-graduacao Monica Viegas, Lucio Campos, Daniel Duarte pela amizade,

companheirismo e momentos de descontracdo durante a realizacdo das disciplinas.

A Wilany Esposito, Técnica do Laboratério de Farmacognosia I, pela amizade e colaboragio

para a realizag@o deste trabalho.

A bibliotecdria Suénia Mendes e sua equipe, pela presteza em que providenciaram os artigos

nao disponiveis no portal CAPES.

A Marta Ribeiro e Liliane Cutrim responsédveis pela higienizacdo das instalacdes do prédio de

Farmacia, pela colaboracdo na organizacdo do Laboratério de Farmacognosia L.

Ao Programa de Poés-graduagdo em Biotecnologia (RENORBIO) pela oportunidade da

realizacdo do doutorado em Biotecnologia.

A Universidade Federal do Maranhio, ponto Focal Maranhdo do Programa em Biotecnologia,

por oferecer as condi¢Oes para a realizacao deste trabalho.



A Fundagio de Amparo a Pesquisa do Estado do Maranhio - FAPEMA pela concessio da

bolsa de doutorado.

A todos que direta ou indiretamente contribuiram para a realizagcdo deste trabalho.



“Quem sabe concentrar-se numa coisa e insistir nela
como unico objetivo, obtém, ao fim e ao cabo, a

capacidade de fazer qualquer coisa.”

Mahatma Gandhi



RESUMO

Melipona fasciculataSmith, ocorre no Brasil, especialmente no estado do Maranhao, onde é
popularmente conhecida como titiba. A tiiba produz mel, cera, geoprépolis e acumula pélen.
O objetivo deste trabalho foi avaliar a atividade leishmanicida de diferentes amostras da
geopropolis de Melipona fasciculata, visando a obtencdo de um produto com atividade
leishmanicida. As amostras de geoprdpolis foram coletadas em diferentes localidades do
municipio de Fernando Falcdo-MA e submetidas a processo extrativo com solugdo
hidroalcodlica, obtendo-se os extratos hidroalcodlicos da geoprépolis (EHGI, EHG2 e
EHG?3). Os extratos foram utilizados para avaliacdo in vitro da agdo leishmanicida, utilizando
formas promastigotas de Leishmania amazonensis. O EHG1, que apresentou maior atividade
leishmanicida, foi submetido a parti¢ao liquido-liquido, resultando nas fracdes hexanica (FH),
fracdo cloroférmica (FC), fracdo acetato de etila (FA) e fragdo hidroalcodlica (FHA). As
fragdes foram avaliadas quanto a atividade leishmanicida e antioxidante, e ainda analisadas
quanto a concentracdo de polifendis totais e composi¢do quimica. Os extratos da geopropolis
apresentaram concentragdo inibitéria (Clsp) entre 47 a 229 ug/mL. O extrato mais ativo foi
EHGI e a sua fracdo mais ativa foi a FA com Clsode 29,89 ug/mL, enquanto as fracdes FC e
FHA apresentaram Clsp de 43,21 pg/mL e 49,48 pg/mL, respectivamente. OEHGI1 e as
fragdes leishmanicidas apresentaram atividade antioxidante frente ao radical DPPH e elevados
teores de polifendis totais. A fragdo hexanica ndo apresentou acao leishmanicida, antioxidante
e apresentou as menores concentracdoes de polifendis. Os extratos apresentaram dcidos
fendlicos, 4cidos organicos, dcidos graxos, antraquinonas, agicares e dlcoois, nas analises por
cromatografia gasosa acoplada a espectrometria de massas (CG-EM). A fracdo mais ativa
(FA) apresentou principalmente o &4cido gélico, enquanto nas demais fragdes foram
identificados 4cidos graxos, dcidos organicos, antraquinonas, diterpenos, triterpenos,
esterdides, acucares e dlcoois. Nas andlises por cromatografia liquida de alta eficiéncia
acoplada a espectrometria de massas (CLAE-EM) do extrato fracdo mais ativos foram
identificados 4cidos fendlicos, galotaninos e elagitaninos, corroborando com os dados obtidos
por CG-EM. Com base nos resultados foi obtido um bioproduto que quando testado nas
mesmas condi¢des também apresentou acdo leishmanicida. Concluimos que a atividade
leishmanicida e antioxidante da geopropolis de Melipona fasciculataestiopossivelmente

relacionadas a presenca de derivados dos dcidos gélico e eldgico.

Palavras-chave: geopropolis, Melipona fasciculata, atividade leishmanicida, atividade

antioxidante, dcido gélico, 4cido elagico, Leishmania amazonensis.



ABSTRACT

Melipona fasciculataSmith, occurs in Brazil, especially in the state of Maranhdo, where it is
popularly known as “tiiba”. The tiiba produces honey, wax, pollen and geopropolis. The aim
of this study was to evaluate the leishmanicidal activity of different samples of geopropolis
Melipona fasciculata, aiming to produce a product with leishmanicidal activity. Geopropolis
samples were collected in different localities of the municipality of Fernando Falcao-MA and
subjected to extractive process withhydroalcoholic solution, obtaining the hydroalcoholic
extracts of geopropolis (HEG1, and HEG2 HEG3). The extracts were used for in vitro
evaluation of leishmanicidal action, using promastigotes of Leishmania amazonensis. The
HEGI1, with the highest leishmanicidal activity, was subjected to liquid-liquid partition,
resulting in hexanefraction (FH), chloroform fraction (CF), ethyl acetate fraction (AF) and
hydroalcoholic fraction (FHA). The fractions were assessed for leishmanicidal activity and
antioxidant, and also analyzed for total polyphenol concentration and chemical composition.
Extracts of geopropolis showed inhibitory concentration (ICsp) between 47-229 ug/mL. The
most active extract was EHG1 and its most active fraction was the FA with ICsy of 29.89
pg/mL, while the ICsy FC fractions and FHA showed ICspof 43.21 pg/mL and 49.48 ug/mL,
respectively. The HEGI1 and fractions leishmanicidalshowed antioxidant activity towards
DPPH and high levels of total polyphenols. The hexane fraction showed no leishmanicidal
action, and had the lowest antioxidant concentrations of polyphenols. The extracts showed
phenolic acids, organic acids, fatty acids, anthraquinones, sugars and alcohols, the analysis by
gas chromatography-mass spectrometry (GC-MS). The most active fraction (AF) showed
mainly gallic acid, while the other fractions were identified fatty acids, organic acids,
anthraquinones, diterpenes, triterpenes, steroids, sugars and alcohols. In the analysis by High
performance liquidchromatographycoupled tomass spectrometry (HPLC-MS) extract the most
active fraction were identified phenolic acids, ellagitannins and gallotannins, confirming the
data obtained by GC-MS. Based on the results obtained was a byproduct that when tested
under the same conditions also showed leishmanicidal action. In conclusion, the
leishmanicidal activity of geopropolis Melipona fasciculata is likely to be related to the

presence of gallic acid derivaties and ellagic.

Keywords: geopropolis, Melipona fasciculata, leishmanicidal activity, antioxidant activity,

gallic acid, ellagic acid, Leishmania amazonensis.
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1. INTRODUCAO

Os meliponineos, abelhas nativas, sociais e sem ferrdo, sdo importantes polinizadores
e ocupam grande parte das regides de clima tropical e subtropical, especialmente na América
do Sul. No Brasil, especificamente no estado do Maranhao, hd uma grande diversidade de
abelhas sem ferrdo, entre elas Melipona fasciculata Smith, conhecida popularmente como

~ 9

“titba” ou “titba do Maranhdo”. A tiiba produz mel, cera, geoprdpolis e acumula poélen,
desempenhando um importante papel bioldgico como polinizadora e seus produtos sdao fonte
de renda para as comunidades rurais do Estado.

A meliponicultura, criacdo das abelhas sem ferrdo, faz parte dos arranjos produtivos
locais, como drea estratégica para o desenvolvimento do estado do Maranhdo. Entretanto, o
produto explorado comercialmente € o mel e ndao ha a exploracao dos demais produtos, entre
eles a geopropolis, que € descartada durante o processo de coleta do mel. A geoprépolis €
produzida a partir de uma mistura de resinas vegetais, cera, secre¢oes salivares e terra.

Com o objetivo de possibilitar o aproveitamento econdmico de novos produtos
meliponicolas, nos dltimos anos, o grupo de Produtos Naturais da Universidade Federal do
Maranhdo (UFMA) e Universidade Estadual do Maranhdo (UEMA) tém realizado estudos
quimicos e bioldgicos com a geopropolis produzida por Melipona fasciculata (tiiba). Os
resultados encontrados tém demonstrado atividade antibacteriana, antifingica, analgésica,
antiinflamatéria, antitumoral, antioxidante e imunomoduladora.Estudos quimicos com
extratos da geoprépolis identificaram a presenga de compostos fendlicos, flavonoides,
triterpenos e saponinas. Dados da literarura demonstramcaréncia deestudos anti-protozodrio,
entre eles leishmanicidas, para produtos de abelhas sem ferrdao, entretanto ha relatos da acdo
leishmanicida para prépolis de Apis mellifera.

Considerando que a quimioterapia das leishmaniosesutiliza antimoniais pentavalentes,
pentamidinas e anfoterina B, e que esses farmacos tém demonstrado eficicia varidvel entre as
espécies de Leishmaniaspp, toxicidade, resisténcia dos parasitos e requer longo tempo de
administracdo, faz-se necessario o estudo de novas drogas quimioterdpicas para o tratamento
dessa doenca.

As leishmanioses sdao doencas tropicais causadas por diferentes espécies de
protozodrios do género Leishmania, que afetam cerca de 350 milhdes de pessoas no mundo e
estdo distribuidas em 88 paises, incluindo o Brasil. As regides Norte e Nordeste brasileiras
concentram 90% dos casos humanos da doenga, sendo o estado do Maranhao, drea endémica,

com cerca 88% de seus municipios afetados pela doenca.
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Considerando os aspectos acima mencionados, o presente estudo avalia a acdo
leishmanicida da geoprépolis de Melipona fasciculata, na busca de gerar insumos para
producdo de produtos leishmanicidas.

Os resultados deste trabalho serdo apresentados em quatro capitulos, dispostos em trés
artigos cientificos e um pedido de patente depositado. O primeiro capitulo descreve a
atividade leishmanicida de extratos da geopropolis de Melipona fasciculata, assim como, a
composi¢do quimica analisada por cromatografia gasosa acoplada a espectrometria de
massas(CG/EM). O segundo capitulo consiste em resultados de um estudo biomonitorado,
utilizando asquatro fracdes obtidas a partir do extrato hidroalcodlico dageopropolis de
Melipona fasciculata, assim como, a composi¢do quimica analisada por cromatografia gasosa
acoplada a espectrometria de massas. O terceiro artigo descreve a concentragdo de fendlicos
do extrato hidroalcodlico da geopropolis e das fragdes obtidas a partir deste extrato,
relacionando a atividade antioxidante e a presenga de compostos fendlicos identificados por
cromatografia liquida de alta eficiéncia acoplada a espectrometria de massa. No ultimo
capitulo encontra-se o pedido de patente do processo de obtencdo, formulacdes de extratos
padronizados, fracdes e substancias isoladas da geoprdpolis brasileira de abelhas sem ferrao e
seu uso como agente leishmanicida.

Em anexo, encontram-se dois artigos publicados com estudos complementares sobre

geopropolis desenvolvidos durante o doutorado.
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2. REVISAO DE LITERATURA

2.1 Melipona fasciculataSmithe outras abelhas sem ferrao

As abelhas sao insetos polinizadores pertencentes a ordem Hymenoptera, reunidas na
superfamilia Apoidea, que € constituida por diversas familias. As abelhas que possuem
habitos sociais mais avangados constituem a familia Apidae que estd subdividida em quatro
subfamilias: Apinae, Bombinae, Euglossinae e Meliponinae (KERR, 1996).

A subfamilia Meliponinae € constituida por abelhas conhecidas como meliponineos ou
abelhas sem ferrdo, subdividida em duas tribos: Meliponinie Trigonini. A tribo Meliponini é
exclusivamente neotropical e possui um tnico género, Melipona, com cerca de 55 espécies,
das quais 36 sdo encontradas no Brasil, entre elas Melipona fasciculata Smith, anteriormente
conhecida como Melipona compressipes fasciculata(KERR, 1996; VELTHUIS et al., 2003).

Os meliponineos constituem um grupo ecologicamente importante de abelhas, pois
atuam como polinizadores de plantas nativas das regides tropicais, temperadas e subtropicais.
Entretanto, essas abelhas vém sendo dizimadas, através da destrui¢ao da flora nativa, redugao
do substrato de nidificag@o, coleta predatéria de ninhos e introducdo de espécies exdticas
(SILVEIRA et al., 2002; VELTHUIS et al., 2003; REGO et al., 2008). Desta forma, o
interesse pela meliponicultura, que inclui o cultivo e a exploragdo racional dessas abelhas,
pode contribuir para a preservacao de espécies vegetais, além de agregar valor aos produtos
meliponicolas, tais como mel, geopropolis, propolis, cera e pélen (BROSI, 2009).

O cultivo de abelhas sem ferrdo vem sendo desenvolvido hd bastante tempo em
diversas regides do Brasil principalmente nas regides Norte e Nordeste. No estado do
Maranhao, a criacdo da espécie M. fasciculata,conhecida popularmente como ‘“titiba” ou
“titba do Maranhao” (Figura 1A; 1B) € feita em caixas rusticas (caboclas) (Figura 1C) e se
constitui em importante fonte de renda para varias familias do interior do Estado. Essa abelha

produz mel, geoprépolis, cera e acumula pélen (BEZERRA, 2004; MARTINS et al., 2011).
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Figura 1 -Melipona fasciculata Smith
(tidba) A: Exemplar em detalhe; B: Visita
a flor de Bixa orellana L. C: Caixa cabocla
com colméia de Melipona fasciculata
Smith cultivada no estado do Maranhao,
com a seta indicando a localizagdo da
geoprépolis na parte superior da caixa.
Fotos: Adriana Martins, 2008 e Giorgio
Venturiere.

A geoprépolis € produzida a partir de uma mistura de resinas vegetais, cera, secre¢oes
salivares e terra (Figura 2). Serve como material asséptico na colméia, para fechar pequenas
frestas, na defesa contra invasores e vedar entradas de ventilacdo excessiva. Difere da prépolis
de Apis mellifera devido a vérios fatores, entre eles a adicdo de terra (KERR, 1987; KERR,
1996; BARTH, 2006; DUTRA et al., 2008). E utilizada na constru¢do da entrada das colOnias
e das paredes divisdrias do ninho, ou para refor¢o das paredes naturais do ninho. Ressalta-se
ainda que, o comportamento de coletar terra para produzir a geopropolis é caracteristico para
as espécies do género Melipona. Outras espécies de meliponineos, como as pertencentes a

tribo Trigonini produzem somente propolis (NOGUEIRA-NETO, 1997;SOUZA et al., 2009;).
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Figura 2 - Tipos de geoprépolis produzidas por Melipona fasciculata

Smith (tidba) no estado do Maranh3o.

A criacdo de abelhas sem ferrdo no Maranhdo reune algumas caracteristicas bastante
favoraveis, por ser uma regido de transicao, entre o Norte-Nordeste e Centro-Oeste brasileiro,
apresentando uma grande variedade de biomas, desde ambientes salinos com presenca de
manguezais, passando por campos inunddveis, cerrados, babaguais e floresta amazonica
(Figura 3). Destaque para o cerrado que ocupa cerca de 40% do territério maranhense,
estendendo-se desde a regido leste do Maranhdo, incluindo os municipios de Barreirinhas,
Urbano Santos, Chapadinha, Vargem Grande, até a regidao sul, nos municipios de Balsas,
Riachdo, Carolina, ocupando relevo aplainado e chapadas. Entre as principais espécies
vegetais presentes no cerrado destacam-se espécies de grande valor ecolégico e econdmico,
como barbatimao (Stryphnodendron barbatiman Mart.), Gongalo-Alves (Astronium graveolens
Jacq.), mangabeira (Hancornia speciosa Muell. Arg.), piqui (Caryocar brasiliensis Camb.),
favad'anta (Dimorphandra gardneriana L.), tamboril (Enterolobium contortisiliquum (Vell.)
Morong.), candeia (Platymenia reticulata Benth.), sucupira (Bowdichia virgilioides HBK.),
murici (Byrsonima crassifolia HBK), puca (Mouriri pusa Gardn.), cagaita (Eugenia
dysenterica DC.), pau terra (Qualea grandiflora Mart.), entre outras (MUNIZ, 2004). Assim,
a diversidade vegetal do Maranhdo pode influenciar tanto a composi¢ao quimica quanto as

propriedades bioldgicas dos produtos meliponicolas, em especial a geopropolis.
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. Campos Inundaveis

Figura 3 - Distribuicdo dos principais biomas do

estado do Maranhdo (MUNIZ, 2004).

2.2 Composicio quimica da geopropolis e propolis de Meliponineos

Estudos de identificacdo da composi¢do quimica e avaliacdo das atividades bioldgicas
de prépolis e geopropolis de abelhas sem ferrdo sdo recentes, tendo sido iniciados nas ultimas
décadas. Ressalta-se ainda que, os termos propolis e geopropolis sdo utilizados de forma
semelhante para material proveniente das mesmas espécies de abelhas sem ferrdo, o que
dificulta o entendimento dos dados. Neste trabalho serd utilizado o termo geoprépolis para
material proveniente de espécies do género Melipona, enquanto propolis para as demais
espécies de abelhas com ou sem ferrao.

Os primeiros relatos sobre a composi¢do quimica de geoprdpolis e propolis de
meliponineos sdo descritos por Greenaway et al. (1990) analisando geoprépolis de Melipona
sp. € propolis de Nannotrigona tristella Cockrell, Scaptotrigona sp.eTetragonisca sp., do
Equador. Segundo os resultados ha uma maior concentracao de acidos fendlicos, entre eles o

acido 3,5-dihidrobenzéico, diferentemente da propolis de abelhas Apis mellifera da Europa e
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da América do Norte, rica em flavonoides. Segundo os autores essas abelhas sem ferrdo

provavelmente coletavam materiais das flores de Dalechampia sp. eClusia sp.

Mais tarde, Tomas-Barberan et al. (1993), analisando a propolis de Friseomelitta
varia, Scaptotrigona depilis,Paratrigona anduzeie geopropolis de Melipona compressipes
fasciculata, Melipona favosa, oriundas da Venezuela, identificaram compostos fendlicos do
tipo benzofenonas preniladas, por cromatografia liquida de alta eficiéncia acoplada a

espectrometria de massas (CLAE/EM).

Em 1998, Bankova et al.identificaram mais de cinqiienta compostos, principalmente
compostos fendlicos e triterpenos como as benzofenonas, dcidos fendlicos, pinobaksina e [3-

amirina, na geoprépolis de vdrias espécies de Melipona e na propolis de Tetragona clavipes.

Monoterpenos, sesquiterpenos editerpenos foram detectados como componentes da
propolis de Frieseomelittasilvestrii, Frieseomelitta silvestrii languida e Frieseomelitta varia,
produzidas nos estados de Sdo Paulo, Goids e Minas Gerais no Brasil (PATRICIO et al.,
2002), e também na geoprdpolis mexicana produzida por Melipona becheii (PINO et al.,

2006).

A andlise da propolis de Tetragonisca angustula de diferentes estados brasileiros
apresentou compostos fendlicos, triterpenos, acidos organicos, dlcoois, acidos graxos,
acucares e aminodcidos (VELIKOVA et al., 2000a; MIORIN et al., 2003; PEREIRA et al.,
2003; SAWAYA et al., 2006). Segundo Sawaya et al. (2009), a composi¢do quimica da
propolis de Scaptotrigona sp e Apis mellifera varia de acordo com a espécie de abelha,
origem geografica e época de coleta, diferente da préopolis de Tetragonisca angustula, cuja

composi¢ao quimica da propolis independe da regido de coleta.

Estudos com prépolis produzida por diferentes espécies de abelhas sem ferrdo obtidas
em vdrias localidades do Brasil foram analisados, visando a identificacdo da composi¢cdo
quimica e fonte vegetal usada pelas abelhas. Os dados obtidos mostraram que a maioria das
abelhas coletou resinas de Schinus terebenthifoliusR., espécie com ampla distribuicao
geografica no territério brasileiro. Nesse estudo, os autores enfatizaram que as abelhas
estudadas ignoraram resinas de Baccharis dracunculifoliaDC.que em contrapartida émuito

visitada por Apis mellifera para a producgdo de propolis verde (SAWAYA et al., 2007; 2011).

Segundo Kujumgiev et al. (1999) e Pereira et al. (2003) tanto a geoprépolis de
espécies de Melipona como a propolis de Apis mellifera apresentam como constituintes
majoritdrios compostos aromadticos e terpenos. Estes resultados foram confirmados por

Velikova et al. (2000a;b), ao avaliarem por cromatografia gasosa acoplada a espectrometriade
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massas (CG/EM), amostras de geopropolis e propolis brasileiras obtidas nos estados de
Pernambuco, Minas Gerais, Sao Paulo, Espirito Santo, Parand e Mato Grosso do Sul de 12
espécies de abelhas sem ferrdo. Foram identificados compostos fendlicos e terpénicos,

principalmente derivados do dcido galico, dcido caurendico e f-amirina, além de agucares.

A geopropolis produzida por Melipona fasciculata em diferentes localidades do estado
do Maranhao, tem sido objeto de estudo nos ultimos anos, por pequisadores da Universidade
Federal do Maranhdo, com o objetivo de identificar suas caracteristicas fisicas, fisico-
quimicas, quimicas e ac¢des bioldgicas. Os resultados mostram que a geoprépolis maranhense
apresenta coloracdo variando entre preto e o marrom avermelhado, é inodora, com
predominancia do sabor amargo (DUTRA et al., 2008; NOGUEIRA, 2008; CUNHA et al.,
2009).

Resultados prévios do nosso grupo quanto a composi¢do quimica da geoprépolis de
Melipona fasciculata, também detectaram a presenga de compostos fendlicos, triterpenos e
saponinas, além de elevados teores de polifendis e flavonoides totais, a partir da quantificagao
por métodos espectrométricos na regidao do UV-Vis (ABREU et al., 2006; DUTRA el al.,
2008; CUNHA et al., 2009). Indicando predominancia de compostos fendlicos e terpénicos,

da mesma forma do que o descrito por Bankova; Popova (2007).

A geopropolis de Melipona fasciculata produzida em diferentes municipios da
Baixada maranhense, apresentaram quando analisados porCG-EM, &4cido gélico, 4cido
cinamico e 4cido protocatecuico, quercetina, dcido ursélico, dcido oleandlico, B-amirina,
cicloursano, cicloartenol, acido 3-oxo-urs-12-en-24-oico, lanosterol, acetato de lanosterol,
além de 4cidos organicos, 4cidos graxos, iriddides, agucares e dlcoois (ABREU, 2011;
BATISTA, 2011). Flavonoide derivado do canferol (3,7-di-O-metil-canferol) foi identificado
por CLAE-EM na geoprépolis produzida no municipio de Palmeirandia, regido da Baixada

maranhense (SANTOS, 2010).

As andlises dos dados indicam que na geoprdpolis de Melipona fasciculata, ha
predominancia de compostos fendlicos, flavonoides e terpenos, além de esterdides,

cumarinas, iridéides, dcidos graxos, acucares e dlcoois conforme mostra a Tabela 1.
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Tabela 1- Revisao de dados da literatura sobre a composi¢ao quimica da prépolis e geopropolis de abelhas sem ferrao

Espécie de abelha  Material Local de Classe de Substancias Método Referéncia
origem compostos analitico
Frieseomelitta Prépolis Brasil, GO  Monoterpenos o-Felandreno, borneol, acetato de bornila, CG-EM Patricio et al.,
silvestrii [-cariofileno 2002
Sesquiterpenos o-Ylangeno, a-copaeno, a-cubebeno,
a-bergamoteno, a-humuleno, y-muroleno,
a-muruleno, y-cadineno, o-cadineno,
espatulenol
Hidrocarboneto Heptacosano, pentacosano
Frieseomelitta Prépolis Brasil, MG  Monoterpenos a-Felandreno, sabineno, a-terpineno, CG-EM Patricio et al.,
silvestrii languida y-terpineno, a-terpineol 2002
Diterpeno Manool,totarol, ferruginol, sugiol
Acidos graxos Acido miristico, dcido palmitico
Alcool 2-Undecanol
Cetonas 2-Pentadecanona, 2-tridecanona,
Hidrocarboneto Heptacosano, nonacosano,hentriacontano,
dotriacontano
Acido organico  Acido acético
Frieseomelitta Prépolis Brasil, SP Monoterpenos a-Pineno, canfeno, [-pineno, 3-careno, CG-EM Patricio et al.,
varia terpineno-4-ol 2002
Sesquiterpenos a-Ylangeno, a-cubebeno, a-copaeno,
B-cubebeno, a-gurjuneno, y-elemeno,
simulareno, trans-B-farneseno, o-
amorfeno, germacreno D, a-cadineno,

Triterpenos

cadina-1,4-dieno, elemol, espatulenol
a-Amirina, B-amirina



Tabela 1- Revisao de dados da literatura sobre a composicao quimica da prépolis e geoprépolis de abelhas sem ferrdo (continuagao)

Benzofenonas preniladas

CLAE-EM Tomas-

Barberan et al.,
1993

Frieseomelitta Proépolis Venezuela Compostos
varia Fenolicos
Melipona beecheii Geoprépolis México, Monoterpenos
YU
Sesquiterpenos

3,5,5-trimetil-2-ciclopenten-1-ona,

(Z)-3-hexanol, santolina trieno,
tricicleno, a-tujeno, a-pineno,
canfeno, tuja-2,4(10)-dieno,p-
pineno,  6-metil-5-hepteno-2-ona,
mirceno, a-felandreno, 6-3-careno,
p-menta-1-eno, limoneno, 1,8-

cineol, m-cimeno, y-terpineno, cis-
sabineno hidratodo, trans-6xido de

linalol,6xido de a-pineno,
crisantenona, trans-2,8-p-
metandieno-1-ol, o-camfolenal,
trans-pinocarveol, cis-verbenol,
trans-verbenol, pinocarvona,

bomeol, cis-pinocanfona, terpineno-
4-ol, p-cimeno-8-0l, a-terpineol,
mirtenal,  mirtenol, verbenona,
trans-carveol, carvona, acetato de

bornila

o-elemeno, o-cubebeno,
ciclosativeno, a-copaeno, f-
burboneno, [-cubebeno, B-
elemeno, B-cariofileno, trans-a-

bergamoteno, a-humoleno,

CG-EM

Pino et al.,
2006
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Tabela 1- Revisao de dados da literatura sobre a composi¢ao quimica da propolis e geoprépolis de abelhas sem ferrdo (continuacio)

alo-aromadendreno,y-muroleno,
biciclogermacreno, o-muroleno,
germacreno A, [-bisaboleno, vy-
cardineno, cubebol, §-cardineno, B-
vetiveno, espatulenol, o6xido de
cariofileno, viridiflorol, epoxido a-
humuleno I, epoxido a-humuleno
I, epi-a-cardinol, a-murolol, ao-
cardinol

Hidrocarboneto Heptadecano
Melipona Geopropolis Brasil, PI  Monoterpenos a-Pineno CG-EM Bankovaet al.,
compressipes Sesquiterpenos Nerolidol, espatulenol, t-murolol 1998; 1999;
Diterpenos Acido dehidroabiético, acido Kujumgiev et
diterpénico 1, Acido diterpénico 2 al.,1999
Triterpenos Friedooleanona-3-ona

Acidos Fenolicos

Compostos
Fenolicos
Flavonoides

Acidos graxos

Acido gdlico, acido p-
hidroxibenzo6ico, acido cinimico,
acido cis-p-cumarico,icido trans-p-
cumadrico, metil p-cumarato
Hidroquinona, etilfenol

Pinobanksina,
dihidroximetoxiflavonona

Acido miristico, &cido palmitico,
acido palmitoléico, 4cido estedrico,
acido oléico, 4cido capréico
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Tabela 1- Revisao de dados da literatura sobre a composi¢ao quimica da propolis e geopropolis de abelhas sem ferrdo (continuacao)

Alcool Fenélico

Aldeidos Fenolicos
Cetonas
Cumarinas
Hidrocarbonetos
alifaticos
Hidrocarbonetos
aromaticos

Acido inorganico
Acuicar

3-(2-OH-fenil)-propanolol,3-(4-OH-
fenil)-propanolol,  1-feniletanol-2-
feniletanol, alcool benzilico,
Benzaldeido

OH-acetofenona

Cumarona

Hidrocarbonetos com cadeia de C8-
C25

Alquibenzenos,alquilnaftalenos

Acido fosforico
Glicose

Melipona Geoprépolis Venezuela Compostos Benzofenonas preniladas CLAE-EM Tomaés-
compressipes Fenolicos Barberan et al.,
1993
Melipona Geopropolis Brasil, MA Triterpenos, Prospeccdo Abreu et al.,
Jasciculata Fenolicos, quimica  2006; Dutra et
Flavonoides al., 2008;
Saponinas Cunha et al.,
2009;
Triterpenos Acido ursélico, dcido oleandlico, B- CG-EM  Abreu, 2011;
amirina, acido 3-oxo-urs-12-en-24- Batista, 2011
oico, cicloursano,cicloartenol
Esteroides Lanosterol, acetato de lanosterol

Acidos fenodlicos

Flavonéide
Acidos organicos

Acido gdlico, acido protocatecuico,
acido cinamico

Quercetina

Acido citrico, 4cido quinico, 4cido
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Tabela 1- Revisao de dados da literatura sobre a composi¢ao quimica da propolis e geopropolis de abelhas sem ferrdo (continuacao)

Acidos graxos Acido palmitico, 4cido estedrico,
acido linoléico, acido melissico,
acido octendico, acido céprico, dcido
pentacosendico, dcido eicosandico

Acucares e alcoois  Glicose, arabinose, fucose,
galactose, glucitol, xilose, ribose,
eritritol, arabitol, sorbitol, manose,
acido gluconico

Iridéide Aucubina
Flavonoide 3,7-di-O-metil-canferol CLAE-EM Santos, 2010
(kumatakenina)
Melipona sp Geoprépolis Equador  Acidos Fendlicos 3,5-dihidroxibenzdico CG-EM  Greenway et al.,
1990
Melipona Geopropolis Brasil, PR Monoterpenos Terpineno-4-ol, p-menta-1,4-dien-8- CG-EM Bankova et al.,
quadrifasciata ol, trans-carveol,carvona, p-cimeno, 1998; 1999;
anthidioides p-cimeno-8-ol, p-cimeno-7-ol, Velikova et al.,
timol, sabineno, B-tujona, 2000a,b

umbellulona, 2-careno, car-3-em-2-
ona, a-pineno, [-pineno, trans-
pinocarveol, verbenol, verbenona,
aldeido a-canfoleno,

Sesquiterpenos -burboneno, aromadendreno,
spatulenol,6xido de cariofileno,
Diterpenos Acido ent-kaur-16-em-19-oico,

acido ent-15B-(3-metilbutanoiloxi-
16-kauren-19-oico, &acido ent-15-B-
hidroxi-16-kauren-19-oico, acido



Tabela 1- Revisao de dados da literatura sobre a composi¢ao quimica da propolis e geopropolis de abelhas sem ferrdo (continuacao)

Triterpenos

Acidos graxos

Acidos Fenolicos

Fenolicos
Aldeidos fenoélicos

Alcool triterpénico do tipo amirinal,
alcool triterpénico do tipo amirina 2,
alcool triterp€nico

Acido l4urico, dcido miristico, dcido
palmitico, dcido palmitoléico, dcido
margarinico, 4cido estedrico,dcido
oléico, 4cido pentadecandico,

acido isovalerianico
Acido benzéico,
acido
dihidroferulico, acido caféico
Alcool p-cumdrico,p-cresol
Benzaldeido, 4-isopropilideno
benzaldeido,vanilina,

acido wvanilico,

cinamico, acido

coniferilaldeido
Acucares Pentose
Hidrocarbonetos C8-C25
alifaticos
Hidrocarbonetos Alquibenzenos, alquilnaftalenos
aromaticos
Cumarinas Cumarona
Melipona favosa  Geopropolis Venezuela Fendlicos Benzofenonas preniladas CLAE-EM Tomés-
Barberan et
al., 1993
Melipona favora Geoprépolis Brasil, MS Diterpenos Acidos diterpénicos CG-EM Velikova et
orlinge Triterpenos Alcool triterpénico al., 2000a



Tabela 1- Revisao de dados da literatura sobre a composi¢ao quimica da propolis e geopropolis de abelhas sem ferrdo (continuacao)

Melipona Geopropolis Brasil, PE  Acidos fenélicos Acido benzéico, 4cido cinimico CG-EM Velikova et
scutelaris al., 2000a
Acicares
Melipona Geopropolis Brasil, PE  Acidos fenélicos Acido benzéico, 4cido cinimico CG-EM Velikova et
marginata al, 2000a
Acicares
Lestrimellata spp. Proépolis Brasil, PR Diterpenos Acidos diterpénicos CG-EM Velikova et
al., 2000a
Triterpenos Alcool triterpénico
Nanotrigona Prépolis Brasil, MG Diterpenos Acidos diterpénicos CG-EM  Velikova et
testacularis al., 2000a
Triterpenos Alcool triterpénico
Plebeia spp. Prépolis Brasil, PR Diterpenos Acidos diterpé€nicos CG-EM Velikova et
al., 2000a
Triterpenos Alcool triterpénco
Acidos Fendlicos Acido benzéico, acido cinAmico
Acicares
Plebeia remota Prépolis Brasil, PR  Diterpenos Acidos diterpénicos CG-EM  Velikova et
al., 2000a
Triterpenos Alcool triterpénico
Acidos Fendlicos Acido benzéico, dcido cindmico
Acucares
Plebeia droryana  Prépolis Brasil, MG Triterpenos Alcool triterpénico CG-EM  Velikova et
Acidos Fendlicos Acido caféico al., 2000a
Acucares
Scaptotrigona Prépolis Brasil, PR  Diterpenos Acidos diterpénicos CG-EM  Velikova et
bipunctata Triterpenos Alcool triterpénico al., 2000a
Acidos Fenglicos Acido benzéico
Actcares
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Tabela 1- Revisao de dados da literatura sobre a composi¢ao quimica da propolis e geopropolis de abelhas sem ferrdo (continuagao)

Scaptotrigona Prépolis Venezuela Compostos Benzofenonas preniladas CLAE-EM Tomas-
depilis Fenolicos Barberan et
al., 1993
Tetragonisca Prépolis Brasil, PR Triterpenos Alcool triterpénico CG-EM Velikova et
angustula al., 2000a
Acidos Fenélicos Acido benzéico, dcido caféico
Actcares
Tetragonisca Prépolis Brasil, MG Triterpenos Alcool triterpénico CG-EM  Velikova et
angustula al., 2000a
Acidos Fendlicos Acido benzéico, acido caféico
Actcares
Tetragonisca Prépolis Brasil, Acidos Fendlicos Acido 3,5-diprenil-4- CLAE  Miorin et al.,
angustula MG.,PR hidroxicindmico,  4cido3-prenil-4- 2003
hidroxicinamico, acido 2,2-dimetil-
8-prenil-2H-1-benzopirano-6-
propendico
Tetragonisca Prépolis Brasil, SP  Triterpenos Obtusifoliol, B-amirina, CG-EM Pereira et at,
angustula lupenona,cicloartenol, lupeol, 2003

friedour-7-en-ona, friedour-7-en-ol,
acetato de P-amirina, acetato de
lupeol

Acidos Fenolicos

Acido p-hidroxibenzoéico, acido p-
hidroxifenil-acético, acido p-
hidroxi-dihidrocindmico, &acido o-
cumarico, acido dihidroxibenzdico,
acido p-cumadrico, acido caféico,
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Tabela 1- Revisao de dados da literatura sobre a composi¢ao quimica da propolis e geopropolis de abelhas sem ferrdo (continuagio)

Acido organico

Acidos graxos

Acido latico, 4cido hidroxi-metil-
butirico,acido maldnico,acido
hexanedidico,acido succinico, acido
diidroxipropandico, 4dcido fumarico,
acido malico

Acido hexadecandico, acido
linoléico, acido octadecandico,acido
tetracosandico, acido oléico, dacido
hexacosanoico, acido octacosandico

Alcool Glicerol, isdmero de butanetriol
Actcar Frutose, eritrose, eritritol
Aminoacidos 5-oxoprolina,valina, leucina
Tetragonisca Prépolis  BrasiL MG,PR, Triterpenos Acido  masticadienéico,  4cido EM Sawaya et al.,
angustula BA,SC,SP masticadiendlico 2006
Acidos Fenélicos  Acido cinAmico CLAE Miorin et al.,
2003
Tetragona Prépolis  Brasil, PR Monoterpenos Terpineno-4-ol, p-menta-1,4-dien-8- CG-EM Bankova et al.,
clavipes ol,trans-carveol, p-cimeno, p- 1998;1999
cimeno-8-ol, umbelulona, car-3- Velikova et.,
em-2-ona, a-pineno,  trans- 2000a
pinocarveol, verbenol, verbenona,
a-aldeido canfoleno
Sesquiterpenos Nerolidol, B-cariofileno, y-cadineno,

o-cadineno, espatulenol, o-
muroleno,o-gurjuneno,  0-copaeno,
a-calakoreno, t-murolol, B-selineno,
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Tabela 1- Revisao de dados da literatura sobre a composi¢ao quimica da propolis e geopropolis de abelhas sem ferrdo (continuagao)

Diterpenos

Triterpenos

Acidos Fenolicos

Alcool Fenélico
Fenolicos
Hidrocarbonetos

s,

Y-gurjuneno,
aromadendreno,aloaromandreno,
ledol, ledol diasteroisomerol, ledol
diasteroisomero 2

Kaur-16-ano, &cido diterpénico 1,

acido diterpénico 2,
acidoditerpénico 3, acido
diterpénico 4, acido
hidroxiditerpénico

B-amirina, dlcool triterpénico do tipo
amirina 1, dlcool triterp€nico do
tipo amirina 2, dalcool triterpénico
do tipo amirina 3, alcool
triterpénico, friedooleanona-3-ona,
cetona triterpénica

Acido fenetil caféico,acido
ciniamico, acido
dihidrocinamico,acido benzil
benzoato, acido etil
dihidrocinamato, acido-p-
hidroxibenzoico, acido Dbenzil
caféico, acido benzdico, acido
trans-p-cumarico, acido prenil
caféico

Alcool benzilico, 2-feniletanol
p-vinilfenol
Hidrocabonetos alifaticos(C8-C25)

,1 1~ o~
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2.3 Atividades biologicas da geoproépolis e propolis de Meliponineos

Os principais dados quanto as propriedades bioldgicas da propolis e geopropolis
obtida das abelhas sem ferrdo estdo sumarizados na Tabela 2, € mostram que a acdo mais
frequentemente avaliada foi a atividade antimicrobiana, seguida da atividadeantioxidante.
Também foramavaliadas as atividadea antitumorais, imunomoduladora, antiinflamatoria,
analgésica, antinociceptiva, antiproliferativa, antiviral e citotoxica.

Um dos primeiros relatos da atividade da prépolis de abelhas sem ferdo é relatado
por Kujumgiev et al. (1999), que detectaram a¢do antibacteriana, antifiingica e antiviral em
extratos obtidos da geoprépolis de Melipona compressipes fasciculata e Melipona
quadrifasciata anthidioides oriunda dos estados do Piaui e Parand, Brasil.

Velikova et al. (2000a) avaliaram amostras de geoprépolis e prépolis brasileiras,
oriundas dos estados de Pernambuco, Minas Gerais, Sdo Paulo, Espirito Santo, Parand e
Mato Grosso do Sul, produzidas por: Melipona quadrifasciata, Melipona favora orlinge,
Melipona scutelaris, Melipona marginata, Scaptotrigona bipunctata, Plebeia remota,
Plebeia sp., Plebeia droryana, Tetragonisca angustula, Nanotrigona testacularis,
Lestrimellata sp e Tetragona clavipesi. Detectaram nos extratos atividade antimicrobiana,
para os microrganismos testados, associando a atividade as elevadas concentragdes de acidos
diterpénicos presentes nas amostras. Neste estudo também foi avaliada a atividade
citotoxica.

Acidos diterpénicos como o 4cido caurendico e seus derivados foram isolados da
geopropolis de Melipona quadrifasciataanthidioides do estado do Parand, Brasil e
relacionado a atividade antibacteriana detectada (VELIKOVA et al., 2000b).

A atividade antimicrobiana da prépolis de Nannotrigona testaceicornis, Tetragonisca
angustula, Trigona spinipes, Scaptotrigona sp, Partamona sp e geoprépolis de Melipona
scutellaris, Melipona sp e Melipona mandacaia, oriundados estados de Sdo Paulo e
Pernambuco, Brasilfoi descrita por Fernandes Jr et al. (2001). Mais tarde Miorin et al.
(2003) e Pereira et al. (2003), ao avaliarem a acdo antimicrobiana da prépolis de
Tetragonisca angustula produzida nos estados de Minas Gerais e Sao Paulo, Brasil,
obtiveram resultados semelhantes, inclusive para Staphylococcus aureus, bactéria
normalmente resistente a maioria dos antibidticos comerciais disponiveis no mercado.

Segundo Manrique; Santana, (2008) além da atividade antibacteriana a geoprépolis

produzida por Melipona quadrifasciata, Melipona compressipes e as propolis de
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Tetragonisca angustula e Nannotrigona sp., oriunda do Brasil e da Venezuela, apresentam
também atividade antioxidante.

Os resultados descritos por Muli et al. (2008) mostram que a prépolis de Dactylurina
schimidti, do Quénia, apresentou atividade antibacteriana mais efetiva do que o mel
produzido pela mesma espécie de abelha. Também apresentaram atividade antimicrobiana
os extratos obtidos das amostras de propolis de Trigona laeviceps da Tailandia, inclusive
com ag¢ao antitumoral e citotoxica (UMTHONG et al., 2009; 2011).

A propolis oriunda do Maranhdo produzida por Scaptotrigona sp e a geopropolis de
Melipona fasciculata apresentam efeito antimicrobiano (MACIEL, 2005; FARNESI et al.,
2007, 2009; DUAILIBE et al., 2007; LIBERIO, 2010; LIBERIO et al., 2011; SANTOS,
2010; ABREU, 2011; BATISTA, 2011), atividade antioxidante (SAWAYA et al., 2009;
AZEVEDO, 2009; ABREU, 2011; SANTOS, 2010; BATISTA, 2011); citotéxica
(CANTANHEDE et al., 2007, CANTANHEDE, 2008; SANTOS, 2008; SANTOS, 2010) e
antiproliferativa para células tumorais (BORGES et al., 2011) e antitumoral (ARAUJO et
al., 2010). As amostras de geopropolis de Melipona fasciculata apresentam também
atividade antinociceptiva, antiinflamatoria, analgésica (GOMES et al., 2003; GOMES, 2005;
COSTA et al., 2004; MACHADO, 2008; ARAUJO, 2012), antitumoral e imunomoduladora
(ASSUNCAO, 2011).

Os dados apresentados tanto na Tabela 1 quanto a composi¢do quimica, bem como
na Tabela 2 quanto a atividade biol6gica mostram grande variacdo, possivelmente
decorrente da interacdo das abelhas com fontes vegetais distintas. Por isso o conhecimento
sobre a origem geogréfica e, principalmente as principais espécies vegetais utilizadas pelas
abelhas, sdo importantes no controle de qualidade e na padronizacdo das amostras de
prépolis e geoprépolis para uma efetiva aplicacio terapéutica (GUZMAN, 2005).

Na América do Sul, em especial no Brasil, a grande diversidade vegetal utilizadas
pelas abelhas sem ferrdo, para a retirada de resinas, para producao da prépolis e geopropolis,
dificulta a correlacdo destes produtos com as fontes vegetais. Diferentemente das regides da
Europa, América do Norte e Oeste da Asia onde a fonte dominante de prépolis é o exsudado
do botao de dlamo, Populus sp(MARKHAM et al., 1996; WOLLENWEBER;
BUCHMANN, 1997), desta maneira uma menor variagdo da composi¢do quimica ¢é
observada nas regides temperadas, onde seus principais compostos bioativos sdo 0s

compostos fendlicos, em especial os flavonoides (BURDOCK, 1998; BANKOVA, 2005).
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Tabela 2 - Atividade bioldgica da prépolis e geoprépolis de abelhas sem ferrao

Espécie de abelha Atividade Biologica Microorganismo/Célula Referéncia
Pseudomonas  aeruginosa, Salmonella  typhi,
Dactylurina schimidti Antimicrobiana Escherichia coli, Staphylococcus aureus, Bacillus Muli et al., 2008
subtilis Aspergillus niger, Candida albicans
Lestrimellata spp. Antimicrobiana Staphylococcus aureus, Candida albicans Velikova et al., 2000b
Staphylococcus aureus, Candida albicans Influenza Kujumgiev et al., 1999; Bankova et
avidrio; Streptococcus mutans, Fusobacterium al., 1999 ; Manrique;Santana, 2008;
Melipona compressipes Antimicrobiana nucleatum, Porphyromonas gingivalis, Prevotela Dualibe et al., 2007; Libério, 2010;
fasciculata nigrencens, Enterococcus faecalis, Actinobacillus Libério et al., 2011; Maciel, 2005;
actinomycetemcomitans, Candida parapsilosis, Maciel, 2005; Abreu, 2011; Farnesi,
Trichophyton rubrum Micrococcus luteus 2007
Antiinflamatoria, Gomes, 2005; Nogueira et al., 2004a;
Antinociceptiva e Costa et al., 2004; Machado, 2008;
Analgésica Araujo, 2012; Araujo et al., 2012
Citotéxica Artemia salina Cantanhede et al., 2007; Cantanhede
2008; Santos 2008; Santos, 2010;
Antitumoral Tumor de Ehrlich Assungao, 2008; Assungio, 2011
Antioxidante Manrique; Santana, 2008; Santos,
2010, Abreu, 2011; Batista, 2011
Imunomoduladora Assungdo, 2011
Melipona quadrifasciata  Antimicrobiana Staphylococcus aureus, Escherichia coli, Candida Kujumgiev et al., 1999; Bankova et

anthidioides

albicans, Influenza avidrio

al., 1999; Velikova et al., 2000b
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Tabela 2 - Atividade bioldgica da préopolis e geopropolis de abelhas sem ferrdo (continuagao)

Melipona quadrifasciata

Antimicrobiana,
citotdxica e

antioxidante

Staphylococcus aureus, Escherichia coli,
Pseudomonas aeruginosa, Micrococcus
luteus Candida albicans, Trichophyton

rubrum;

Velikova et al., 2000b; Farnesi, 2007;
Farnesi et al., 2009; Manrique;Santana,

2008

Melipona favora orlinge

Antimicrobiana e

citotoxica

Staphylococcus aureus, Escherichia coli,

Candida albicans

Velikova et al., 2000b

Melipona scutelaris; Melipona

marginata;Melipona mandacaia

Antimicrobiana

Staphylococcus aureus, Enterococcus

sp., Escherichia col ; Candida albicans

Velikova et al., 2000a; Fernandes et al.,
2001

Antimicrobiana e Staphylococcus aureus, Micrococcus .
Nannotrigona sp. o Manrique;Santana, 2008
antioxidante luteus
Nanotrigona testaceicornis Antimicrobiana Staphylococcus aureus, Escherichia coli Fernandes et al., 2001
o _ Staphylococcus aureus, Escherichia coll, _
Nanotrigona testacularis Antimicrobiana Velikova et al., 2000a
Candida albicans
o ‘ Staphylococcus aureus, Enterococcus
Partamona spp. Antimicrobiana Fernandes et al., 2001

sp., Escherichia coli

Plebeia sp.; Plebeia remota;

Plebeia droryana

Antimicrobiana e

citotoxica

Staphylococcus aureus, Candida

albicans

Velikova et al., 2000a

Scaptotrigona bipunctata

Antimicrobiana e

citotoxica

Staphylococcus aureus, Escherichia coli,

Candida albicans

Velikova et al., 2000a
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Tabela 2 - Atividade bioldgica da préopolis e geopropolis de abelhas sem ferrdo (continuagao)

Staphyl . Escherichi li, ) )
ApRYLocoCCUS  QUTels, — BSCRETCAA €O g, hesi , 2007; Farnesi et al., 2009,
. . . Enterococcus faecalis, Enterococcus
Scaptotrigona sp. Antimicrobiana ) Fernandes et al., 2001
sp.,Staphylococcus aureus Micrococcus luteus,
Pseudomonas aeruginosa, Trichophyton rubrum
Antioxidante Sawaya et al., 2009
Antitumoral Células de glioblastoma, Tumor deEhrlich Aratjo et al., 2010; Borges et al.,2011
Antimicrobiana, Staphylococcus  aureus, Escherichia coli, Velikova et al., 2000a; Fernandes et

Tetragonisca angustula

citotoxica e
antioxidante

Micrococcus luteus, Enterococcus sp. Candida
albicans

al., 2001; Miorin et al., 2003;
Manrique;Santana, 2008

. Antimicrobiana e Staphylococcus  aureus, Escherichia coli, Velikova et al., 2000a; Bankova et al.,
Tetragona clavipes o . .
citotoxica Candida albicans 1999
Trigona spinipes Antimicrobiana Staphylococcus aureus, enterococcus sp. Fernandes et al., 2001
.. ) Staphylococcus  aureus, Escherichia coli,
Antimicrobiana, Py

Trigona laeviceps

citotoxica e
antitumoral

Candida albicans,Aspergillusniger
Carcinoma de colon, mama, hepético, pulmao e
estomago

Umthong et al., 2009; 2011
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2.4 Patentes de produtos com geopropolis de Melipona fasciculata

As diferentes atividades bioldgicas apresentadas pela geoprépolis de Melipona
fasciculata, permitiu o desenvolvimento de produtos tecndlogicos que estdo em processo de
registro de patente junto ao Instituto Nacional da Propriedade Industrial - INPI. O primeiro
registro de pedido de patente com geoprdpolis refere-se, a obten¢do de um produto para uso
tépico, para ser utilizado no controle de bactérias cariogénicas requerido por Libérioet al.
(2009) (P10905583-5). O segundo pedido de patente refere-se a obtencdo de formulacdes
farmacéuticas com acdo cicatrizante, antiinflamatéria e analgésica requerido por Costa et al.

(2011) (PI1102701-0).

2.5 Leishmaniose

As leishmanioses constituem zoonoses de animais silvestres, € mais raramente
domésticos, incluindo roedores, marsupiais (gambd), edentados (tatus, tamandud, preguica),
canideos e mesmo primatas. O homem também pode representar um hospedeiro, mas parece
nido ter um papel importante na manuten¢do dos parasitas na natureza (NEVES, 2000;
GONTIIO; CARVALHO, 2003).

Leishmania é um protozodrio flagelado pertencente a familia Trypanosomatidae,
ordem Kinetoplastida (DE SOUSA et al., 2008). O género Leishmania é dividido em dois
subgéneros, Viannia e Leishmania, de acordo com o tipo de desenvolvimento no intestino do
inseto vetor. Cerca de 20 espécies de ambos os subgéneros apresentam capacidade de induzir
um complexo de manifestacOes patologicas em humanos conhecidas coletivamente como
leishmanioses (CUPOLILLO et al., 2000).

O ciclo da Leishmania inclui duas formas com caracteristicas morfologicas e
comportamento distintos: formas promastigotas e amastigotas.

A forma flagelada e extracelular, denominada promastigotas, tem entre 14 e 20 um de
comprimento e 1,5 a 4 um de largura, vive no tubo digestério dos insetos vetores. Possui o
corpo celular longo com nicleo situado na sua por¢do mediana e um flagelo longo e muito
movel, envolto pelo bolso flagelar que emerge para o exterior da célula. As formas
promastigotas se reproduzem por divisdo bindria simples. Em geral, os parasitos se encontram
agrupados, formando rosiceas, frequentemente aderidas a parede do intestino do vetor

(SACKS; KAMHAMI, 2001).
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As formas amastigotas sdo imoéveis e intracelulares, sdo encontradas no interior de
macréfagos de hospedeiros vertebrados apresentam aspecto arredondado e tem entre 2 € 6 um
de comprimento, entre 1,5 e 3 um de largura. Apresentam corpo ovdide, achatado, com
pouco citoplasma e nicleo redondo, relativamente grande e excéntrico. O cinetoplasto € bem
visivel e localizado perto do nicleo. O flagelo ndo é perdido, mas fica retido no segmento
intracelular do parasito e por isso esta forma € praticamente imével (SACKS; KAMHAM]I,
2001).

O ciclo biolégico inicia-se quando fémeas do inseto vetor, em geral espécies do
género Phlebotomus ou Lutzomyia, sugam o sangue, durante o repasto, ingerindo macréfagos
infectados com formas amastigotas. As formas amastigotas sdo liberadas no estdmago do
vetor onde se transformam em formas promastigotas. Em seguida, as formas promastigotas
migram para o trato alimentar do inseto, onde vivem e se multiplicam. Quando o inseto vetor
finalmente realiza novo repasto sangiiineo, inocula as formas promastigotasmetaciclicas de
Leishmania juntamente com a saliva. Uma vez no hospedeiro, as formas promastigotas sao
fagocitados pelos macréfagos onde rapidamente se transformam nas formas amastigotas,
multiplicando-se dentro dos macréfagos e lisando estas células. As amastigotas sdo entdo
liberadas e fagocitadas por outros macréfagos, continuando o ciclo (AWASTHI et al., 2004).

Dependendo da espécie de Leishmania, do inseto vetor e do grau de imunidade do
individuo estes protozodrios podem permanecer na pele e causar lesdes cutaneas dnicas ou
multiplas o que caracteriza a leishmaniose tegumentar (L'T) ou migrar para 6rgdos como
figado, bagco, medula éssea, induzindo uma infecc¢ao sistémica com sintomas como perda de
peso, hepatoesplenomegalia, caracteristicos da leishmaniose visceral ou calazar (LV)
(ASHFORD, 2000).

As leishmanioses sao endémicas em 88 paises de regides tropicais e sub-tropicais,
incluindo o Brasil. Com cerca de 12 milhdes de pessoas infectadas e aproximadamente 350
milhdes de pessoas expostas ao risco de contrair a doenca e uma taxa de incidéncia anual de
2milhdes de novos casos (OMS, 2011).

As leishmanioses humanas constituem um complexo de enfermidades que acometem
visceras e pele, apresentando amplo espectro clinico e podem ser classificadas em visceral e
tegumentar. No Brasil ocorre tanto a leishmaniose visceral (LV), como a leishmaniose
tegumentar americana (LTA), principalmente nas regides Norte e Nordeste e recentemente na
regido Centro-Oeste, devido principalmente as caracteristicas climéticas e sécio-demograficas

(VALE; FURTADO, 2005).

39



As infeccdes causadas por Leishmaniasptém sido associadascom manifestagdes
clinicas diferentes, incluindo a forma cutianea, muco-cutianea e cutianea difusa, todas de dificil
tratamento, devido a pouca eficicia dos tratamentos convencionais € a auséncia de vacinas
(BASANO; CAMARGO, 2004).

O estado do Maranhdo apresenta grande incidéncia de leishmanioses em 88% de seus
municipios, sendo a regido da pré-amazonica maranhense, a que apresenta os mais altos
coeficientes de detec¢dao da LTA (REBELO et al., 2001a; 2001b; BRASIL, 2007).

A leishmaniose tegumentar estd associada a multiplos agentes causais, sendo que
Leishmania amazonensis, Leishmania braziliensis e Leishmania guyanensis, € mais
recetemente Leishmanialainsoni, Leishmanianaiffi, Leishmanialindenberg e Leishmaniashawi
sdo as principais espécies que causam a doenca no Brasil, enquanto a Leishmaniachagasi é
responsavel pela leishmaniose visceral (VALE; FURTADO, 2005).

Leishmania amazonensis circula entre pequenos roedores da floresta e alguns
marsupiais, mas € pouco encontrada entre os homens, visto que o seu principal vetor € pouco
antropofilico. A doenca pode ser detectada tanto nas cidades, como no meio rural, onde ocorre
a maior incidéncia (REY, 2001). Essa espéciecausa principalmente lesdes cutaneas
(WEIGLE; SARAVIA, 1996) e esta associada a leishmaniose cutinea e a leishmaniose difusa
na América do Sul (GRIMALDI; TESH, 1993).

O curso clinico da leishmaniose cutanea ¢ complexo devido a variabilidade do
periodo de incubagdo, da infeccdo subclinica, cura espontanea, propagacdo metastatica,
reativacao, reinfecc¢des e lesdes cronicas (WEIGLE; SARAVIA, 1996). Talvez por isso oseu
tratamento seja problematico, pois ndo ha vacinas para a doenga e os quimioterdpicos usados
parao tratamento como os antimoniais pentavalentes, anfotericina B e pentamidina
apresentam eficdcia varidvel entre as espécies de Leishmania, toxicidade -elevada,
inconvenientes na administracdo, além de ocasionarem resisténcia ao parasito (CROFT;

COOMBS, 2003; RATH et al., 2003; OUELLETTE et al., 2004; OLIVEIRA et al., 2005).

2.6 Tratamentos das leishmanioses

O tratamento para a leishmaniose € baseado no antimonial pentavalente, que ¢é
comercializado sob duas formas: o antimoniato de N-metilglucamina (Glucantime®) e o
estibogluconato de sédio (Pentostan®) (CROFT; COOMBS, 2003; GONTIJO; CARVALHO,
2003). A forma pentavalente precisa ser convertida para a forma trivalente, para ser biologicamente

ativa. O mecanismo de acéio destes compostos ¢ a inibicdo das enzimas da via glicolitica e pela -

z

oxidacdo dos 4cidos graxos nas formas amastigotas. Considerando que o antim6nio é um metal
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pesado, acredita-se que interfira em outras vias metabodlicas da Leishmania, bem como do hospedeiro
(BERGMAN et al., 1985). A desregulacdo do metabolismo do tiol, um componente envolvido
com a resisténcia a drogas e estresse oxidativo em Leishmania, também parece ser uma das
formas de atuacdo destas drogas (FREZARD et al., 2001; SHAKED-MISHAN et al., 2001;
WYLLIE et al., 2004).

A anfotericina B, a pentamidina, o miltefosina e a paramomicina tém sido as drogas
alternativas nos casos de resisténcia aos antimoniais, mas nao possuem um indice terapéutico
tdo favordvel e também apresentam importantes reacdes adversas(RATH et al., 2003;
CROFT;COOMBS, 2003).

A anfotericina B (Fungizone®) € um antibidtico que possui atividade antiftingica e
leishmanicida. A anfotericina B liga-se ao ergosterol, principal ester6ide nas membranas
plasméticas de Leishmania e dos fungos, causando alteracdo da permeabilidade da membrana
e do equilibrio osmético do parasito (URBINA, 1997; OLLIARO, BRYCESON, 1993).
Apesar de sua elevada toxicidade e da administracao ser parenteral, esse agente terapéutico €
usado para leishmaniase visceral e para tratar infec¢des sistémicas ocasionadas por fungos
(AMATO et al., 2000). Os efeitos colaterais da anfotericina B mais comuns incluem nduseas,
vomitos, febre, insuficiéncia renal, anemia e alteracdes cardiacas (GONTIJO; CARVALHO,
2003).

Estudos clinicos com a forma lipossomada de anfotericina B (AmBisome®), tem
apresentado menor toxicidade do que a forma injetdvel convencional, com reducdo
consideravel dos efeitos nefrotoxicos (RATH et al., 2003).

Outros antifingicos (cetoconazol, itraconazol e fluconazol) t€ém sido testados no
tratamento de leishmaniose cutdnea e visceral (CROFT; COOMBS, 2003), mas a eficacia é
sempre questiondvel.

As pentamidinas sdao diaminas aromadticas, que apresentam importante atividade
antitripanossomatidea, antiftingica, antibacteriana, antiviral e antitumoral (BERGMAN,
1998). Para o mecanismo de acdo da pentamidina a teoria mais aceita tem sido a inibicdo da
topoisomerase mitocondrial (KRAMP et al., 2005). Esta droga tem apresentado bons
resultados em leishmaniose cutdnea causadas por espécies que apresentam resisténcia ao
tratamento com antimoniais como L. guyanensis e L. amazonensis (COSTA et al., 2009).
Entretanto, esta droga pode promover efeitos diabetogénicos durante o seu uso (BALANA-

FOUCE et al., 1998).
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A paromomicina, um antibiético aminoglicosidico, também chamado aminosidina, foi
testado no tratamento de leishmaniase visceral apresentando baixa toxicidade. Entretanto, tem
seu uso limitado por apresentar nefrotoxicidade e ototoxicidade (MURRAY, 2001).

O alupuriol é um andlogo da purina, foi utilizado em triagens clinicas para
leishmaniose cutanea e visceral, porém os indices de cura ndo foram muito animadores
(CROFT; COOMBS, 2003).

A miltefosina, um antineoplasico alquilfosfolipidico, usado no tratamento do cancer,
tem se mostrado eficaz contra leishmaniase viceral. Com a possibilidade de administra¢do via
oral, este farmaco ja vem sendo utilizado na India, tendo-se relatado excelentes resultados
contra Leishmania donovani.A principal limitacio da miltefosina conhecida € a atividade
teratogénica que impede o seu uso durante a gravidez (CROFT;COOMBS, 2003; SUNDAR
et al., 2002). A resisténcia aos farmacos (antimoniais pentavalentes, como Glucantime)
utilizados no tratamento das leishmanioses, além dos efeitos colaterais destes compostos faz

com que alternativas efetivas e seguras ao tratamento sejam estudadas.

2.7 Produtos naturais leishmanicidas

Indmeros compostos naturais isolados de plantas tiveram e continuam tendo um
grande impacto na sobrevida e no tratamento de varias enfermidades humanas. Além disso, as
plantas sdo importantes fontes de substincias, muitas das quais se constituem em matérias-
primas ou prototipos para sintese de novosfarmacos. O uso de produtos naturais derivados de
plantas € importante alternativa ao tratamento das leishmanioses.

Os principais metabolitos secunddrios encontrados nos vegetais com atividade
leishmanicida incluem os acidos fendlicos (4cido gélico e eldgico), taninos hidrolisdveis
(telimagrandina II), flavonoides (quercetina), alcaldides (berberina), triterpenos (acido
oleandlico)Figura 4, além de quinonas, auronas, saponinas, chalconas, lignanas, iriddides,
benzopiranos e lactonas sesquiterpénicas (ROCHA et al., 2005; TASDEMIR et al., 2006;
SEN; CHATTERIEE, 2011).
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Figura 4 — Metabdlitos secundarios com atividade leishmanicida

Produtos de abelhas, comopropolis e geopropolis, as quais sdo derivadas de fontes
vegetais, importantes fontes de compostos bioativos, e podem apresentar alternativas para o
tratamento das leishmanioses.

Nos ultimos anos as pesquisas com apropolis de abelha com ferrdo tém demonstrado
diversas atividades bioldgicas para este produto de abelha, especialmente antimicrobiana e
antiparasitaria, além de composi¢do quimica complexa.

Segundo Machado et al. (2007) o extrato hidrolacodlico da prépolis de Apis mellifera
no Estado de Minas Gerais, Brasil, apresentou atividade superior ao Glucantime em culturas
de formas promastigotas de Leishmania major (48 pg/mL), L. chagasi (50 pg/mL), L.
braziliensis (49 ug/mL) e L.amazonensis (229 pg/mL). Os autores deste estudo relacionam a
atividade leishmanicida encontrada a presenca de flavonoides e amirinas.

Estudos utilizando quatro extratos etandlicos de propolis tipificada oriundas dos Estado
do Parand, Minas Gerais e Alagoas foram capazes de reduzir a infec¢do de macréfagos por
Leishmania amazonensis. A propolis vermelha produzida em Alagoas, que contém alta
concentracdo de benzofenonas preniladas, embora tenha sido o mais efeitvo em controlar a
infeccdo nos macréfagos, nao apresentou efeito direto sobre o parasito, sugerindo que o
mecanismo de acdo do extrato estava relacionado a acdo imunoldgica sobre ativacdo dos
macréfagos (AYRES et al., 2007).

A prépolis verde de Apis mellifera, produzida no Estado de Minas Gerais, apresentou
atividade anti-Leishmaniain vitro para formas promastigotas de Leishmaniabrasiliensis, com

79,3% de morte. Entretanto foi inativa para as formas amastigotas do parasita. Neste caso a
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atividade encontrada foi relacionada a presenca de acidos fendlicos e flavonoides (POTIN et
al., 2008). Além dos 4cidos fendlicos e flavonoides, outros compostos encontrados na prépolis
ja foram relacionados a atividade leishmanicida tais como: dcidos aromaticos e seus ésteres,
terpenos, aldeidos, hidrocarbonetos, dcidos graxos e seus ésteres, alcodis e cetonas (DURAN
et al., 2008, 2011; OZBILGE et al., 2010).

Entretanto ndo h4 dados referentes a atividade leishmanicida de produtos de
meliponineos, pois os poucos trabalhos relatando a atividade leishmanicida de propolis se
referem aos produtos da abelha com ferrao Apis mellifera.

Considerando a toxicidade, resisténcia e eficacia varidvel do arsenal terapéutico atual,
a endemicidade das leishmanioses no estado do Maranhdo, torna-se essencial para a
descoberta de novas substancias naturais com atividade anti-Leishmania, o estudo de Produtos
Naturais, entre eles a geopropolis, produto de abelha com importante atividade
antimicrobiana.Assim, propomos estudos com a geoprépolis maranhense de Melipona
fasciculatacom o objetivo de avaliar sua atividade leishmanicida e identificar sua composi¢ao
quimica, contribuindo com dados cientificos para a elaboracdo de produtos a base da

geoprépolis com agdo leishmanicida.

44



3. OBJETIVOS

3.1 Geral

Avaliar a atividade leishmanicida de extratos e obtenc@o de um produto leishmanicida

a base da geopropolis de Melipona fasciculata Smith.

3.2 Especificos

- Avaliar a a¢do leishmanicida do extrato e fragdes utilizando formas promastigotas de
Leishmania amazonensis.

- Avaliar a atividade antioxidante in vitro do extrato da geopropolis e de suas fracoes.

- Caracterizar a composi¢ao quimica do extrato e fracdes leishmanicida da geoprépolis.

- Obter um produto leishmanicida.
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ABSTRACT

Geopropolis is produced by some stingless bee species such as Melipona fasciculata Smith
and consists of a mixture of plant resins, salivary secretions of the bee, wax, and soil. This bee
product has a complex chemical composition and various pharmacological applications. This
study evaluated the in vifro leishmanicidal activity of extracts of M. fasciculata geopropolis
obtained in the State of Maranhdo, Brazil, comparing their chemical composition and
effectiveness as antileishmanial product. The extracts were prepared by maceration in 70%
ethanol in water, obtaining the hydroalcoholic extracts of geopropolis, identified as: HEGI,
HEG?2 and HEG3. Chemical analysis was performed by combined gas chromatography-mass
spectrometry. For the evaluation of antileishmanial activity, promastigote forms of
Leishmania amazonensis were incubated in RPMI culture medium for 24 h with different
concentrations of the geopropolis extracts. The extracts were effective in inhibiting the in
vitro growth of Leishmania promastigotes at the two highest concentrations (250 and 500
pg/mL), with HEG1 being more effective (ICso = 47 pg/mL) than HEG2 (ICsp = 149.5ug/mL)
and HEG3 (ICsp = 229 pg/mL). High concentrations of gallic acid and ellagic acid, as well as
fatty acids, sugars, and alcohols, were detected in the bioactive extracts. Since these
compounds also presented antileishmanial activity (gallic acid: 1Csp = 14.48 ug/mL; ellagic
acid: ICsp = 151.7 ug/mL), we conclude that the antileishmanial activity of the active extracts

of M. fasciculata geopropolis is related to the high content of gallic acid, especially in HEG1.

Keywords geopropolis, Melipona fasciculata, leishmanicidal activity, polyphenols, gallic

acid, ellagic acid
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Introduction

Leishmaniasis is an infectious disease that occurs in countries with tropical and
temperate climates. Approximately 2 million new cases are reported every year.
Leishmaniasis is transmitted to humans through the bite of sand flies infected with protozoa

of the genus Leishmania(WHO 2012).

The severity of disease varies ranging from cutaneous or mucosal to visceral or diffuse
cutaneous infection. The former is generally caused by L. amazonensis, a species transmitted
mainly in the Amazon region, which is associated with localized cutaneous lesions. In Brazil
occur both American visceral leishmaniasis (AVL) and American tegumentary leishmaniasis
(ATL), endemic disease in Northern and Northeastern Brazil, mainly in the states of Bahia,

Ceara, Maranhao e Piaui (Vale and Furtado 2005 ).

Drugs used for the treatment of leishmaniasis include pentavalent antimonials,
amphotericin B, and pentamidine. All of these drugs present variable efficacy against
different Leishmania species and elevated toxicity and can induce resistance of the parasite
(Croft and Coombs 2003;Silva-L6pez2010). Therefore, there is an urgent need for new drugs
that can be used both for the prophylaxis and for the treatment of leishmaniasis. In this
respect, bee products are promising candidates since they are important sources of bioactive

compounds (Bankova and Popova 2007).

In the State of Maranhdo, Melipona fasciculata Smith, popularly known as “tiiba” or
“titba do Maranhdo”, is the most widely cultivated stingless bee species because of its high
productivity of geopropolis and honey. This species is therefore one of the main sources of
income for many families in the state (Dutra et al. 2008). The geopropolis produced by these
bees is used by the population for the treatment of inflammation, weakness, hemorrhoids,

gastritis and cough, and also as a healing agent (Santos and Antonini 2008).

Geopropolis is produced from plant resins that are mixed with pollen, wax, salivary
secretions, and soil. In the beehive, this product is used to fill small cracks, to seal entry holes,
and as an antimicrobial agent (Barth 2006). According to Bankova and Popova (2007),
phenolic acids, triterpenes, fatty acids, and sugars are the predominant constituents of
geopropolis and propolis from Meliponinae. The following activities have been attributed to
this product: antibacterial (Velikova et al. 2000; Duailibe et al. 2007; Manrique et al. 2008;
Libério et al. 2011), antifungal (Muli et al. 2008), antioxidant (Sawaya et al. 2009, 2011),
antiproliferative, cytotoxic (Umthong et al. 2009), and antitumor (Araujo et al. 2010).
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There are no reports on the leishmanicidal activity of Meliponinae products, with the
few studies investigating the leishmanicidal activity of propolis using products from Apis
mellifera bees (Ayres et al. 2007; Machado et al. 2007; Duran et al. 2008; Pontin et al. 2008;
Duran et al. 2011). Therefore, the present study investigated the leishmanicidal activity and
chemical composition of geopropolis produced by Melipona fasciculata Smith in order to

contribute to the bioprospecting of products with activity against Leishmania infection.
Material and Methods
Collection of geopropolis

Three samples were collected in the savannah region of the Municipality of Fernando
Falcao (6°7°30"S 44°52°30"W) (samples 1, 2 and 3) in the State of Maranhdo, Brazil, in
November of 2008. Geopropolis was removed from the hives with a spatula, stored in sterile
containers, and transported to the laboratory for preparation of the extracts and chemical and

biological analysis.
Preparation of the geopropolis extracts

A portion (500 g) of each geopropolis sample was ground with a knife mill and
macerated in 70% (v/v) ethanol in water (1:2, w/v) for 48 h. The solutions were filtered
through filter paper and concentrated under reduced pressure in a rotary evaporator (Abreu et
al. 2006; Dutra et al. 2008; Cunha et al. 2009). The hydroalcoholic extracts of geopropolis
obtained were identified as follows: HEG1, HEG2 and HEG3.

Evaluation of leishmanicidal activity

Using 96-well flat-bottom plates (Costar), the extracts were resuspended in PBS and
diluted in complete RPMI 1640 medium to final concentrations of 500, 250, 125, 62.5, 31.25,
and 15.62 pg/mL. Aliquots of 10 pL of the suspension containing 5 x 10%/mL promastigote
forms of Leishmania amazonensis (MHOM/Br/90/BA125) were added to the wells.
Amphotericin B, the reference drug for the treatment of leishmaniasis, was used as positive
control at the same concentrations as the extracts. Promastigote forms cultured in RPMI 1640
medium without the extracts were used as negative control. Leishmanicidal activity was
evaluated after 24 h by counting the total number of live promastigotes, assessed by flagellar
motility, in a Neubauer chamber under a Nikon light microscope. The results are expressed as
the minimum concentration (ICsg) able to inhibit parasite growth and represent the mean of

triplicate samples tested in three identical assays (Bezerra et al. 2006).
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Analysis of the extracts by GC/MS

The HEG1, HEG2 and HEG3 extracts were derivatized with N,O-bis
(trimethylsilyl)trifluoroacetamidewith trimethylchlorosilane(BSTFA/TMCS) according to
Roessneret al. (2001), with modifications. A gas chromatograph (GC) (Agilent6890) coupled
to a mass spectrometer (MS) (Agilent5973NMSD), equipped with a 30-m HPS5 capillary
column (0.25 mm; Agilent) and operating in the electron impact ionization mode, was used
for analysis. The temperatures of the injector and detector were maintained at
230°Cand250°C, respectively. An ion source at 200°C was used. Helium was used as the
carrier gas at a flow rate of 1.0 mL/min. Analysis consisted of 5 min of isothermal heating
(70°C), a temperature gradient of 5°C/minat310°C, and a last minute of heating at 310°C. The
system was then calibrated for 6 min at 70°C before automatic injection of the next sample.
The mass spectra were recorded at a speed of 2 scans/second over a mass range of 50-650m/z.
The total ion chromatograms and mass spectra were analyzed using the ChemStation program

(Agilent) and NIST 2.0 database.
Statistical analysis

The results are reported as the mean of three separate experiments, each in
triplicate.The 50% inhibitory concentration (ICsg) values were obtained from linear regression

analysis using dose-response curves in GraphPad Prism 5.0 program for Windows.
RESULTS

All three samples presented antileishmanial activity, with the inhibitory concentration
(ICsp) ranging from 47.0 pug/mL for HEG1 to 229.0 pg/mL for HEG3. An intermediate value
(149.5 pg/mL) was observed for HEG2 (Table 1). HEGI presented the highest leishmanicidal
activity since the extract was able to inhibit the growth of 100% of protozoa at concentrations
of 250 and 500 pg/mL, whereas the other two extracts (HEG 2 and HEG 3) only exerted an
inhibitory effect (100%) at the higher concentration.

GC-MS analysis of the extracts showed a similar chromatographic profile for the
active samples from Fernando Falcdo. The chromatograms revealed a predominance of
phenolic acids, mainly gallic and ellagic acid, in the active extracts. Fatty acids, organic acids,

sugars, and alcohols were also detected (Table 2).

The highest concentration of gallic acid and glucose, as well as the presence of ellagic

acid, was detected in HEG1. On the basis of these results, we evaluated the leishmanicidal
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activity of gallic and ellagic acid under the same conditions as those used for the analysis of
the hydroalcoholic geopropolis extracts. Both phenolic compounds exerted antileishmanial
activity, with gallic acid presenting higher 1Csy values than ellagic acid (14.48 versus 151.7
pg/mL).

3,4-Dihydroxybenzoic acid (protocatechuic acid) and 1,2-dihydroxyanthraquinone

(alizarin) were other compounds detected in the leishmanicidal extracts.
DISCUSSION

The chemical analyses showed a highest concentration of gallic acid and glucose, as
well as the presence of ellagic acid, in Fernando Falcao samples, especially on HEGI, the

most effective.

The observation of high concentrations of gallic acid and glucose in the leishmanicidal
extracts indicates the presence of hydrolyzable tannins. The presence of hydrolyzable tannins
on the leishmanicidal extracts was proved in the phytochemical approach, using ferric

chloride.

The latter are polyphenol derivatives of gallic acid (gallotannins) or ellagic acid
(ellagitannins) bound to a sugar molecule, generally glucose (Okuda 2005). Simple phenols
and hydrolyzable tannins have been associated with leishmanicidal activity against a variety

of Leishmania species (Kolodziej et al. 2001; Kolodziej and Kiderlen 2005).

Tasdemir et al. (2006) tested different substances belonging to the classes of phenolic
acids, flavonoids and catechins in vitro and in vivo against Leishmania donovani and obtained
a minimum inhibitory concentration (ICsyp) of less than 30 pug/mL for gallic acid. In in
vitroassays using different Leishmania species, including L. amazonensis, Shuaibu et al.

(2008) reported a minimum inhibitory concentration higher than 150 pg/mL for ellagic acid.

The presence of gallic acid in M. fasciculatageopropolis is expected since this
compound has been identified as one of the main compounds in geopropolis from Melipona
compressipes, Melipona quadrifasciata, Melipona scutellaris, Melipona marginata, and
Plebeia remota (Bankova et al. 1998; Velikova et al. 2000). We found no studies in the
literature reporting the presence of ellagic acid or 1,2-hydroxyanthraquinone in propolis and
geopropolis samples. This is also the first study reporting the presence of protocatechuic acid
in M. fasciculata geopropolis, although this compound has been identified in propolis from

Tetragonisca angustula collected in the State of Sdo Paulo, Brazil.
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The therapeutic activities of geopropolis can be attributed to different substance
classes, such as lignoids, carbohydrates, monoterpenes, sesquiterpenes, triterpenes,
flavonoids, and phenolic acids. The last two classesare the main compounds responsible for
the biological properties of propolis (Bankova et al. 2000). The qualitative and quantitative
variations in phenolic compounds seen between different bee products are mainly influenced
by the plant species visited by the bees, type of bee species, geographic region, and climatic
factors (Gomes-Caravaca et al. 2006). This may explainthe differences observedhere
betweenleishmanicidal activityinthe extractsobtained fromthreedifferent

locationsFernandoFalcdo, a region characterized byatypical savannah vegetation.

In conclusion, the leishmanicidal activity of hydroalcoholic extracts of M. fasciculata
geopropolis produced in the Maranhdo savannah seems to be related to the presence of gallic
and ellagic acid derivatives, possibly hydrolyzable tannins. In addition, the results showed
that the geopropolis extracts exerted significant leishmanicidal activity against Leishmania
promastigotes when compared to other studies. This is the first report demonstrating the
leishmanicidal activity of geopropolis produced by the stingless bee, Melipona fasciculataand
it sugests future studies regarding isolated compounds of this extract and evaluation of its

effect on in vitro e in vivo infection model.
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Table 1 Leishmanicidal activity of the hydroalcoholic geopropolis extracts (HEG),

gallic acid, and ellagic acids against promastigote forms of Leishmania

amazonensis
Sample ICso (ug/mL)"
Leishmania amazonensis

HEGI1 47.0

HEG2 149.5

HEG3 229.0

Gallic acid 14.48

Ellagic acid 151.7
Amphotericin B 0.16

* Mean of the results of three separate experiments, each in triplicate.
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Table 2 Chemical composition of the derivatized hydroalcoholic extracts of Melipona

fasciculata geopropolis analyzed by combined gas chromatography-mass spectrometry

RT (min)* Compound HEGl HEG2 HEG3
%TIC"

15.25 Glycerol 0.22 0.25 0.27
21.60 Erythritol - 1.33 0.28
24.82 D-Fructose 0.32 1.0 1.34
25.31 D-Xylose 1.17 - -
28.17 Protocatechuic acid 0.10 0.13 0.13
26.53 D-Ribitol - 1.14 -
26.55 Xylitol - 1.48 -
29.17 Arabinofuranose - 0.13 1.24
29.43 Quinic acid 1.68 0.84 1.85
30.25 D-Glucitol 0.92 - 0.14
31.06 D-Manopiranose 12.80 - -
31.11 Gallic acid 22.3 9.05 18.9
31.90 D-Glucopyranose 24.3 1.29 14.93
32.34 Hexadecanoic acid 0.52 0.42 1.05
33.75 myo-Inositol 0.10 0.15 0.41
35.84 Octadecanoic acid 1.53 2.29 3.44
45.66 1,2-Dihydroxyanthraquinone 0.31 0.12 0.11
51.11 Ellagic acid 14.7 25.2 13.6

“Retention time.

® Name of the compounds without the trimethylsilyl (TMS) constituent.
“The ion current generated depends on the characteristics of the compound concerned and it is not a true

quantitation

59



4.2 CAPITULO II

Atividade leishmanicida do extrato e fracoes da geopropolis da abelha sem ferrao
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RESUMO

Geopropolis € produzida por espécies de abelhas sem ferrdo, principalmente do género
Melipona, a partir de resinas vegetais, secrecdes salivares, cera e terra, com composicao
quimica complexa e com varias atividades farmacoldgicas. O objetivo deste trabalho foi
investigar os efeitos dos extratos da geopropolis e suas fracdes sobre culturas de Leishamania
amazonensis, visando identificar os principais compostos associados a esta atividade. A
amostra da geopropolis foi coletada em melipondrio no municipio de Fernando Falcao,
Maranhdo, Brasil. O extrato hidroalcodlico da geoprépolis (EHG) foi preparado por
maceracao em solucdo hidroalcodlica a 70%. Para obtencdo das fracodes, parte do EHG foi
submetida a particdo liquido-liquido com solventes de polaridades diferentes. A avaliacao
quimica foi realizada por abordagem quimica, cromatografia gasosa acoplada a
espectrometria de massas (CG-EM) e cromatografia liquida de alta eficiéncia acoplada a
espectrometria de massas (CLAE-EM). A avaliacdo da atividade leishmanicida utilizou
formas promastigotas de Leishmania amazonensis, incubadas em meio RPMI, durante 24h, na
presenca de diferentes concentragdes dos extratos e fracdes da geopropolis. Os extratos e as
fracdes da geoprdpolis inibiram o crescimento in vitro das formas promastigotas de
Leishmania, sendo que a fracdo acetato de etila (FA) foi a mais eficiente (Clsp = 29,89
pg/mL), seguida das fracdes clorofémica (FC) (Clso = 43,21 pg/mL), hidroalcodlica (FHA)
(Clsp = 49,48 pug/mL) e do extrato hidroalcodlico (EHG) (Clsy = 47,0 ug/mL). A fracdo
hexanica ndo apresentou atividade nas condicdes testadas. O EHG apresentou compostos
fendlicos, taninos hidrolisdveis, triterpenos e auséncia de flavonoides e alcaldides na
abordagem fitoquimica. A andlise por CG-EM, identificou os 4cidos gélico e eldgico, dcidos
graxos, acido organico, antraquinona, diterpenos, triterpenos, esterdides, actcares e alcodis,
enquanto por CLAE-EM foram identificados galotaninos e elagitaninos. Considerando que na
amostra maisleishmanicida (FA) encontramos compostos polifendlicos derivados dos acidos
gdlico e elagico,sugerimos que estes compostos sao 0s principais responsdveis pela acdo

leishmanicida da geoprépolis deMelipona fasciculata.

Palavras-chave: geoprépolis, Melipona fasciculata, 4cido gélico, é4cido eldgico, taninos

hidrolisaveis, Leishmania amazonensis, atividade leishmanicida
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ABSTRACT

Geopropolis is produced by stingless bee species, particularly the genus Melipona, from plant
resins, salivary secretions, wax and soil, with complex chemical composition and various
pharmacological activities. The objective of this study was to investigate the effects of the
extracts and fractions of geopropolis on Leishamania amazonensis cultures, to identify the
major compounds associated with this activity. The sample was collected in the geopropolis
meliponary the municipality of Fernando Falcdo, Maranhdo, Brazil. The hydroalcoholic
extract of geopropolis (HEG) was prepared by steeping in water-alcohol solution to 70%. To
obtain the fractional part of EHG was subjected to liquid-liquid partition solvent of different
polarity. A chemical evaluation was performed by chemical approach, gas chromatography
coupled to mass spectrometry (GC-MS) and high performance liquidchromatographycoupled
tomass spectrometry (HPLC-MS). The antileishmanial activity assessment used
promastigotes of Leishmania amazonensis, incubated in RPMI for 24 h in the presence of
different concentrations of the extract and fractions of geopropolis. The extract and fractions
of geopropolis inhibited the in vitro growth of promastigotes, and the ethyl acetate fraction
(AF) was the most efficient (ICsp = 29.89 pg/mL), followed by fractions clorofémica (CF)
(ICs9p = 43.21 pg/mL), hydroalcoholic (HAF) (ICsy = 49.48 ug/mL) and the hydroalcoholic
extract (HEG) (ICsop = 47.0 ug/mL). The hexane fraction showed no activity under the
conditions tested. The HEG presented phenolics, hydrolysable tannins, triterpenes and
absence of flavonoids in phytochemical approach. Analysis by GC-MS, identified ellagic and
gallic acids, fatty acids, organic acid, anthraquinone, diterpenes, triterpenes, steroids, sugars
and alcohols, while HPLC-MS were identified gallotannins and ellagitannins. Whereas the
sample more antileishmanial (AF) found polyphenolic compounds, gallic acid derivatives and
ellagic, suggest that these compounds are responsible for a major share of leishmanicidal

geopropolis Melipona fasciculata.

Keywords: geopropolis, Melipona fasciculata, gallic acid, ellagic acid, hydrolysable tannins,

Leishmania amazonensis, leishmanicidal activity
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Introducao

As abelhas indigenas sem ferrdo (Apidae, Meliponini) sdo um grupo diverso de
himendpteros sociais, distribuidos nas dreas tropicais e subtropicais do mundo com a maior
parte de suas espécies ocorrendo nos Neotrdpicos; o cultivo destas abelhas, a Meliponicultura
€ desenvolvida por comunidades tradicionais tendo caracteristicas locais de acordo com o
conhecimento regional e tradicional, tendo como principais produtos mel e cera, mas
produzem resinas (CORTOPASSI-LAURINO et al, 2006). No Brasil, as abelhas sem ferrao
tém importante papel na etnobotdnica dos indiosCayapdés (POSEY,CAMARGO, 1985;
CAMARGO, POSEY,1990). Nas regioes Norte e Nordeste essa atividadevem crescendo e
especialmente no estado do Maranhdo, Melipona fasciculata Smith € cultivada ha séculos
pelas populacdes indigenase caboclas para produ¢do de mel, produzindo ainda, cera,
geopropolis e pélen, desempenhando um importante papel econdmico como fonte de renda no
interior do Estado (KERR, 1987; KERR et al., 1996; BEZERRA, 2004). Geoprdpolis de
Melipona fasciculata é produzida a partir da mistura de resinas coletadas de espécies vegetais,
misturadas com cera e terra. E usado popularmente como recursos terapéuticos, para tratar
processos inflamatdrios, ulceragdes, tumores, fraquezas, hemorrdidas, gastrites, tosses e
promover cicatrizagdo (KERR, 1987; SANTOS; ANTONINI, 2008).

O estado do Maranhdo, Brasil estd situado em uma area de transi¢cdo com as regides
nordeste, norte e centro-oeste brasileira apresentando diferentes biomas, sendo que um deste €
o bioma de floresta amazonica, compreendendo diversos municipios, com caracteristica
epidemiolégica importante, com maior prevaléncia de casos de leishmaniose tegumentar
americana (COSTA et al., 1998; REBELO et al., 2000), causada por protozodrios das
espécies Leishmania braziliensis e Leishmania amazonensis. Muito embora a doenca seja de
grande prevaléncia mundial, os quimioterdpicos usados para o tratamento sdo dealto custo,
ndo apresentam um bom indice terapéutico e nem baixa toxicidade. Surge, portanto, a
necessidadede estudos na busca de novos farmacos leishmanicidas e os produtos de abelhas
sem ferrdo podem ser promissores na busca de substancias leishmanicidas.

A propolis e geoprépolis das abelhas sem ferrao apresentam atividade antimicrobiana
(BANKOVA; POPOVA, 2007; MULI et al., 2008; DUAILIBE et al., 2007; MANRIQUE;
SANTANA, 2008; FANESI et al., 2009; LIBERIO et al 2011 a, b), antioxidante (SAWAYA
et al., 2009, 2011), antiproliferativa, citotéxica (UMTHONG et al., 2009, 2011), antitumoral
(ARAUJO et al., 2010, BORGES et al., 2011).
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Geopropolis de Melipona fasciculatapossuielevados teores de polifendis e flavonoides
além de triterpenos e saponinas (ABREU et al., 2006; DUTRA et al., 2008; CUNHA et al.,
2009).

Atividade leishmanicida tem sido reportada para prépolis de Apis mellifera, abelha
com ferrdo (AYRES et al., 2007; MACHADO et al., 2007; DURAN et al., 2008; 2011;
PONTIN et al., 2008; OZBILGE et al., 2010), entretanto ndo ha dados na literatura sobre a
atividade leishmanicida de produtos de abelhas sem ferrdo, entre a geopropolis. Portanto, o
objetivo destetrabalho foi investigar a atividade leishmanicada do extrato hidroalcodlico da
geopropolis deMelipona fasciculatasobre culturas de Leishamania amazonensis, visando

identificar a fracdo mais ativa e os principais compostos quimicosassociados a esta atividade.

2. Material e Métodos

2.1. Coleta da geoproépolis
A geoprépolis de Melipona fasciculata Smith foi coletada das partes internas de uma
colméia, em um melipondrio localizado no municipio de Fernando Falcdo(6°7°30"S

44°52°30"W), regido sudeste do estado do Maranhao, Brasil, em novembro de 2008.

2.2. Preparacao do extratohidroalcodlico da geoprépolis (EHG).

O EHG foi preparado pelo método descrito por Dutra et al.(2008). Ageopropolis in
natura foipulverizada (em moinho do tipo faca) e 500 g do pé da amostra, foram macerados
com etanol 70%, na propor¢cdo geopropolis/solvente 1:2 (p/v) por 48h. A solugdo extrativa
resultante, apds a filtragdo para retirada da terra, foi concentrada em evaporador rotativo,sob

pressdo reduzida a 40°C, obtendo-se o extrato hidroalcodlico da geoprépolis (EHG).

2.3. Particao liquido-liquido do extratohidroalcodlico da geoprépolis (EHG).

O EHG (20 g) foi dissolvido em metanol:dgua (1:1, v/v) sob agitacdo mecanica e a
solucdo metandlica foi submetida a parti¢dao liquido-liquido utilizando hexano, cloroférmio e
acetato de etila. As solucdes obtidasforam filtradas (Na,SO, anidro) e concentradas em
evaporador rotativo,sob pressdo reduzida a 40°C, obtendo-se as fracdes hexanica (FH),

cloroférmica (FC), acetato de etila (FA) e hidroalcodlica (FHA).
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2.4. Abordagem fitoquimica do extrato e fracoes
O EHG e as fracdoes foram submetidos a abordagem quimica para verificacdo de

compostos fendlicos, taninos, flavonoides e triterpenos (MATOS, 2003).

2.4. Analisepor Cromatografia gasosa acoplada a espectrometria de massa (CG-EM)

2.4.1 Preparacdo da amostra

O EHG e as fracdes (FH, FC, FA e FHA) foramsecasa véacuo e cerca de Img de cada
amostra foi derivatizadacom o reagente N,O-bis (trimetilsilil) trifluoroacetamidacom 1% de
trimetilclorosilano(BSTFA/TMCS), de acordoRoessneret al. (2001).Compostos sem grupos
hidroxila em suas estruturas permaneceram inalterados pelo processo de derivatizacao.
2.4.2Instrumento

Aanalise por CG-EM foi realizada emcromatégrafo gasoso - CG
(Agilent6890)equipadocomumespectrometro de massas (Agilent5973NMSD), coluna capilar
de 30m HP5, 0,25 mm (Agilent), com ionizacdo por impacto de elétrons (EI).As
temperaturasdo injetore detector forammantidasem230°Ce250°C, respectivamente.  Foi
utilizada uma fontede ifonsa 200°Ce hélio foi o gis de arraste, com fluxo del,0mL/min.A
andlise  foirealizadautilizando 5 minde aquecimentoisotérmico(70°C); gradientede
temperaturade5°C/mina310°Ceumultimo minutode aquecimentoa310°C.O sistema
foientaoequilibradoporébmin  a70°C, antesda  injecdoautomadticadapréxima  amostra.
Osespectros demassasforamregistrados com uma velocidade de 2 scan/segundode 50-
650m/z.0scromatogramasde ionstotais(TIC) e espectrosde massasforam

avaliadosutilizandooprogramaChemStation(Agilent) ebases de dados(NIST 2.0).

2.5.AndliseporCromatografia liquida de alta eficiéncia acoplada a espectrometria de massas

com fonte electrospray (CLAE/DAD/EM/EM)da fracdo acetato de etila (FA)

2.5.1. Instrumento

A analiseCLAE/DAD/EM/EMfoi realizadaemCLAE-SCL-10A (Shimadzu), com detector de
arranjo de fotodiodo, equipado com duas bombas (LC-10AD), injetor automatico e acoplado
com espectrometro de massas LC-MS/MS (Bruker Daltonics Esquire 3000 Plus), com
analisador tipo fon trap quadrupolo em modo fandem, com ioniza¢do por eletronebulizacdo
(electrospray ionization, ESI). Afase mével utilizada foi dgua Milli-Q (Millipore) com 0,1%
de acido férmico (eluente A) e metanol (eluente B). A eluicdo foi realizada em gradiente

linear de 0-1 min, 5% B; 1- 60min, 30% B; 60-90 min, 100% B, utilizando coluna analitica
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C18 de fase reversa (250mm x 4,60 mm, 5 um, Thermo). As amostras foram diluidas em
metanol e 4gua Milli-Q 0,1% de acido férmico na concentracdo final de Smg/mL e filtradas
em filtro de seringa Nylon (0,22um, Allcrom). O volume da amostra injetado no sistema foi
de 25 pL, com fluxo de 1,0 mL/min e detec¢cdo UV-Vis em 254 nm. Os espectros de massas
foram obtidos em modo negativo, utilizando nitrogé€nio ultra-puro como gis de nebulizacdo
com fluxo de 7.0 L/min, pressdo de 27 psi, potencial de 4.0 kV, temperatura de 320°C e fluxo
para massas de 100uL/min, em baixa resolugdo, na faixa de 100 a 1000m/z. A identifica¢do
dos constituintes foiobtida com base na massa do fon molecular, na fragmentagdo do ion

molecular, espectros de UV-visivel encontrados na literatura ou comco-inje¢aode padrdes.

2.6. Avaliacdo daatividade leishmanicida

O EHG e as fracoes foram ressuspensas em solucdo salina tamponada com fosfato
(PBS) e diluidos com meio RPMI 1640 completo, em placas de 96 pocos de fundo chato
(Costar), resultando nas concentragdes finais de 500, 250, 125, 62.5, 31.25 e 15.62 pg/mL.
Foram adicionados aos pocos 10 pL da suspensdo contendo 5 x 10°mL de formas
promastigotas de Leishmania amazonensis (MHOM/Br/90/BA125). Anfotericina B, droga de
referéncia no tratamento das leishmanioses, foi utilizada como controle positivo nas mesmas
concentracdes das amostras. Formas promastigotas cultivadas em meio RPMI 1640 e ndo
tratadas foram considerados como controle negativo do ensaio. A atividade leishmanicida foi
determinada apds 24 horas, pela contagem do numero total de promastigotas vivas,
observando-se a motilidade flagelar. As contagens foram realizadas em camara de Neubauer e
microscopio 6tico de luz comum (Nikon). Os resultados, expressos como concentragdao
inibitéria do crescimento parasitirio (Clsp), representam a média de amostras testadas em

triplicata (BEZERRA et al., 2006).

2.7. Analise Estatistica

Todas as andlises foram realizadas em triplicata. Os resultados foram expressos como
média + desvio padrao e, em seguida, analisados pelo programa GraphPad Prism (version
5.0). A Cl;sg para a atividade leishmanicida foi calculada por regresao linear. Os dados foram
submetidos a andlise de varidncia (ANOVA) e comparados pelo teste de Tukey comnivel de

significancia de 5% (p < 0,05).
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3. Resultados

Os resultados da atividade leishmanicida do EHG e das fragdesFH, FC, FA e FHA
estdo demonstradasna Tabela 1.A fragao (FA) foi a mais ativa (Clsp 29,89 pug/mL), seguida
das fragdes FC (Clsg 43,21 ug/mL) e FHA (Clsp 49,48 ug/mL). A fracdo hexanica (FH)nao
demonstrou atividade leishmanicida. A fracdo FA ocasionou total inibi¢do no crescimento in
vitro das formas promastigotas de L. amazonensis a partir da concentracdo de 62,5 pg/mL,
enquanto a fracdo FHA s6 teve efeito inibitério com a maior concentragdo (500 pg/mL). A
fracdo FC nao apresentou 100% de inibicdo em nenhuma das concentragdes testadas (Figura
D).

Testesfitoquimicos detectaram a presenca de compostos fendlicos, taninos
hidrolisaveis e triterpenos no EHG, enquanto as fracdes FA e FHA apresentaram somente
compostos fendlicos e taninos hidrolisaveis. A fracdo FC apresentou compostos fendlicos e
triterpenos e a FH apresentou somente triterpenos (Tabela 2).

Analises por CG-EM doEHG e das fracdesFH, FC, FA e FHA identificaram
26compostos, pertencentes ha diferentes classes de compostos como 4cidos fendlicos, dcidos
organicos, antraquinonas, diterpenos, triterpenos, esterdides, dcidos graxos, actcares e alcodis
(Tabela 3).

Andlises por CLAE-ESI-EM-EM da fra¢do FA, identificaram 11 compostos: 4cido
gdlico, 4cido elédgico, galoil-HHDP-glicose (corilagina), HHDP-glicose, di-HHDP-glicose
(pedunculagina), trigaloil-glicose, digaloil-HHDP-glicose (telimagrandina I), dilactona do
acido valonéico, galoil-HHDP-DHHDP-glicose (granatina B), di-HHDP-galoil-glicose
(casuarictina) e trigaloil-HHDP-glicose (telimagrandina II) (Tabela 4)

4. Discussao

Atualmente nao ha relatos prévios da acdo leishmanicida em produtos de abelhas sem

ferrao, mas em prépolis de Apis mellifera, abelha com ferrao. Segundo Machado et al. (2007)

o extrato hidroalcodlico da prépolis de Apis mellifera (Minas Gerais, Brasil) foi ativo em

formas promastigotas de L.major (48,2 ug/mL), L. chagasi (49,9 ug/mL), L. braziliensis (48,6

pg/mL) e L.amazonensis (229,3 ug/mL), sendo a atividade atribuida a presenca de
flavonoides e triterpenos, entre elas as amirinas.

As analises por CG-EMdo extrato e das fracdoes FH, FC e FHArefletem uma

complexa natureza quimica, contendo alguns compostos bioativos, apresentando em comum a

presenca dos 4cidos gélico, eldgico, palmitico e estedrico. Na FC foi detectado, 4cido
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oleandlico, B-sitosterol e dcido protocatecuico, enquanto na FHA foram identificados agticares
e alcodis.Na fracdo FH, inativa para as formas promastigotas de L. amazonensis foram
identificados os diterpenos isopimdrico e deidroabietico, os triterpenos [-amirina, lupenona,
acido oleandlico e estigmasterol, além de 4cidos graxos.Os triterpenos B-amirina e lupenona
ja foramidentificados em prépolis de Tetragonisca angustula (PEREIRA et al., 2003),
enquanto os acidos graxos estedrico e palmitico, e o diterpeno deidroabietico foram
encontrados em geopropolis de Melipona compressipes, do estado do Piaui, Brasil
(BANKOVA et al., 1998). Acidos graxos sio comuns em propolis de Apis mellifera
(TORRES et al., 2008; DURAN et al., 2011).

No entanto a FA, fracdo leishmanicida, possui somentedcido gilico e D-glicopiranose
em sua composi¢cdo, sugerindo a presenca de taninos hidrolisdveis na respectiva fragdo, ja
indicado nos testes fitoquimicos

Padroes de 4cido gélico e elagico derivatizados foram analisados nas mesmas
condi¢des das fragoes por CG-EM, eutilizando a base de dados (NIST 2.0) e dados da
literatura (EL-GHORAB et al., 2002; ZOECHLING et al., 2009), demonstraram que 0s
espectros de massas sdo semelhantes aos encontrados neste estudo, confirmando a presenca
dos 4cidos galico e eldgico como os principais dcidos fendlicos identificados no extrato e
fracdes da geopropolis. A presenca de dcido galico em geoprdpolis de Melipona fasciculata
foi anteriormente descrita por nosso grupo, em amostras do estado do Maranhao, Brasil eem
propolis de Tetragonisca angustula, abelha sem ferrdo, do estado de Pernambuco, Brasil
(BANKOVA et al., 1998;VELIKOVA et al., 2000).

A FApossui maiores concentracdes dedcidogalicoe maior acdo leismanicida dentre o
extrato e fracOes testadas. Propolis de Apis mellifera (Parand, Minas Gerais e Alagoas, Brasil)
reduz a infec¢do de macréfagos por Leishmania amazonensis(AYRES et al., 2007; POTIN et
al., 2008), assim como a prépolis oriunda da Turquia (DURAN et al., 2008, 2011; OZBILGE
et al., 2010). Tasdemir et al. (2006) avaliaram o 4cido gédlico, além de outros dcidos fendlicos,
flavonoides e catequinas, em testes in vitro e in vivo para Leishmania donovani, sugerindo
que a atividade leishmanicida observada pode estar relacionada, com a presenca dos
compostos fendlicos detectados, que apresentam uma relativa toxicidade a microorganismos
devido a localizagcdo e o nimero de grupos hidroxilas presentes nos grupamentos fendlicos,
sendo que, quanto maior o nimero de hidroxilas, maior a toxicidade. Shuaibu et al.(2008)
obteve concentracdo minima inibitéria maior que 150 pg/mL, para o 4cido eldgico em ensaios
in vitro com L. amazonenses.

Visando conhecer os constituintes quimicos da fragdo mais ativaas promastigotas de L.

amazonensis (FA), além da identificacdo de acido gélico e acido eldgico, esta fracdo foi
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analisadapor CLAE-ESI-EM/EM,onde identificamos nove taninos hidrolisdveis: galoil-
HHDP-glicose (corilagina), hexahidroxidifénico-glicose (HHDP-glicose), di-HHDP-glicose
(pedunculagina), trigaloil-glicose, digaloil-HHDP-glicose, (telimagrandina I), dilactona do
acido valonéico, galoil-HHDP-DHHDP-glicose (granatina B), di-HHDP-galoil-glicose
(casuarictina) e trigaloil-HHDP-glicose (telimagrandina II)(Tabela 4).

Taninos hidrolisaveis sdo polifendis derivados do acido galico (galotaninos) ou acido
eldgico (elagitaninos), ligados a uma molécula de agucar, geralmente a glicose (OKUDA,
2005). Compostos fendlicos simples e taninos hidrolisdveis ja foram relacionados a atividade
leishmanicida frente vérias espécies de Leishmania (KOLODZIE] et al., 2001; KOLODZIEJ;
KIDERLEN, 2005). Estudos de Kolodziej et al. (2001), demonstraram atividade
leishmanicida sobre formas promastigotas de espécies de Leishmania (L. amazonensis), do
acido gélico e dos taninos hidrolisdveis trigaloil-glicose, casuarictina, telimagrandina I, II e
pedunculagina. Esses compostostambém foram identificados nafragcao acetato de etila obtida a
partir do EHG, produzida no municipio de Fernando Falcio-MA e ativa contra formas
promastigotas de L. amazonensis neste estudo.

Na literatura ndo hd dados sobre as espécies vegetais utilizadas por Melipona
fasciculata, no municipio maranhense de Fernando Falcao, MA, Brasil. Segundo Carvalho;
Marchini (1999), o conhecimento da vegetacdo utilizada pelas abelhas é importante para a
exploracdo racional, em programas de conservagdo das abelhas e deve ser realizada de forma
regional, pois uma mesma espécie vegetal pode apresentar recursos vegetais diferenciados
para as abelhas em fun¢ao das condicdes edafoclimaticas.

Com base nos dados bioldgicos e quimicos sugerimos que a acdo anti-Leishmania da
geopropolis de Melipona fasciculata estd associada a presenca dos dcidos galico e eldgico,
possivelmente taninos hidrolisdveis. Entretanto, a fracao cloroférmica (FC), que apresentou a
segunda maior atividade leishmanicida, possui menor concentracdo destes compostos,
sugerindo que a presenca de outras substincias ativas, tais como 4cido oleandlico, [-
sitosterol e dcido palmitico, ja relatados como compostos leishmanicidas para L. amazonensis
eL. donovani (TORRES-SANTOS et al., 2004; ROCHA et al., 2005), podem também estar
associados a atividade observada.

A fracdo FH apresentou uma mistura de 4cidos graxos, diterpenos, triterpenos e
esterdides, porém ndo foi observada atividade leishmanicida, mesmo apresentando em sua
composi¢ao substancias leishmanicidas, o que pode ter relagdo com a baixa concentracdo

destes constituintes.
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5. Conclusao

O EHG e suas fracdes apresentaram um grande potencial anti-Leishmania, quando
comparados a relatos prévios de propolis de Apis mellifera. Com base nos resultados
concluimos que a geoprdpolis apresenta atividade leishmanicida, sendo afracdo acetato de
etila (FA) a mais ativa, e sugerimos queodcido gdlicoe os taninos hidrolizaveis; trigaloil-
glicose, casuarictina, telimagrandina I, II epedunculagina s@o os principais responsaveis pela
acdo leishmanicida da geoprépolis deMelipona fasciculata. Os resultados abrem perspectivas
para a continuidade das pesquisas e para o isolamento das substincias leishmanicidas da

geoprépolis e demonstraa base cientificano uso popular em ulceragdes da geoprépolis.
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Tabela 1

Atividade leishmanicida do extrato e das fracdes da geoprépolis de Melipona
fasciculata

Amostras Clso (ug/mL)°
Leishmania amazonensis
EHG 47,00 +2,70*
FH s/atividade
FC 43,21+ 2,32%
FA 29,89 2,93
FHA 49,48 + 1,40°
Anfotericina B 0,16 + 0,46°

EHG, extrato hidroalcodlico da geoprépolis; FH, fracdo hexanica; FC, fracdo cloroférmica; FA,
fracdo acetato de etila; FHA, fracdo hidroalcodlica. Resultados foram expressos como média +
desvio padrdo (n=3), valores com letras diferentes na coluna foram diferentes estatisticamente
(p<0.0001). “Concentracio inibitéria do crescimento parasitdrio, necessdria para inibir 50% das
formas promastigotas de Leishmania amazonensis, calculada por regressio no linear. *Controle

positivo
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Tabela 2
Perfil fitoquimico do extrato e das fragdes da geoprdpolis de Melipona

fasciculata
Amostras Classes quimicas
Fendlicos  Taninos  Flavonoides Triterpenos
EHG + + - +
FH - - - +
FC + - - +
FA + + - -
FHA + + - -




Tabela 3

Identificacdo dos compostos do extrato hidroalcodlico da geoprépolis e suas fracdes

analisados por cromatografia gasosa acoplada a espectrometria de masas (CG-EM)

Composto identificado * EHG FH FC FA FHA
%TIC

Acidos graxos

Acido palmitico 0,52 8,18 0,96 - 0,51

Acido marg4rico - 0,02 - - -

Acido estedrico 1,53 246 529 - 2,47

Acido araquidico - 0,33 - - -

Acido beénico - 0,60 - - -

Acido lignocérico - 0,25 - - -

Acido organico

Acido quinico 1,68 - - - 1,01

Antraquinona

1,2-dihidroxiantraquinona 0,31 - - - -

Acido fenélicos

Acido gilico 22,3 - 4,80 26,16 7,68

Acido eldgico 14,7 - 1,53 - 21,60

Acido protocatecuico 0,10 - 0,14 - -

Diterpenos

Acido isopimadrico - 0,01 - - -

Acido deidroabietico - 0,13 - - -

Triterpenos

B-Amirina - 0,42 - - i

Lupenona - 0,43 - - -

Acido oleanélico - 0,13 2,35 - -

Esterodides

Campesterol - 0,07 - - -
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Tabela 3
Identificacdo dos compostos do extrato hidroalcodlico da geoprépolis e suas fracdes

analisados por cromatografia gasosa acoplada a espectrometria de masas (CG-‘EM)

(continuagdo)
Estigmasterol - 0,55 - - -
B-Sitosterol - - 0,39 - -
Actcares
D-Frutose 0,32 - - - -
D-Glicopiranose 24,3 - - 0,15 22,60
D-Manopiranose 12,80 - - - 10,33
D-Xilopiranose 0,61 - - - 0,28
Alcoois
Glicerol 0,22 - - - 0,35
Xilitol 0,92 - - - 1,22
myo-Inositol 0,10 - - - 0,10

?0s nomes dos constituintes sem os trimetilsilil(TMS) substituintes.
®fons correntes totais. O fon corrente gerado depende da caracteristica do composto e ndo é uma quantificagio
verdadeira. EHG, extrato hidroalcodlico; FH, fracdo hexanica; FC, fracdo cloroférmica; FA, fracdo acetato de

etila; FHA, fracdo hidroalcodlica.
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Tabela 4

Compostos fendlicos identificados na fragdo acetato de etila (FA) da geoprépolis de Melipona

fasciculata por Cromatografia liquida de alta eficiéncia acoplada a espectrometria de massas

com fonte electrospray (CLAE-DAD-ESI-EM/EM)

Composto Tr Amax MM [M-H]  Principais ions EM/EM Compostos identificados
(min) (nm) m/z (m/z)
1 11,23 272 170 169 125 dcido galico”
2 19,26 262 634 633 481 301 275 galoil-HHDP-glicose®
3 25,60 267 482 481 301 275 169 HHDP-glicose”
4 27,16 265 784 783 765 481 301 275 di-HHDP-glicose®
5 30,53 277 636 635 483 465 313 301 trigaloil-glicose”
6 31,98 274 786 785 633 483 313 301 275 digaloil-HHDP-glicose”
7 35,62 254-370 470 469 425 301 dilactona do 4cido valoneico®
8 39,25 280-365 952 951 933 783 301 galoil-HHDP-DHHDP-glicose®
9 45,08 271 936 935 633 481 301 275 di-HHDP-galoil-glicose®
10 51,39 277 938 937 785 767 635 465 301 275  trigaloil-HHDP-glicose®
11 69,88 254,363 302 301 301 dcido eldgico™

Tr, tempo de reten¢do(min); A, (nm), absor¢do no UV-Vis; MM, massa molecular; [M-H]', fon molecular; HHDP,

hexahidroxidifénico.*Compostos identificados pela primeira vez em geoprépolis. "Co-injecio com padrdes auténticos.
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Figura 1 Percentagem de letalidade de promastigotas de Leishmania amazonensis
pelo extrato hidroalcodlico da geoprépolis e suas fracdes. EHG, extrato

hidroalcodlico; FC, fracdo cloroférmica; FA, fracdo acetato de etila; FHA, fracdo

hidroalcodlica.

80



4.3 CAPITULO III

Composicao fenoélica eatividadeantioxidante do extrato e fracoes obtidas da

geopropolisdeMeliponafasciculataSmith

Richard Pereira Dutra, Maria Nilce de Sousa Ribeiro, Rosane Nassar Meireles Guerra

Artigo a ser submetido aoJournal of Agricultural and Food Chemistry

(ISSN:0021-8561)

Fator de impacto: 2.816Qualis Biotecnologia B1

81



RESUMO

O objetivo do presente trabalhofoi determinare comparar oteor de fendlicos totaise a
atividadeantioxidante emgeoprépolis deMeliponafasciculataSmithe identificar a composi¢cao
quimica. O teor de fendis totaisforam determinadosusandoFolin-Ciocalteu e a atividade
antioxidantefoi determinada utilizando o radical DPPH.  Cromatografia liquida de
altaeficiénciaequipado comum sistema de diodos(CLAE-DAD) e deteccaopor espectrometria
demassas com ionizagdo porelectrospray(ESI-EM) foi utilizada para identificaros
compostosfendlicos emgeopropolis. O extrato hidroalcodlicoe as fragdesapresentaram
atividadeantioxidante frente aoDPPH, exceto a fracdohexano,e altas concentracdes
depolifendis, principalmente na fragdo acetato de etila. As estruturas de onze compostos
foram identificadaspor cromatografialiquida acopladaaespectrometria de massae ionizagdo
porelectrospray(CLAE-DAD-ESI-EM). A maioriadestescompostos € derivada do acidogalico,
sob a forma de ésteresde galoil glicose (galotaninos) e de ésteres degaloil-
hexahidroxidifénico-glicose (elagitaninos). Os resultados obtidos permitem concluir que a
atividade antioxidante e os elevados teores de polifendis da geoprépolisestdo relacionados

com presenca de taninos hidrolisdveis.

Palavras-chave: geoprépolis, Melipona fasciculata, compostos fendlicos, taninos

hidrolisaveis, atividade antioxidante, CLAE-ESI-EM
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ABSTRACT

The aim of the present work was to determine and compare the total phenolic content and
antioxidant capacity in geopropolis of Melipona fasciculata Smith and to identify the phenolic
compounds in these respective portions. Total phenolic contents were determined
colorimetrically using Folin-Ciocalteu reagent, and antioxidant capacity was determined using
DPPH radical. High-performance liquid chromatography equipped with diode array (HPLC-
DAD) and electrospray ionization mass spectrometric detection (ESI-MS) was used to
identify the phenolic compounds in geopropolis. The hydroalcoholic extractand
fractionsshowedantioxidant activity towardsDPPH, except the hexane fraction, and high
concentrations ofpolyphenols, mainly in theethyl acetate fraction. The structures of eleven
compounds were attempted to be identified by liquid chromatography coupled to electrospray
ionisation mass spectrometry (HPLC-DAD-ESI-MS). The majority of those compounds were
gallic acid derivatives, in the form of either galloyl esters of glucose (gallotannins),
combinations of galloyl and hexahydroxydiphenoyl esters of glucose (ellagitannins).The
results showed that the antioxidant activity and high levels of polyphenols are related

geopropolis the presence of hydrolyzable tannins.

KEYWORDS: geopropolis, Melipona fasciculata, phenolic compounds, hydrolyzable
tannins, antioxidant activity, HPLC-ESI-MS
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Introducao

Os produtos de abelhas sem ferrdo sdo importantes fontes de compostos bioativos,
entre eles a geoprdpolis, que € produzida por algumas espécies de abelhas sem ferrdo do
género Melipona, a partir da mistura de resinas vegetais, acrescida de secrecdes salivares, cera
e terra. Nas colméias este produto € utilizado para fechar pequenas frestas, vedar entradas de
ventilacao e como agente antimicrobiano (BARTH, 2006; MARTINS et al., 2011).

A geopropolis e seus derivados sdao usados pela populagdo como recursos terapéuticos,
para tratar processos inflamatdrios, tumores, fraquezas, hemorrdidas, gastrites, tosses e
promover cicatrizagdo (SANTOS; ANTONINI, 2008).

Nos tltimos anos, estudos com a geoprépolis produzida por Melipona fasciculata em
diferentes regides do estado do Maranhdo, tem apresentado elevados teores de polifendis e
flavonoides totais, triterpenos e saponinas (ABREU et al., 2006; DUTRA et al., 2008;
CUNHA et al., 2009), atividade antibacteriana (DUAILIBE et al., 2007; LIBERIO et al.,
2011).

Os compostos fendlicosexibemumagrande variedade depropriedades fisioldgicas, tais
comoanti-alérgica, antiaterogénicos, antinflamatdrias, antimicrobiana, anti-trombdtica,
cardioprotetora, vasodilatadora e antioxidante (BALASUNDRAM et al., 2006). Estudos
correlacionam acomposicao polifendlica da prépolis de Apis mellifera comsuas propriedades
antioxidantes (GREGORIS; STEVANATO, 2010).

A adicdo de antioxidantes aos alimentos industrializados tem sido pratica corrente,
razdo que justifica o interesse pela pesquisa de novos compostos antioxidantes, além disso,
compostos antioxidantes sdo usados no tratamento de doencas degenerativas, como cancer,
aterosclerose, artrite reumadtica, entre outras. Todos esses fatores evidenciam a importancia do
uso de antioxidantes para a prevengao de tais enfermidades (APAK et al., 2007).

Entretanto as investigagdes quanto as atividades biolégicas e composi¢do quimica se
concentram em produtos de abelhas com ferrdo, principalmente prépolis de Apis mellifera.
Dessa forma, este trabalho teve como objetivo avaliar a atividade antioxidante e identificar a

composi¢ao quimica da geoprépolis de Melipona fasciculata.

MATERIAL E METODOS

Reagentes e Padroes. Etanol, metanol, hexano, cloroférmio, acetato de etila, reagente Folin-
Ciocalteau, acido formico, carbonato de sédio e sulfato de sodio anidro todos de grau

analitico foramobtidos da Merck (Darmstadt, Alemanha). Todos ossolventes utilizadosforam
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de grau analitico. Os solventes utilizados nas andlises cromatograficas grau HPLC (Merck)
foram filtrados usando um sistema de filtracdo para solventes da Phenomenex. O radical
DPPH (2,2-difenil-1-picrilhidrazila), acido galico, acido eldgico forma obtidos da Sigma (St.
Louis, MO, USA). Os solventesforam filtradosutilizando aparelhode filtracdode solventes
(Phenomenex) e desgaseificada usando banho de ultrasom. A 4gua utilizadanas andlisesfoi

purificada numaparelhoMilliporeMilli-Q.

Materiais. A geopropolis de Melipona fasciculata Smith foi coletada das partes internas de
uma colméia, em um melipondrio localizado no municipio de Fernando Falcao(6°7°30"S

44°52°30"W), regido sudeste do estado do Maranhao, Brasil, em novembro de 2008.

Preparacao do extrato da geoproépolis. A geoprépolis in natura foitriturada em moinho do
tipo faca, obtendo-se a geopropolis em p6 (500 g), que foi submetida a maceracdo com
etanol/agua (70:30, v/v), na propor¢cdo geopropolis/solvente 1:2 (p/v) por 48h. A solugdo
extrativa resultante, apds a filtracdo para retirada da terra, foi concentrada em evaporador
rotativo,sob pressdo reduzida a 40°C, obtendo-se o extrato hidroalcodlico da geoprépolis
(EHG).

EHG (20 g) foi dissolvido em metanol:dgua (1:1, v/v) sob agitacdo mecanica e a
solucdo metandlica foi submetida a parti¢dao liquido-liquido utilizando hexano, cloroférmio e
acetato de etila. As solucdes obtidasforam filtradas (Na,SO, anidro) e concentradas em
evaporador rotativo,sob pressdo reduzida a 40°C, obtendo-se as fracdes hexanica (FH),

cloroférmica (FC), acetato de etila (FA) e hidroalcodlica (FHA).

Concentracao de pofifenéis totais. As concentracdes de polifendis totais do extrato da
(EHG), fragoes (FH, FC, FA, FHA) foram determinadas utilizando reagente Folin-Ciocalteau
e carbonato de sodio a 20%, por espectrofotometria (espectrofotdmetro UV-Vis Lambda 35,
PekinElmer) a 760 nm, apds 2h de reacdo (ABREU et al., 2006; CUNHA et al., 2009). Os
resultados foram expressos como equivalente de 4cido galico (%), calculados a partir de uma
curva padrao de 4cido galico (1 a 30 pug/mL), usada para obtenc¢do da equagdo da reta (y =

0,0393x — 0,0384; R’= 0,99). Todas as leituras foram realizadas em triplicatas.

Atividade antioxidante frente ao radical estavel DPPH. A atividade antioxidante do extrato
e das fracdes foram avaliadas pelo método fotocolorimétrico in vitro utilizando o radical livre
estavel 2,2-difenil-1-picrilhidrazila (DPPH) segundo Brand-Willians et al. (1995), com

modificacOes. As amostras foram diluidas em diferentes concentracdes em metanol P.A (1 a
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100 pg/mL), em seguida adicionados a solucdo metandlica de DPPH (40 pg/mL). Apds 30
min de reacdo em temperatura ambiente e ao abrigo da luz, a absorbancia de cada solucdo foi
medida em espectrofotometro UV-Vis (Lambda 35, PerkinElmer) a 517nm. Padrdes de dcido
gdlico e acido eldgico foram usados como controle positivo, nas mesmas condicdes das
amostras.

A porcentagem de inibi¢dofoi obtida coma seguinte formula: Atividade antioxidante
(%) = 100 - [(Aamostra-Abranco) X 100/Acontrole], onde Aamosra=absorbanciada amostraapds
30minutos de reacao,Apranco=absorbanciadobranco,eA onrole=absorbanciadocontrole.

A porcentagem da atividade antioxidante foi relacionada com a concentracdo da
amostra para a obtencdo da concentracdo efetiva (CEsp),definida como aconcentracdo da
amostranecessdria para causaruma inibicdo de 50% da concentragdo inicial de DPPH. Todos

osexperimentos foram realizadosem triplicata.

Analise por CLAE/UV-Vis. As andlises por CLAE foram realizadas num cromatégrafo
liquido Finnigan Surveyor Autosampler (Thermo) (San Jose, CA, EUA), equipado com um
injector com um loop de 25 pL, e um detector de UV-VIS. A coluna usada foi C-18 (250 x
4,6 mm, 5 um, Hypersil BDS) fornecido por Thermo Electron Corporation (Waltham, MA),
protegida por uma pré-coluna C-18 (4 x 3 mm, 5y, Gemini, Phenomenex ). A separacdo dos
compostos do extrato e fragdes da geopropolis foi realizada a temperatura ambiente com um
programa de gradiente de eluicdo a uma taxa de fluxo de 1,0 mL/min. As fases moveis
consistiu de dgua Milli-Q, com 0,1% de acido férmico (A) e metanol (B). O seguinte
gradiente linear foi aplicado: 0-1 min, 5% B; 1-60 min, 5-30% B; 60-90 min, 30-100% B,
seguido por re-equilibracdo da coluna durante 10 min antes da préxima amostra. O volume de
injecdo no sistema de CLAE foi de 25 uL, e a deteccdo foi realizada a 254 nm. Antes da
injecdo no CLAE, cada extrato foi dissolvido no mesmo solvente utilizado para a extracao
(grau CLAE), para se obter uma concentracdo final de cerca de 5 mg/mL, e em seguida

filtrada através de um filtro de seringa de Nylon (0,22 um, Allcrom).

Andlise por CLAE/DAD/ESI-EM. A EHG e FA foram analisados por CLAE (LC-10AD,
Shimadzu) equipado com um detector de arranjo de diodos, acoplado a um espectrometro de
massas (Esquire 3000 Plus, Bruker Daltonics),com analisador tipo fon trap quadrupolo em
modo fandem, com ionizagdo por eletronebulizacdo (electrospray ionization, ESI). As
condi¢cdes para a diluicdo das amostras e composi¢do da fase mével foram as mesmas
descritas anteriomente. As condi¢des de ionizagdo foram as seguintes: voltagem de

electrospray com fonte de ions a 40 V, um potencial de 4,0 kV e temperatura a 320°C. Hélio
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ultrapuro (He) foi usado como gas de colis@ao e nitorgénio (N,) como gas de nebulizagdo. A
nebulizacdo foi auxiliada por um gés de azoto a uma pressdao de 27 psi. A dessolvatacdo foi
facilitada utilizando uma corrente de fluxo de 7,0 L/min. As analises foram realizadas
nomodo full scan, com ionizacdo negativa, na faixa de 100 a 1000m/z. As identifica¢des
foram obtidas com base na massa do ion molecular, na fragmentacdo do ion molecular,

espectros de UV-visivel encontrados na literatura ou com co-inje¢do de padrdes.

Analise Estatistica. Todas as andlises foram realizadas em triplicata. Os dados foram
expressos como média + desvio padrdo e, em seguida, analisados pelo programa GraphPad
Prism (version 5.0). Os dados foram submetidos a andlise de varidncia (ANOVA) e

comparados pelo teste de Tukey ao nivel de 5% (p < 0,05).

RESULTADOS E DISCUSSAO

Extraciao, Rendimento, Concentracao de Polifendis Totais e Atividade Antioxidante. O
extrato hidroalcodlico da geoprépolis (EHG) apresentou rendimento de 8,8% (44 g),
colorag@o preta, sabor amargo e odor resinoso. A partir do fracionamento do EHG, foram
obtidas as fracdes hexanica (FH, 0,22 g); cloroférmica (FC, 2,30 g); acetato de etila (FA, 7,44
g) e hidroalcodlica (FHA, 9,3 g).

Os teores de polifendis totais do extrato e fracdes estdo dispostos na Tabela 1, FA
(57,89 %) e o extrato bruto (47,78%) possuem maiores teoresenquanto nas demaisvariaram de
6,32 a 35,99 %. Abreu et al. (2006) analisando geoprépolis de Melipona fasciculata do
Cerrado maranhense, demonstraram teores de polifendis totais variando de 14,14 a 67,46%,
enquanto Cunha et al. (2009) obtiveram teores de polifendis totais de 7,36 a 36,95%, em
extratos hidroalcodlicos obtidos por processo de maceracdo em geoprdpolis da Baixada
maranhense.

O extrato hidroalcodlico (EHG) apresentou CEsyde 5,24 ug/mL e nas demaisfragdes a
CEs variou de3,75 a 17,86 ug/mL (Tabela 2). A fracdo FA, apresentou maior capacidade
antioxidante, enquanto a fragao hexanica (FH) nao apresentou atividade.

Segundo Apak et al. (2007), os teores depolifendis totais estdo altamente
correlacionadoscom a atividadeantioxidante em ensaios com o radical DPPH. Os polifendis
sao referidos como os mais abundantes e efetivos antioxidantes em amostras de propolis
brasileiras de Apis mellifera (BASKOTA et al., 1998; DA SILVA et al., 2006; CABRAL et
al., 2009). Moreira et al. (2008) também confirmam que extratos de propolis com maiores

concentracdes de polifendlicos totais, apresentavam também maior atividade
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antioxidante.Segundo Sawaya et al. (2009) prépolis de Scaptotrigona sp., abelha sem ferrdo
(dos estados do Maranhdo e Sdo Paulo, Brasil), encontraram CE5( 43,0 ug/mL, e sugerem que

a atividade antioxidante é afetada pela composicdo quimica, sazonalidade e origem

geografica.

Identificacdo dos Compostos Fenoélicos. Considerando que a FA e o EHG
apresentarammaiores teores de polifendis totais e foram mais efetivas frente ao radical DPPH,
essas amostras foram analisadas por CLAE-UV-Vis e CLAE-DAD-EM/EM visando
identificar a sua composi¢ao quimica.

Os cromatogramas obtidos por CLAE-UV-Vis (254 nm) do EHG e da FA (Figura
I)apresentam composicdes quimicas semelhantes, com varios picos que foram atribuidos a
presenca de polifendis com base na anélise dos espectros na regido do ultravioleta. Segundo
Romani et al. (2011),substancias derivadas do dcido gdlico absorvem em 254 nm, enquanto
os elagitaninos apresentam absor¢des espectrométricas, semelhantes ao 4cido eldgico
(absorbancia maxima em 254 e 366 nm).

No EHG e na fragdo FA foram detectados compostos fendlicos e taninos hidrolisaveis
na abordagem fitoquimica usando cloreto férrico. Os compostos foram identificados por
CLAE-EM/EM, como 4&cidos fendlicos e taninos hidrolisaveis, com base em diferentes
estruturas quimicas tais como 4cido gdalico, 4cido eldgico e hexahidroxidifénico-glicose
(HHDP-glucose),cujas estruturas quimicas sao apresentadas na Figura 2.

Na Tabela 2 estdo listados os dados de tempos de retencdo (Tr), valores de absorcao
maxima (Amax), ion molecular ((M-H]") e padrdes de fragmentacdes EM/EM dos 11 picos de
fragmentacdes do EHG e da FA. A identificagdo dos compostos foi realizada por comparacdo
com padrdes auténticos quando disponiveis e dados publicados na literatura.

A fragmentacdo EM/EM fornece importantes informagdes para compostos derivados
dos acidos gélico e eldgico. Assim os resultados deste estudo, demonstraram a perda de 152 e
170 Da a partir do fon molecular, indicando a presenca de grupos galoil, perda de 302 Da a
partir do fon molecular, que caracteriza a presenga de grupos HHDP (hexahidroxidifénico);
perda de grupos carboxilas (44 Da), dgua (18 Da), indicando a presenga do grupo trisgaloil e
elagitaninos C-glucosideos, respectivamente (BARRY et al., 2001; FERNANDES et al,,
2010).

A presenca de elagitaninos € confirmada pelos dados que indicam a lactonizacio
espontanea do HHDP formando o ion m/z 301, formando o 4cido eldgico, enquanto a

lactonizacgdo parcial do HHDP forma o ion m/z 319, que sofre descarboxila¢do e forma o fon
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m/z 275. Foi observado ainda, taninos com massas moleculares diferentes em duas unidades,
devido a diferenca entre um grupo HHDP ou dois grupos galoil (TAN et al., 2010).

Acidos fenélicos. Os compostos 1 e 11 foram identificados como é4cido gélico e écido
elagico, respectivamente, apds comparagdo da fragmentagao do fon molecular m/z 169 e m/z

301, respectivamente com dados da literatura e padrdes auténticos

Derivados de Galotaninos e Elagitaninos. O composto 2 foi identificado como galoil-
HHDP-glicose (corilagina). A fragmentagcdao do ion molecular m/z 633 [M — H]", °, produziu
os fons fragmentos m/z 481 (HHDP-glicose), apds perder um grupo galoil e ion m/z 301, que
corresponde a uma unidade de HHDP apds o processo de lactonizacdo para a dcido eldgico
(BOULEKBACHE-MAKHLOUF et al., 2010). O composto 3 com ion molecular m/z481[M
— HJ ", seguido do ion fragmento m/z 301 (4cido el4gico), apds perder uma unidade de glicose
foi identificado como HHDP-glicose (SANDHU; GU, 2010)

Nas amostras analisadas foram encontrados elagitaninos com [M — H] m/z783 e
m/7785. O composto 4 com fon molecular m/z783[M — H] ", apresentou os ions fragmentos
m/z 765 (M — 18 Da, ap6s perder uma molécula de dgua ), e m/z 481, que corresponde ao
HHDP-glicose desprotonado (M — 302 Da, menos uma unidade HHDP) e m/z 301, que
corresponde ao 4cido elagico.Estes fragmentossdo caracteristicosparadi-HHDP-glicose
(pedunculagina).

O composto5 com fon molecular m/z635[M — H] ", seguido dos ions fragmentos m/z
483 [M - H — 152] 7, m/z 465 [M — H - 170] e m/z 313 [M - H — 152 — 152 - 18]
“,indicandoa perda de umgrupogaloil, a perda de um dacidogélico,e a perda deum outro
grupogaloil edgua, juntamente coma fragmentacdo da glicose eum ion m/z 301,que
corresponde aunidade deHHDPapdslactonizagcaoparadcidoeldgico.Estes  fragmentossao
caracteristicos para trigaloil-glicose(SANDHU; GU, 2010).

O composto 6 comm/z 785[M — H] ", foi identificado como digaloil-HHDP-glicose
(telimagrandina I), por apresentar os fons m/z 633 (menos um grupo galoil), m/z 483 (menos
um unidade de HHDP) e m/z 313 apds perder uma unidade de HHDP, um grupo galoil e
agua; em/z 301 que corresponde a uma unidade de HHDP apds o processo de lactonizacao
para 4cido elagico, seguido de uma descarboxila¢do (m/z 275). Esses compostos diferem em
duas unidades de massa atdomica do composto 4, o que sugere umacoplamento de
doisgruposgaloiladjacentesemdigaloil-HHDP-glicosepor oxidagaointramolecular

(FERNANDES et al., 2010).
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O composto 7 com fon molecular m/z 469[M — H], seguido do fon m/z 425, apds
perder um grupo carboxilico (CO;), e do fon m/z 301(4cido elagico), foi identificado como
dilactona do acido valonéico (SANZ et al., 2010; FERNANDES et al., 2010).

O composto 8 com ion molecular m/z 951[M — H] e seus ions fragmentos m/z 933 e
m/z 915 apds perdas sucessivas de molécula de 4gua [M — H — 18] e do fon indicando a
presenca do acido elagico (m/z 301), foi identificado como galoil-HHDP-DHHDP-glicose
(granatina B), esse composto faz parte do grupo de taninos tipo III (dehidroelagitaninos)
(OKUDA et al., 2000; FISCHER et al., 2011).

O composto 9 com fon molecular m/z 935 [M — H] ", seguido dos fragmentos m/z 633
(-302 Da, apdés perda um grupo HHDP), em/z 481(menos um grupo HHDP), e ionm/z
301[HHDP-H], seguida de uma descarboxilagdo (m/z 275), foi identificado como di-HHDP-
galoil-glicose (casuarictina) (FISCHER et al., 2011).

O composto 10 foi identificado como trigaloil-HHDP-glicose(telimagrandina II), por
apresentar fon molecular m/7937 [M — H] ,seguido dos fons m/z767 e 785 (apds perder dgua e
um grupo galoil, respectivamente), além dos ions fragmentos m/z 635 (menos um grupo
HHDP), m/z 465 (menos um grupo HHDP e 4cido gélico), e o ion m/z 301, que corresponde a
uma unidade de HHDP apds o processo de lactonizacdo para dcido eldgico, seguido de uma
descarboxilacdo (m/z 275).A Telimagrandinallé produzida portransformagdoenzimatica
dopentagaloilglicose.Esse composto difere da telimagrandina I por apresentar uma unidade
galoil adicional ligada ao centro anoméricodonicleoglucopiranosil(BOULEKBACHE-
MAKHLOUEF et al., 2010). A fragmentacdo dos elagitaninos encontrados na geopropolis de
Melipona fascicultata é ilustrada na Figura 3.

A presenca de acido gélico em geoprépolis de Melipona compressipes do estado do
Piaui, Brasil foi demonstrada por Bankova et al. (1998), e € um dos principais constituintes
em amostras de prépolis de abelhas sem ferrdo dos estados do Pernambuco, Parand e Sao
Paulo, Brasil (VELIKOVA et al., 2000).

O 4cido elagico € um composto fendélico que pode ocorrer na forma livre, glicosilada
ou ligado como elagitaninos, é encontrado emmorango (Fragaria ananassa Duch.),
framboesa (Rubus idaeusL.), roma (Punica granatum L.), amora-preta (Morus nigral..) e
eucalipto (Eucalyptus globulesL.). Este acido fendlico e seus derivados (elagitaninos) t€ém
apresentado atividades antiviral, antioxidante, anticarcinogénica,antifibroética,
quimiopreventiva (LANDETEet al., 2011) e leishmanicida (KOLODZIEJ et al., 2001).

Os compostos identificados no extrato da geopropolis (EHG) e na fracdo FA foram
principalmente  elagitaninos. Estes compostos fendlicos sdo ésteres do dacido

hexahidroxidifénico (HHDP) e um poliol, geralmente glicose, soliveis em dgua, com alto
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peso molecular, com capacidade de precipitacdo de proteinas, alcaléides e seus mondmeros
podem ser oxidados nas plantas e formar dimeros, trimeros e tetrimeros com pesos
moleculares de até 4000 Da. (OKUDA et al., 2000). Ressalta-seque ndo h4 na literatura dados
sobre a presenca de 4cido eldgico e taninos hidrolisdveis em amostras de geoprdpolis e
propolis de abelhas com ou sem ferrao.

O EHG e a FA apresentaram elevadas concentragdes de polifendis totais, alta
atividade antioxidante, além do 4cido gélico, eldgico e taninos hidrolisdveis. A atividade
antioxidante destes dcidos fendlicos apresentou CEsy 1,83 e 1,20 pug/mL, respectivamente
(Tabela 2), sugerindo que esses dcidos fendlicos sejam os responsaveis pela acao antioxidante
da geopropolis.

Estudos realizados por Zahin et al. (2010) relatam atividade antioxidante frente ao
radical estdvel DPPH, de frutos de Punica granatum (roma), identificando por CLAE-EM os
acido gélico, acido eldgico, HHDP-glicose, corilagina, peduculagina e granatina B, todos
identificados neste estudo pela primeira vez em produtos de abelhas.

A atividade antioxidante dos compostos fendlicos, ocorre pela formacdo de espécies
de menor reatividade ou pela agdo como doador de hidrogénios, dependem de sua estrutura,
incluindo além da sua polaridade a posi¢do dos grupos constituintes na sua estrutura
(SOARES, 2002).

A composi¢doquimicae a identificacdo de substanciasantioxidantes sdo informacdes
importantes para a compreensdo das atividades bioldgicas da geoprépolis epara a
padronizacdo dos extratos. Além disso, a obtencdo de extratos padronizados de geoprépolis
agrega valor ao produto in natura, contribui com parametros paraelaboracdo de legislacao que
permita a comercializacdo de produtos aserem utilizados nas areas farmacéutica e
cosmética.Entretanto, sdo necessarios mais estudos que validem os produtos de abelhas sem

ferrao, em especial a geoprépolis.
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Tabela 1. Concentracdo de polifendis totais e atividade antioxidante do extrato

hidroalcodlico da geoprépolis efracdes

Amostras Polifenois totais (%) Atividade antioxidante
ECs (ng/mL)

EHG 47,78 +0,04° 524 +0,12°
FH 6,32 +0,02° s/atividade

FC 20,53 +0,01° 17,86 + 0,05

FA 57,89 +0,02° 3,75 +0,10°

FHA 35,99 +0,04° 8,81 +0,15°
Acido gélico” - 1,83 +0,04°
Acido eldgico” - 1,20 +0,01"

EHG, extrato hidroalcodlico da geoprépolis; FH, fracdo hexanica; FC, fracdo cloroférmica; FA, fracdo

acetato de etila; FHA, fracdo hidroalcodlica. Resultados foram expressos como média + desvio padrio (n=3),

valores com letras diferentes em cada coluna foram diferentes estatisticamente (p<0,05).
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Tabela 2.Compostos fendlicos identificados no extrato hidroalcodlico (EHG) e na fragdo acetato
de etila (FA) da geopropolis de Melipona fasciculata por Cromatografia liquida de alta eficiéncia

acoplada a espectrometria de massas com fonte electrospray (CLAE-DAD-ESI-EM/EM)

Composto Tr Amax MM [M-H]  Principais ions EM/EM Compostos identificados
(min) (nm) m/z (m/z)
1 11,23 272 170 169 125 dcido gélico®
2 19,26 262 634 633 481 301 275 galoil-HHDP-glicose®
3 25,60 267 482 481 301 275 169 HHDP-glicose”
4 27,16 265 784 783 765 481 301 275 di-HHDP-glicose”
5 30,53 277 636 635 483 465 313 301 trigaloil-glicose”
6 31,98 274 786 785 633 483 313 301 275 digaloil-HHDP-glicose®
7 35,62 254-370 470 469 425 301 dilactona do 4cido valoneico®
8 39,25 280-365 952 951 933 783 301 galoil-HHDP-DHHDP-glicose®
9 45,08 271 936 935 633 481 301 275 di-HHDP-galoil-glicose®
10 51,39 277 938 937 785 767 635 465 301 275  trigaloil-HHDP-glicose®
11 69,88 254,363 302 301 301 dcido elagico™

Tr, tempo de retengdo; A, (nm), absor¢do no UV-Vis; MM, massa molecular; [M — H]", fon molecular; HHDP,
hexahidroxidifénico, DHHDP, dehidrohexahidroxidifénico. “Compostos identificados pela primeira vez em

geoprépolis. "Co-injegdo com padrdes auténticos.
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Figura 1.Perfil cromatografico do extrato hidroalcodlico da geoprépolis (EHG) e da
fracdo acetato de etila (FA) em 254 nm. Acido gdlico (1), galoil-HHDP-glicose (2),
HHDP-glicose (3), di-HHDP-glicose (4), trigaloil-glicose (5), digaloil-HHDP-glicose
(6), dilactona do é&cido valoneico (7), galoil-HHDP-DHHDP-glicose(8), di-HHDP-
galoil-glicose (9), trigaloil-HHDP-glicose (10) e acido elagico (11).
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Figura 2. Estruturas quimicas dos compostos fendlicos detectados na geoprdpolis de
Melipona fasciculata:Acido gilico (1), galoil-HHDP-glicose (2), HHDP-glicose (3),di-
HHDP-glicose (4), trigaloil-glicose (5), digaloil-HHDP-glicose (6), dilactona do &cido
valoneico (7), galoil-HHDP-DHHDP-glicose (8), di-HHDP-galoil-glicose (9), trigaloil-
HHDP-glicose (10) e 4dcido eldgico (11).
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Figure 3. Fragmentagdodos elagitaninosencontrados na geopropolis de Melipona fasciculata.

HHDP, hexahidroxidifénico (Tan el al., 2011)
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4.4 CAPITULO IV

PATENTE DEPOSITADA

“PROCESSO DE  OBTENCAO, FORMULACOES DE EXTRATOS
PADRONIZADOS, FRACOES E SUBSTANCIAS ISOLADAS DA GEOPROPOLIS
BRASILEIRA DE ABELHAS SEM FERRAO E SEU USO COMO AGENTE
LEISHMANICIDA”, depositada em 05/07/2011.
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RESUMO

A presente invencao refere-se a um processo de obtencdo de extratos padronizados,
fracdes e substancias isoladas da geoprdpolis brasileira de abelhas sem ferrdo, formulagdes de
extratos padronizados, fracdes e substincias isoladas da geopropolis brasileira de abelhas sem
ferrdo, e o uso destas formulagdes como agente leishmanicida, usado no tratamento de
doencas causadas por protozodrios do género Leishmania. Sao apresentadas as etapas do
processo de obtencdo dos extratos e fracdes, bem como possibilidades de uso farmacéutico

destes.
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5. CONCLUSOES

e Qs extratos hidroalcodlicos da geoprépolis (EHG) de Melipona fasciculata Smith
produzido em diferentes localidades do municipio de Fernando Falcdo, estado do
Maranhao apresentam caracteristicas quimicas e bioldgicas semelhantes.

e Todos os extratos hidroalcodlicos ativos contra formas promastigotas de L.
amazonensis oriundos do Cerrado maranhense apresentaram em sua cOmposi¢ao
taninos hidrolisdveis, compostos derivados dos 4cidos gélico e eldgico, provavelmente
os responsaveis pela atividade leishmanicidas das amostras, além de acidos orgénicos,
antraquinonas, dcidos graxos, dlcoois e agucares.

e Todas as fracOes obtidas a partir da geoprépolis com maior acao leishmanicida foram
ativas, exceto a fracao hexanica (FH).

e A fracdo acetato de etila (FA) apresentou a maior atividade antipromastigota para L.
amazonensis, além deapresentar elevados teores de polifendis totais.

e O extrato hidroalcodlico da geoprépolis e as fracdes cloroférmica, acetato de etila e
hidroalcodlica apresentaram atividade antioxidante em ensaios in vitrocom o radical
DPPH.

e A geopropolis de Melipona fasciculata € um promissor insumo na obtencdo de

produtos com acao leishmanicida e antioxidante.
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6. CONSIDERACOES FINAIS

A geoprépolis produzida por Melipona fasciculata no estado do Maranhdo, apresentou
neste estudo um potencial terapéutico para o desenvolvimento de produtos com atividade
leishmanicida. Este produto meliponicula tem demonstrado diversas atividades bioldgicas,
como antibacteriana, antifiingica, antinocicepitiva, analgésica,antitumoral, antioxidante e
imunomoduladora, além de uma composi¢do quimica, que varia em funcio da drea de coleta,
com predominancia de compostos polifendlicos e terpénicos.

As composicdes quimicas das amostras ativas apresentaram uma mistura de
substancias de diferentes classes quimicas, principalmente acidos fendlicos, os quais podem
ser os possiveis responsaveis pelas atividades bioldgicas observadas, entretanto estudos
complementares visando identificar o principio ativo destas amostras s@o necessarios.

Os dados obtidos mostram ainda que, as geoprépolis de diferentes localidades da
mesma regido, apresentam concentracdo de polifendis e atividade leishmanicida diferentes.
Essas diferencas estdo relacionadas a diversidade das fontes vegetais utilizadas pelas abelhas
para a elaboracdo da geoprépolis, reforcando que, para o maior desenvolvimento da
meliponicultura é necessdrio preservar a vegetacdo do entorno, principalmente se
considerarmos que estas abelhas sdo produtoras de alimento e importantes para o
desenvolvimento da agricultura familiar no estado do Maranhao.

Os resultados obtidos neste estudo corroboram com dados cientificos sobre a
composi¢do quimica e atividades bioldgicas da geoprépolis maranhense produzida pela M.
fasciculata,contribuindo para a elaboracdo de uma legislacdo especifica de fixacdo de
identidade e qualidade para a geopropolis, pois até o momento ndo hd legislacdo para a
comercializa¢do de produtos meliponicolas no Brasil, entre eles a geopropolis, o que dificulta
a comercializac¢do deste produto.

Contudo, ressaltamos a importancia deste trabalho por apresentar os primeiros relatos
sobre atividade leishmanicida da geoprdpolis, além da atividade antioxidante e composi¢ao
quimica deste recurso natural, at¢é 0 momento nao aproveitado economicamente, que pode no
futurorepresentar uma alternativa no tratamento das leishmanioses e fontede renda para os

meliponicultores.
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ANEXO A- Espectros de massas obtidos por CLAE-DAD-ESI-EM/EM do extrato

hidroalcodlico da geoprépolis de Melipona fasciculata Smith
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Figura 1. Espectro de massas do acido gélico (1) ([IM-H]" m/z 169) por CLAE-DAD-ESI-

EM/EM, em modo negativo obtido do extrato hidroalcodlico da geopropolis
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Figura 2. Espectro de massas do galoil-HHDP-glicose (corilagina) ([M-H]" m/z 633) por
CLAE-DAD-ESI-EM/EM em modo negativo obtido do extrato hidroalcodlico da
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Figura 3. Espectro de massas do HHDP-glicose ([M-H]™ m/z 481) por CLAE-DAD-ESI-

EM/EM em modo negativo obtido do extrato hidroalcodlico da geoprépolis
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Figura 4. Espectro de massas do di-HHDP-glicose (pedunculagina) ([M-H] m/z 783)_ por
CLAE-DAD-ESI-EM/EM modo negativo obtido do extrato hidroalcodlico da geoprépolis
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Figura 5. Espectro de massas do trigaloil-glicose ([M-H] m/z 635) por CLAE-DAD-ESI-

EM/EM em modo negativo obtido do extrato hidroalcodlico da geoprépolis

IntEns‘i- -MS2{T85.1)
=10 i 83z9

4188
0.8

0.8
2748
4825
0.4 2127

0.2
0.5
0.0 | ‘ l IQ
T T T T T T T T T T T T
200 400 200 200 1000 miz

Figura 6. Espectro de massas do digaloil-HHDP-glicose (telimagrandina I) ([M-H] m/z 785)
por CLAE-DAD-ESI-EM/EM em modo negativo obtido do extrato hidroalcodlico da

geopropolis
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Figura 7. Espectro de massas do dilactona do acido valonéico ([M-H] m/z 469) por CLAE-

DAD-ESI-EM/EM em modo negativo obtido do extrato hidroalcodlico da geoprépolis
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Figura 8. Espectro de massas do galoil-HHDP-DHHDP-glicose (granatina B) ([M-H]" m/z
951) por CLAE-DAD-ESI-EM/EM em modo negativo obtido do extrato hidroalcodlico da
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Figura 9. Espectro de massas do di-HHDP-galoil-glicose (casuarictina) ([M-H]™ m/z 935) por
CLAE-DAD-ESI-EM/EM em modo negativo obtido do extrato hidroalcodlico da geoprépolis
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Figura 10. Espectro de massas do trigaloil-HHDP-glicose (telimagrandina II) ([M-H] m/z
937) por CLAE-DAD-ESI-EM/EM em modo negativo obtido do extrato hidroalcodlico da

geopropolis
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Figura 11. Espectro de massas do acido eldgico ( [M-H]

EM/EM em modo negativo obtido do extrato hidroalcodlico da geoprépolis
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ARTICLE INFO ABSTRACT
ATH'C!? history: Propolis is a resinous substance made by bees, It possesses many biological activities, and many studies
Received 6 March 2009 have reported its potential application in the control of dental caries. However, variability in the chem-
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ical composition of propolis is a potential problem in its quality control, especially since propolis has
already been incorporated into products for oral use, Therefore, a critical analysis of the available dara
on propolis is warranted, The present review discusses the in vitro and in vive studies published in the
period between 1978 and 2008 regarding the effects of propolis on Streptococcus mutans growth, bacte-

gg :f]ii’gs" rial adherenc_e. gl ucosylt!'ansferase acFivity, and carjles indicators. Several investigati_ons c_arried out with
Streptococeus mutans crude propolis extracts, isolated fractions, and purified compounds showed reductions in Sireptococcus
Dental caries mutans counts and interference with their adhesion capacity and glucosyltransferase activity, which are
Cariostatic agent considered major properties in the establishment of the cariogenic process, Data from in vivo studies have
demonstrated reductiens in Streptococcus mutans counts in saliva, the plague index, and insoluble polysac-
charide formation, These findings indicate that propolis and/or its compounds are promising cariostatic
agents, However, thevariation in the chemical composition of propalis due to its geographical distribution
is a significant drawback toits routine clinical use. Thus, further studies are needed to establish the quality
and safety control criteria for propolis in order for it to be used in accordance with its proposed activity.
© 2009 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

The investization of natural products with antimicrobial activity
has attracted the attention of many researchers, motivated mainly
by the increasing bacterial resistance to traditional antimicrobial
agents (Cragg et al.,, 1997; Normark and Normark, 2002; Sheldon,
2003) and the side effects frequently observed after the use of
antibiotics (Cunha, 2001; Gleckman and Czachor, 2000).

Among those natural products, propolis has been considered a
good candidate for an adjuvant in the treatment or prevention of
many infectious diseases. Propo'is is relatively non-toxic (Burdock,
1998 Cuesta et al., 2005; Jasprica et al., 2007) anc displays a wide
range of antimicrobial activity against a variety of bacteria, fungi,
parasites, and virus (Grange and Davey, 1990; Dobrowolski et al.,
1991; Amoros et al,, 1992; Serkedjieva et al., 1992; Higashi and de
Castro, 1994; Bankova et al., 1995; Steinberg ot 2l., 1996; Kujumgiev
et al., 1999; Sforcin et al., 2000; Ito et al, 2001: Orsi et al, 2005;
Freitas etal., 2006). The use of propalis by man dates back toancient
times, when the product was emplayed in the embalming of bodies
in Egypt (Chisalberti, 1979).

In acdition to an antimicrobial activity, other biological and
pharmacological properties have also been demonstrated for
propolis, including anti-inflammatory, antitumor, cytotoxic, hep-
atoprotective, antioxidant, hematostimulative, and immunomodu-
latory properties (Banskota et al,, 2000; Ahn et al., 2004; Orsolic
and Easic, 2005; Sforcin, 2007),

Dental carizs is an infectious disease of worldwide public health
concern, especially in developing countries. It is characterized by
the colonization and accumulation of oral microorganisms on den-
tal surfaces, resulting in the formation of dental plaque (or bacterial
biofilm)and demineralizazion of the tooth structure (Selwirz et al,,
2007). Many bacteria have been described in association with the
cariogenic process, especially large populations of acidogenic and
aciduric bacteria, such as Streptococcus mutans, Streptococcus sobri-
nus, and Lactobacillus, which are capable of demineralizing enamel
by producing an acidic environment (Loesche, 1986; Leverett et al.,
1993; Marsh, 1999; Featherstong, 2000).

Thus. control of the bacterial biofilm on teeth is essentizl to the
maintenance of oral health, and can be achieved by proper oral
hygiene, use of fluoride preducts, and regular check-ups with aden-
tist(Berkowitz, 2003; Selwitzet al., 2007 ). An additional approach is
the application of chemical agents with antimicrobial activities on
dental surfaces to promote a reduction in biofilm formation. Such
agents have been frequently prescribed as adjuvants in the preven-
tion or treatment of oral diseases because they can inhibit bacterial
colonization, growth, and metabolism, and consequently interrupt
the formation of mature biofilm, changing it at biochemical and
ecological levels (Featherstone, 2000; Twetman, 2004; Paraskevas,
2005; Zhan et al., 2006; Selwitz et al., 2007 ).

Of the available antiseptics, chlorhexidine digluconate is the
most studied and most recommended agent for use in the oral cav-
ity (Bouwsma, 199€). However, in spite of its significant in vitro
antimicrobial activity on cariogenic microcrganisms (Jarvinen et
al, 1993; McDermid et al, 1987), the use of chlorhexidine diglu-
conate in Dentistry is still controversial because of same local side
effects. Additionally, data from several studies have shown that its
role in caries prevention is inconclusive (Autio-Cold, 2008).

It was previously demonstrated in rats that dental caries can be
significantly reduced by propolis, which suggests its potential adju-
vant effect in the control of dencal caries (Ikene et al,, 1991). Since
that study, interest in the use of propolis against a number of oral
pathogens has grown significantly (Park et al., 1998; Steinberg et
al,, 1996; Koo et al., 2000z, 2002b; Duarte et al,, 2003; Gebaraa et
al, 2003; Hayacibara et al., 2005; Orsolic et al., 2005; Bruschi et
al,, 2006; Koru etal., 2007 Moreover, significant advances in cther
areas have contributed to our understancding of the chemical com-

position and variabil:ty of propolis, its pharmacolozical properties,
and its biological activities, all of which are relevant in the treat-
mentof oral diseases(Bankova, 2003a,b; Sforcin. 2007 ). This review
focuses on the therapeutic application of propolis in the control of
dental caries, especially on mutans group streptococci (MGS).

The Biological Abstracts, Chemical Abstracts, Medline, Web of
Science, PubMed, Highwire and Lilacs databases were searched for
articles published in English from 1978 to 2008. The search terms
were “Streptococcus mutans”, “propolis”, “dental caries”, “natural
products”, “oral bacteria”, anc “antimicrobial activity”.

2. Chemical composition of propolis

Propelis results from the addition of the mandibular secretions
of bees to resins collected by these insects from different parts of
plants. Itis a structurally complex resinous, gum-like balsamic sub-
stance, which contains approximately 50-55% resins and balsams,
30% wax, 10% volatile oils, 5% pollen, and 5% other substances that
vary according to the flora of the region and the bee species. Inside
the hive, propolis is used by bees to line internal walls and seal pos-
sible openings to allow thermal control of the colony and prevent
the entry of other insects. In addition, propalis is used to embalm
dead insects and to prevent the proliferation of microorganisms in
the cclony (Chisalberti, 1979; Burdock, 1998).

The chemical composition of propolis is highly variable and
complex. due to the biodiversity of the vegetation of each region
visited by bees (Koo ef al, 1999; Kujumgiev et al., 1993; Sforcin
et al, 2000; Velikova et al, 2000; Eankova, 2005a; Salatino et al,
2005; Katirciozlu and Mercan, 2006; Melliou and Chinou, 2004;
Mohammadzadehetal.,2007'. Although there are afew exceptions,
the main source of propolis in temperate zones is the bud exudate
of Populus species (Poplar!. This has been concluded from studies
carried out with propolis from Europe (Nagy et al., 1986; Greenaway
etal., 1987; Bankova et al., 1992), North America ( Garcia-Viguera et
al., 1993], New Zealand (Markham et al., 1996), and Asia (Bankova
et al., 1992). However, samples of European propolis that were not
of poplar origin have also been described (Bankova et al., 2002).

Onthe other hand, intropical regions where there are no poplars,
bees find other plant sources for propolis production. In the Sonoran
Desert, Ambrosia deltoidea has been considered the plant source
(Wollenweber and Buchmann, 1997). Some compounds detected
in propolis samples from Venezuela were identical to components
detected in Clusia species (Guttiferae), indicating that thay are the
source of propolis production in that country (Tomas-Barberan et
al., 1993). In scutheast Brazil, Araucaria spp. (Bankova et al.,, 1996)
and Baccharis spp. (Marcucci et al., 1998) were described as the
putative plant sources for propolis.

Therefore, the composition of propolis from different phyto-
geographical areas are expected to vary and as a conseguence,
the intensity or presence of some biological activities also varies
(Katircioglu and Mercan, 2006; Mohammadzadeh et al,, 2007 ).
However, even within the same country the propalis composition
may be qualitatively and quantitatively different depending on the
region and period of its collection (Koo et al., 1999). In Brazil for
instance, some authors have reported that propolis from distinct
regions were chemically classified into 12 types (Park et al., 2002,

Among the numerous groups of substances identified in propo-
lis samples from different localitizs, the most commonare aromatic
acids and esters, chalcones, flavonoids, terpenoids, and waxy acids.
Most of the biological activities of propolis have been attributed
to these compounds, especially the flavoneids (Marcucci, 1995;
Marcucc: et al,, 2001; Fark et al, 2002; Bankova, 2005b; Salatine
et al., 2005; Silva et al,, 2006; Trusheve et al., 2006). In this regard,
antimicrobial activities have usually been attributed to flavonoids
as well. However, other components present in propolis, such as
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derivatives of aromatic acidsand esters, terpencids, and waxy acids
may also exhidit inhibizary actions on microorganisms (Burdock,
1898; Banskota et al., 2001; Duarte etal., 2005].

According to Koo et al. (1999), data on variations in the compo-
sition of propalis contents, especially the flavonoids, are :mporzant
considarations in the manufacture of oral hygiene products, since
many countries do not have any kind of chemical standardiza-
tion to use in the quality conrol. In this context, the chemical
variability of propolis in differen: countries may be considerad an
important obstacle for the implementat:on of an international stan-
dardization. According to Bankova (2005a), standardization could
be possible if the plant source and the chemical profile were taken
into account.

3. Development of caries

Dental caries is caused by the interzction of multiple factors
related to host, microorganisms, substrate, and time, all of which are
highly relevant to the establishment of the dizease. Dental cariesis
characterizad by the loss of teeth minerals, namely hydroxyapatite,
dueto theaction of organic acids produced during bacterialfermen-
tation. A diet rich in fermentable carbohydrates, mainly sucrose,
leads to the formation of a cariogenic dental biofilm, which con-
sists of a structured and non-calcified aggregate of microorganisms
embedded n anorganic matrix formad by substances fromthe host
saliva and diet (Gibbons and Houte, 1975; Hamada and Slade, 1980;
Selwitz et al., 2007).

Thus, oral microorganisms present in the dental biofilm are
considared crucial for the initiation and progression of caries. In
additicn, the presence of suitable substrares and physiological con-
ditions :n the host is necessary to allow the implantation and
survival of these microorganisms and facilitate the development
of caries (van Houte, 1994; Asokan et al., 2008; Farsi, 2008).

Besides Streptecoccus mutans, Streptococcus scbrinus, and Lacto-
bacillus spp., other microorganisms have cariogenic potential and
are also found in the biofilm. Thesa other microorzanisms include
Actinomyces, Bifidobacterium, Eubacterium, non-mutans strepto-
cocei, Propicnibacterium, and Rothia, among others. However,
Streptococcus mutansand Lactobacillus spp. are more acidogenic and
aciduric, having exhibitad cariogenic activity in animal 2ss2ys and
a positive correlation with caries activity in humans (van Houte,
1880; Loesche, 1986; Leverett et al, 1993), Since “mutans group
streptococci” are imvelved in the initiation and clinical evolution of
caries, they are the major target in stucies of control and prevention
of the disease.

The term "mutans group streptococci” refers to various inti-
mately relatec Streptococcus species that were initially describad
as distinct serotypes of Streptococcus mutans and associated with
the initial establishment of caries. This designation is now limitad
to serotypes c. e, and f, which are more commanly isolated from
the oral bicfilm in humans. The second most pravalent species in
man is Streptococcus sobrinus, previously called serotype a. and the
third most common species is Streptococcus cricetus (Coykendall et
al, 1976; Holrta et al,, 1994; Islam et al., 2007).

MGS have ecological advantages in the presence of sucrose from
which they synthesize extracellular polysaccharides that enhance
bacterial adhesion to teeth. These polysaccharides contribute to
the accumulation of cariogenic microarganisms and confer an
increased capacity for diffusicn to the dental biofilm. Polysac-
charides such as water-insolukle glucans are synthesized by the
action of specialized bacterial enzymes called glucosyliransferases
(Cibbons and Houte, 1975; Hamada and Slade, 1980).

Inorder to prevent many oral diseases, biofilm control is carriad
out by its regular mechanical removal and by oral hygiene, In addi-
tion, antimicrobial agents may be usad to further inhibit bioflm

development and consequently, prevent dental caries (Zanela et
al., 2002; Noack et al,, 2004; Twetman et al,, 2004; Zhan et al.,
2006). In thiscontzxt, the maintenance of balance in the orel micro-
biota is also important because many o1a! Microcrganisms possess
benaficial properties and are associated with health [Marsh, 1991).
EBesides using antimicrobial agents to control cariogenic bacteria,
suppressing their mechanisms of virulence could also be an inter-
esting and promising approach since it would not cause profound
alterations in the oral microbiota (Li et 21, 2008; Nascimento 2t al.,
2008).

Chlorhexidine, triclosan, thymol, and cetylpyridinium chloride
have bzen used as oral antiseptics in cariology [Bouwsma, 1996
Paraskevas, 2005). Of these antis2ptics, chlerhexidine is generally
acceptec &sthe gold standarc agent for the prevention or treatment
of oral diseases. It is usually more effective against gram-positive
microorganisms, including MGS, which are particularly sensitive
to chlorhexidine. Chlorhexidine acts on the bacterial cell mem-
brane to alter the osmotic equilibrium and to changz its structure,
consequently extruding the membrzne. Formation of vesicles and
pracipitation of cytoplasm can also occur. Additionally, chlorhexi-
dine is capzble of inhibiting the production of essential enzymes,
such as glucosyltransferases [ Scheie and Kjeilen, 1987; Paraskevas,
2005).

According to some authors, chlorhexidineis aneffective antisep-
tic for the reduction of biofilm and MGS salivary levals as well asthe
treatment of gingivitis (McDermid et al., 1987; Scheie and Kjeilen,
1987; Jarvinen et al., 1993; Zanela e al, 2002; Faraskevas, 2005).
However, routine use of chlorhexidine is not advisable due to local
side effects such as discolorartion of teeth, tongue. restorations, and
denturas, soreness of the oral mucosa, anc irritation of taste buds
(Twetman, 2004; Paraskevas, 2005). In a recent review, Autio-Cold
(2008) argued that stud:es on the usz of chlorhexidine rinses, gels,
and varnishes for prevensing caries were inconclusive, Therefore,
chlorhexidine should not b2 recommended for this purpose.

4. Propolis as a promising anticariogenic agent

To be considerad a gooc oral antiseptic for caries prevention, a
product should possess certain important properties, including: (1)
anability to interfere with one or more steps of caries development,
(2) non-texicity to host cells, and (3) lasting residual activity. Fur-
thermors, it is essential that the product does not cause z significant
imbalance in the orzl microbiota. The avzilable studies have demon-
strated that propolis (or its fractions) may fulfill raquiremenss (1)
and (2). However, there are no conclusive studies regarding the
duration of its antimicrobizl effects.

Thecharactaristics of some studies carried out with propolis and
the potential application of propolis in the control of caries are sum-
marizedinTable 1and discussed below. It should benoted thatmost
in vitro and in vivo studies on propolis and MCS wers carried out
in Brazil, probably because some types of Brazilian propolis display
significant activity on MGS, as previously demonstrated (Park =t al,,

1993; Koo et al,, 2000a,b)

4.1. Inhibition of MGS growth

Numerous studies have cemonstrated an in vitro inhibition of

MGS growth by propolis from different localities worldwide (Ikeno
etal, 1991; Steinberg et al,, 1996; Park 2t al., 1998; Kooer al,, 2000a;
Sawaya et al., 2004; Uzel et al, 2005; Duarte et al, 2006; Alencar
et al., 2007). Most of the in vitro studies reported the inhibitory
activity on the basis of the agar diffusion method. However, these
studies produced variable results, which may be due tothe chemical

variability of propalis (as discussed zbove), the concentration of

propolis in the extract, and the solvent used for extraction (ethanal,
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chloroform, hexane, etc.). Variable results may also be caused by
variations in the susceptibility test, such as the amount and type of
culture media (BHI agar, Mueller-Hinton agar, tryptic soy agar, etc.),
time of incubation (24 or 48 h), interpretation of results (diameter
of inhibition zone or partial measure from the edge of the disk to
the edge of the inhibition zone), and the application of propolis on
agar (paper disks, cylinders, or wells).

All of the above factors may interfere with the evaluation of
antimicrobial susceptibility tests with natural products, the same
way they do with some classical antibiotics (CLSI, 2007), which
points to the need for standardization regarding diffusion tests with
natural products. Furthermore, the quantitative and qualitative dif-
ferences in the composition of propolis samples from different
regions worldwide affect the intensity and range of its antimicro-
bial activity (Dobrowolski et al., 1991; Koo et al., 1999; Kujumgiev
et al,, 1999; Katircioglu and Mercan, 2006; Koru et al., 2007).

Some authors have proposed serial dilution in tubes as a more
consistent method for the evaluation of the bacterial activity of
propolis samples. The evaluation of poorly hydrosoluble samples
or the comparison of propolis with distinct hydrosolubilities, may
result in incorrect data by the agar diffusion method, which is one
of the most widely used antimicrobial susceptibility test for the
screening of natural products. The high variation in the solubility
of propolis compounds and the different levels of diffusive capacity
can influence the inhibition zone seen in the agar diffusion method
(Sawaya et al., 2004).

Another factor that should be taken into account is the time since
isolation of the bacterial strains. Bacteria recently isolated from
clinical sources appear to be somewhat more resistant to propo-
lis than laboratory strains, suggesting that the latter do not express
the same level of virulence and/or resistance than those of freshly
isolated MGS samples (Duarte et al., 2003).

The mechanism of the antibacterial action of propolis has not
been completely elucidated. Apparently, it is associated with a syn-
ergistic action of compounds (Bonhevi et al., 1994). In this regard,
studies with Streptococcus agalactiae have revealed that the mecha-
nism of action might involve the formation of pseudomulticellular
streptococci, disorganization of the bacterial cytoplasm and mem-
branes, partial bacteriolysis, and inhibition of protein synthesis
(Takaisikikuni and Schilcher, 1994). Since propolis samples may
possess high contents of distinct flavonoids, the antibacterial mech-
anisms associated with these substances may be the same as those
of crude propolis: inhibitions of nucleic acid synthesis, cytoplasmic
membrane function, and energy metabolism (Cushnie and Lamb,
2005).

4.2. Inhibition of glucosyltransferase activity

Glucosyltransferases are essential for the production of insolu-
ble glucans because of their action on sucrose. These glucans play
an important role in the initial steps of colonization and accu-
mulation of cariogenic microorganisms, contributing to biofilm
formation (Gibbons and Houte, 1975; Hamada and Slade, 1980).
Thus, the effective inhibition of glucosyltransferase activity is a
valuable approach in the control of caries.

In their pioneering study, Ikeno et al. (1991) observed that
propolis (100 pg/ml final concentration) partially inhibited MGS
glucosyltransferase activity at a level ranging from 40% to 61%
depending on the bacteria species, although the type of glucosyl-
transferase inhibited was not determined. Later, their results were
confirmed by propolis samples from different Brazilian regions at
a final concentration of 200 pg/ml. They reported that all samples
inhibited glucosyltransferase activity of Streptococcus mutans, but
with some differences in the level of inhibition, which ranged from
8% to 30.5% (Park et al,, 1998). The findings of both studies are
not totally comparable since different assays were used to mea-

sure glucosyltransferase activity and the chemical compositions of
the propolis samples were probably variable.

Ina similar investigation, Koo et al. (2000c) analyzed two chem-
ically distinct samples of propolis and observed that they had
different levels of inhibitory action on distinct types of glucosyl-
transferases, both in solution (75-95%) and when adsorbed onto
saliva-coated hydroxyapatite (45-95%). One propolis sample from
Brazil's south region displayed a higher inhibitory effect on glu-
cosyltransferases B and C at concentrations ranging from 47 to
187 pg/ml. In contrast, the propolis from the southeast region
exhibited a higherinhibitory effect on adsorbed glucosyltransferase
D (produced by non-mutans streptococci species) at concentration
ranging from 375 to 1.5 mg/ml. Duarte et al. (2003) also observed
that the activities of glucosyltransferases B and C can be signif-
icantly reduced by one type of propolis, both in solution and
adsorbed onto hydroxyapatite beads (85-95% inhibition), although
the researchers used a higher propolis concentration (500 pg/ml).
Regardless of the propolis concentration in both studies, the data
are relevant when considering the role of such enzymes in the col-
onization of MGS on tooth surfaces.

4.3. Effects of chemical fractions of propolis extract on MGS and
glucosyltransferase activity

The activity of different chemical fractions of propolis extracts
on MGS and glucosyltransferase activity has been investigated by
several authors (Alencaret al.,, 2007; Duarte et al., 2003; Hayacibara
et al., 2005). Duarte et al. (2003) showed that distinct fractions
(hexane, chloroform, and ethanol) of propolis from northeastern
Brazil significantly inhibit glucosyltransferase activity as well as
the growth and adhesion of MGS. The highest inhibitory activity
of glucosyltransferase (60-90%) was observed with hexane and
chloroform fractions at 100 p.g/ml. Similar results were reported
by Hayacibara et al. (2005), who studied propolis samples from
southern and southeastern regions of Brazil at a concentration of
200 pg/ml. Apparently, compounds with anti-glucosyltransferase
activity have non-polar characteristics.

Recently, Alencar et al. (2007)analyzed a different type of propo-
lis, named red propolis, and observed that its ethanol extract and
chloroform fraction were the most active against MGS and Staphy-
lococcus aureus, whereas no positive results were observed for its
hexane fraction. Taken together, these data support the idea that
the isolation of bioactive compounds depends not only on the ori-
gin of the propolis but also on the solvent used, since compounds
with distinct physical-chemical properties might be present.

Propolis fractionation may be the first step in the identification
of its active compounds. This process is especially important for the
types of propolis where the fractions obtained with other solvents
have been more effective than the ethanolic extract and where the
biological properties were not related to the synergistic effects of
the distinct constituents (Alencar et al., 2007).

44. Cariostatic effects of the compounds present in propolis

Analysis of the antimicrobial effects of some compounds present
in propolis showed that the sesquiterpene tt-farnesol presented a
higher anti-Streptococcus mutans effect, with minimum inhibitory
concentrations (MIC) of 14-28 pg/ml and minimum bactericidal
concentrations (MBC) of 56-112 pg/ml. The flavonoid apigenin
presented a higher potential for inhibition of glucosyltransferase
activity in solution (90.5-95%) and on the surface of saliva-coated
hydroxyapatite beads (30-60%) at 135 pg/ml (Koo et al., 2002c). The
chemical structures of these compounds are shown in Fig. 1.

Additional investigations confirmed that apigenin has the abil-
ity to inhibit enzymatic activity, but did not possess antibacterial
activity, while tt-farnesol displayed moderate antibacterial activity
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Fig. 1. Chemical structures of apigenin and tt-farnesal.

against bicfilm but its effects on glucosyltransferasas were not sig-
nificant(Kooetal., 2002b). Later, it was found that both compounds
interfered with the accumulation and polysaccharide composition
of Streptococcus mutans biofilm without causing a great impact on
bacterial viability (Koo et al,, 2003’. The possibility of using such
purified compounds from propolis in the contrel or prevention of
dental caries has at least twoadvantages over using the crude prod-
uct: (1) it would be ezsier to standardize and |2) the enzymatic
activity of a group of bacteria can be specifically interfered with
without causing any 2videntimbalance in the oral microbicta. Such
an approach would represent a novel and interesting way of treat-
ing an infectious disease without killing the etiological agent or
providing a selective pressure, which is generally associated with
the emergence of bacterial resistance.

Furthermore, in combination with sodium fluoride, apizenin
and tt-farnesol significantly reduced the virulenc2 of Streptococ-
cus mutans, thus improving the cariostatic effect of fluorida. It was
evident that the quant:ity of the extracellular insolukle glucans in
Streptococcus mutansbiofilmwas reduced and that the combination
of these agents with fluoride may be a potential alternative to the
standard chemica! agents used in the prevention of the cariogenic
process (Koo et al,, 2005).

4.5, In vivo studies

Several studies demonstrated the in vive efficacy of propolis in
the reduction of caries in both animals and humans. Ikeno et al.
(1991) were cne of the firs: to observe the inhibition of caries lesions
in rats. The animals were ‘ed with a highly cariogenic diet, infected
with Streptococcus sobrinus, and treated with propolis from China
at afinal concentration of 1 mg'ml in drinking water. In comparison
to the control group that dic not receive propolis, caries inhibit:on
was 56.2% in the group that received propolis at the same time
as the inoculation with Streptococcus sobrinus, whereas the level
of inhib:tion in the group where propolis was given after bacterial
incculation was 62.2%.

Similareffects were subsequently reportedin a study carried out
with desalivated rats, which were treated separately with propolis
from two regions of Brazil (south and southeast) after experimen-
tal infection with Streprococcus sobrinus (Koo et al., 1992). Aliquots
of 251 of 8% ethanolic extracts of propolis were applied on the
melars of each quadrant, twice a day for 22 cays using graduated
syringes. Eoth types of propolis reduced the score and severity of
smooth-surface and sulcal caries, but a statistical difference was
observed only in the experiment with propolis from the southern
region. These results confirmed that phytogeozraphical differences
and compositicn indeed interfere with the biclogical activity of
propolis, as discussed previously.

Caricstatic effects in rats have also been obsarvec after the
fractionation of propoelis with other solvents such as hexane
(Hayacibara et al., 2005; Duarte 2t al., 2005) and by some propo-
lis compounds (Koo et al., 2002b). The combiration of apigenin

and tt-farnesol reduced the incidence of caries on the smooth sur-
face of rat molars more significantly than individual compounds,
after topical application with the aid of a camel's hair brush twicz
a day for 5 weaks (Koo et al., 2002b). Furthermore, the combina-
tion of 1 mM apigznin, 5 mM ti-farnesol, and 250 ppm fluoride was
highly effactive in preventing caries development in rats, anc its
potency wascomparable with that of the positive control (chlorhex-
idine + fluoride). I: was most effective in recucing the accumulation
of Streptococcus mutans biofilm, but did not display bactericidal
activities (Koo et al, 2005). These data indicate that the analysis
of purified propolis compounds may offer promising opportunities
for icentifying new agents with useful pharmacological properties.

Studies performed with human volunteerstreated w:th propolis
have also been repcrted to reduce caries indicators. Mean reduc-
tions of 38% and 42% in total bacterial and Streptococcus mutans
counts, respactively, in the saliva of 10 volunteers were observed
after mouth rinses with 10 ml of 0.2% propolis solution for 1.5 min.
These inhibitory effects were observed 10 min after propolis appli-
cation, and when saliva samples were cultured 1h later, only a
slight increase in the amaount of Streptococcus mutans was observed
(Steinberg er al., 1996). In contrast, Murray et al. (1997) reported
that mouth rinses with 10% propolis did not promote a significant
inhibition of de novo plaque formarion.

These divergent findings are probably related to the highly vari-
able composition of propolis samples from distinct geographical
regions, since a study in voluntzers that used a propolis samplz
containing a high concentration of flavonoids demonstrated signif-
icantreductionbcthinthe plaque index (44.7%) and in the insolubla
palysaccharide (61.7%). In this study by Koo =t al. (2002a), volun-
teers under conditions favoring plaque accumulation used 15 ml of
3% (w/v) propalis in a hydro-alcchalic solution as mouth rinses for
1 min, twice a day, for 3 days (Koo et al., 2002a).

The results of the studies ciscussed so far are based on the usz
of propolis samples procuced by Apis mellifera bees. Recently, an
antimicrobizl activity on MGS has also been reportzd with propolis
produced by a different type of bees. Individuals performed threz
rinses perday for 7 days with 3ml of an ethanolic extract of propolis
produced by Melipona (compressipas) fasciculata bees. A decreasa
in the number of MGS was observad in 62% of saliva samples 1h
after the first mouth rinse and in 81% after 7 days of treatment
(Duailibe et al., 2007). Thesz cata sugzest that distinct bee species
may have the potensial to produce propolis with significant in vivo
antimicrobizl activity.

3. Trends for future research

The available data on propolis action on MGS is promising
because of the real possibility of its use in the prevention of caries
and possibly other oral diseases not discussed in this review. How-
ever, despite the significant effects of propolis in the control of
caries, further studies are still necessary to evaluate the biologi-
cal effects and the viability of using different propolis formulations
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(besides hydrc-alccholic solutions), which could slowly deliver
biactive compounds and promote a long-lasting ettect.

Since propalis is highly variable and complax in its chemical
compasition, it is pessiblz that other purified compounds with
putential for use in e contol ol vral diseases, such ds U-farmeso!
and apigenin, exist in some propolis typas. In addition, it is essen-
tial o idenfify the exact targers and to nnderstand the molecular
mechanisms of action of these and other putative bicactive com-
pounds in the micrebial cells. Itis also desirable to clari’y whether
continuous exposure to these compounds can become a selective
pressure in the generarion of resistant mutants.

The toxic cffects of propolis should be further investigated, and
especially thosz of isolated compounds since they would be used in
ahigher concentration than that found in propolis extracts. The cur-
rent opinion is that the use ¢f standardized preparations of propolis
i3 safe and less toxic than many other synthzric medicines (Moreno
etal., 2005; Mohammadzadehet al., 2007). Nevertheless, hypersen-
sitive reactions have been reported (Bellegrandi et al.. 1996: Callejo
et al, 2001; Lieberman et al., 2002; Walgzrave et al., 2005). Special
attention should be paid toverifying, for instance, if adosz sufficient
to promote the inhibition of glucosyltransterase can be reached
within the nral cavity withaut cansing major lncal or systamic side
cffects.

5Some studizs carried out with toothpastes and solutions for
mouth rinses containing propolis have shown inhibitory activi-
ties on oral pathogans (Koo et al, 2002a; Lea et al, 2004: Sato
et al,, 2001). Although relevant, these data should be examined
critically since the variability in the chemical composition of propo-
lis samples ‘rom distinct regions might influence their biclogical
activity, as previously discussed. Therefore, any propelis sample
should first be tested in vitro for its efficacy as an anfi-plaque agent
before it 1s incorporated into toothpastes or other cral products.
Further studies are necessary tovalidate whethar these novel prod-
ucts are superior to the conventional ones in reducing plaque, or
whgztherthe use of purified compounds would be a more rezsonable
option.

6. Conclusions

Comparisans between the results of different studies invasti-
gating the efficacy of propolis as a carinstatic agent are hindered hy
the variation of the propolis concentrations and testing methods
used. However, irrespective of the lack of standardization regard-
ing the type of prapalis, dosage, and course of therapy. several
in vitro and in vivo studies have demonstrated that propolis may
be used in caries prevention. It would be advantageous to stan-
dardize methods of extraction and in vimo testing so that the
analysis of distinct propolis samples could be more systematic
and the interpretation of results facilitated. Alternative mech-
anisms of infection prevention and treatment should also be
included ininitial activity screenings; targeting microb:al virulence
is one examp!e of an anti-infection strategy that is not commonly
screened. In addirion, propolis and its derived compounds should
e subjected o duimel and uman studies W determine ieir e/Tec-
tiveness in whole-organism systems. These studies should include
specfic studies nn tnxicity as well as the effects on normal micro-
biote.

Finally, due to propel:s’ wide range of biological activities, the
potential of propolis and its compounds as caricstatic agents are
an interesting contribution to the development of biozechnclogical
products to concrol caries and other infectious diseases and clini-
cal syndromes. Therefore, guidelines for quality cantrol should be
implemented since the high variability in the chemical composi-
tion of propolis is an important obstacle to be overcome before it
can be recemmended for routine applicaticn in dentistry clinics or
1n the manufecture of oral products for home use.
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Abstract

Background: Mative bees o the tribe Meliponini produce a distinct kind of propolis called geopropolis. Although
many pharmacological activties of propolis have already been demonstrated, little is known about geogropolis,
particularly regarding its antimicrobial activity against oral pathogens. The present study aimed at investigating the
antimicrobial activity of M. fasciculata ceopropolis against oral pathogens, its effects on 5 mutans biofilms, and the
chemical contents of the extracts. A gel prepared with a gecpropolis extract was also analyzed for its activity on 5.
mutars and its immunotoxicological potential.

Methods: Antimicrobial activities of three hydroalzoholic extacts (HAEs) of geopropolis, and nexane and
chloraform fractions of one extract, were evaluated using the agar diffusion method and the broth dilution
technigue. Ethanol (70%, w/v) and chlothexidine (0.12%, w/w, were used as negative and positive controls,
respectively, Total phenol and flavonoid concentrations were assayed by spectrophotometry. mmunotoxicity was
evaluated in mice by topica application in the oral cavity followed by quantificaticn of biochemical and
immunological parameters, and macro-microscopic analysis of animal organs.

Results: Two extracts, HAE-2 and HAE-3, showed nhibition zones ranging from 9 to 13 mm in diameter for 5.
mutars and C alicans, but presented no activity against L. acidaphilus. The MBCs for HAE-2 and HAE-3 against 5.
mutars were 6.25 mg/mL and 12.5 mg/ml, respectively. HAE-2 was fractionated, and its chloroform fraciion had an
MBC of 14.57 mo/mL. HAE-2 also exhibited bactericidal effects on 5. mutans biofilms after 3 b of treatment.
Signifizant differences (p < 0.05) in total phenol and flavencid concentrations were chbserved among the samples.
Signs toxic effects were not observed after application of the geopropolis-based gel, but an increase in the
production of IL-4 and IL-10, anti-inflammatory cytokines, was detected.

Conclusions: In summary, ceopropolis produced by M fasciculata can exert antimicrobial action against & mutans
and C. albicans, with significant inhibitory activity against 5 mutans bioflms. The extract with the highest flavonoid
concentration, HAE-2, presented the highest antimicrobial activity. In addition, a geopropolis-based gel is not toxic
in an animal model and displays anti-inflammatory effect.
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Background

Propolis is a generic name used for the product that
results from the addition of the mandibular secretions
of various bee species to resins these insects collect
from the buds, flowers and exudates of different plants
[1]. Distinct pharmacological activities of propolis have
been demonstrated, including antimicrobial, anti-inflam-
matory, antitumor, cytotoxic, hepatoprotective and
immunomodulatory properties, among others [2-4]. This
diversity of pharmacological activities is related to quan-
titative and qualitative variations in the composition of
different propolis samples [5,6].

Known pharmacological activities generally refer to
propolis produced by Apis mellifera, the most common
bee species in many countries and the main producer of
honey in those countries [7]. However, some of these
activities have also been observed in propolis produced
by other bee species, including members of the tribe
Meliponini [6,8]. Meliponines are stingless bees native
to tropical and subtropical regions [9]. In the north and
in some states of northeastern Brazil, Melipona compres-
sipes fasciculata is the most important species for honey
bee production and play an important role in flower
pollination [10]. Stingless bees generally mix resinous
material that they collect from plants with wax and soil
and store large deposits of this material, called geopro-
polis, inside their hives. The final product is then used
in a similar manner as propolis produced by A. mellifera
[11].

In some countries, geopropolis has been used empiri-
cally by the population for wound healing, for the treat-
ment of gastritis, and as an antibacterial agent [12].
Studies of ethanolic extracts of geopropolis produced by
M. compressipes and M. quadrifasciata anthidioides
have demonstrated its antimicrobial activity [13].

Although recent studies of M. quadrifasciata geopro-
polis have shown inhibitory activity against Gram-nega-
tive bacteria [14], this activity seems to be more
pronounced against Gram-positive bacteria [6,8]. These
results may be correlated with variations in chemical
content, as has been observed for other types of propolis
[13,15).

Due to its inhibitory effects on cariogenic microorgan-
isms, such as Streptococcus mutans and Lactobacillus
spp., and on bacterial enzymes (glucosyltransferases)
involved in the cariogenic process, A. mellifera propolis
has been proposed as an adjuvant for the control or
prophylaxis of infectious diseases of the oral cavity, par-
ticularly dental caries [16-20].

Besides the pharmacological properties of propolis, its
addition to different commercial products has drawn the
attention of researchers for its possible toxicity, such as
the triggering of hypersensitivity in the user. Most
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results show that the use of Apis propolis is relatively
safe, since it presents low toxicity [21-25].

Thus, the objective of the present study was to investi-
gate the antimicrobial activity of M. fasciculata geopro-
polis extracts against oral pathogens, its effects on the
viability of 5. mutans biofilms, and the chemical con-
tents of the extracts. A gel prepared with a geopropolis
extract was further analyzed for its antimicrobial activity
on S mutans and its immunotoxicological potential.

Methods

Preparation and fractionation of geopropolis extracts
Samples of geopropolis produced by M. fasciculata were
collected from bee hives located in the municipalities of
Palmeirandia and Sao Bento, a microregion of the Wes-
tern Lowland of Maranhao (2°37'30"S 44°52'30"W), the
ecosystems of which include mangrove swamps, flood-
plains, lakes, and babassu palm forests, and in the muni-
cipality of Fernando Falcdo, a microregion of Alto
Mearim and Grajad (6°7'30"S 44°52°30"W), a savannah
area. These municipalities are situated in the northwes-
tern and central region of the State of Maranhio, in
northeastern Brazil.

Individual geopropolis samples were weighed and
mixed with ethanol (70%, v/v) to a final proportion of
geopropolis/ethanol of 30/70 (w/v). Next, the samples
were triturated in a homogenizer and macerated for 48
h. The samples were then filtered through filter paper to
remove the inorganic portion (soil), concentrated in a
rotary evaporator and air-dried at 40°C for 48 h. The
three hydroalcoholic extracts obtained (HAE-1, HAE-2
and HAE-3) were stored in a refrigerator (4-8°C) until
the time of analysis. The crude extract presenting the
highest activity, HAE-2, was fractionated by liquid/liquid
partitioning using solvents of different polarities (hexane
and chloroform) [26]. The fractions obtained, HAE-2-
HF (hexane fraction) and HAE-2-CF (chloroform frac-
tion), were concentrated, dried and stored as described
above.

Preparation of a geopropolis-based gel

A geopropolis-based gel was prepared by mixing HAE-2
with 70% (w/v) Natrosol® and 30% (viv) propylenoglicol,
as vehicle, for the formulation of a 5% (w/w) gel. Patent
pending under No. PI0905583-5 INPI-RIMA, Brazil.

Animals

C57Bl/6 mice, weighting 25-35 g, from the Central Ani-
mal Facility of the Federal University of Maranhio were
used in the experiments with the geopropolis gel. The
study was approved by the Ethics Committee for Animal
Studies of the State University of Maranhao (No. 010/
2007). All animals were cared for in accordance with
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the guidelines of the Brazilian Council of Animal
Studies.

In vitro evaluation of antimicrobial activity

Antimicrobial activity was evaluated using the agar dif-
fusion method. For this study, 25 pL of extract was
added to wells (5 mm in diameter) in agar plates as
described previously [27]. The following culture media
were used: brain-heart infusion agar (BHI agar, Difco)
for S. mutans, Rogosa agar (Difco) for Lactobacillus
acidophilus, and Sabouraud dextrose agar (Difco) for
Candida albicans. Twenty-four-hour cultures of 5.
mutanrs (ATCC 25175), L. acidophilus (ATCC 4356)
and C. albicans (ATCC 18804) were used. Cultures
were adjusted with sterile saline to a density equivalent
to the McFarland scale No. 0.5 {10®° CFU/mL) and
inoculated onto agar plates with a sterile swab. Ethanol
(70%, v/v) and an agqueous solution of chlorhexidine glu-
conate (0.12%, w/w) were used as negative and positive
controls, respectively. Plates of S mutans and L. acido-
philus were incubated at 37°C for 48 h in 5% CO, C
albicans plates were incubated under zerobic conditions
at 37°C for 24 h. After incubation, the diameters of the
zones of inhibition were measured.

The minimum bactericidal concentrations (MBCs)
were determined by the broth dilution technique using
BHI broth (Difca). The final concentrations of tested
hydroalcoholic extracts ranged from 12.5 to 0.19 mg/mL
except the chloroform fraction (HAE-2-CF) for which
concentrations ranged from 20 to 0.9 mg/mL. All assays
were carried out in duplicate in three independent
experiments. Dilutions of hydroalcoholic extracts were
streaked on BHI agar plates and the MBC was deter-
mined. The MBC was defired as the lowest concentra-
tion of the extract that inhibited bacterial growth [28].

The minimum inhihitory concentration (MIC) for the
geopropolis-based gel, against 5. mutans (ATCC 25175),
was determined by the broth dilution technique using
BHI broth (Difcc). The final concentrations of the pro-
duct varied from 50 to 3.12 mg/mL and the minimum
bactericidal concentration (MBC) was determined as

described above.

Inhibition of biofilm viability

The effect of HAE-2 on the viability of S. mutans
(ATCC 25175) biofilms was evaluated as describad pre-
viously [29,30], with some modifications. Briefly, for bio-
film production, 24-well polystyrene cell-culture plates
(TPP, Zellkultur und Labortechnologie, Switzerland)
containing 1 mL tryptone-yeast extract broth supple-
mented with 1% sucrose were inoculated with approxi-
mately 1 x 10 CFU/mL of 5. mutans. The culture
medium was changed daily. On the fourth day, the cul-
ture supernatant was removed by aspiration, the
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bacterial biofilm was treated with HAE-2 diluted in 1%
peptone broth at a concentration corresponding to four
times its MBC (25 mg/mL), and bacterial counts were
evaluated at different intervals. The negative control
well contained only 1% peptone broth and chlorhexidine
10.12%) was used as the positive control [31]. The treat-
ment solution was removed by aspiration at 1-h inter-
vals for 4 h, and the biofilm was gently washed three
times with phosphate-buffered saline (PBS), pH 7.2,
scraped off, and suspended in 1 mL 1% peptone broth.
The suspension was sonicated twice in a Model T7 soni-
cating water bath (Thornton, Brazil) at 50 W with three
pulses of 10 s each at intervals of 5 s [30]. After homo-
genization, the suspension was diluted from 107" to 107
in PBS. Aliquots (100 pL of each dilution) were spread
onto blood agar plates (blood agar base containing 5%
sheep blood) and incubated in a 5% CO, atmosphere at
37°C for 43 h. After incubation, CFU/mL were deter-
mined. These data were log;o transformed for analysis.
All assays were carried out in quadruplicate.

A bactericidal effect was attributed to geopropolis
extract when it resulted in a reduction of = 3 log;,
CFU/mL above baseline [30].

Chemical characterization

Phenolic compounds, triterpenes and alkaloids were
assayed in all extracts as described previously [32-34].
Total phenol concentration was assayed by spectropho-
tometry with the Folin-Ciocalteau reagent (Merck, Bra-
sil) and 20% sodium carbonate solution for 2 h at
room temperature in the dark. Known concentraticns
of gallic acid were used as standards. Measurements
were made in a spectrophotometer (Cary 50 UV-VIS,
Agilent, USA) at 760 nm and the results were
expressed as a percentage of gallic acid [33]. The cali-
hration equation for gallic acid (Sigma) was y =
0.06352x - 0.06132 (R® = 0.99) where y is absorbance
and x is mg/mL of galic acid.

The concentration of total flavonoids was determined
by spectrophotometry in 2% aluminum chloride for 30
min at room temperature in the dark. Known concen-
trations of quercetin were used as standards and mea-
surements were made at 425 nm. The results were
expressed as a percentage of quercetin [33]. The calibra-
tion equation for quercetin (Merck) was y = 0.07347x -
0.00868 (R* = 0.99) where y is absorbance and x is mg/
mL of quercetin. After linear regression analysis (CI
95%), both gallic acid and quercetin showed linear
responses with different concentrations in the residue
analysis. The relative standard deviations of the slopes
were < 5% for both standards (gallic acid, n = @ querce-
tin, n = 6).

According to the Brazilian legislation, total phenols
and flavonoids contents should be included in the
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chemical analysis as one of the quality criterion of pro-
polis extracts [35].

The detection of triterpenes was performed by the
Lieberman-Buchard reaction. Briefly, 2 mL of extract
were mixed with 2 mL of chloroform. The mixture was
filtered in the presence of Nay,S0y4 and 1 ml. of acetic
anhydride was added. After the addition of 3 drops of
concentrated HS0,, a change in cclor to brownish/red
indicated the presence of triterpenes [32].

Total alkaloid content of extracts was determined
using the Dragendorffs, Hager's, and Mayer's reagents
[34]. Three aliquots of dried geopropolis extracts (10
mg) were dissolved in 1 mL of distilled water that had
been acidified to pH 2.0-2.5 with 0.01 N HCL Alkaloids
were then investigated with 5 dreps of each reagent
separately in each tube.

Animal experimental procedures

The animals were divided in three groups of 6 animals
each, as follows: saline (5) - received a topical application
of a sterile 0.85% MNaCl (w/v) solution; GS - received a
topical application of the pure gel base; and GP - received
the gel base with HAE-2. The gel was applied topically to
the oral cavity of the mice (25 pL/application), for a per-
iod of 1 minute, on four consecutive days.

Assessment of biochemical parameters and cytokine
production

For the biochemical and immunological analysis, blood
samples were collected from the retro-orbital plexus on
the seventh day after treatment. The samples were
transferred to conical plastic tubes, with or without
EDTA, and centrifuged at 1500 rpm for 10 minutes.
Biochemical assessment consisted of a micro-assay to
determine the serum concentrations of calcium, urea,
cholesterol, triglycerides, albumin and glucose. The ana-
lysis were performed by means of automated procedures
on an Architect - C8000 apparatus (Abbott™), using
reagents from Labtest (Brazil). The concentrations of
IFN-y, IL-4, TNF-u and IL-10 were determined by
immunoenzymatic assay (enzyme-linked immunosorbent
assay; FLISA), according to the manufacturer’s instrue-
tions (eBiosciences). Recombinant cytokines were used
to generate a standard curve. The limit for detection in
the assay was 2 pg/mL for IFN y, TNF «, and IL 4, and
4 pg/mL for IL-10. The concentrations of cytokines
were established using the coefficient of linear regres-
slon from values obtained on the standard curve.

Macro- and microscopic assessment of the organs

The macroscopic analysis of the tongue, spleen, liver, sto-
mach, and kidney considered the following parameters:
size, weight, integrity and presence or not of changes
visually detectable. Only the tongue was not weighed. For
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the histopathological analysis, all organs were fixed in
10% formol and embedded in paraffin. Next, 5 pm thick
sections were cut on a microtome and stained with
hematoxylin and eosin. The slides wers examined in &
light microscope with 20, 40 and 100x objectives. The
following paramaters were analyzed: the presence of vas-
cular congestion, edema, inflammatory infiltrate, and
hemorrhage. Tissue changes were scored as: 0 for absent,
L for scarce, 2 for moderate and 3 for intznse.

Statistical analysis

The results were analyzed using SP55 for Windows 16.0
software (2007). Inhibition zones were compared using
the Mann-Whitney test. Total phenol and flavonoid
concentrations in the extracts as well as bactericidal
effects of geopropolis on 5. mutans biofilm viability
were evaluated by analysis of variance (ANOVA) in con-
junction with the Tukey multiple comparisons test. Data
obtained with animals were expressed as mean + stan-
dard deviation (X + SD) for the immunoclogical and bio-
chemical results, and as mean + standard error for the
histopathological data. Statistical analysis consisted of
analysis of variance (ANOVA), followed by Newman-
Keuls test. Organ weights were subjected to Tukey's test
and the histopathological data were analyzed by
unpaired and single-tailed Student’s ¢-tests. For all tests,
effects were considered significant when p < 0.05.

Results

Agar diffusion tests showed the antimicrobial action of
geopropolis extracts (HAE-2 and HAE-3), with inhibi-
tion zones ranging from 10 to 13 mm for 5. mutans and
from 9 to 13 mm for C. albicans. No activity against L
acidophilus was detected (Table 1). TIAE-2 and HAE-3

Table 1 In vitre activity of geopropoelis extracts against
Streptococcus mutans, Lactobacilus acidophilus and
Candida albicans

Extracts * Inhibition zune in mm (3 z 50)"
5. mutans  C albicans L. acidophilus

HAE-1 o o° o
HAE-2 13+ 1% 1B+ F 0"
HAE-3 10 + 2 9+ 1F 0"
HAE-2-CF 13+ 2% o° o
HAE-2-HF o o° o

Chlorhexidine (0.12%) S+1 15+2 O+ 3
Ethanol (70%) 4] [} 4]

* Extracts o geopropois from different munidipalities, as shown in Table 1.

¥ Average of agar diffusion tests performed n duplicate in three independent
expariments.

* Significantly different from negative contro [70% ethanol).

4 Eignificandy different from positive control (0.12% chlarhexiding) (p < 005;
Mann-Whitney test).
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exhibited significant antimicrobial activity against S.
mutans and C. albicans when compared to the negative
control (p < 0.05). HAE-1 showed no antimicrobial
activity against the microorganisms tested.

Evaluation of the antimicrobial activity of HAE-2 frac-
tions revealed that only the chloroform fraction showed
an inhibition zone when tested against S. mutans (13
mm). No antimicrobial activity of the hexane or chloro-
form fractions was observed against C. albicans. The
MBC against S. mutans was 6.25 mg/mL for HAE-2,
125 mg/mL for HAE-3, and 14.5 mg/mL for the chloro-
form fraction HAE-2-CF. The MBC of geopropolis-
based gel (prepared with HAE-2) against 5. mutans was
confirmed in 12.5 mg/mL.

Since HAE-2 presented a lower MBC than the other
extracts and since the pathogenesis of the cariogenic
process is related to the formation of a dental biofilm,
we investigated whether this extract was able to inhibit
the viability of S. mutans biofilms. A significant reduc-
tion in CFU/mL was observed after 2 h exposure of a
biofilm to geopropolis extract HAE-2 or chlorhexidine
(Figure 1). However, bactericidal effects were observed
after 3 h treatment with geopropolis extract (reductions
higher than 3logi, were obtained). Chlorhexidine treat-
ment resulted in total elimination of S mutans after 3 h
exposure to the biofilm.

Chemical characterization of the geopropolis extracts
indicated the presence of phenolic compounds in all
samples. There were significant differences (p < 0.05) in
total phenol and flavonoid concentrations among the
samples analyzed (Table 2). Phenol content differed
among the three extracts studied, with the lowest con-
centration being observed in HAE-2. In contrast, this

i 6 1 SATT - abec
=5 il
=] 57 ", abe
§ 4
31 —8— Geapropolis I
11 =B = Cantrol
1] »+she* Chlorhexidine i
0 e &
4] 1 2 3 4
Expasure time (h)

Figure 1 Bactericidal effects of HAE-2 on the viability of 5.
mutans biofilms. (a) p < 005 Effects in relation to time O; (b) p <
005 Comparison of geopropaolis activity on the biofilm wiability in
relation to the control (1% peptone broth) and (c) p < Q.05
Comparison of geopropaolis activity on the biofilm viability relative

o chlorthexidine. Comparisons were analyzed using the Tukey test
L
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extract contained the highest concentration of flavonoids.
Triterpenes were detected in HAE-1 and HAE-2, but not
HAE-3; alkaloids were not detected in any sample.

The experimental procedures with animals did not
lead to any alteration in the serum concentration of cal-
cium, albumin, and glucose in the GP group. On the
other hand, animals in this group presented an
increased concentration of urea and reduced concentra-
tions of cholesteral, and triglycerides (Figure 2).

A significant increase in the production of IL-4 and
IL-10 was observed in the GP group, while the produc-
tion of IFN-y and TNF-o. was kept unaltered when com-
pared to the S and the GS groups (Figure 3).

No significant changes were observed in the body
weight of the animals and also in relation to the organs
weight, with the exception of the stomach in the G5
group (Table 3). Besides, no macro- or microscopic
alteration was detected in the liver, kidney, or stomach.
However, histopathological alterations, such as: vascular
congestion, presence of edema, inflammatory infiltrate,
and hemorrhage in the animal tongues, were signifi-
cantly greater in the GS and S groups than in the GP
group (Table 4).

Discussion

In this study we observed that geopropolis can display
inhibitory effects on some oral pathogens, without
detectable toxicity in mice. Furthermore, an immuno-
modulatory activity, due to an increased anti-inflamma-
tory cytokines, was also detected.

The inhibitory activity displayed by geopropolis
against S. mutans and C. albicans was previously
observed in extracts and fractions obtained from Apis
propolis [15-17,19,20,36,37]. However, none of the three
geopropolis extracts tested in this study were seen to
have antimicrobial activity against L. acidophilus, unlike
propolis extracts [38].

The inhibitory activity of geopropolis against 5.
mutans and C. albicans, but not against L. acidophilus,
corresponds with the clinical significance of these
microorganisms in oral cavity diseases. Both 5 mutans
and L. acidophilus ferment carbohydrates, forming
organic acids that promote decalcification of dental
enamel and dentine. Thus, the presence of these micro-
organisms is frequently associated with dental caries
[39,40]. 5. muetans is responsible for the initial deminera-
lization of dental enamel, whereas bacteria of the genus
Lactobacillus are related to lesion progression, ie., after
the initiation of the caries process [41]. Therefore, we
speculate that a product containing M. fasciculata geo-
propolis, which mainly acts on 5. mutans, may have
important implications for caries-prevention strategies
because S. mutans growth and biofilm formation are
required for the onset of dental caries.
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Table 2 Phenol and flavonoid concentrations of hydroalcoholic geopropdlis extracts

Extract City Total Phenaol % (+ 5D) * ® Total Flavonoids % (+ SD) * ©
HAE-1 Fernendo Falcao 674(20) © 107 (oo |
HAE-2 Palmeirandia 146 (23) ¢ 291 (p22) ©
HAE-3 520 Bento 512(39)° 111 oo f
? Results are expressed o the average of assays canied out in iplicae.

" Expressed as percentage of gallic acid

© Expressed as percentage of quercetin.
d,& 1

Little is known about the antibacterial and antifungal
activities of geopropolis produced by native bees such as
M. fasciculata, especially regarding its activities against
oral microorganisms. A recent én vivo study showed that
geopropolis produced by M. fasciculata promoted a
reduction in salivary S. mutans counts [42]. However,
the authors did not investigate the effects of geopropolis
on other microorganisms, and no in vitro tests were
performed. We found no other studies in the literature
investigating the antimicrobial activity of geopropolis
produced by M. fasciculata against 5. mutans. Thus, the

Values followed by different superscripts are signficantly different from each olher (p < 005 Tukey test).

present findings are especially relevant since they under-
score the potential for finding new active compounds
that work against this microorganism in M. fasciculata
geopropolis extracts.

The bactericidal activity of geopropolis extracts we
observed against 5. mutans biofilms is relevant not only
because it confirms our in vitro results but also because
it more closely reproduces the real conditions of the
cariogenic process. Biofilm models are more relevant
than studies which use planktonic cells because of the
different growth of biofilm cells, their altered
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Figure 2 Biochemical assessment. Biochemical assessment of CS78I/6 mce submitted to topical aral treatment with gel containing propaoliz
(GP), ccmpared to the group treated with the gel base (GS) or with saline (). The serum concentrations of calcium (A); albumin (B} urea (Q);
cholestarol (D); triglycerides (E); and glucase (F) were determired. The esult represent mean + standard deviation of 6 animals/group. (% p <
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metabolism as a result of a high population density and
their generally higher resistance to antimicrobial agents
[43].

Despite the sigrificant in vitro antimicrobial activity of
chlorhexidine against S. mutans biofilms, its use in den-
tistry is controversial because of local side effects, which
include discoloration of the teeth, tongue, restorations,
and dentures; soreness of the oral mucosa; and irrtation
of taste buds [44].

C albicans is considered a commensal microorganism,
inhabiting the oral mucosa and other anatomic sites.
However, in certain situations, this microorganism can
cause opportunistic local or systemic infections that are
often severe and difficult to control, especially in hosts
with specific predisposing factors [45,45]. Thus, in addi-
tion to being used to control S mutans growth, pro-
ducts formulated from M. fasciculata geopropolis might

be used as adjuvants for the treatment of cral candidia-
sis and, ultimately, infections of other mucaosa.

Chemical characterization of the extracts studied
showed significant differences in the concentration of
phenols and flavonoids among samples. The chemical
composition of geopropolis produced by stingless bees
in Brazil varies according to species. Moreover, available
flora further influence the chemical composition of pro-
polis [47]. According to Velikova et al. [6], members of
the tribe Meliponini fly short distances and therefore
use the first exudate sources that they encounter during
their flights.

Only one of the propolis extracts (HAE-1) analyzed
failed to show inhibitory activity against the microorgan-
isms tested in this study, a finding that would suggest
variations in the chemical composition of this sample.
However, preliminary chemical analysis performed did

Table 3 Effect of topical oral treatment with a gel based on geopropolis (GP) from Melipona fasdculata Smith on

organ weight in mice.

Groups Final Weight (g) Delta Weight Organ weights (g)
Spleen Kidney Stomach Liver
GP 25+ 4 02 008 + 0.01 0.16 + Q03 042 + 006 13+02
s 2B+12 -02 Q10 + 0.02 0.18 + 002 033 + 004 16+02
GS 27+ 2 -02 009 + 0.01 0.17 + Q01 055 + 0.08% 15 +02

* p < 005 (ANOVA, followed by Tukey's test)
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Table 4 Histopathological analysis of the tongue in mice
that received topical oral treatment with a gel based on
geopropolis (GP) from Melipona fasciculata Smith.

Parameters Analyzed®

Treatment gmupsh

GP S GS
Vascular Congestion 04+ 0.1% 18+02° 16+01
Edema o+ 12+ 02 04+ Q1%
Inflammatory Infiltrate 02 + Q1% 12+ 01 o*
Hemaorrhage 04 + a1* 22+ 02 04+ Q1%

(a} Tissue changes were scored as: 0 far absent, 1 for scarce, 2 for moderate
and 3 for intense. Data represent the mean + SEM of & animals per group
(b} GP - gel with geopropolis; GS - gel base and S - Saline

(*} p < 005 in relation to GP

(# p < 005 in relation to 5

not permit clear demonstration of such variation. Differ-
ences in its chemical content may have been influenced
by its ecosystem because it originated in a savannah
area, whereas HAE-2 and HAE-3 were prepared with
geopropolis from an ecosystem whose vegetation com-
prised mangrove swamps, floodplains, lakes, and babassu
palm forests.

Qualitative and guantitative dilferences in the compo-
sition of propolis have an important influence on its
biological activity [48]. Among biologically active sub-
stances present, flavonoids are the main group contri-
buting to the antimicrobial effects observed [21,49]. In
this study, HAE-2 displayed the highest antimicrobial
activity and had the greatest flavonoid concentration.
Although the antimicrobial action of flavonoids is still
controversial and conflicting results have been reported
because of inter- and intra-assay variations in suscept-
ibility tests, a link between flavonoids and inhibitory
activity on microorganisms has been consistently
demonstrated [50]. The antimicrobial activities observed
here may be a product of high flavonoid concentration
or, as reported for propolis produced by other bee spe-
cies, a result of a synergistic action between flavonoids
and other compounds present in these extracts [6,13].

Although some studies have reported cases of hyper-
sensitivity reactions to Apis propolis [51,52], it is widely
accepted that propolis does not present toxic effects
[53,54], which confirms the results obtained with geo-
propolis in our study, sincz no macro and microscopic
changes were detected in organs, which could indicate
toxicity of the geopropolis-based gel on the mice.

Moreover, among the biochemical parameters studied,
only an increase in the urea concentration was detected,
but within the normal range for mice (41,97 mg/dl to
60,02 mg/dl), which does not indicate renal toxicity[55].
In fact, compounds like flavonoids, catfeic acid, and
their esters present in propolis appear to prevent against
membrane fragility in organs such liver and kidney,
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decreasing the level of urea and the leakage of liver
enzymes into the circulation [54,56,57].

The reduction observed in the levels of cholesterol
and triglycerides can be associated to the presence of
antioxidants and flavonoids. Apparently, these com-
pounds can act as inhibitors of lipid peroxidation (LPO)
by scavenging polyunsaturated fatty acids” peroxv radi-
cals and interrupt the chain reactions [58].

Despite not having shown signs of toxicity, the
increased production of IL-4 and IL-10, cytokines asso-
ciated with a Th2 response, suggests an anti-inflamma-
tory activity for the product [59]. In fact, the
histopathological assessment of the tongue corroborates
these data, since tissue changes were significantly lower
in the GP group, possibly because of the anti-inflamma-
tory effects of the geopropolis. Tissue alterations in the
other animal groups were probatly resulting from their
manipulation at the time of treatment and/or collection
of the material

The immunomodulatory effect displayed has been pre-
viously reported in investigations with Apis propolis
[4,60-63]. However, we did not find any reports describ-
ing the effects of geopropolis from native bees on the
production of cytokines, specifically IL-4 and IL-10.

The potential use of propolis (or geopropolis) in den-
tistry is promising not only due to its antimicrobial
activity against oral pathogens, but also due to its other
biological and pharmacological properties, which include
anti-inflammatory, antitumor, antioxidant, hematostimu-
lative, and immunomodulatory properties [2,4,64,65]. In
addition, it is considered relatively non-toxic [21,22].

Conclusions

In conclusion, our data indicate that geopropolis pro-
duced by M. fasciculata can exhibit antimicrobial activ-
ity against 5. mutans and C. albicans. The activity
against S mutans was confirmed by further demonstrat-
ing the antibacterial effect of one extract on biofilm via-
bility. The extract with the highest flavonoid
concentration, HAE-2, displayed the highest antimicro-
bial activity. The gel maintained the antibacterial activity
previously demonstrated in the geopropolis extract
against S mutans. Furthermore, no toxic effects were
detected in mice treated with GP. On the other hand,
an immunomodulatory action, due to the increase of
anti-inflammatory cytokines, was observed. Our data
demonstrate that geopropolis has the potential to be
used for the conftrol or prevention of diseases of the oral
cavity, especially caries and candidiasis, as well as for
treatment of inflammatory processes.

List of Abbreviations
HAE: Hydroalooholic exracts of geopropolis; MBC: Minimum bactericidal
concentration; HAE-2-C% Chloroform fraction of hydroalcohollc extract Mo, 2
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of geopropalis; HAE-2-HF: Hexane fraction of hydroalcoholic extract No. 2 of
geopropolis; BHI: Brain-Heart Infusion; ATCC American Type Culture
Collection; CFU: Colomy-forming unit; PBS: Phos phate-buffered saline.

Acknowledgements

The authors wish to thank the Conselho Nackonal de Deservolimento
Cienitfiico e Tecnologico (CMPg) and the Banco do Mordeste for financial
support and the Fundacdo de Amparo a Pesquisa e a0 Desenvolvimento
Cientffico e Tecnoldgico do Maranhdo (FAPEMA) for the fell cwship suppart.

Author detalls

"Labortéro de Imunofisiologia, Universidade Federal do Maranhao, Av. dos
Partugueses, SN, CEP: 65.080-044, 530 Luls, Maranhdo, Brazil lIZJr_~|:nart.ar|"n:m{:
de Odontologia, Universidade Federal do Maranhdo, Av. dos Partugueses,
SN, CEP: 65080-040, S&o Lufs, Marznhdo, Brazil. *Labortdro de
Microbiologia, Universidade Federal do Maranhdo, Av. dos Portugueses, SN,
CEP: 65080040, 530 Luls, Maranhao, Brazil “Labormtdro de Farmacognosia,
Universidade Federal do Maranhdo, 580 Luk, Av. dos Portegueses, SN, CEP:
65080040, Maranhio, Brazl. *Laboratério de Microblologla, Centra
Universitdrio do Maranhdo, Rua Josué Montello No. 1, CEP: 685075120, Séo
Luis, Maranhdo, Brazil

Authors’ contributions

SAL prepared the extracts, camied out the microblological evaluation,
organized the data analysis and drafted the manuscript. ALAP assisted with
the data analysk and helped draft the manuscript RPD camied out the
chernkcal characterization and partitioned the extracts. ASR collected the
geopropolis samples and helped with preparation of extradis. MJAMA
helped with preparation of geopropolis extracts and animal experimental
procedures, NSM helped with animal expermental procedures, LAS camied
out histopathological analysis. MNSR participated in chemical
characterization and helped daft the manuscript FRFN helped with data
anabysis and manuscript revision. RNMG concelwed the study, participated in
its design and coordination, and critically reviewed the manuscript for
Important intellectual content VMN concelved the study, coordinated the
microbialogical assays, and was invohwed in drafting the manuscript and
revising it crtically for intellectual content. All authors read and approved
the manwscoript.

Competing interests
The authors declare that they have no competing interests.

Received: 23 June 2011 Accepted: 4 November 2011
Published: 4 November 2011

References

1. Ghisalber EL: Propolis: A review. Bee Wordd 1979, 60:59-84.

2 Banskota AH, Tezuka Y, Adnyana 1K, Midorikawa K, Matsushige K
Message [, Huertas AA, Fadota 5 Cytotoxic, hepatoprotective and free
radical scavenging effeds of propolis from Brazl, Peru, the Netherlands
and China. ! Ethnophamacol 2000, 72(1-2):239-246,

3. Dobrowokki MW, Viohora 5B, Sharma K, Shah SA, Magvi 54, Dandiva PC
Antibacteral, antifungal, antiamoebic, antiinflammatory and anti pyretic
studies on propolis bee products. | Frhnophammacol 1991, 35(1:77-82

4 Sforcin Mt Propolis and the immune systerc a review. J Bhnophammacal
2007, 13(1)3-14,

5 Bankova V- Chemical diversity of propolis and the problem of
standardization. | Frhnophamacol 2005, 100(1-2)1 14117,

6 Velkowa M Bankowva V, Marcucd MC, Tavetkowa | Kujumngiew A Chernical
composition and biological adivity of propolis from Brazilian
meliponinae. Z Naturforsch [C] 2000, 55(%-10)785-789.

7. Pereira AL Bicalho B, Aguine-Nete FR: Comparison of propolis from Apis
melifera and Tetragonisca angustula, Apidologie 2003, 34:291-298,

8 Bankova V, Popowa M: Propolis of stingless bees: a promiising source of
biologically active compounds. Fharmacog Rev 2007, 1(1)88-92.

9 Roubik Ir Ecology and Matural History of Tropical Bees. Cambridge:
Cambridge Unk. Pres; 1989,

10, Kem WE Biolegia e mangjo da tidba: a abelha do Maranhde. 530 Luks,
Ma: EDUFMA; 1996,

11, Castaldo 5, Capasso F: Propdis, an old remedy used in modern medicine.
Fitoterapla 2002, 73(Suppl 1)51-4

12.

14,

2.

24,

.

31.

Page @ of 10

Quezada-Buan 115, de Jesus May-itza W, Gonzalez-Acereto JA
Melipeniculture in Mexico: problems and perspectives for development.
Bee World 2001, 82160-167.

Kujumgiev A, Tevetkova |, Sercedjieva ¥, Bankowva W, Christov R, Popow 5
Antibacterial, antifungal and antiviral activity of propolis of differe nt
geographic engin. | Fthnophamacol 1999, 64(3)235-240.

Famesi AP, Aguino-Femeira R, De Jong D, Bastos JK, Soares AE: Effects of
stingless bee and honey bee propolis on four species of bacteria. Genet
Mol Res 2009, B2ppa35640.

Uzel A, Sorun K, Oncag O, Coguiu D, Gencay O, Salih B Chemical
compositions and antimicrobial activites of four diferent Anatolian
propolis samples. Microbial Res 2005, 160(2):189-195.

lkeno K, keno T, Miyazawa C Effects of propolis on dental caries in rats.
Canies Res 1991, 25(5):347-351.

Koo H Gomes BP, Rosalen PL, Ambrosano GM, Park YK Cury 1A: In vitro
antimicrobial activity of propolis and Arnica montana against oral
pathogens. Arch Oral Biol 2000, 45(21141-148.

Liberic 54, Pereira AL, Arauje MU, Dutra RP, Nascimento FR, Monteiro-
Meta W, Ribelio MN, Goncakwes AG Guerra RN The potential dse of
propolis as a cariostatic agent and its actions on mutans group
streptococcl. | Ethnopharmacol 2009, 125(1)1-5.

Park YK, Koo MH, Abreu 4, lkegakd M, Cury JA, Rosalen PL: Antimicrobial
activity of propolis on oral micoorganisms. Cumr Micrabial 1998,
36(1)24-28.

Sawaya ACHF, Souza K5 Maroucd MC, Cunha 185, Shimizu MT: Analy sis of
the composition of Brazilian propolis extracts by chromatography and
evaluation of their in vitro activity against grarm-positive bacteria. Braz |
Microbiol 2004, 35(1-2)1 04-109.

Burdock GA: Review of the biclogical properties and toxicity of bee
propalis (propolis). Food Chem Towool 1998, 36(&)347-363.

Jasprica |, Mamar A, Rebelak Z, Smolcic-Bubale A, Medicanc M, Mayer L,
Romic Z, Bucan K Balog T, Sobocanec 5, ef af In vivo study of propolis
supplementation effects on antioxidative status and red blood cells. /
Ethnapharmacal 2007, 110(3):548-554.

Mani F, Damascenc HCR, Novelll ELB, Martins EAM, Soicin IM: Propolis:
Effect of different concentrations, extracts and intake perod on seric
blochaerical varables. J Ethnophammacol 2006, 10595-98
Mohammadzadeh 5, Shariatpanahi M, Hamedi M, Ahmadkhaniha R,
Samad M, Ostad SN: Chemical composition, oral toxidty and
antimicrobilal activity of lmnlan propolis. Food Chem 2007, 1031 0971103,
Moreno MIN, Zampini IC, Orddfez RM, laime GS, Vattuone MA_ kla ME
Evaluation of the cytotoxcity, genotoxicity, mutagenicity, and
antimutagenicity of propolis from Tucuman, Argentina. J Agnc Food
Chem 2005, 53:8957-8962.

Ahuja A, {ed): Handbook of Bioseparations Mew Yaork: Academic Press; 2000
Femo WA, Bradbury F, Cameron P, Shakir E, Rahman 5R, Stimson WH: In
vitro susceptibilities of Shigela flexner and Streptococcus pyogenes to
inner gel of Aloe barbadensis Miller. Antimicrob Agents Chemather 2003,
47(3k1137-1139.

Koo M, Rocalen PL, Cury JA, Ambresane GM, Murata BM, Yatsuda R,

lkegaki M, Alencar SM, Park YE: Effect of a new variety of Apis mellifera
propalis on mutans Streptococel. Cur Micrabiol 2000 41(3)192-196.
Cuman TM, Ma ¥, Rutherford GC, Marquis RE Turning on and tumindg off
the arginine deiminase system in oral streptococel. Can | Micobial 1998,
4410781085,

Koo H Pearson SK, Scott-Anne K, Abranches I, Cury J#A, Rosalen PL, Park YK,

Marquis RE, Bowen WH: Effects of apigenin and tt-famesol on

glucosyltransferase activity, biofilm viability and cares development in
rats. Cval Microbiol Immunal 2002, 17{6)337-343.

¥oo H Rosalen PL, Cury IA, Park YK, Bowen WH: Effects of compounds
found in propolis on Streptococcus mutans growth and on
glucosyltransferase activity. Antimicrob Agenrs Chemather 2002,
46{511302-1309.

Enriguez A, Prieto E, De Los Rios E Ruiz & Estudio famacogndstico y
fitoquirmico del rizoma de Zingiber offidnale Roscoe “lengibre” de la
ciudad de Chanchamayo - Regidn Junin. Peri. Bev Mad Valleiana 2008,
S(1):50-64.

33, Woisky RGR Saatino A: Analysis of propolis: some parameters and

®

procedunes for chemical quality control. J Apic Res 1998 3709105,
Matos FlA- Introducio & Fitoquimica Experimental. Fortaleza: UFC, 3 2009,

138



Liberio et al. BMC Complementary and Alternative Medizine 2011, 11:108
hittp://www biomedcentral. com/1472-6882/11/108

Brazik Instracio Momativa n®3, de 19 de janeiro de 2001. Aprova os
regulamentos Técnicos de identidade e Qualidade de Aditoxina, Cera de
Abelha, Geléia Real, Geléia Real Lofilizada, Pélen Apicola, Prépolis e
Extrato de Propolis, conforme consta dos Anexos desta Instrugo
NarmativaFdited by: Ministério da Agricuttura PedA_ Brasilla DF: Didrio
Oficlal da Lnida; 2001:18.
Alencar SM Cldoni TL, Castro ML, Cabal 15, Costa-Meto CM, Cury IA,
Rosalen PL, legaki M Chemical compaosition and biological activity of a
new type of Brazilian propolis: red propolis. / Ehnophamacal 2007,
113(2)278-283.
Steinberg D, Kaine G Gedalia |- Antibacterial effect of propolis and honey
on oral bacteria. Am J Dent 1996, 36k236-239.
Koru O, Tolsoy F, Acikel CH, Tunca YM, Baysallar M, Uskuder Guclu A,
Akca E, Ozhok Tuylu A, Sorkwn K, Tanyuksel M, ef af In vitro antimicrobial
activity of propolis samples from different geographical origins against
cortain ol pathogens. Angerhe 2007, 13(3-45140-145
Loesche ‘W Role of Streptococaus mutans in human dental decay.
Microbiol Rev 1986, S0(4):353-380.
Marsh PDx Microbiologic aspects of dental plaque and dental cares. Denr
Chin North Am 1999, 43(4)599-614.
41 wvan Houte ) Role of micro-organkms in caries etiology. | Dent Res 1994,
73(3)672-681.
Duailibe 54, Goncabves AG shid F: Effect of a propolis extract on
Streptococcus mutans counts in vive, J Aped Oral S0 2007, 15(5)k420-423
Duarte %, Rosalen PL, Hayacibara MF, Cury JA, Bowen WH, Marquis RE,
Rehder VL, Sartoratto A, lkegaki M, Koo H: The influence of a novel
propolis on mutans streptococel siofilms and @ries development in
rats. Arch Qral Biof 2006, S1(1)15-22
Twetrnan 5 Antimicroblals in future carles control? A review with spedal
reference to chlothexidine treatment. Canss Res 2004, 3B(3)223-229.
Apkan A, Morgan R: Oral candidiasis. | Postgrad Med 2002 78:455-459,
Samaranayzke LP. Oral candidosis: an old disease in new guises. Dent
Lipdiare 1990, 17{1)36-38.
Freitas MO, Ponte FAF, Lima MAS, Shela ER: Flavonolds and Triterpenes
from the Nest of the Stingless Bee Trigona spinipes. J Bz Chem Soc
2008, 19(3}532-535.
Fatircioglu H, Mercan N: Antimicrabial activity and chemical compositions
of Turkish propolis from different regions. Afr J Biotechne! 2008,
51151-1153
Russo A, Longo R Manella Ac Antioidant activity of propolis: role of
caffeic acid phenethy| ester and galangin. Firorerapia 2002, 73(Suppl 1)k
521-29.
Cushnle TPT, Lamb Al: Antimicroblal activity of flavonolds. Int J Antimicrob
Agenrs 2005, 26(5)343-356.
51, Calleje A, Armentia A, Lombarderc M, Asensic T: Propolis, a new bee-
related allergen. Allergy 2001, 56(8:579.
Walgrave 5E Warshaw EM. Glesne LA Allergic contact dematitis from
propolis. Cermatitis 2005, 16:209- 215
Bhadauria M, Nirala 5K, Shukla 5 Multiple treatment of propolis extrad
ameliorates carbon tetrachlorde induced liver injury in ats. Food Chem
Towicol 2008, 462703-2712
Czen 5, Alvol O, Iraz M, Sogut § Cruguru F, Ozyurt H Odad E, Yildinin 7
Role of caffeic acld phenethyl ester, an active component of propols,
against cisalatin-induced nephrotoxicity in rats. | Agpl Todcal 2004,
24:27-35.
Almeida A5, Falelros A0G, Tebxelra DNS, Cota UA, Chica JEL: Reference
values for slood-based blochemical parameters in BALB'c and C57BL/6
wild-type mice. bmal Brasileing Paol Mad Lab 2008, 44(6)420-432
Amin A, Hamza At Hepatoproteciive effects of Hibiscus, Rosmarinus and
Salvia on azathioprine-induced todicity in rats. Life Soences 2005,
77-266-278.
Suja 5R, Latha PG, Pushpangandan P, Rajasekharan 5 Evaluation of
hepatoproedive effects of Helmnthostachys zeylanica (L) Hook against
carbon tet-achloride induced liver damage in Wistar rats. |
Ethnophamaco! 2004, 926166,
Pascual C, Gonzalez B, Tomicella R: Scavenging action of propolis extract
against oocvgen radicals. | Ethnophamacal 1994, M1:9-13
549, Wan YY, Flavell RAc The roles for cytokines in the generaion and
maintenance of regulatory T cells. Immunal Rev 2006, 212114130
. Khayyal MT, E-Ghazaly MA, B-¥hatb AS, Hatern AM, De Vries PIF, B+
Shafed 5, Krattab MM A clinical pharmacological study of the potential

37.

42,

43,

45,

47,

49,

57.

Page 10 of 10

benefidal effects of a propolis food prodiuct as an adjuvant in asthmatic
patients. Fund Clin Pharmacol 2003, 17:93-102

61, Orsatti CL, Missima F, Pagliarone AC, Bachiega TC, Bifalo MC, Aradjo JP Ir,
Sfordn IM: Propolis immunomeodulatory adion in vive on Toll-Like
receptors 2 and 4 expression and on pro-nflammatory cytokines
production in mice, Phytother Res 2010, 248)1141-1 146

a2, Orsl RO, Funar SR, Soares AMME, Calvi SA, Oliveira 5L, Sfordn IM,
Bankova V¢ Immunomodulatory action of propolis on macrophage
activation. J Venam Animiaging 2000, 62 2052149,

a3, Sfordn IM, Orsl RO, Bankowva V- Effect of propaolls, some lsolated
compounds and its source plant on antibody production. J
Ethnopharmacal 2005, 98(3):301-305

64, Ahn MR, Kumazawa 5, Hamasaka T, Bang KE, Nakayama T: Antioddant
activity and constitaents of propolis collected in various areas of Korea.
A Agnc Food Chem 2004, S2(24)7 286-7292

&%, Omolic N, Bagc b Antitumor, hematostimulative and radioprotectie
action of water-soluble derivative of propoelis (WSDP). Blomed
Pharmacother 2005, SH101561 -570.

Pre-publication history
The pre-publication history for this paper can be accessed hea:
e feeww biomedcentralcomy1 47 2-688 2/11/108/pre pub

dot10.1186/1472-6882-11-108

Cite this article as: Libenio o al- Antimicrobial activity against oral
pathogens and immuiomodulatory effects and toxicity of geoprosolis
produced by the stingless bee Melpona fasciculata Smith, BMC
Complementary and Allemat e Medicine 2011 11:108.

i ™

Submit your next manuscript to BioMed Central
and take full advantage of:

» Convanlant onling submisslon

* Thorough peer raview

* No space constralnts or color flgure charges

* Immediate publication on acceptance

* Induslon In Publed, CAS, Scopus and Google Scholar
* Research which s freely avallable for redistribution

Submit your manuscript at
wowew: biomedcentrzl.comfsubmit

() BioMed Cenral

139



ANEXOS E - Parecer do Comité de Etica em Pesquisa

‘E*—Eg’
UNIVERSIDADE ESTADUAL 1O AARANILAO
CENTRO DE CIENCIAS AGRARIAS
CURSO DE MEDICINA VETERINARIA
COMISSAO DE ETICA E EXPERIMENTAGAO ANIMAL - CEEA
DECISAO DA CEEA/CMV/UEMA
N° PARECER: 010/2007

N®PROTOCOLQO: 010/2007

PROJETO: Avaliagio do cfeito anti-inflamatdrio, anti alérpico, anti-tumaoral. anti-mictobiang e
1oxicoldgico do tratamento com geopropolis de Melipuna faxcicidata Smith (tinha) em camundonuns

AUTORES/EXECUTORES: Flavia Raquel Fermandes do Nascimento
COLABORADORES:

DATA REUNIAQ: 17/07/2007

( ) APROVADO

(x ) APROVADO COM RECOMENDACAQ

() COM PENDENCIA

( )REPROVADO

PARECER/RECOMENDACAQ:

O projeto foi aprovado, tendo em vista que atende nos principios Glicos e de bem estr pura
experimentagdo animal, Porém, recomenda-se como méndo de sacrilicio o uso de anestesico werl
(Thionembutal) de forma aprofundada (overdose) e ndo o uso du éter elilico.

DATA APROVACAQ: 17/07/2008 em ato ael referembim

ASSINATURA PRESIDENTE: Iﬁq (o s
ot Aol e

MV j UEMA [ 9357

Cidade Universitiria Paulo VI = Cuisa Postal 09 = Sdo Luis-MA, FONL: (983 3237-30760 FAX: (98) 32373076
L-mail: megiradoevidvahoocom br  C.G.C UG332.42 A0 TGN — Crignd nos termaos o et 3 300 da 3001251

140



