ly UNIVERSIDADE FEDERAL DO MARANHAO
‘_\OQ' PROGRAMA DE POS-GRADUACAO EM BIODIVERSIDADE E
o BIOTECNOLOGIA DA REDE BIONORTE

BIOPROSPECCAO ANTI-HELMINTICA DA GEOPROPOLIS DE Melipona
Jasciculata Smith EM TESTES IN VITRO COM OVOS E LARVAS DE Haemochus
contortus DE PEQUENOS RUMINANTES

MARISA CRISTINA ARANHA BATISTA

Sao Luis- MA
06/2016



MARISA CRISTINA ARANHA BATISTA

BIOPROSPECCAO ANTI-HELMINTICA DA GEOPROPOLIS DE Melipona
Jasciculata Smith EM TESTES IN VITRO COM OVOS E LARVAS DE Haemochus
contortus DE PEQUENOS RUMINANTES
Tese apresentada ao Curso de Doutorado do
Programa de Pds-Graduagdo em Biodiversidade e
Biotecnologia da Rede BIONORTE, na
Universidade Federal do Maranhao, como
requisito para a obten¢do do Titulo de Doutor em

Biotecnologia

Orientadora: Profa. Dra. Maria Nilce de Sousa
Ribeiro
Co-orientador: Prof. Dr. Livio Martins Costa

Junior

S3ao Luis - MA
06/2016



Ficha gerada por meio do SIGAA/Biblioteca com dados fornecidos pelo(a) autor(a).
Mucleo Integrado de Bibliotecas/UFMA

Batista, Marisa Cristina Aranha.

Bioprosgspeccdo anti-helmintica da geoprdpolis de
Melipona fasciculata Smith em testes in vitro com ovos e
larvas de Haemochus contortus de pequenos ruminantes /
Marisa Cristina Aranha Batista. - 2016.

149 f.

Coorientador(a) : Livio Martins Costa Junior.

Orientador(a): Maria Nilce de Sousa Ribeiro.

Tese (Doutorado) - Programa de P&s-graduacdo em Rede -
Rede de Riodiversidade e Biotecnologia da Zmazdnia
Legal /ccbs, Universidade Federal do Maranhio, SAOD LUIS,
2016.

1. Atividade anti-helmintica. 2. Atividade
antioxidante. 3. Composicdo guimica. 4. Compostos
fenélicos. 5. Geoprdpolis. I. Costa Junior, Livio
Martins. II. Ribeiro, Maria Nilce de Sousa. III. Titulo.




MARISA CRISTINA ARANHA BATISTA

BIOPROSPECCAO ANTI-HELMINTICA DA GEOPROPOLIS DE Melipona
fasciculata Smith EM TESTES IN VITRO COM OVOS E LARVAS DE Haemochus
contortus DE PEQUENOS RUMINANTES
Tese apresentada ao Curso de Doutorado do
Programa de Pés-Graduagdo em Biodiversidade e
Biotecnologia da Rede BIONORTE, na
Universidade Federal do Maranhdo, como
requisito para a obten¢do do Titulo de Doutor em
Biotecnologia
Orientadora: Profa. Dra. Maria Nilce de Sousa
Ribeiro
Co-orientador: Prof. Dr. Livio Martins Costa
Junior

Banca examinadora

Prof. Dra. Maria Nilce de Sousa Ribeiro

Presidente da banca

Prof. Dra. Denise Fernandes Coutinho Moraes

Examinador 2 — interno

Prof. Dr. Richard Pereira Dutra

Examinador 3 — interno

Prof. Dr. Raquel Maria Trindade Fernandes

Examinador 4 — interno

Prof. Dr. Lucindo José Quintans Junior

Examinador 5 — externo

Sao Luis / MA
06/2016



Dedico este trabalho a minha familia e
em especial a minha orientadora que
sempre me apoiou em todas as

decisoes.



AGRADECIMENTOS

A Deus, que me permitiu concluir este trabalho, mantendo-me com passos firmes
mesmo nos momentos em que o solo parecia movedig¢o debaixo dos pés.

Aos meus pais, Mirian Cristina Aranha Batista e Expedito Leite Batista Junior, pela
motivagdo e apoio dado durante toda minha vida em especial a esse momento de vitéria.

Aos meus irmaos Expedito Leite Batista Neto, Tereza Cristina Aranha Batista e
Raynara Helena Aranha Batista pelo carinho, atencao e auxilio dado durante minha vida.

Ao meu maior presente, bencdo de Deus que obtive neste doutorado, fonte de
inspiracao para finalizacdo do doutorado, meu filho amado Benjamin Noleto Batista Dias.

Ao meu companheiro Adriano Noleto Lira Dias pelo seu carinho e compreensao, pelos
momentos de auséncia e isolamento para desenvolver e escrever a tese.

Agradeco a toda a minha familia pelo incentivo e apoio! Muito obrigada!

A minha orientadora, Profa. Dra. Maria Nilce de Sousa Ribeiro, pela inestimdvel
orientagdo desde a minha graduacdo, se tornou uma segunda mae em minha vida. Seus
ensinamentos, conselhos e apoios foram fundamentais e imensurdveis ao longo dos anos de
estudo, pesquisa e vida. Saiba que admiro muito, meu eterno agradecimento!

Ao meu coorientador, Prof. Dr. Livio Martins Costa Junior pela oportunidade de
realizacdo do estudo anti-helmintico da geoprdpolis, por sempre ter me recebido com muito
carinho em seu Laboratério de Controle de Parasitos e suas inestimdveis orientacoes.

Aos meus queridos amigos do Laboratério de Farmacognosia, pelas conversas e
discussdes sobre temas relevantes para a pesquisa: Richard Dutra, Mayara Soares, Bruno
Abreu, Vanessa Silva, Josiane Barbosa, José Wilson Mesquita, Ludmilla Mesquita, Wilany
Esposito, Jessyca Wan Lume, Tallison Taylor, Andrea Jansen, Kleyton Veras. Nao ha
dinheiro que pague a amizade e carinho de cada um de voces.

Aos amigos do Laboratorio de Controle de Parasitos que me receberam super bem,
mesmo sabendo das minhas limitacdes, por conta da gravidez e em seguida filho pequeno, em
especial a Andreia Freitas, Aldilene Silva e Carol, meu muito obrigada!

Aos professores do curso de Medicina UFMA de Imperatriz pela compreensdo das
auséncias para realizacdo da pesquisa e desenvolvimento da tese.

As amizades construidas durante o doutorado, as quais levo para minha vida em
especial a todos da primeira turma de doutorado do Programa de Pds-Graduacdo em
Biodiversidade e Biotecnologia da Rede BIONORTE, turma 2012, que enfrentou todas a

dificuldades de uma primeira turma de um curso, mais que com mérito serd concluida.



\

A Coordenadora Profa. Dra. Patricia Maia Correia de Albuquerque, que com presteza
soube conduzir e manter com qualidade Programa de Pés-Graduacdo em Biodiversidade e
Biotecnologia da Rede BIONORTE.

Ao Conselho Nacional de Desenvolvimento Cientifico e Tecnolégico (CNPq), pela
bolsa de auxilio durante os dois primeiros anos de doutorado.

A Fundacdo de Amparo a Pesquisa e Desenvolvimento Cientifico do Maranhao
(FAPEMA) e ao Conselho Nacional de Desenvolvimento Cientifico e Tecnolégico (CNPq)

pelos auxilios financeiros para desenvolvimento da tese.



Vi

“Leve na sua memodria para o resto de
sua vida as coisas boas que surgiram no
meio das dificuldades. Elas serdo uma
prova de sua capacidade em vencer as
provas e lhe dardo confianca na presenca
divina, que nos auxilia em qualquer
situacdo, em qualquer tempo, diante de
qualquer obstaculo.

(Chico Xavier)



vii

RESUMO

Um dos principais entraves ao crescimento da caprinovinocultura sdo as parasitoses
gastrintestinais, que representam o maior € mais grave problema sanitdrio, chegando a
inviabilizar economicamente a criacdo, em fun¢do da resisténcia dos parasitos aos farmacos
anti-helminticos. Os produtos naturais, especialmente a geoprépolis produzida por abelhas
sem ferrdo do género Melipona, com destaque para Melipona fasciculata Smith (titiba) surge
como uma alternativa para tratamento dessas enfermidades. Dados na literatura sobre
atividade anti-helmintica com a geoprdpolis sdo escassos, desta forma, objetivamos avaliar a
composi¢do quimica da geoprdpolis de diferentes regides fitogeograficas, atividade
antioxidante e atividade anti-helmintica em caprinos e ovinos, visando a obtencdo de um
produto anti-helmintico. As amostras de geoprépolis foram coletadas nos municipios de
Palmeirandia e Fernando Falcdo, MA e submetidas a extracdo para obtencdo dos extratos
hidroalcodlicos da geoprdpolis. Dos extratos obtidos das geoprépolis oriundas dos municipios
de Palmeirandia e Fernando Falcao, MA, foram determinados os teores de fendlicos totais
pelo reagente de Folin—Ciocalteu, e atividade antioxidante utilizando o ensaio in vitro com o
2,2-difenil-1-picrilhidrazil (DPPH) e capacidade redutora do ferro (FRAP). Os extratos foram
derivatizados e analizados por cromatografia gasosa acoplada a espectrometro de massas
(CG/EM), para identificag@o dos constituintes quimicos. As amostras da geoprépolis oriundas
das diferentes regides fitogeograficas apresentaram variacOes no teor de fendlicos totais
(126,60 — 847,50 mgEAG/g), atividade antioxidante para DPPH (ICsy 4,24 - 44,44 ng/mL) e
FRAP (1,29 — 18,42 mmol Fe'/g) no entanto, as geoprépolis de Fernando Falcio,
apresentaram melhores teores. Nas geopropolis do municipio de Palmeirdndia foram
identificados, triterpenos do tipo cicloartano, ursano e oleanano e 4cidos fendlicos (acido
protocatecuico e acido gélico), enquanto que na geopropolis de Fernando Falcdo, 4cidos
fendlicos, 4cido gdlico e eldgico foram os principais constituintes. Além da identificacdo
quimica os extratos foram submetidos a teste anti-helminticos in vitro de desembainhamento
larvar com Haemonchus contortus, apresentando atividade apenas o extrato oriundo do
municipio de Fernando Falcao, sendo obtido um bioproduto (patente depositada) que quando
testado nas mesmas condi¢des também apresenta acdo anti-helmintica. Essa mesma amostra
oriunda do municipio de Fernando Falc@o foi submetida a uma nova extragdo para obtencao
de um maior rendimento, fracionada por biomonitoramento, por parti¢ao liquido/liquido com
solventes de diferentes polaridades, obtendo-se fracdes: hexanica (HFG), cloroférmica (CFG),
acetato de etila (EAFG) e hidroalcodlica (HAFG). O extrato e fragdes foram avaliados com

testes anti-helminticos in vitro de desembainhamento larvar e inibicdo da eclodibilidade de
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ovos de Haemonchus contortus. Novas analises espectrofotométricas foram realizadas a para
determinacao dos teores polifenois totais, atividade antioxidante in vitro com DPPH e FRAP e
perfil cromatogrifico por cromatografia liquida de alta eficiéncia acoplada a detector de
ultravioleta (CLAE/UV) e a identificagdo dos componentes quimicos das fracdes ativas foi
realizada por cromatografia liquida de alta eficiéncia acoplada a espectrometro de massas
(CLAE/EM). Para o teste de eclodibilidade de ovos a CEsg variou de 2,01 — 3,73 mg/mL, para
extrato e fracdes sendo a fracdo mais ativa EAFG com CEsy 2,01 mg/mL, e o teste de
desembainhamento larvar variou com CEsg de 0,12 — 0,55 mg/mL, a fracdo mais ativa HAFG
com CEsp 0,12 mg/mL. O extrato e fracdes apresentaram altos teores de polifendis totais
(64,50-650,19 mgEAG/g) e atividade antioxidante para DPPH (ICsp 6,50 — 29,80 pg/mL) e
FRAP (6,91 -17,19 mM Fe2"/g). A fragdo hexanica apresentou baixo rendimento desta forma
ndo foi submetida a testes anti-helminticos, ndo apresentou a¢cdo antioxidante e apresentou as
menores concentragdes de polifendis. Nas fracOes ativas foram identificados dcido fendlicos
(4cido elagico e derivados, brevifolin e acido caftarico), taninos hidrolisdveis (galotaninos e
elagitaninos). A atividade anti-helmintica da geopropolis de Melipona fasciculata (titba)
provavelmente estd relacionada com a atividade antioxidante e a presenca de compostos
fendlicos principalmente 4cidos fendlicos e taninos hidrolisdveis, além disso, as fontes
vegetais utilizadas pelas abelhas para a producdo da geopropolis contribuem para a

composi¢do quimica e bioatividade deste produto.

Palavras chaves: geoprépolis; composicao quimica, atividade antioxidante, atividade anti-

helmintico; compostos fendlicos.



ABSTRACT

One of the main barriers to creation of goats and sheep are gastrointestinal parasites, which
represent the largest and most serious health problem, reaching economically derail the
creation, due to the resistance of parasites to anthelmintic drugs. Natural products, especially
geopropolis produced by stingless bees of the genus Melipona, especially Melipona
fasciculata Smith (titiba) is an alternative for treatment of these diseases. Data in the literature
on anthelmintic activity with geopropolis are scarce in this way, we aimed to evaluate the
chemical composition of geopropolis of different phytogeographical regions, antioxidant
activity and anthelmintic activity in sheep and goats, in order to obtain an anthelmintic
product. The samples of geopropolis were collected in the municipalities of Palmeirandia and
Fernando Faldao, MA and subjected to extraction to obtain the hydroalcoholic extracts of
geopropolis. Geopropolis extracts obtained from the municipalities of Palmeirandia and
Fernando Falcdo, MA, were determined the total phenolic content by the Folin-Ciocalteu and
antioxidant activity using the in vitro assay with 2,2-diphenyl-1-picrylhydrazyl (DPPH) and
ferric reducing antioxidant power (FRAP). Extracts were derivatized and analyzed by gas
chromatography-mass spectrometer (GC/MS) to identify the chemical constituents. Samples
of geopropolis of different phytogeographical regions showed variations in the total phenolic
content (126.60 — 847.50 mgGAE/g), and antioxidant activity antioxidante for DPPH (ICsy
4.24 — 44.44 ng/mL) and FRAP (1.29 — 18.42 mmol Fe'/g), the geopropolis from Fernando
Falcao, showed better levels. On geopropolis from municipality of Palmeirandia were
identified triterpenes cicloartane type, ursane and oleanane and phenolic acids (gallic acid and
protocatechuic acid), whereas in geopropolis from Fernando Falcdo, phenolic acids, gallic
acid and ellagic were the main constituents. Besides the chemical identification extracts were
subjected to anthelmintics in vitro larval exsheathment inhibition assay with Haemonchus
contortus, with activity only the extract originating from the municipality of Fernando Falcao,
and gotten a bioproduct (patent filed) when tested under the same conditions also presents
action anthelmintic. This same sample from municipality of Fernando Falcao was subjected to
a new extraction to obtain a higher yield, fractioned and, biomonitoring by liquid/liquid
partition with solvents of different polarities, yielding fractions: hexane (HFG), chloroform
(CFG), ethyl acetate (EAFG) and hydroalcoholic (HAFG). The extract and fractions were
evaluated with anthelmintics in vitro assays larval exsheathment inhibition and egg hatch of
Haemonchus contortus. New spectrophotometric analyzes were conducted to determine the
polyphenol contents, in vitro antioxidant activity on DPPH and FRAP and chromatographic

profile by high-performance liquid chromatography coupled with UV detector (HPLC/UV)



and 1dentification of the chemical components of the active fractions was performed by high-
performance liquid chromatography coupled to mass spectrometry (HPLC/MS). For the egg
hatch test ECsoq ranged from 2.01 to 3.73 mg/ml to extract and fractions being the most
active fraction EAFG with ECsy 2.01 mg/ml, and exsheathment larval varied with ECs 0.12 -
0.55 mg/ml, most active fraction HAFG ECsj 0.12 mg/ml. The extract and fractions showed
high levels of polyphenols (64.50 - 650.19 mgGAE/g) and antioxidant activity (ICsp 6.50 —
29.80 ug/mL) and FRAP (6.91 -17.19 mM Fe2"/g). The hexane fraction had low income in
this way was not subject to anthelmintics tests did not show antioxidant and had the lowest
concentrations of polyphenols. The active fractions were identified phenolic acid (ellagic acid
and derivatives, and brevifolin carboxilate, caftaric acid), hydrolyzable tannins (gallotannins
and ellagitannins). The anthelmintic activity of geopropolis of Melipona fasciculata (tiiba) is
probably related to the antioxidant activity and the presence of phenolic compounds mainly
phenolic acids and hydrolyzable tannins, also plant sources used by bees to produce the

geopropolis contribute to the composition chemical and bioactivity of the product.

Keywords: geopropolis; chemical composition, antioxidant activity, anthelmintic activity;

phenolic compounds
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1. INTRODUCAO

O Brasil € um pais com area de dimensdes continentais, dotado de caracteristicas
edafocliméticas apropriadas para a criacdo de caprinos e ovinos, com um efetivo de 9,4 e 17,6
milhdes de cabecgas respectivamente que sdo utilizados para a caprinovinocultura leiteira e
producdo de carne (IBGE, 2013; SEBRAE, 2012).

A caprinovinocultura é uma das atividades mais frequentes no semidrido
nordestino brasileiro, devido a capacidade de resisténcia destes animais a condi¢des adversas,
que concentra o maior rebanho, com 94% dos caprinos e 57% de ovinos do total nacional,
sendo utilizados por pequenos produtores rurais como uma fonte de nutricdo e renda,
tornando a caprinovinocultura uma atividade importante do ponto de vista socioecondmico.
(CASTAGNARA, et al., 2007; SEBRAE, 2012; IBGE, 2013). No entanto, um dos principais
entraves ao crescimento deste segmento sao as parasitoses gastrintestinais, que representam o
maior e mais grave problema sanitdrio que acomete os pequenos ruminantes chegando a
inviabilizar economicamente a criacdo, ocasionando desde a diminui¢do do consumo de
alimentos, m4 digestdo e absorc¢io de nutrientes, reducao no ganho de peso, anemia, diarreia e
morte dependendo da intensidade da infeccao (VIEIRA, 2008).

O parasitismo por nematoides gastrintestinais ¢ uma das maiores causas da
mortalidade de pequenos ruminantes; em dreas tropicais o numero de animais infectados
alcanga mais de 95%, principalmente jovens e fémeas em periodo peri-parturiente ou em
lactacdo, sofrendo uma perda de peso de 6-12 kg por animal/ano, resultando em mortalidade
acima de 40%, causando impactos nos sistemas de producdo, elevando os custos de controle
(KNOX, et al., 2006; COSTA, et al., 2011).

Dentre os parasitas que afetam caprinos e ovinos € que ocasionam grandes
prejuizos ao rebanho estd Haemonchus contortus, que € considerado o parasito de maior
importancia epidemioldgica pela sua alta prolificidade e resisténcia a anti-helminticos. Os
animais infectados tonam-se anémicos, hipo-proteinemicos e baixo ganho de peso (IDRIS, et
al., 2012).

O controle das parasitoses gastrintestinais € feito basicamente com a utilizacao de
farmacos anti-helminticos, que geralmente ocasionam em resisténcia dos parasitas aos
principios ativos, devido ao uso intensivo destes farmacos, subdoses, diagndsticos incorretos e
falta de rotatividade de bases farmacoldgicas (LIMA, et al., 2010; MAVROT, et al., 2015).

A vulnerabilidade destes produtos diante da capacidade de sobrevivéncia dos
parasitas faz com que eles tenham tempo de uso pré-determinado, além disso, a existéncia de

residuos na carne e no leite e a ecotoxicidade de alguns compostos representam preocupagao
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crescente, além do elevado custo econdmico do tratamento anti-helmintico, apontam para a
necessidade de pesquisas para contornar essa situacdo e baratear custos de producao
(CASTAGNARA, et al., 2007).

Considerando os problemas de resisténcia parasitaria e de residuos nos alimentos,
a busca por novas alternativas para o controle dos parasitas se faz necessaria e nos ultimos
anos tem sido observado um crescente interesse pelas praticas etnomédicas e etnoveterinarias,
especialmente aquelas relacionadas ao uso de produtos naturais no tratamento de doencgas
(BIZIMENYERA, et al., 2006; SPRENGER, et al., 2015).

Assim, o uso de produtos naturais, como plantas medicinais ou produtos
derivados de abelhas, propolis e a geopropolis podem ser ferramentas na reducdo desses
problemas, possibilitando também prolongar a vida util dos produtos quimicos comerciais
utilizados no controle de parasitas. O desenvolvimento de novos anti-helminticos tem sido um
processo lento e caro para a industria farmacéutica (CHAGAS, et al., 2008).

Para formar a propolis, as abelhas coletam resina de diferentes partes da planta e
adicionam secre¢des mandibulares e cera formando uma goma resinosa e balsimica de
estrutura complexa contendo aproximadamente 50 a 55% de resinas e balsamos, 30% de cera,
10% de 6leos volateis, 5% de pdlen e 5% de outras substancias, podendo variar de acordo
com a flora da regido e espécie de abelha (CUNHA, et al., 2004). No entanto, para formar a
geopropolis, elém desses produtos, as abelhas adicionam terra (KERR, 1987).

A geopropolis (Figura 1B) € produzida por abelhas sociais e com ferrdo atrofiado,
do género Melipona, chamadas de meliponineos, que ocupam regides de clima tropical no
planeta, especialmente na América do Sul, responsaveis por 90% da polinizacdo de vegetais
nativos. No estado do Maranhdo, Brasil, destaca-se a espécie de abelha sem ferrdo, Melipona

~ 0

fasciculata Smith (Figura 1A), conhecida como “tiiba” ou “tiiba do Maranhdo” cultivada ha
séculos pela populagdo indigena e também pela populacdo rural do interior do Estado para
producdo e comercializacdo de mel, além disso, acumula pélen (KERR, 1987).

Tanto a geoprdpolis como a prépolis sdo utilizadas pelas abelhas para protegé-las
contra invasdo de insetos e microrganismos, restringindo a entrada, recobrindo a parede da

colmeia, refor¢cando os favos, preenchendo fissuras e embalsamando animais (MARCUCCI,

1996, BEZERRA, et al., 2015).
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Figura 1. Melipona fasciculata Smith (tiiba) e geoprépolis. A: Abelha tidba visita a flor de Bixa orellana L. B:
Tipos de geoprépolis produzidas por Melipona fasciculata Smith (titba) no estado do Maranhdo. Fonte: Adriana

Martins, 2008 e Dutra, 2012.

As pesquisas com propolis tém se concentrado nas abelhas com ferrdo e
africanizadas, especialmente Apis mellifera, possuindo atividades: antimicrobiana (SILVA et
al., 2006; SAEKI, et al.,, 2011; BANKOVA, et al., 2014); antioxidante, antiinflamatoria,
antiulcerogénica (REIS, et al, 2000; BORRELLI, et al, 2002; RIGH, et al., 2011);
imunomoduladora, hipotensiva, cicatrizante, anestésica, antitumoral, hipoglicemiante e
antialergica (ORSOLIC & BASIC, 2005; SFORCIN, et al., 2011; SHRUTHI & SUMA,
2012) efeito coccidiostatico (MOURA, et al., 1998), leishmanicida (AYRES, et al., 2007;
MACHADQO, et al., 2007; SILVA, et al., 2015) e propriedade anti-helmintica (PRINCIPAL,
et al., 2002; ARAUJO, et al., 2006; CASTAGNARA, et al., 2007; LOUREIRO, et al., 2007;
KRYCHAK-FURTADO, 2011; HEINZEN, et al., 2012).

Dados na literatura sobre a geoprdpolis relatam atividades bioldgicas como
antimicrobiana (VELIKOVA, et al., 2000 a,b; DUAILIBE, et al., 2007; LIBERIO, 2010;
LIBERIO, et al., 2011; CUNHA, et al., 2013); antiproliferativa, citotoxica (CANTANHEDE,
et al., 2007, CUNHA, 2013; DA CUNHA, et al., 2016); antitumoral (ASSUNCAO, 2011;
CUNHA, 2013; CINEGAGLIA, et al., 2013) e antioxidante (BATISTA, 2011; SILVA, et al.,
2013; SOUZA, et al.,, 2013; DUTRA, et al., 2014), leishmanicida (DUTRA, 2012),
antiinflamatoéria (FRANCHIN, et al., 2012, 2013), imunomodulatoria (ARAfJJ O, et al., 2015)
e popriedades gastroprotetoras (RIBEIRO-JUNIOR, et al., 2015). Ressalta-se que a literatura
ndo registra acao anti-helmintica da geopropolis.

As atividades bioldgicas podem estar relacionadas com a composi¢ao quimica da
geopropolis, dados relatam a presenca de compostos polifendlicos: dcidos fendlicos (ABREU,
et al., 2006; CUNHA, et al., 2009; BATISTA, 2011; DUTRA, et al., 2011; CUNHA, 2013)
taninos (DUTRA, et al., 2014), flavonoides (SILVA, et al., 2013; SOUZA, et al., 2013),
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benzofenonas preniladas (TOMAS-BARBERAN, et al., 1993); cumarinas e benzofenonas
(DA CUNHA, et al., 2016), além de terpenos: monoterpenos, sesquiterpenos, diterpenos e
triterpenos, dcidos graxos, esteroides e saponinas (BANKOVA & POPOVA, 2007; DUTRA,
et al., 2008; ARAUJO, et al., 2015).

Apesar do amplo estudo sobre a composicao quimica da prépolis ou geopropolis,
€ importante ressaltar que esses produtos variam de acordo com flora visitada pelas abelhas, a
regido e a época da coleta, por isso a importancia do conhecimento da origem botanica da
geopropolis (BANKOVA, 2009).

Kerr et al. (1986, 1987) publicaram uma listagem preliminar das espécies vegetais
utilizadas como fontes de pdlen e néctar por M. fasciculata em municipios do estado do
Maranhdo, enquanto que Martins et al. (2011) analisaram o espectro polinico do mel da titba
e Ribeiro et al. (2013, 2016) analisaram o espectro polinico da geoprépolis de tiiba de
diferentes regides fitogeogréficas do estado do Maranhao.

Nesse contexto, estudos quimicos e biolégicos sdo importantes para demonstrar a
eficacia desde produto natural promissor, neste trabalho avaliou-se a atividade anti-helmintica
da geopropolis de M. fasciculata do estado do Maranhao, Brasil, pois o uso descontrolado de
farmacos anti-helminticos vem ocasionando um aumento da resisténcia dos helmintos aos

farmacos.

2. REVISAO DE LITERATURA

2.1 Geopropolis de abelhas do género Melipona

As abelhas pertencem a ordem dos Himenopteros, reunidas na superfamilia
Apoidea; as que possuem hébitos sociais mais avancados constituem a familia Apidae que
estd subdividida em quatro subfamilias: Andreninae, Apinae, Colletinae, Halictinae,
Megachilinae (CAMARGO & PEDRO, 2013).

A subfamilia Apinae possui 20 tribos dentre estas a tribo Meliponini que é
constituida por abelhas que possuem ferrao atrofiado, conhecidas como meliponineos ou
abelhas sem ferrao que ocupam grande parte das regides de clima tropical do planeta, algumas
regides de clima temperado e subtropical, apresentando 33 géneros dentre estes o género
Melipona, distribuido em quatro subgéneros: Melipona (Melipona) 1lliger, 1806; Melipona
(Michmelia) Moure, 1975; Melipona (Melikerria) Moure, 1992; Melipona (Eomelipona)

Moure, 1992, os quais foram baseados totalmente em caracteres morfoldgicos e refletem as
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relagdes de similaridade e afinidade entre as espécies do género Melipona (CAMARGO;
PEDRO, 2013).

Constituem um grupo ecologicamente importante, pois atuam na manuten¢do da
diversidade das plantas nativas e cultivadas, como efetivos polinizadores, no entanto, estas
espécies vém sendo dizimadas hd muitos anos, através da destrui¢ao da flora nativa, reducdo
do substrato de nidificag@o, coleta predatéria de ninhos e introducdo de espécies exdticas
(NOGUEIRA NETO, 1997; SILVEIRA, et al., 2002; VELTHUIS, et al., 2003).

Nas ultimas décadas, estudos cientificos t€ém sido intensificados com produtos de
abelhas sem ferrdo, principalmente em paises da América do Sul, regides onde estas espécies
predominam, dentre estes produtos destaca-se a geopropolis produzida por abelhas do género
Melipona.

A geopropolis ou batume sdo nomes genéricos designados para a mistura de
material resinoso de plantas, misturado com cera, secrecoes salivares e terra. Ressalta-se ainda
que, o comportamento de coletar terra para produzir a geopropolis € caracteristico de espécies
do género Melipona, outras espécies de meliponineos produzem somente propolis
(NOGUEIRA NETO, 1997; CASTALDO & CAPASSO, 2002).

As abelhas utilizam a geopropolis como material asséptico na colmeia, para fechar
pequenas frestas, na defesa contra invasores e vedar entradas de ventilacio excessiva. E
utilizada na constru¢do da entrada das colOnias e das paredes divisdrias do ninho, ou para
refor¢o das paredes naturais do ninho (NOGUEIRA-NETO, 1997; SOUZA, et al., 2009).

Apesar dessas espécies produzirem a geopropolis, alguns trabalhos cientificos sao
publicados com o termo prépolis o que pode dificultar o entendimento dos dados, no entanto

utilizou-se apenas a palavra geopropolis neste trabalho.

2.2 Composicio quimica da geoproépolis de espécies do género Melipona

Os primeiros relatos sobre a composi¢cao quimica da geopropolis sdo descritos por
Greenaway et al. (1990) que analisaram geopropolis de Melipona sp. do Equador,
demonstrando presenca de dcidos fendlicos, entre eles o 4cido 3,5-dihidroxibenzdico,
diferentemente da prépolis de abelhas Apis mellifera da Europa e da América do Norte, rica
em flavonoides.

As espécies de Melipona citadas neste trabalho sdo descritas conforme os
trabalhos cientificos e foram reclassificadas segundo o catdlogo de abelhas Moure, com os
novos nomes cientificos das espécies descritos entre parenteses, seguidos dos nomes

cientificos anteriores (CAMARGO & PEDRO, 2013).
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Tomas-Barberan et al. (1993), analisando amostras de geoprdpolis de Melipona
compressipes (Melipona (Melikerria) compressipes Fabricius), Melipona favosa (Melipona
(Melipona) favosa Fabricius), 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 cinquenta compostos, por
cromatografia gasosa acoplada a espectrometria de massas (CG/EM), principalmente
compostos fendlicos e triterpenos como as benzofenonas, acidos fenolicos, pinobaksina e 3-
amirina, na geopropolis de espécies de Melipona compressipes, Melipona quadrifasciata
(Melipona (Melipona) quadrifasciata Lepeletier).

Kujumgiev et al. (1999) compararam amostras de propolis e geopropolis de
abelhas sem ferrdo (M. compressipes e M. quadrifasciata) dos estados do Piaui e Parana,
Brasil com prépolis de A. mellifera, dos estados de Sdo Paulo, Parand e Ceard, Brasil e
observaram a predominincia de compostos aromaticos e terpeno em produtos de abelhas sem
ferrdo.

Presenca de compostos fendlicos e terpenos também foram verificados por
Velikova et al. (2000 a), através da andlise por CG/EM em amostras de geoprdpolis de M.
quadrifasciata, M. favosa, Melipona scutelaris (Melipona (Michmelia) scutellaris Lepeletier),
Melipona marginata (Melipona (Eomelipona) marginata Lepeletier) com predominancia de
derivados do 4cido gélico, acido diterpénico (acido caurenoico) e triterpeno (B-amirina), além
de agucares.

Em estudo posterior, Velikova et al. (2000 b) também isolaram &4cidos
diterpénicos (dcido caurendico e seus derivados) em geoprdpolis da abelha sem ferrdo M.
quadrifasciata do estado do Parand, Brasil.

Compostos volateis foram identificados por CG/EM, em geoprépolis da abelha
sem ferrdo, Melipona becheii (Melipona (Melikerria) beecheii Bennett) do México (PINO, et
al., 2006; TORRES-GONZALEZ, et al., 2016).

Visando tipificar o padrdo de composi¢ao quimica de amostras de geoprdpolis de
M. quadrifasciata, M. scutellaris e M. favosa e amostras de prépolis de outras espécies de
meliponineos de diferentes regides do Brasil, bem como a fonte vegetal usada pelas abelhas,
Sawaya et al. (2007) observaram que a espécie vegetal Schinus terebenthifolius é a fonte
botanica mais utilizada pelas abelhas sem ferrao.

A geopropolis produzida por Melipona fasciculata (Melipona (Melikerria)
fasciculata Smith) em diferentes localidades do estado do Maranhdo, tem sido objeto de

estudo nos dltimos anos, por pesquisadores da Universidade Federal do Maranhdo, com o
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objetivo de identificar suas caracteristicas fisicas, fisico-quimicas, quimicas e agdes
bioldgicas. Os resultados demonstram presenca de compostos fendlicos como flavonoides,
além de triterpenos, e estudos tem identificado dcidos fendlicos do tipo dcido gélico e taninos
hidrolisaveis e em andlises por CG/EM observaram a presenca de actcares, triterpenos, acido
anacdrdico e alquilresorcinois (ABREU, et al., 2006; DUTRA, et al., 2008; CUNHA, et al.,
2009; DUTRA, et al., 2014 ARAUJO, et al., 2015).

Teores de flavonoides foram verificados em geoprépolis de M. quadrifasciata, M.
compressipes e propolis de outras espécies de abelhas sem ferrdo oriundas do Brasil e
Venezuela (MANRIQUE & SANTANA, 2008).

Franchin et al. (2012) observaram altos teores de polifendis em amostra de
geopropolis de M. scutellaris oriundas da Bahia e auséncia de flavonoides, da mesma forma
Cunha et al. (2013), em amostras de geopropolis da mesma espécie de abelha e da mesma
regido, sugerem por CG/EM a presenca de compostos das classes das benzofenonas e Da
Cunha et al. (2016) identificaram ésteres de acido cindmico, cumarinas e benzofenonas.

Compostos fendlicos foram identificados por CLAE em amostras de geoprdpolis
de M. scutellaris e M. fasciculata (ARAIjJ O, et al., 2016).

Souza et al. (2013, 2014) identificaram por cromatografia liquida de alta
eficiéncia acoplada a espectrometro de massas (CLAE/EM) e cromatografia liquida de alta
eficiéncia com detector “photodiodearray” (CLAE/DAD) em amostras de geoprépolis de
Melipona subnitida (Melipona (Melipona) subnitida Ducke) da Paraiba, fenilpropanoides e
flavonoides, enquanto que De Sousa et al. (2015) observaram que em amostras provenientes
do Rio Grande do Norte, apresentam altos teores de polifendis e na prospeccio fitoquimica
presenca de taninos hidrolisaveis, flavonoides das classes das flavonas e flavonoéis, xantonas e
triterpenos pentaciclicos livres.

Silva et al. (2013) isolaram e identificaram por Ressonancia Magnética Nuclear
(RMN) alguns tipos de flavonoides de geoprdépolis de Melipona interrupita (Melipona
(Melikerria) interrupta Latreille) e Melipona seminigra (Melipona (Michmelia) seminigra
Friese) da regido amazonica.

Campos et al. (2014) identificaram por CG/EM, 4cidos aromadticos, compostos
fendlicos, alcodis, terpenos e acticares em amostras de geoprépolis de Melipona orbignyi
(Melipona (Melipona) orbignyi Guérin) oriundas do Mato Grosso do Sul.

Cardozo et al. (2015) observaram que a espécie de abelha e a época de coleta, bem
como a interacao entre esses fatores, influenciam a concentracdo de compostos bioativos. As

geopropolis de M. quadrifasciata e M. marginata independentemente da espécie de abelha ou
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a época de coleta, apresentaram como principais constituintes dcidos terpénicos e/ou di-
hidrocanferida.

Na tabela 1, estdo descritos classes de compostos e 0s constituintes quimicos
identificados nas geopropolis de espécies do género Melipona por diferentes tipos de

metodologias analiticas.



Tabela 1. Dados da literatura sobre a composi¢ao quimica da geopropolis de espécies do género Melipona

23

Espécies de abelhas* Local de  Classe de Método Referéncias
Compostos quimicos
origem compostos analitico
Melipona sp. Equador Fenélicos 3,5-Dihidroxibenzéico CG/EM Greenway, et
al., 1990
M. (Melipona) favosa (Fabricius, 1798) Brasil / Fenélicos Benzofenonas preniladas CLAE/EM; Tomés-
Venezuela Terpenos Acidos diterpénicos, alcool CG/EM Barberan, et
triterp€nico al., 1993;
Velikova, et
al., 2000 a.
M. (Melikerria) compressipes (Fabricius, 1804) Venezuela Fenélicos Benzofenonas preniladas, CLAE/EM Tomés-
flavonoides Barberan, et
al., 1993;
Manrique &
Santana,
2008.
M. (Melikerria) fasciculata (Smith, 1854) Brasil Terpenos a-Pineno, nerolidol, espatulenol, z- CG/EM; Bankova, et
murolol, acido dehidroabiético, CLAE/EM; al., 1998;
acido diterpénico, acido 1999;
diterpénico, friedooleanona-3-ona, Kujumgiev, et
lupeol, f-amirina, a-amirna, f- al.,1999;
amirenona e q-amirenona Abreu, et al.,
Fenolicos Acido galico, 4cido p- 2006; Dutra,

hidroxibenzoéico, dcido cindmico,

et al., 2008;
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acido cis-p-cumarico, acido trans-p-
cumadrico, metil p-cumarato,
hidroquinona, etilfenol,
pinobanksina,
dihidroximetoxiflavonona, 3-(2-
OH-fenil)-propanolol, 3-(4-OH-
fenil)-propanolol, 1-feniletanol-2-
feniletanol, alcool benzilico,
benzaldeido, cumarona, OH-
acetofenona, acido galico, acido
hexahidroxidifenico-galoilglicose,
acido hexahidroxidifenico-glicose,
acido dihexahidroxidifenico-
glicose, trigaloilglicose, dcido
hexahidroxidifenico-digaloilglicose,
acido valoneico dilactona, acido
hexahidroxidifenico-
trisgaloilglicose, acido
hexahidroxidifenico-
trigaloilglicose, dcido elagico,
flavonoides, acido anacardico,
alquilresorcinol,

heptadecilresorcinol,

Cunha, et al.,
2009;
Libério, et al.,
2011; Dutra,
et al., 2014;
Aragjo, et al.,
2015; Araujo,
et al., 2016.
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Acidos graxos

Hidrocarbonetos

Acido inorganico

nonadecilresorcinol,
pentadecilresorcinol, catequina,
galocatequina, heperidina.

Acido miristico, 4cido palmitico,
acido palmitoléico, dcido estedrico,
acido oléico, 4cido capréico
Hidrocarbonetos com cadeia de C8-
C25, alquibenzenos,
alquilnaftalenos

Acido fosférico

Acicares Glicose, pentose, dissacarideos

M. (Melipona) quadrifasciata (Lepeletier, 1836) Brasil Terpenos Terpineno-4-ol, p-menta-1,4-dien-  CG/EM Bankova, et
8-ol, trans-carveol, carvona, p- al., 1998;
cimeno, p-cimeno-8-ol, p-cimeno- 1999;
7-o0l, timol, sabineno, f-tujona, Velikova, et
umbellulona, 2-careno, car-3-em-2- al., 2000 a,b;
ona, a-pineno, S-pineno, trans- Manrique &
pinocarveol, verbenol, verbenona, Santana,
aldeido a-canfoleno, f-burboneno, 2008;
aromadendreno, espatulenol, 6xido Cardozo, et
de cariofileno, acido ent-kaur-16- al., 2015.

em-19-oico, 4dcido ent-154-(3-

metilbutanoiloxi-16-kauren-19-
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Acidos graxos

Fenolicos

Acicar

oico, 4cido ent-15-$-hidroxi-16-
kauren-19-oico, dcidos diterpénicos,
acidos E/Z comunico, acido
agatdlico, 4cido cupréssico, acido
icocupréssico, dcido 15-acetoxi-
isocupréssico

Acido laurico, acido miristico,
acido palmitico, dcido palmitoléico,
acido margarinico, dcido estedrico,
acido oleico, 4cido pentadecandico,
acido isovalerinico.

Acido benzéico, acido vanilico,
acido cinamico, acido
dihidroferilico, acido caféico,
alcool p-cumédrico, p-cresol,
benzaldeido, 4-isopropilideno
benzaldeido, vanilina,
coniferilaldeido, cumarona,
flavonoides, vanilina, dcido p-
cumarico, 3-hidroxi-4-metoxi-
cinamaldeido, canerol, canferida,
di-hidrocanferida

Pentose
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Hidrocarbonetos

C8-C25, alquibenzenos,

alquilnaftalenos

M. (Eomelipona) marginata (Lepeletier, 1836)

Brasil

Fenolicos

Terpeno

Acido benzoico, acido cinAmico, CG/EM
vanilina, dcido p-cumarico, 3-
hidroxi-4-metéxi-cinamaldeido,

acido caféico, canerol, canferida, di-
hidrocanferida

Acidos E/Z comunico, 4cido

agatdlico, 4cido cupréssico, acido
icocupréssico, dcido 15-acetoxi-

1socupréssico

Velikova, et
al., 2000 a;
Cardozo, et

al., 2015.

M. (Michmelia) scutellaris (Latreille, 1811)

Brasil

Fenolicos

Acido benzoico, dcido cinAmico, CG/EM
benzofenonas preniladas, dcido

elagico, 4cido gélico, catequina,
galocatequina, heperidina, canferol,

morina, rutina, 5,7-dihidroxi-6-
(3-metil-2-butenil)- 8-(4-cinamoil-
3-metil-1-oxobutil)- 4-propil-

coumarina, 5,7-dihidroxi-6-(4-
cinamoil-3-methil-1-oxobutil)-4-
fenilcoumarina, mammeigina,

hidroximammeigina,

Velikova, et
al., 2000 a;
Franchin, et
al., 2012;
Cunha, et al.,
2013; Aradjo,
et al., 2016;
Da Cunha, et
al., 2016.
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mammeisina, cinamoiloxi-
mammeisina, mammeina,
benzofenona prenilada, ent-

nemorosone.

M. (Melikerria) beecheii (Bennett, 1831)

México

Terpenos

3,5,5-trimetil-2-ciclopenten-1-ona, = CG/EM
santolina trieno, tricicleno, a-
tujeno, a-pineno, canfeno, tuja-
2,4(10)-dieno, S-pineno, 6-metil-5-
hepteno-2-ona, mirceno, a-
felandreno, 0-3-careno, p-menta-1-
eno, limoneno, 1,8-cineol, m-
cimeno, y-terpineno, cis-sabineno
hidrato do, trans-6xido de linalol,
oxido de a-pineno, crisantenona, o-
camfolenal, frans-pinocarveol, cis-
verbenol, trans-verbenol,
pinocarvona, bomeol, cis-
pinocanfona, terpineno-4-ol, p-
cimeno-8-ol, a-terpineol, mirtenal,
mirtenol, verbenona, frans-carveol,
carvona, acetato de bornila, J-
elemeno, a-cubebeno,

ciclosativeno, a-copaeno, /-

Pino, et al.,
2006; Torres-
Gonzalez, et

al., 2016.
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Hidrocarboneto

burboneno, f-cubebeno, S-elemeno,

p-cariofileno, trans-a-bergamoteno,

o-humoleno, alo aromadendreno, y-
muroleno, biciclogermacreno, a-
muroleno, f-bisaboleno, y-
cardineno, cubebol, Jd-cardineno,
[S-vetiveno, espatulenol, 6xido de
cariofileno, viridiflorol, epoxido a-
humuleno I, epoxido a-humuleno
I, epi-a-cardinol, S-fencheno,
stireno, benzaldeido, (Z)-
ocimenona, m-cimeno, trans-
isocarveol, acamfolenal, m-
cimenena, frans-pinocamfona,
trans-pulegol.

Heptadecano

M. (Melipona) subnitida (Ducke, 1910)

Fenolicos

6-O-p-coumaroil-D-
galactopiranose, 6-O-cinnamoil-1-
O-p-coumaroil-$-D-glucopiranose,
7-O-metil-naringenina, 7-O-metil-
aromadendrina, 7,4’-di-O-metil
aromadendrina, 4’-O-metil

campferol, 3-O-metil quercetina, 5-

1V, Souza, et al.,
CLAE/EM; 2013; De
Sousa, et al.,

2015.
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O-metill aromadendrina A, 5-O-
metil camferol, taninos

hidrolisaveis, flavonoides

Terpenos Triterpenos pentaciclicos livres
M. (Melikerria) interrupta (Latreille, 1811) Brasil Fenolicos Narigenina, aromadendrina, 4’-O-f- CLAE/EM; Silva, et al.,
D-glucopiranosideo de narigenina RMN 2013.
3-O-f-D-glucopiranosideo de
miricetina.
M. (Michmelia) seminigra (Friese, 1903) Brasil Fenolicos N.1i Prospeccdo Silva, et al.,
quimica 2013.
M. (Melipona) orbignyi (Guérin, 1844) Brasil Acidos Acido benzoico CG/EM Campos, et
aromaticos al., 2014.
Fenolicos Acido dihidrocinamico, acido
cindmico, benzil-fenil cafeatos de
cadeia longa, 4cido cumarico c-
prenilado
Terpenos Acido diterpénico, triterpenos
alcoolicos
Actcares N.i

*Espécies de abelhas segundo o catdlogo de abelhas Moure; CG-EM (Cromatografia Gasosa acoplada a Espectrometria de Massas); CLAE-EM (Cromatografia Liquida de Alta

Eficiéncia acoplada a Espectrometria de Massas); IV (Infra-vermelho); RMN (Ressondncia Magnética Nuclear); N.i ( Nao identificado)
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2.3 Atividades biologicas da geopropolis de espécies do género Melipona

Um dos primeiros trabalhos relacionados com a atividade bioldgica da
geopropolis de espécies do género Melipona foi ao final da década de noventa, por
Kujumgiev et al. (1999), demonstrando atividades antifingica, antibacteriana e antiviral em
amostras de geoprdpolis de espécies de abelhas sem ferrdo, M. compressipes e M.
quadrifasciata.

Atividades antibacteriana, antiftingica e citotéxica em amostras de geopropolis de
M. quadrifasciata, M. favosa, M. scutelaris, M. marginata e propolis de outras espécies de
abelhas sem ferrdo, foram demonstradas por Velikova et al. (2000 a), os quais associam as
atividades bioldgicas da geoprépolis com a alta concentragdo de dacidos diterpénicos
(Velikova, et al., 2000 b)

A atividade antimicrobiana também foi verificada por Fernandes Junior et al.
(2001) em geopropolis de M. scutellaris, Melipona sp e Melipona mandacaia (Melipona
(Melipona) mandacaia Smith), e em propolis de outras espécies de abelhas sem ferrdo e por
Duailibe et al. (2007) em geopropolis de M. fasciculata.

Além da atividade antibacteriana da geoprépolis de M. quadrifasciata, M.
compressipes e propolis de outras espécies de abelhas sem ferrdo, Manrique & Santana (2008)
demonstraram também que esse produto de abelhas possui atividade antioxidante.

Farnesi et al. (2009) também verificaram a atividade antimicrobiana da
geopropolis de M. quadrifasciata e Libério et al. (2011) demonstraram em geoprépolis de M.
fasciculata, além disso observaram que o produto ndo é téxico e possui atividade
imunomodulatoria podendo ser utilizado em processos inflamatorios.

Da geoprépolis de M. scutellaris foi demonstrada atividades antinociceptiva e
antiinflamatéria por Franchin et al. (2012; 2013), atividades antimicrobiana e antiproliferativa
por Cunha et al. (2013) e Da Cunha et al. (2016) e propriedades gastroprotetoras (RIBEIRO-
JUNIOR, et al., 2015)

Cinegalia et al. (2013) observaram que a geopropolis de M. fasciculata apresenta
atividade antitumoral in vitro para osteosarcoma canino.

Atividade antioxidante foi demonstrada por Souza et al. (2013) em geopropolis de
M. subnitida, por Silva et al. (2013), em geopropolis de M. interrupita € M. seminigra, por
Dutra et al. (2014) e Araujo et al. (2016) em geopropolis de M. fasciculata e M. scutellaris,
por Campos et al. (2014) e De Sousa et al. (2015), em geoprépolis de M. orbignyi e M.
subnitida respectivamente que além da atividade antioxidante, também apresentam atividade

antimicrobiana e citotoxica.
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Aragjo et al. (2015) observaram atividades antibacteriana, antitumoral e
imunomodulatéria em geoprépolis de M. fasciculata, enquanto que Bartolomeu et al. (2016)
observaram que a geoprdpolis combinada com a doxorubicina (medicamento antitumoral),
potencializou o efeito da mesma e poderia ser utilizado em associagdo para o tratamento de
cancer de laringe.

Os principais dados quanto as propriedades bioldgicas da geoprdpolis de espécies
do género Melipona estdo sumarizados na Tabela 2, e mostram que a atividade
antimicrobiana, seguida da atividade antioxidante, sdo as mais pesquisadas. Também foram
avaliadas as atividades antitumorais, antiinflamatdria, antinociceptiva, antiproliferativa,

citotoxica imunomodulatdria e gatroprotetora.



Tabela 2. Dados da literatura sobre as atividades bioldgicas da geoprépolis de espécies do género Melipona
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Espécies Local de Microorganismos/Células/ Referéncias
Atividade biologica
origem Teste
M. (Melikerria) compressipes (Fabricius, 1804)  Brasil/ Antimicrobiana Staphylococcus aureus, Kujumgiev, et al., 1999 ;
Venezuela Escherichia coli, Candida Duailibe, et al., 2007 ;

albicans, Influenza avidrio;
Streptococcus mutans,

Micrococcus luteus

Manrique & Santana,

2008.

Antioxidante KMnO4
M. (Melipona) quadrifasciata (Lepeletier, 1836) Brasil/ Antimicrobiana Staphylococcus aureus, Kujumgiev, et al., 1999;
Venezuela Escherichia coli, Candida Velikova, et al., 2000

albicans, Influenza avidrio,
Micrococcus luteus,
Pseudomonas aeruginosa

Artemia salina

a,b; Manrique & Santana,
2008; Farnesi, et al.,
20009.

Citotoxica KMnO4
Antioxidante
M. (Melipona) favosa (Fabricius, 1798) Brasil Antimicrobiana Staphylococcus aureus, Velikova, et al., 2000 a.

Escherichia coli, Candida

albicans
Citotoxica Artemia salina
M. (Eomelipona) marginata (Lepeletier, 1836) Brasil Antimicrobiana Staphylococcus aureus, Velikova, et al., 2000 a.

Escherichia coli, Candida




34

albicans
Citotoxica Artemia salina
M. (Melipona) mandacaia (Smith, 1863) Antimicrobiana Staphylococcus aureus, Fernandes Jr., et al,
Enterococcus sp e 2001.
Escherichia coli
Melipona sp. Antimicrobiana Staphylococcus aureus, Fernandes Jr., et al.,
Enterococcus sp e 2001.
Escherichia coli
M. (Michmelia) scutellaris (Latreille, 1811) Brasil Antimicrobiana Staphylococcus aureus, Velikova, et al., 2000 a;
Escherichia coli, Candida Fernandes Jr., et al.,
albicans, Enterococcus sp, 2001; Franchin, et al.,
Streptococcus mutans 2012;2013; Cunha, et al.,
Citotoxica Artemia salina 2013; Aratdjo, et al.,
Antioxidante DPPH 2016. Da Cunha, et al.,
Antinociceptiva 2016.
Antiinflamatoéria
Antiproliferativa Células tumorais (glioma,
melanoma, de mama, ovario
multirresistente, rim,
pulmdo, préstata, ovario,
colén)
Gastroprotetora Indometacina (indutor de

ulcera)
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M. (Melikerria) fasciculata (Smith, 1854) Brasil Antimicrobiana Candida albicans, Libério, et al., 2011;
Streptococcus mutans, Cinegalia, et al., 2013;
Staphylococcus aureus, Dutra, et al., 2014;
Escherichia coli Aratjo, et al., 2015;
Antitumoral Células de osteosarcoma Bartolomeu, et al., 2016.
canino, células HEp-2
Imunomodulatéria  Células mononucleares
Antioxidante DPPH, FRAP, ABTS
M. (Melipona) subnitida (Ducke, 1910) Brasil Antioxidante DPPH, ABTS, [- Souza, et al., 2013
caroteno/4cido linoleico
M. (Melikerria) interrupta (Latreille, 1811) Brasil Antioxidante DPPH Silva, et al., 2013.
M. (Michmelia) seminigra (Friese, 1903) Brasil Antioxidante DPPH Silva, et al., 2013.
M. (Melipona) orbignyi (Guérin, 1844) Brasil Antimicrobiana Escherichia coli, Campos, et al., 2014.
Staphylococcus aureus,
Candida albicans
Antioxidante DPPH, células eritrocitarias
humanas (hemdlise e lipideo
peroxidacao)
Células K562
Citotoxica eritroleucemia
M. (Melipona) subnitida (Ducke, 1910) Antimicrobiana Staphylococcus aureus,
Enterobacter ~ aerogenes,
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Salmonella Typhimurium e
Escherichia coli

Antioxidante DPPH

Citotoxica Artemia salina

KMnO, (permanganato de potassio); DPPH (2,2-Diphenyl-1-picrylhydrazyl); FRAP (ferric reducing antioxidant power); ABTS (2,2'-Azino-bis (3-ethylbenzothiazoline-6-

sulfonic acid); Carcinoma epiderméide humano de laringe (HEp-2)
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Com base nos dados das tabelas 1 e 2, podemos observar que estudos com
espécies do género Melipona tem crescido nos ultimos anos, principalmente pesquisas
cientificas com espécies de abelhas sem ferrdo brasileiras, ja que o pais € uma das principais
regides onde ocorre o predominio dessas espécies.

A composi¢cdo quimica da geoprépolis produzida por estas espécies de abelhas,
pode variar de acordo com as fontes vegetais utilizadas pelas abelhas, no entanto algumas
classes de compostos s@o predominantes como compostos fendlicos e terpenos, além disso, a
composicdo pode estar relacionada com as atividades bioldgicas da geoprdpolis. O
conhecimento sobre a origem geografica e, principalmente as principais espécies vegetais
utilizadas pelas abelhas, sdo importantes no controle de qualidade e na padronizacdo das

amostras de geoprépolis para uma efetiva aplicacdo terapéutica.

2.4 Patentes de produtos com geopropolis do género Melipona

Patentes com geoprépolis de espécies do género Melipona sdo escassas, apesar de
as pesquisas cientificas terem crescido nos ultimos anos. Os pesquisadores ainda ndo se
atentaram para a importancia da protecdo tecnoldgica desses produtos com atividades
bioldgicas promissoras que podem gerar bioprodutos.

Foram encontradas trés patentes em pesquisa realizada na base de dados de
patentes nacionais e internacionais, no INPI (Instituto Nacional da Propriedade Industrial), o
primeiro registro de pedido de patente com geoprépolis refere-se, a obtencdo de um produto
para uso topico, para ser utilizado no controle de bactérias cariogénicas requerido por Libério
et al. (2009) intitulado como “Composi¢des farmacéuticas e odontologicas a base de
geopropolis e uso dessas composi¢des” (PI 0905583-5 A2), publicada em 23/08/2011, o
segundo pedido de patente refere-se a obtencdo de formulacdes farmac€uticas com acdo
cicatrizante, antiinflamatéria e analgésica requerido por Costa et al. (2011), intitulado de
“Processo de obtengdo do extrato hidroalcoodlico de geoprdopolis de Melipona fasciculata
Smith (tidba) para preparacdo de Formulacdes farmac€uticas de agdo analgésica,
antiinflamatéria e cicatrizante” (PI 1102701-0 A2) publicada em 03/07/2012 e o terceiro
pedido de patente refere-se a obtencdo de formulagdes com extratos e fragdo da geoprépolis
com atividade leishmanicida, requerido por Dutra et al. (2011), intitulado “ Processo de
obtencdo, formulacdo de extratos padronizados, fracdo e substancias isoladas da geoprépolis
brasileira da abelha sem ferrao e seu uso como agente leishmanicida” (P11103291-0).

Ressalta-se que parte dos resultados desta tese gerou uma patente com a

geopropolis de Melipona fasciculata e atividade anti-helmitica a qual foi depositada em
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fevereiro deste ano com o nimero (BR 10 2016 002463 3) intitulada: “Formulagdo
farmacéutica anti-helmintica com o extrato seco da geoprdpolis” tornando-se um capitulo

desta tese.

2.5 Parasitos gastrointestinais em caprinos e ovinos — Fatores limitantes da

caprinovinocultura

A caprinovinocultura no Nordeste brasileiro assume um papel relevante na
economia do pais por apresentar o maior rebanho, pelo aproveitamento dos seus produtos e
subprodutos, com producdo de alimentos de alto valor bioldgico como carne e leite, e venda
de animais vivos, peles e esterco, favorecendo um aumento na renda familiar (CHAGAS, et
al., 2007a).

Um dos principais fatores limitantes da caprinovinocultura sdo as parasitoses
gastrointestinais que além de debilitar o animal, favorecem a instalacao de outras patologias
oportunistas que retardam o desenvolvimento, comprometem o rendimento do leite e da
carne, diminuem a fertilidade e provocam elevadas perdas econdmicas, principalmente para
os pequenos criadores (PAIVA, et al., 2009; GOMES, et al., 2010).

Os surtos de nematodiose gastrointestinal ocorrem frequentemente no final do
periodo chuvoso e inicio da estiagem, que no Brasil, corresponde aos meses de maio a agosto
(COSTA, et al., 2009). O desenvolvimento de larvas ocorre em temperaturas variaveis de 10 a
36 °C e em clima quente e imido (ZAJAC, 2006). Em estudos realizados nos estados do
Ceard e Paraiba, foi observado que a contaminacdo dos caprinos ocorre com maior
intensidade em meados do periodo chuvoso até o inicio do periodo seco, visto que nesse
periodo as pastagens encontram-se altamente contaminadas por larvas infectantes (MELO, et
al., 2003; CHAGAS, et al., 2007b)

Entre os helmintos que acometem os caprinos e ovinos estao aqueles pertencentes
ao Filo Nematoda, que na grande maioria, sdo da familia Trichostrongylidea, compreendendo
espécies pertencentes aos géneros Haemonchus, Trichostrongylus, Ostertagia, Nematodirus e
Cooperia. Sao parasitos pequenos e capilariformes, apresentando ciclo de vida bastante
semelhante entre os diferentes géneros, envolvendo uma fase de vida livre ou fase pré-
parasitdria, no ambiente, e outra fase parasitiria, no hospedeiro. Localizam-se no trato
gastrointestinal dos pequenos ruminantes, mais especificamente no abomaso (considerado o
estomago verdadeiro dos ruminantes) espécies do género Haemonchus e Ostertagia € no

intestino delgado espécies do género Trichostrongylus, Nematodirus e Cooperia (UENO &
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GONCALVES, 1998; CHAGAS, et al., 2007a; FALBO, et al., 2008; SILVA, 2008; COSTA,
et al, 2009).

Os diferentes géneros de tricostrongilideos podem simultaneamente parasitar um
mesmo animal e a prevaléncia de um ou mais géneros sobre outros estd diretamente
relacionada com o clima da regido, estacdo do ano, faixa etdria do hospedeiro, sexo, gendtipo,
status fisioldgico, nutricdo e com o sistema de criacdo adotado (MCCLURE, 2000;
VLASSOF, et al., 2001).

Da familia Trichostrongylidea, destacam-se as espécies do género Haemonchus
sp, visto que, além da sua alta prevaléncia no Brasil apresentam grande patogenicidade
(AMARANTE, 2005). A espécie H. contortus € a espécie de alta prevaléncia em pequenos
ruminantes no Brasil, é causador da hemoncose (AMARANTE, et al., 2004) e apresenta alto
grau de hematofagismo resultando na incapacidade do hospedeiro de compensar as perdas de
sangue. O animal infectado pode perder cerca de 0,05 mL de sangue por dia e em casos de

infeccOes graves a perda chega a 200 mL de sangue diariamente (TAYLOR, et al., 2007).

2.6 Haemonchus contortus (Rudholphi 1803)

A produgdo e pesquisas com ovinos e caprinos tem crescido consideravelmente
em todo o mundo. Os reduzidos indices de produtividade nos rebanhos de ovinos e caprinos
sdo frequentemente associados as infeccdes por endoparasitas no Brasil, principalmente por
Haemonchus contortus. Este parasita apresenta alta patogenicidade e elevada prevaléncia
(MOLENTO, et al., 2004; BURKE, et al., 2007) sendo que as infeccdes agudas podem causar
anemia severa, hipoproteinemia e morte em casos severos (KAPLAN, et al., 2004; COSTA, et
al., 2007).

Classificado no filo Nematelminto, classe Nematoda, ordem Strongylida,
superfamilia Trichostrongyloidea, familia Trichostrongylidae, subfamilia Haemonchinae,
género Haemonchus; espécie Haemonchus contortus, € um parasito que afeta principalmente
caprinos e ovinos (GEORGE, 1998; ANDERSON, 2000).

Os parasitas adultos alojam-se no abomaso de pequenos ruminantes e apresentam
periodo pré-patente da infeccdo de aproximadamente 28 dias. A fémea realiza postura média
de 5.000 ovos por dia, os quais sdo eliminados nas fezes (LE JAMBRE, 1995).

O ciclo evolutivo (Figura 2) desse género pode ser dividido em fase de vida livre
e fase parasitdria. A fase de vida livre inicia-se quando ovos blastomerados (Figura 3A) sdo
eliminados nas fezes dos animais em condicdes favordveis (18 a 26°C, e 80 a 100% de

umidade). Em condig¢des ideais de temperatura, umidade e oxigénio, os ovos evoluem para
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ovos larvados (Figura 3B) em primeiro estadio de desenvolvimento larval (L;). Apds algumas
horas, os ovos eclodem e liberam as larvas rabditoides. Livres, essas larvas prosseguem o
desenvolvimento, passando pela fase L, e culminando com uma larva de terceiro estadio (L3)

que corresponde a fase infectante (OLIVEIRA, 2013).

| Fase Parasitaria

Adulto
imaturo

% 3 Eggs %
° %

N1 5

A\ A

o / A

.”Lx? { ‘Z\ '1 \\‘1i /I \

Adultos

)

B
r\l".“\ ”'h: \\ ...... 5
...4* ..........

Figura 2. Ciclo de vida de Haemonchus contortus em

pequenos ruminantes. Fonte: Oliveira, 2014

A casca do ovo de Haemonchus contortus € constituida por trés camadas basicas:
uma camada interna composta basicamente por lipidios e proteinas, uma camada média
quitinosa, constituida por fibrilas de quitina em associagdo com proteinas, que fornece certo
grau de resisténcia a agdo quimica e a camada externa vitelina lipoproteica. A eclosdo de ovos
€ iniciada por estimulos ambientais que leva a liberacdo de enzimas de eclosdo. Estas enzimas
de eclosdo sdo proteases, lipases, quitinases, a e [ glicosidases e leucinas aminopeptidases

presentes no fluido de eclosdo dos ovos de H. contortus (MANSFIELD, et al., 1992).

Figura 3. Ovos de Haemonchus contortus (visto em microscopio

invertido com aumento de 200x) (A) ovo blastomerado, (B) ovo

larvado. Fonte: OLIVEIRA, 2013
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As larvas L; e L, (Figura 4A) apresentam esOfago rabditoide, alimentam-se no
ambiente de microrganismos e assim, acumulam reservas nas células intestinais (granulos
lipidicos) (Figura 4B). J4 a larva infectante L3 (Figura 4C) apresenta esdfago filarioide e,
necessariamente, se alimenta do sangue do hospedeiro. Além disso, a larva L3 apresenta dupla
cuticula rica em glicoproteinas, que tem funcdo lubrificante, impedindo a abrasdo entre as
cuticulas, a primeira cuticula mantida do estddio larvar L, e a segunda cuticula revestindo-a,
essa dupla camada, garante protecdo e resisténcia as intempéries ambientais, e quando no
ambiente, ndo se alimenta, consumindo as reservas acumuladas nas células intestinais (figura
4), a sobrevivéncia desta larva pode variar de 1 a 18 meses, dependendo das condi¢des
climdticas da regido em que se encontra (TORRES-ACOSTA & HOSTE, 2008; OLIVEIRA,
2013).

Figura 4. Estadios larvais de Haemonchus contortus (Aumento 400x). (A) Primeiro

estagio (L;): esofago rabditoide. (B) Segundo estagio (L,): acimulo de granulos
lipidicos nas células da parede intestinal (seta). (C) Terceiro estagio (L;): esdfago

filarioide e cuticula. Fonte: CARVALHO, 2011.

Este ciclo € continuado quando o hospedeiro ingere a larva L; do ambiente,
iniciando a fase parasitaria. A partir dessa ingestdo, as larvas sdo hemat6fagas e perdem sua
cuticula externa. Ao alcancar o abomaso dos ruminantes, a L3 penetra na mucosa e, em 48

horas, realiza muda para L4. A larva L4 volta ao limen do abomaso, com lanceta bucal
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desenvolvida e se fixa na parede do mesmo, com capacidade hematéfaga. Em trés dias ocorre
a muda para o estddio Ls e em seguida larvas adultas que se movem livremente na superficie
da mucosa, culminando na maturacao sexual das larvas, onde hd a diferencia¢do entre macho
e fémea. Apds 25 dias da infecgdo, ja se tem ovos eliminados nas fezes (COYNE, et al., 1991;
OLIVEIRA, 2013).

Macroscopicamente, os adultos podem ser identificados devido a sua localizacdo
especifica no abomaso e seu tamanho, que varia de 1,1 a 2,7 cm de comprimento.
Microscopicamente, o0 macho apresenta um lobo dorsal assimétrico e espiculos em ganchos.
Nas fémeas, observam-se os ovdrios brancos enrolados em espiral ao redor do intestino
repleto de sangue. A fémea apresenta trés tipos de processos vulvares, lisa, botdo e
linguiforme. Em ambos os sexos existem papilas cervicais € uma lanceta mindscula no
interior da cépsula bucal. A relagdo do nimero de fémeas com o nimero de machos adultos é
em torno de 1:1, mas em infec¢des mais prolongadas, verifica-se que os espécimes machos
sdo predominantes (MELO, 2005).

A infecgdo por H. contortus pode ocasionar a hemoncose que € caracterizada por
anemia hemorrdgica em funcdo do hdbito hematéfago do parasito, por inoculagdo de
substancias anticoagulantes no abomaso onde se fixam, provocando grandes perdas de
sangue, que € capaz de remover cerca de 0,05 mL de sangue diariamente por ingestdo e
extravasamento das lesdes, causando alteracdes no abomaso, como edema da mucosa,
submucosa e serosa, descamacdo das células epiteliais, ulceragdo e infiltracdo de leucdcitos,
com predominancia de eosinéfilos (SANTA ROSA, 1996; MACIEL, et al., 2014).

A intensidade da infeccdo e o aparecimento de sinais clinicos dependem de fatores
como idade do animal, estado fisiologico, genética e exposi¢cdo prévia ao parasito
(AGUILAR-CABALLERO, et al., 2008). Estas infeccdes podem seguir diferentes cursos
clinicos, variando de casos cronicos, em animais adultos com baixas cargas parasitdrias, a
casos agudos e frequentemente surtos fatais, em animais jovens ou sem contato prévio com o
parasito (FOX, 1997; HOSTE, 2001).

Na hemoncose aguda, verifica-se anemia, hipoproteinemia, edema submandibular,
ascite, letargia e fezes escuras, enquanto que a hemoncose cronica estd associada a perda de
peso progressiva e fraqueza (TAYLOR, et al., 2010).

Casos de diarreia ndo sdo comuns em infec¢des por H. contortus, porém a palidez
das membranas mucosas, decorrente da anemia, € o sinal clinico mais comum e o diagnéstico
de uma forma geral pode ser realizado pela observacdo dos sintomas, podendo ser realizados
exames coprolédgicos, verificando a presenca de ovos e larvas nas fezes. (BATH & VAN

WYK, 2009; ENDO, et al., 2014).
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2.7 Farmacos anti-helminticos x resisténcia anti-helmintica

O controle dos nematoides gastrointestinais € realizado através da utilizacdo
frequente de anti-helminticos sintéticos (PAPADOPOULOS, 2008). Entretanto a eficdcia
destes compostos tem sido comprometida pela selecdo de parasitos resistentes a maioria dos
produtos disponiveis no mercado (CEZAR, et al., 2010).

Os antiparasitarios utilizados em pequenos ruminantes podem ser de amplo ou
pequeno espectro. Os anti-helminticos de pequeno espectro sdo as salicilanilidas (closantel,
rafoxanida) e os nitrofendis ou substituto fendlicos (niclofan e bitionol), organosfosforados
(triclorvos e triclorfon) e os de amplo espectro sdo divididos em tr€s principais grupos, os
imidotiazéis (Levamisol), benzimidazdis (febendazol, albendazol, oxbendazol) e as lactonas
macrociclicas (avermectinas/mebemicina). O monepantel € um anti-helmintico de amplo
espectro, que pertence a classe de moléculas derivados de amino-acetonitrito (ADDs),
entretanto, seu uso possui limitagdes, tais como altos custos, residuos nos alimentos e risco de
polui¢do ambiental, sendo considerado um dos mais graves problemas a exploragdo racional
de caprinos e ovinos (MELO, et al., 2003; STARLING, 2015)

A eficdcia do tratamento anti-helmintico depende de fatores como o grau de
absor¢do do farmaco utilizado, intensidade da infec¢do, a possibilidade de reacdes alérgicas, o
tempo de meia vida do farmaco no interior do organismo animal e outros efeitos secundarios.
A alternancia nos quimioterdpicos administrados ao rebanho diminui a possibilidade de
resisténcia parasitdria. Entretanto, a auséncia de conhecimento relevante sobre dindmica
bioldgica e epidemiologia dos endoparasitas gastrintestinais associada ao custo dos insumos
quimicos contribui para que a maioria dos produtores nao realize anualmente de forma
racional a alternancia dos grupos quimicos (ZACHARIAS, et al., 2004; CEZAR, et al., 2008).

Segundo Torres-Acosta & Hoste (2008), a resisténcia anti-helmintica pode ser
definida como a habilidade de uma populagcdo de parasitos sobreviver frente a doses anti-
helminticas letais para populacdes susceptiveis. Diversos fatores podem ser responséveis pelo
surgimento da resisténcia anti-helmintica, dentre eles cita-se a falha no controle parasitario
uso intenso das drogas, subdoses medicamentosas e o uso continuo do mesmo principio ativo
(SANGSTER, 2001; MELO, et al., 2003).

A falta de informacao na maioria das bulas dos anti-helminticos em relagdo a dose
para caprinos levou os criadores a utilizarem a mesma dose dos ovinos em caprinos, no
entanto a absor¢ao e metabolizacdo em caprinos € mais rdpida que em ovinos e para obter a

mesma eficdcia € necessario que a dose seja superior, caso contrario serd subdosagem, fator
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que pode facilitar a resisténcia anti-helnintica ja que os parasitos sdo expostos a concentragdes
inferiores das drogas e por curtos periodos de tempo (BEVILAQUA, et al., 2015).

Segundo, Fortes et al. (2013) a sele¢do e o crescimento de populacdes resistentes
aos grupos de anti-helminticos, avermectinas, imidotiazdis e benzimidazdis, constituem um
sério obstdculo a ovinocultura e o monitoramento de populacdes resistentes se tornam
imprescindiveis, principalmente, nas decisdes relacionadas ao controle parasitario no rebanho.

A resisténcia anti-helmintica tem reduzido o controle efetivo dos nematoides
gastrointestinais em pequenos ruminantes (VIEIRA, 2008), contribuindo para o aumento dos
custos de producdo, diminui¢do da produtividade e redu¢ao do nimero de produtos quimicos
eficazes para o controle destes parasitos (LIMA, et al., 2010).

No Brasil, essa resisténcia ja foi detectada em vérios Estados (SALGADO &
SANTOS, 2016), como Ceard (MELO, et al., 2009), Alagoas (AHID, et al., 2007), Paraiba
(RODRIGUES, et al., 2007; MELO, et al., 2013), Rio Grande do Sul (MATTOS, et al., 2000;
CEZAR, et al., 2010), Rio de Janeiro (CRUZ, et al., 2010), Sdo Paulo (ALMEIDA, et al.,
2010), Mato Grosso do Sul (SCZESNY-MORAES, et al., 2010) e Bahia (BORGES, 2003;
BARRETO, et al., 2005), Parand (NOVA, et al., 2014) o que caracteriza uma disseminacao da

resisténcia em pequenos ruminantes no pais.

2.8 Praticas de manejo para o controle anti-helmintico

Métodos alternativos de controle de parasitoses, que ndo resultam em impacto ao
animal e ao ambiente, estdo sendo elaborados no intuito de desenvolver medidas de controle
bioldgico, entretanto, enfrentam barreiras de custo/beneficio, aplicabilidade e seguranga na
obtencdo de resultados (CEZAR, et al., 2008).

Desta forma, na tentativa de minimizar a problemdtica da resisténcia anti-
helmintica e a0 mesmo tempo controlar efetivamente estes parasitos, algumas alternativas de
controle vém sendo pesquisadas (PAPADOPOULOS, 2008), como o controle integrado nas
pastagens através da rotacdo de piquetes ou do uso de diferentes espécies de animais no
mesmo piquete, o tratamento de animais somente quando ocorrem sinais clinicos evidentes ou
morte por parasitismo no rebanho (RIET-CORREA, et al., 2013).

O controle estratégico utilizando o método FAMACHA, o qual permite tratar
seletivamente somente os animais altamente parasitados comparando-se a coloracdo da
mucosa ocular com um cartdo em cores, baseando-se na anemia resultante da acdo
hematéfaga de H. contortus. Os animais que nao forem tratados com o anti-helmintico

continuardo a eliminar ovos de nematoides, permitindo que haja persisténcia de uma
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populagdo de parasitas sensivel no meio ambiente, mantém a eficdcia anti-helmintica por um
periodo maior. Este sistema necessita, no entanto, ser validado em cada propriedade devido as
diferencas na coloracdo da mucosa existente entre caprinos € ovinos, € também entre ragas
(SCHEUERLE, et al., 2010).

O método FAMACHA foi desenvolvido na Africa do Sul, por um grupo de
pesquisadores, com o objetivo de se tornar uma ferramenta para a identificagdo e tratamento
seletivo de ovinos parasitados por H. contortus (VAN WYK, 2001). Seu nome € uma
homenagem ao pesquisador que originou a ideia: FA (Faffa) MA (Malan) CHA (Chart). E
encontra-se entre os melhores indicadores de tratamento seletivo para rebanhos infectados
pelo parasita H. contortus (BESIER, 2012). A utilizacdo do método ndo gerou perdas
produtivas quando comparado a métodos tradicionais em diferentes rebanhos e possui um
custo relativamente baixo, sendo necessdrio apenas o treinamento de quem realizard as
avaliacoes, e € possivel identificar a necessidade de tratamento no momento da avaliacdo do
animal (MAHIEU, et al., 2007; MOLENTO, et al., 2009).

O controle bioldgico através da utilizacdo de fungos nematéfagos presentes no
meio ambiente, que atuam diretamente nas fezes controlando os estadios de vida livre, como
ovos e larvas de helmintos, favorecem a reducdo da contaminacdo ambiental com estes
parasitos. Alguns fungos como, Pochonia chlamydosporia tém apresentado acdo ovicida in
vitro sobre ovos de Toxocora canis (FRASSY, et al., 2010) e Candelabrella musiformis, que
também demonstrou acdo in vitro sobre nematoides gastrointestinais de caprinos € ovinos
(SOTO-BARRIENTO, et al., 2011) e o fungo Duddingtonia flagrans. (HOSTE & TORRES-
ACOSTA, 2011, TORRES-ACOSTA, et al., 2012).

Proteinas antigénicas de excrecdo/secrecdo de larvas de nematoides vém sendo
utilizadas para desenvolver vacinas capazes de induzir imunidade e consequentemente,
proteger os animais contra infeccdo com helmintos (MCCLURE, 2009). No entanto, ainda
ndo existem vacinas comercialmente vidveis (TORRES-ACOSTA & HOSTE, 2008;
FITZPATRICK, 2013).

Pesquisas para o desenvolvimento de uma vacina contra H. contortus vem sendo
realizadas desde os anos 80 e foram identificados antigenos capazes de estimular a resposta
imune do hospedeiro (KNOX, et al., 2003; SMITH & ZARLENGA, 2006; FITZPATRICK,
2013). A Australia, nos préximos anos, pode vir a se tornar o primeiro pais em que esta opgao
de tratamento esteja comercialmente disponivel; entretanto, segundo Fitzpatrick (2013), serao
necessdrias cinco doses para imuniza¢do dos animais durante a época em que H. contortus

seja o parasito mais prevalente.
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A reducdo do numero de nematoides e eliminacdio de ovos fecais, com
consequente reducdo da contaminacdo das pastagens, tem sido possivel através da sele¢do
genética de animais dentro de uma determinada raca. Entretanto, melhoria na resisténcia sobre
nematoides ocorre apenas apods a selecao de vérias geracdes (TORRES-ACOSTA & HOSTE,
2008).

A suplementagdo com proteinas e minerais podem ser alternativas de controle de
verminoses, pois 0os animais apresentardo resposta imunoldgica mais eficiente, importante na
sua protecdo contra endoparasitas (LOUVANDINI, et al., 2015)

Nesse contexto surge também o controle integrado com o uso de produtos naturais
dentre estes os fitoterdpicos, apresentando como vantagens: suprimento sustentdvel, baixo
custo, biodegradabilidade, grande possibilidade de utilizagdo da biodiversidade da flora
nacional, além da féicil aceitacdo pela populacdo. Contribui aumentando os lucros da criagdo,
uma vez que pode reduzir o uso de anti-helminticos convencionais, além de estender a vida
util dos produtos quimicos disponiveis e com a vantagem de reduzir ou evitar a contaminacao
dos produtos de origem animal com residuos de antiparasitdrios convencionais, 0 que
constitui preocupagdes de saude publica (CHAGAS, 2004; TIRABASSI, et al., 2013).

Os estudos com extratos de plantas, de uma forma geral, concentram-se em
identificar as propriedades anti-helminticas e testar a toxicidade dos compostos in vitro,
identificar mecanismos de acdo, avaliar eficiéncia do composto in vivo e por fim avaliar a
viabilidade em propriedades rurais (GITHIORI, et al., 2006; HOSTE & TORRES-ACOSTA,
2011).

2.9 Testes anti-helminticos in vitro

Virios estudos in vitro e com menor frequéncia in vivo, t€ém sido desenvolvidos
com o objetivo de confirmar a atividade anti-helmintica de extratos de plantas, sendo que uma
grande gama de familias botanicas pode ser considerada como potenciais principios ativos a
serem estudados (AKHATAR, et al., 2000; WALLER, et al., 2001; STEPEK, et al., 2004;
BEHENKE, et al., 2008; BURKE, et al., 2009; MUIR, 2011).

Os testes in vitro mais utilizados sdo o teste de eclodibilidade de ovos (TEO)
(COLES, et al., 1992) e o teste de desenvolvimento larvar (TDL) (HUBERT & KERBOEUF,
1992). Testes de inibi¢do de migracdo larvar (TIML) (WAGLAND, et al., 1992; RABEL, et
al., 1994) e de motilidade de vermes adultos (TMVA) (HOUNZANGBE-ADOTE, et al.,
2005). Estes quatro testes sd@o baseados na hipdtese de que a atividade nematicida observada

in vitro indica potencial atividade in vivo MARIE-MAGDELEINE, et al., 2009).
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As principais vantagens destes estudos in vitro para testar as propriedades anti-
helminticas desses produtos sdo o baixo custo, rapidez dos resultados e possibilidade de se

fazer screenings e avaliar substincias isoladas sem interferéncia de outros compostos

(GITHIORI, et al., 2006).

2.10 Fitoconstituintes com atividade anti-helmintica

Varios metabdlitos secunddrios t€m sido identificados com atividade anti-
helmintica: saponinas, alcaloides, proteinas, taninos, lignina e outros polifendis, além de
glicosideos (GITHIORI, et al., 2006: HOSTE & TORRES-ACOSTA, 2011, RIOS-DE-
ALVAREZ, et al., 2012).

Dentre esses metabdlitos os taninos sdo conhecidos por apresentarem atividade
anti-helmintica, desta forma, inimeras plantas taniferas t€ém sido investigadas quanto a seu
uso no tratamento da parasitose em ovinos e caprinos (COSTA et al., 2008; VILLALBA, et
al., 2010; KATIKI, et al., 2013; WILLIAMS, et al., 2014). Entretanto, apesar de apresentar
acdo anti-helmintica os taninos sdo também conhecidos por sua agdo téxica quando
administrados em grandes quantidades em ruminantes, devido a sua capacidade de complexar
proteinas (MONTEIRO, et al., 2005; OLIVEIRA, 2011; OKUDA & ITO, 2011).

A capacidade dos taninos de se ligarem a algumas proteinas, segundo Hoste &
Torres-Acosta (2011), em ruminantes ocorre com proteinas relativamente grandes e
hidrofébicas, que tém uma estrutura aberta, flexivel e sdo ricas em prolina (BAXTER, et al.,
1997). Em menor extensdo podem complexar com fons metdlicos, aminodcidos e
polissacarideos (MAKKAR, et al., 2007), outros mecanismos conhecidos sdo fosforilagdao
oxidativa e atividade antioxidante (KATIKI, et al., 2013; ENGSTROM, et al., 2016).

Os taninos sdo classificados em taninos hidrolisaveis (TH) e taninos condensados
(TC), conforme sua estrutura molecular (HOSTE; TORRES-ACOSTA, 2011). Os TH
normalmente estdo presentes em baixas concentra¢des nas plantas e podem sofrer facilmente
hidrélise por bases, dcidos e esterases. Quimicamente, sdo polimeros constituidos por um
carboidrato central, como a D-glucose, com os grupos hidroxila esterificados pelo acido
gdlico ou eldgico (MIN, et al., 2003). Dependendo da concentracdo ingerida, nos ruminantes,
os TH podem ser degradados pelos micro-organismos ruminais € originar compostos
potencialmente toxicos. Provavelmente, a toxicidade é causada pela absorcdo dos produtos da
degradacdo e alta concentracdo de fendis no sangue, que € maior do que a capacidade de

detoxificagcdo do figado (MAKKAR, et al., 2007).
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Poucos estudos tém demonstrado a atividade anti-helmintica de taninos
hidrolisdveis, e a capacidade destes compostos para precipitar proteinas (KATIKI, et al.,
2013; ENGSTROM, et al., 2016).

Os taninos hidrolisaveis afetam a atividade anti-helmintica de acordo com o
tamanho molecular, a flexibilidade, os tipos e grupos funcionais, e existem trés possibilidades
para afetar ovos e larvas, sendo a capacidade de precipitacio com proteinas, através de
interac¢cdes ndo covalentes ou covalentes; atividade oxidativa, produtos de oxidagdo que
ligam-se covalentemente aos ovos e as larvas e por hidrélise, que resulta na geracdo de
produtos de hidrélise que interagem com ovos e larvas (ENGSTROM, et al., 2016).

Os TC ou proantocianidinas sd3o os taninos mais comumente encontrados em
leguminosas forrageiras, arvores e arbustos (MIN, et al., 2003). Estruturalmente, sdo
polimeros formados por unidades de flavan-3-ol ou flavan-3,4-diol unidas por ligacdes
carbono-carbono, nio suscetiveis a degradacdo enzimadtica. Os taninos condensados podem
ser classificados de acordo com a presenca de OH na posicao C-3 do anel B em prodelfinidina
ou na auséncia desta OH em procianidina. Portanto, sdo relativamente estdveis no trato
digestorio dos ruminantes e raramente toxicos. O comprimento da cadeia dos TC pode variar
desde dimeros até polimeros com mais de 20 unidades de flavanol e normalmente existem
diversas estruturas de flavan-3-ol dentro de cada polimero. (WAGHORN, 2008).

As caracteristicas estruturais dos taninos condensados estdo envolvidas em seus
efeitos anti-helminticos, como: tamanho da molécula, o tipo de subunidades de flavan-3-ol
presenca de OH na posi¢do C-3 do anel B em prodelfinidina ou na auséncia desta OH em
procianidina, a estereoquimica do anel C em subunidades destes (trans ou cis de flavan-3-ols)
(COSTA, et al., 2008; QUIJADA, et al., 2015)

A atividade bioldgica é afetada pela hidroxilagdo no anel B em mondémeros de
flavan-3-ol e em polimeros, em que a presenca de um grupo hidroxila adicional (OH) aumenta
a interagdo com as proteinas. Isto poderia explicar o geralmente a atividade mais elevada de
prodelfinidinas em comparagdo com as procianidinas. Além disso, a atividade também
aumenta quando os grupos galloyl estdo presentes (QUIJADA, et al., 2015)

Mondmeros de taninos condensados, procianidinas, prodelfinidinas e seus
derivados galoil, foram responsdveis pela inibicdo da eclosdao de ovos, desenvolvimento e
paralisia larvar de Trichostrongylus colubriformis (MOLAN, et al., 2003).

A atividade anti-helmintica dos taninos também estd na dependéncia da espécie de
parasita. Isso foi observado por Brunet & Hoste (2006) que ao testarem, in vitro, 0S
monomeros de taninos condensados sobre o desbainhamento das larvas de terceiro estagio de

H. contortus e T. colubriformis observaram diferenca de susceptibilidade entre as espécies
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testadas, além disso os mondmeros de prodelfinidinas foram mais potentes que procianidinas
na inibi¢ao do desembainhamento larvar.

O efeito dos taninos em se ligar com proteinas, provocam a¢des diretas sobre e a
cuticula do parasito (regido bucal e vulva de fémeas, entre outras) provocando alteragdes em
sua arquitetura, quadros degenerativos na musculatura e em células intestinais (BRUNET, et
al., 2011).

Em consequéncia a estas lesdes, pode haver redu¢ao da motilidade do individuo,
em virtude de alteracdes metabdlicas advindas de quebras estruturais da cuticula. A nutricao
do parasito pode ser afetada em decorréncia das alteracdes na extremidade anterior, também
ocorrendo prejuizos na liberacdo de ovos em f€meas que tenham seu apéndice reprodutivo
desestruturado (HOSTE, et al., 2012).

Vérios compostos fendlicos simples, incluindo 4cidos gélico, eldgico e cafeico,
flavondides, também sdao conhecidos por exercer acdo anti-helmintica (MONDAL, et al.,
2015).

Propriedades anti-helminticas também tem sido atribuida aos flavonoides. A
isoflavona genisteina, extraida de Flemingia vestia, causou paralisia e danos ao tegumento de
Fasciolopsis buski, trematédeo de suinos. Este efeito tem sido relacionado com a redugdo dos
teores de alguns aminodcidos livres, aumento nos niveis de dcido glutdmico, citrulina, acido
gama aminobutirico (GABA), amonia e 6xido nitrico deste parasito (KAR, et al., 2004).

Flavonoides isolados da planta Andira anthelmia, biochanina A, genisteina,
biochanina A 7-O-f-D-glucopiranoside, biochanina A 7-O-a-L-rhamnopiranosil-(1—6) S-D-
glucopiranosideo e biochanina A 7-O-f-D-apiofuranosil-(1—35)-#-D-apiofuranosyl-(1—6)p-
D-glucopiranosideo e catequina apresentaram atividade anti-helmintica para Aspiculuris
tetraptera em ratos (SILVA, et al., 2008).

O estudo da acdo de treze flavonoides sobre o nematoide Caenorhabditis elegans,
revelou que os compostos apigenina e 5,7,3°,4°,5’-penta hidroxiflavona inibiram o
crescimento larval deste parasito (YOON, et al., 2006).

Os efeitos dos flavonoides (rutina, flavona, naringenina, hesperetina, crisina e
narigina) foram avaliados contra o nematoide Brugia malayi, parasito responsdvel pela
filariose linfatica humana. Nos testes, in vitro, esses compostos inibiram a motilidade de
microfildrias e de fémeas adultas, e reduziram a viabilidade de parasitos adultos (LAKSHMI,
et al., 2010).

Os estudos in vitro com flavonoides glicosilados presentes na Onobrychis
viciifolia revelaram efeito sobre larvas infectantes de H. contortus. Os compostos rutina,

nicotiflorina e narcissina reduziram a migracdo de larvas (BARRAU, et al., 2005). Flavonas
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isoladas de Shepherdia argentea também inibiram in vitro a motilidade de larvas de H.
contortus (AYERS, et al., 2008).

Klongsiriwet et al. (2015) observaram o efeito sinérgico de flavonoides quercetina
e luteolina com taninos condensados na inibi¢do in vitro no processo de desembainhamento
larvar de H. concortus.

Além dos compostos fendlicos, Rios-de-Alvarez et al. (2012) sugerem que as
lectinas poderiam ter dois possiveis modos de agdo contra Teladorsagia circuncicta e
Trichostrongylus colubriformis, um efeito anti-helmintico direto sobre a fecundidade de
nematodides e um efeito indireto por ativacdo da resposta imune local do hospedeiro.

Duas espécies de helmintos ja podem ser diferenciadas entre si nas suas diferentes
fases de desenvolvimento a partir da utilizagdo de lectinas (HILLRICHS, et al., 2012) como
ocorre em Teladorsagia circuncicta e Haemonchus contortus, isso devido a capacidade que as
lectinas possuem em se ligar a actcares localizados na superficie do parasito. Nesse sentido
pode-se observar que a constituicdo quimica da cuticula em relacdo aos carboidratos de
superficie pode variar entre espécies e que as lectinas podem evidenciar algum grau de
seletividade de ligacdo, devendo esse fato ser levado em consideragdo no estudo dessas
substancias e suas implicacdes no controle parasitario. Além disso, algumas lectinas podem
possuir propriedades inibidoras sobre ribossomos (WINK, 2008) impedindo a sintese
protéica.

Salles et al. (2014) também observaram que algumas proteinas vegetais, tais como
lectinas, hemolisinas e proteases possuem efeito anti-helmintico. Além disso proteases de
cisteina, t€m mostrado que estas enzimas podem atuar sobre a cuticula dos parasitos,
causando danos e conduzindo a morte destes (PHIRI, et al., 2013; LUOGA, et al., 2015).

Os niveis elevados de protease e quitinase em extratos proteicos podem afetar a
eclodibilidade de ovos de H. contortus. Acredita-se que o mecanismo ativo pode variar de
acordo com o estigio de desenvolvimento da nematoide e, por conseguinte, as diferencas de
cuticula e de proteinas entre os ovos e as larvas. (SOARES, et al., 2015).

Os efeitos antiparasitidrio de saponinas extraidas de plantas t€m sido descritas
(DOLIGALSKA, et al.,, 2011). As saponinas sdo constituidas por um nucleo lipofilico
(esteroidal ou triterpénico) ligado a uma ou mais cadeias de carboidratos hidrossoliveis, e
apresentam ac¢do detergente e emulsificante. As atividades bioldgicas das saponinas estdo
relacionadas com sua capacidade de formar complexos com esteroides, proteinas e
fosfolipideos das membranas, o que pode levar a desestabilizacdo das membranas e

consequente aumento da permeabilidade celular (SCHENKEL, et al., 2010).
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No ambiente intestinal de mamiferos, expostos ao contato com saponinas
processos de absor¢do de moléculas sdo prejudicados e transporte de agucares inibidos
(ACAMOVIC & BROOKER, 2005)

As saponinas esteroidais obtidas de Balanites aegyptiaca apresentaram efeito in
vitro sobre o nematoide de vida livre, Caenorhabditis elegans (GNOULA, et al., 2007). As
saponinas, tribulosina e B-sitosterol-D-glicosideo presentes em Tribulus terrestris, também
mostraram eficécia contra C. elegans (DEEPAK, et al., 2002).

O efeito anti-helmintico de saponinas esteroidais (polyphyllin D e dioscina)
isoladas de Paris polyphylla foi verificado em ensaio in vivo utilizando peixe dourado
parasitado com Dactylogyrus intermedius. A maior atividade para a dioscina pode estar
relacionada as diferencas nas cadeias de acucar entre os compostos. Este efeito foi associado a
alteracdes na permeabilidade das membranas causada pelas saponinas, levando a vacuolizacao
e desintegracdo do tegumento dos parasitos (WANG, et al., 2010).

Os estudos com saponinas triterpénicas, contendo como aglicona o 4cido
oleandico, de Calendula officinalis e de Beta vulgaris evidenciaram a inibi¢do da eclosdo de
ovos e do desenvolvimento larvar e alteragdes na morfologia de larvas de Heligmosomoides
bakeri, nematoide tricostrongilideo encontrado no intestino de ratos. Inibi¢do da funcdo da
glicoproteina p também foi detectada nos estddios de vida livre do parasito, que
possivelmente corresponde ao mecanismo de acdo destas saponinas sobre helmintos
(DOLIGALSKA et al., 2011). Outros trabalhos também demonstraram interacao de saponinas
com proteinas, como albumina sérica humana e caseina (POTTER, et al., 1993; LIU, et al.,
2003).

A presenga de saponinas em extratos de diferentes plantas como Cucurbita
moschata, Hedera helix e Combretum molle tem sido relacionada com seus efeitos anti-
helmintico sobre ovos e larvas de nematoides gastrintestinais de ovinos (EGUALE, et al.,
2007; AL-SHAIBANI, et al., 2008; MARIE-MAGDELEINE, et al., 2009; ADEMOLA &
ELOFF, 2010).

Os efeitos de saponinas de Pulsatilla chinensis contra Schistosoma japonicum em
diferentes estdgios de desenvolvimento in vitro demonstraram que as saponinas podem,
eventualmente, ter um potencial terapéutico no tratamento ou prevengdo de infeccdo por S.
Jjaponicum e deverd tornar-se uma nova droga anti-schistosomose (CHEN, et al., 2013)

Representantes de outras classes de metabdlitos secunddrios também tiveram suas
atividades anti-helminticas demonstradas. Vasconcelos (2006) observou a atividade anti-

helmintica dos 6leos de Croton zehntneri e Lippia sidoides de seus principais constituintes,
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anetol e timol (terpenos), a partir de testes de inibicdo da eclodibilidade e de desenvolvimento
larval em Haemonchus contortus.

A investigacdo de Oleos essenciais para o tratamento de parasitoses
gastrointestinais € crescente havendo relatos de susceptibilidade de Haemonchus contortus
aos Oleos essenciais de Ocimum gratissimum, Croton zehntneri, Lippia sidoides, Eucalyptus
globulus, Eucalyptus staigeriana, Cymbopogon martinii, Cymbopogon schoenanthus, Mentha
piperita, Citrus sinensis e Melaleuca quinquenervia 0s quais obtiveram concentragdes
capazes de inibir a eclodibilidade de ovos e do desenvolvimento larvar e os principais
responsdveis pela atividade anti-helmintica sdo os terpenos (PESSOA, et al., 2002;
CAMURCA-VASCONCELOQOS, et al., 2007; MACEDQO, et al., 2010; KATIKI, et al., 2011;
CARVALHO, et al., 2012; GAINZA, et al., 2015).

Efeitos promissores de terpenos em agentes parasitdrios t€ém sido relatados como
no caso do citral, limoneno, geraniol. O citral € um composto formado pela mistura de duas
substancias denominadas geranial e neral e estudado como anti-helmintico em larvas de
terceiro estagio de Anisakis simplex (HIERRO, et al., 2006). O limoneno teve eficdcia contra
Ascaridia galli (ABDELQADER, et al., 2012). O geraniol possui relatos de atividades contra
Caenorhabditis elegans (KUMARAN, et al., 2003).

Barbieri et al. (2014) avaliaram a atividade anti-helmintica de constituintes de
Oleos essenciais, timol, cinamaldeido, carvona, carvacrol, anetol, linalol, vanilina, cineol,
limoneno e eugenol, com o teste in vitro de inibi¢do da eclodibilidade de ovos de H. contortus
e observaram que o cinamaldeido apresentou melhor eficdcia no controle da eclodibilidade,
seguido de anetol, carvona, carvacrol e o timol, respectivamente. J4 os menos eficientes
foram, respectivamente, o limoneno e cineol.

Alcaloides também tém sido relatados com atividade anti-helmintica, trés
alcaldides tetraciclicos foram nematotoxicos a duas espécies ndo identificada de nematoides
de vida livre (ONDA, et al., 1965). Dados da literatura relacionam também atividades anti-
helminticas de alcaloides esteroidais contra Panagrellus redivivus (ALLEN &
FELDMESSER), carbazol, duas quinolonas e nicotina contra C. elegans. (PERRETT &
WHITFIELD, 1995; KUSSANO, et al., 2000; SRIVASTAVA, et al., 2000; SOBKOWIAK,
et al., 2011), quinolina e alcaloides bromados contra Haemonchus contortus (NARKOWICZ,
et al., 2002; AYERS, et al.,, 2007), paraherquamida oxindol contra H. contortus e T.
colubriformis (BLANCHFLOWER, et al., 1991), o alcaléide pentaciclico aromadtico
plaquiinidine contra Nippostrongylus brasiliensis (INMAN, et al., 1990), quinolona contra
Teladorsagia circumcincta (PERRETT & WHITFIELD, 1995) e alcaldides isoquinolinicos
contra duas espécies de Strongyloides (SATOU et al., 2002).
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3. OBJETIVOS
3.1 Objetivo Geral

Avaliar da composi¢do quimica, atividade antioxidante e anti-helmintica in vitro
da geoprépolis de Melipona fasciculata Smith do Estado do Maranhdo contra Haemonchus

contortus de pequenos ruminantes.

3.2 Objetivos Especificos
e (aracterizar a composi¢cdo quimica da geoprépolis de Melipona fasciculata Smith de
diferentes regides fitogeograficas do estado do Maranhao;
e Determinar a atividade antioxidante in vitro dos extratos hidroalcodlicos e fracdes da
geopropolis;
e Avaliar a atividade anti-helmintica in vitro do extrato hidroalcodlico e fracdes da
geopropolis;

e Identificar substancias bioativas anti-helminticas da geoprépolis.
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4. JUSTIFICATIVA

O grupo de produtos naturais da Universidade Federal do Maranhdo h4 alguns
anos vem estudando as propriedades bioldgicas e a composi¢do quimica da geopropolis de
Melipona fasciculata Smith, visando agregar valor econOmico a este produto, dentre as
atividades bioldgicas jd analisadas como antimicrobiana, antitumoral, citotdxica,
antiproliferativa, antinociceptiva, leishimanicida e antioxidante havendo predominio de
algumas classes de compostos quimicos, principalmente compostos fendlicos e terpenos que
podem estar relacionados com as propriedades bioldgicas.

Nesse contexto, mais estudos quimicos e bioldgicos sdo importantes para
demonstrar a eficidcia desde produto natural promissor, € quais compostos podem estar
relacionados com tais atividades. Neste trabalho avaliou-se a atividade anti-helmintica da
geopropolis de M. fasciculata, pois o uso descontrolado de farmacos anti-helminticos vem
ocasionando um aumento da resisténcia dos helmintos aos farmacos, € pesquisadores vem
estudando maneiras alternativas de controle principalmente com produtos naturais que tenham
eficacia anti-helmintica, assim a geopropolis pode ser uma alternativa nesse controle. No
entanto, dados da literatura sobre atividade anti-helmintica da geoprépolis sdo escassos.

Considerando que a titiba € uma espécie de abelha bem disseminada no Estado do
Maranhao e diante dos problemas com o uso de anti-helminticos no controle das parasitoses
em pequenos ruminantes e que tanto a meliponicultura como a caprinovinocultura fazem parte
dos arranjos produtivos do estados do Norte e Nordeste, tais atividades sao relevantes para a
economia dos Estados, a medida que, a produ¢do de caprinos e ovinos e o cultivo de abelhas
sem ferrdo, constituem alternativas na oferta de carne, leite, mel, geoprdpolis e derivados,
tornando-se atividades rentaveis.

Assim, propomos estudos quimicos e bioldgicos com a geoprdpolis maranhense
de Melipona fasciculata com o objetivo de avaliar sua atividade anti-helmintica, antioxidante
e identificar sua composi¢ao quimica, contribuindo com dados cientificos para a elaboracao
de produtos a base da geoprdpolis com acdo anti-helmintica, que possam no futuro substituir

os farmacos sintéticos com mais eficicia e seguranca.
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S. RESULTADOS

Os resultados deste trabalho estdo divididos em 3 capitulos, o primeiro capitulo
refere-se a composicdo quimica da geoprdpolis de Melipona fasciculata Smith de duas
regides fitogeogréficas do estado do Maranhdo, desmonstrando predominéncia das classes de
compostos presentes, além da avaliacdo da atividade antioxidante que estd relacionada com a
composi¢do quimica e as fontes botanicas utilizadas pelas abelhas para coleta de resinas e
formacdo da geoprdpolis. O segundo capitulo trata-se de um deposito de patente com a
obten¢do de um produto com o extrato seco geoprdpolis e sua atividade anti-helmintica e o
terceiro capitulo, refere-se a atividade anti-helmintica da geopropolis, fracionamento
biomonitorado e identificacdo dos constituintes das fragcdes mais ativas e a relacdo com a

atividade antioxidante.
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ABSTRAGT

G:opn:-po“s. a mixture afplant resin, wax, soil and salivary sccretion, is prc-duccd by the stinglcss bec Mff;pandfdsrimfdm. This
aim of this study was to investigate the chemical composition and antioxidant activity of geopropolis collected from bechives
in two phytagcographical regions, flooded ficlds and cerrado, in the municipalitics of Palmeirindia and Fernando Falcao,
Maranhio State, northeastern Brazil. The geopropolis compounds were identified by gas chromatography—mass spectrometry
(GC/MS). Additionally, total phenolic content was determined with the Folin-Ciocalteu reagent and antioxidant activity was
evaluated in vitre by 2,2-diphenyl-1-picrylhydrazyl (DPPH) and ferric reducing antioxidant power (FRAP) assays. The four
gecopropolis samples varied in terms of total phenolic content and antioxidant activity and the highest values were observed for
geopropolis from Fernando Falcio. Triterpenes such as cycloartane, ursanc and olcananc and phenolic acids (protocatechuic
acid and gallic acid) were identified in the geopropolis from Palmeirindia, while the phenolic acids, gallic and cllagic acid
were the main compounds in gmpropalis from Fernando Falcao. The antioxidant property of gcoprcrpo“s is due to its high
toral phenolic content and predominance of gallic acid and ellagic acid. The resules showed thar the plant resources in rwo
phytogeographical regions of Maranhao used by bees for the production of geopropolis contribute to the chemical composition
and bioactivity of this product.

KEYWORDS: sting|css bee, po|}'phcnols, triterpencs, phytogcographical regions.

Composi¢ao quimica e atividade antioxidante da geoprépolis de Melipona
fasciculata (Meliponinae) produzida em dreas de campos alagados e de

cerrado no Estado do Maranhao, Nordeste do Brasil

RESUMO

(Geopropolis, uma mistura de resinas vegetais, cera, terra ¢ sceregio salivar, produzida pela abelha sem ferrao Melipona fasciculata.
Este cstudo investigou a composicio quimica c a atividade antioxidante da geoprépolis coletada em colmecias em duas regides
ﬁtogcogriﬁca.s de campos ala.gados e de cerrado, nos municfpias de Palmeirindia ¢ Fernando Falcio, no Estado do Maranhio,
Nordeste do Brasil, Os compaostos da gcoprépolis foram identificados por cn:-matogra.ﬂa gasosa amplada a espectrometria de
massas {CG/EM). Foram determinados os teores de fenélicos totais pelo reagente de Folin-Ciocalteu, ¢ atividade antioxidante
utilizando o ensaio #a vitre com 2,2-difenil- 1 -picrilhidrazil (DPPH) ¢ capacidade redutora do ferro (FRAP). As quatro amostras
de geoprépolis apresentaram variagoes no teor de fendlicos totais ¢ atividade antioxidante, as geoprépolis de Fernando Falcao,
aprescntaram maiores teores. Nas geopropolis do municipio de Palmeirindia foram identificados, triterpenos do tipo cicloartano,
ursano ¢ olcanano c dcidos fendlicos (dcido protocatecuico ¢ acido gdlico), enquanto que na geopropolis de Fernando Faleio,
acidos fendlicos, acido g:ilico c clﬁgico foram os principais constituintes. A propricdadc antioxidante da gcoprépolis podc ser
atribuida aos altos tcores de fenélicos totais ¢ de dcido gilico c cligico. Os resultados demonstram que as fontes vegetais das
duas regiocs ﬁtogcogrﬁﬁcas do Maranhao, Brasil, utilizadas pc]a.s abelhas para a pmdugio da gcoprépolis contribuem para a
composigao quimica ¢ bioatividade deste produte.

PALAVRAS-CHAVE: abclhas sem ferrao, polifendis, triterpenos, regiées fitogeograficas.
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INTRODUCTION

Stingless bees are found in Tropical and Neotropical
regions and play an important role in pollination and
agriculturc (5laa ez 2l 2006). In Brazil, 244 stingless bee
species have been identified mainly in the northern and
northeastern regions of Brazil, corresponding to about 20%

of all Neotropical species of stingless bees (Pedro 2014).

In the State of Maranhio (northeastern Brazil),
Melipona fasciculata Smith, popularly known as tiuba, is
the specics most frequently cultivated for honey production
by rural populations, especially in flooded ficlds and
cerrado arcas, because of its high economic value and
the production of wax, pollen, and geopropolis. The last
product has potcntial applications in the ficlds of chemistry
and biology, but few studics have been conducted (Bezerra
2002; Bankova and Popova 2007; Holanda er al. 2012).

In the bechives, geopropolis is produced by bees from
the resinous material of buds, lcaves, and plant exudates,
mixed with salivary secretions, wax, and soil. Geopropolis
is used to protect bechives against insects and pathogenic
microorganisms, to restrict entry into the hive, to line the
interior walls of the hive, to strengthen the honeycombs,

and embalm animals (Nogucira-Neto 1997).

(icopropolis and its subproducts arc used by the
population for the treatment of inflammatory discases,
fatigue, hemorrhoids, gastritis, and cough (Kerr 1987).
Several studies have demonstrared the biological

g
propertics of gecopropelis, such as antimicrobial,
cytotoxic, antitumor, antioxidant, antinociceptive, anti-

inflammatory, immunomodulatory, and gastroprotective

(Libério er al. 2011; Souza er al 2014; Aratijo er al. 2015).

The chemical composition of geopropolis is complex.
It has been rcported the prescnce of polyphenolic
compounds (phenolic acids, flavonoids, and tannins)
(Silva er al. 2013; Souza er al 2013; Dutra er al. 2014),
terpencs (monoterpencs, sesquiterpencs, diterpenes, and
triterpenes), fatty acids, steroids, and saponins (Dutra er
al. 2008; Cunha er 2l. 2009; Araijo er 2l 2015). However,
its chemical compesition varics according to the flora
visited by stingless bees, the region, and the time of
collection (Bankova 2009; Ribeiro er af 2013; Barth and
Freitas 2015).

In view of the scarcity of studies on the chemical
composition and biological activity of M. fasciculata
products in Brazil, the aim of this study was to investigatc
the chemical composition of gcopropelis produced
by M. fasciculata collected from bechives of two
phytogeographical regions of Maranhao, and cvaluate its

antioxidant activity.
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Chemical composition and antioxidani activity of geopropoelis produced by Mefipana fasciculafa
(Meliponinae) in flooded fields and cerrado areas of Maranhao State, noriheastern Brazil

MATERIALS AND METHODS

Geopropolis samples

Four geopropolis samples: G1 (660.5 g), G2 (496.4
g), G3 (1519.0 g) and G4 (2534.8 g) were collected from
mecliponarics located in two phytogeographical regions of
Maranhao Statc, northeastern Brazil. Samples G1 and G2
were collected in two bechives of the same meliponary in the
municipality of Palmeirindia (2°40°80.3"5 ¢ 44°52'66.1"W).
Palmecirindia is located in the region of periodically flooded
ficlds (lowlands of the northern micro-region of Maranhao,
northeastern Brazil) with the predominance of “castanha
do Para” (Bertholletta excelsa Humb. & Bonpl.), “embaiiba”
{Cecropia sp.), “gameleira” (Clusia burchellii Engl.), “cedro”
{ Cedrella fissilisVell.) and “babacu” (Orbignya phalenara Mart.).
Duuring the rainy scason, the lowlands arc flooded, forming
islands of dry land with occurrence of “buriti” (Mawritia
flexcacosa L.£), “aninga” (Mentrichardia linifera Schott), among
others (Martins er &l 2011).

Samples G3 and G4 were collected from two bechives
of the same meliponary in the municipality of Fernando
Falcao (6°08'99.275 ¢ 44954'99.4"W), region of cerrado of
the southern micro-region of Maranhie, northeastern Brazil.
This rcgion is characterized by typical cerrado vegetation
with species of great ecological and economic value, such as
“barbatimao” (Siryphnodendron barbatiman M.), “goncalavc”
{Astronitem graveolens |Jacq.), “mangabeira” (Hancornia speciosa
Muell. z"'..rg.}, “piqui" {Car_yamr brasiliensis Camb.), “fava
d'anta” (Dimorphandra gardneriana L.), “candcia” ( Platymenza
reticuelara Benth.), “tamboril” (Enterolobium contortisiliguum
{(Vell.} Morong), “puga” (Mowriri pusa Gardn.), “sucupira”
{Bowdichia virgilioides HBK.), “murici” ( Byrsonima crassifolia
HBK.), “cagaita” (Eugenia dysenterica DC.) and “pau terra”
{Qualea grand:flora Mart.) (Muniz 2002; Ribciro er al 2013).

Preparation of hydroalcoholic extracts of
geopropolis (HEG)

The geopropolis samples (500 g) were scparately macerated
with 1:2 (w/v) in 70% cthanol for 48 h and filtered to
scparate the inorganic part (soil). The extractive solutions were
concentrated in a rotating evaporator ((Q344B2, Quimis, Sao
Paulo, Brazil) to yicld HEG (Dutra ez af. 2014). The extracts
were codified as HEG1 and HEG2 (geopropolis collected
from Palmeirindia), and as HEG3 and HEG4 (geopropolis

collected from Fernando Falcio).

Total phenolic content (TPC)

Total phenolic compounds were determined by the Folin-
Ciocalten reagent and 20% sodium carbonate method (Dutra
et al. 2014). The reaction mixture was kept in the dark for
2 h at room temperature, and absorbance was measured at

760 nm using a UV-Vis spectrophotometer (Lambda 35,

VOL. 46(3) 2016: 315 - 322 = BATISTA et al

58




ACTA
AMAZONICA

Perkin Elmer Corporation, Massachusetts, USA). TPC was

cxpressed as milligrams of gallic acid cquivalent per gram

of geopropolis extracts (mg GAE g).
Determination of the antloxidant activity

DPPH radical scavenging activity

The antioxidant activity of geopropolis samples was
evaluated using the in vitro Z,Z—diphcnyl—l—picrylh)rdrazyl
(DPPH) assay (Dutra er al. 2014). The samples were diluted
in methanol at different concentrations (1.0 to 100.0 pg
mL') and added to a methanol solution of DPPH (40.0
ng mL-"). After 30 min of reaction at room temperature
in the dark, the absorbance of cach solution was read at
517 nm using a UV-Vis spectrophotometer (Lambda 35,
Perkin Elmer Corporation, Massachusetts, USA). Methanol
was used as the control and DPPH solution was used as
the blank. Standards of gallic acid and 6-Hydroxy-2,5,7.8-
tetramcthylchromane-2-carboxylic acid (Trolox, Sigma)
were treated under the same conditions as the samples. The

percent inhibition was calculated according to equation.

DPPH (%) = 100x (A A )iA

SCAVEnging activiry sample

where Aﬂm = absorbancc of the sample after 30 min

contral controd

ple

CIF rcaction, Ell'ld _f‘l = absorbancc Of tht COI'IITOI. 111C

cantred
percent of scavenging activity was plotted against the
sample concentration to obtain the [Csu‘ defined as the

concentration of sample necessary to cause 50% inhibition.

Ferric reducing antioxidant power assay (FRAP)
TI'IE FMP’S ITIC['hDd was l.lSCd o dctcrminc tI'IC

antioxidant activity based on iron reduction. FRAP
measures the ferric-reducing ability of a sample in
acid medium (pH 3.6), yiclding an intense bluc color
attributable to the reduction of the ferric tripyridyltriazine
(Fe"TPTZ) complex to the ferrous (Fe") form (Dutra
et al. 2014). FRAP recagent was prepared immediately
before analysis by mixing 25 mL of acetate buffer (300
mM, pH 3.6), 2.5 mL of TPTZ solution (10 mM TPTZ
in 40 mM HCI), and 2.5 mL och‘C|3-G HEO (20 mM) in
aqueous solution. Different concentrations of 100 pL of
the samples (1 to 100 pg mL") were added to 300 pL of
distilled water and 3 mL of FRAP reagent, and the mixtures
were incubated in a water bath ar 37 °C for 30 min. The
absorbance of the reaction mixture was read at 593 nm
using a UV-Vis spectrophotometer (Lambda 35, Perkin
Elmer Corporation, Massachuserts, USA), with FRAP
solution as a blank. The calibration curve was constructed
using different concentrations of FcSO:.?HED (100 to
2000 pM) (r* = 0.9987) and the results arc expressed as
millimole of Fe" per gram of sample. Standards of gallic acid
and Trolox (Sigma) were treated under the same conditions

as tI'I c samp|cs.
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UV-Vis analyslis of geopropolis extracts
The UV-Vis spectra was obtained for cach extract (50 pl)

in methanol (3 mL), and the absorption spectra was measured
at the wavelength range of 200 to 450 nm using a UV-Vis
spectrophotometer (Lambda 35, Perkin Elmer Corporation,

Massachusetts, USA).

Analysls of geopropolis extracts by gas
chromatography-mass spectrometry (GC/MS)

To assess geopropolis chemical composition, 1 mg of
dry HEGs was added of 300 pL of pyridine and 100 pl of
bis-{trimethylsilyl) trifluoroacctamide (BSTFA) including
1% of trimethylchlorosilane (TMCS) in a scaled glass tube
for 1 h at 80 #C to prepare samples for gas chromatography
according to Campos er #l. (2014). The analyses were carried
by gas chromatograph and mass spectrometry (GC/MS),
using an Agilent GC (6890 Series gas chromatography system;
Agilent Technologics, California, USA) quadrupole mass-
sclective detector (MSD) system (5973, Agilent Technologics,
California, USA), and capillary column fused silica HP-5M5
(30 m » 0.25 mm id., film thickness, 0.25 pm). The oven
temperature was programmed to linearly increase from 70 °C
to 310 °C ac 5 *C min™, with 1 min heating at 310 "C and
60 min clution time. The system was balanced for 6 min at
70 °C beforc automatic injection of the subsequent sample.
Injector temperature was 230 "C and detector temperature
was 250 "C; an ion source at 200 °C, carricr Helium gas at
1.0 mL min”, constant pressure mode, injection volume 1 pL;
split ratio 10:1. Electron-impact mass spectra (EI-MS5; 70 V)
were acquired over the mass-to-charge ratios (m ') range to
50 to 650 and a scan interval of 2 scan s, The identification
of geopropolis compounds was based on the percentage of
similarity plus comparison of mass spectra (M5} using software
NIST AMIDS version 2.0 data library, with the percentage
of total ion chromatograms (T1C%]). Gallic acid and cllagic
acid, standards, were co-chromatographed and identified on
the basis of the retention times (RT) and mass spectra (MS)
fragmentation.

Statistical analysis

All analyses were performed in triplicate. The results
arc cxpressed as the mean # standard deviation (5D) and
were analyzed using the GraphPad Prism 5.0 software.
Comparisons between groups were made using analyses of

variance (ANOVA) followed by Tukey's test p value < 0.05

and Pearson’s correlation.

RESULTS

Total phenolic content ranged from 126.6 to 847.5 mg
GAE g (Table 1}, and antioxidant activity (cxpressed as IC_,_D
in pg mL" and as mmol Fe" ¢) of the hydroalcohelic extracts
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ranged from 4.24 to 44.44 pg mL-" and 1.29 to 18.42 mmol
Fc" ¢! (Table 1).

In the DPPH assay, HEG4 (IC_ valueof4.24 pyg mL") and
HEG3 (5.92 pg mL"') had higher antioxidant activity than
HEGI1 and HEG2 {Icinvalucoflg.ﬂi ng mL' and 44.44 pg
mL, respectively). The FRAP assay showed that HEG3 and
HEG4 cxhibited the best ferric-reducing property (13.59
and 18.42 mmol Fe" g, respectively), which was higher than
that observed for Trolox. The correlations between the results

of DPPH and FRAP assays and TPC arc shown in Table 2.

A negative corrclation was obscrved between DPPH and
TPC (-0.878) and DPPH and FRAP (-0.836), in which a
low IC_ value in the DPPH assays was correlared with a high
TPC and a high FRAP valuc and vice versa. The correlation
between TPC and FRAP was positive (0.843), indicating a
high reducing power.

The UV spectra of the geopropolis extracts were also
evaluared. All four extracts had absorption peak at 4 at
268-275 nm, which was compatible with the presence of

phenolic compounds.

Table 1. Total phenolic content (TPC) concentrations (mg GAE g-1) and
antiowddant activity, 2,2-diphenyl-1-picrylhydrazy!, DPPH (IG50 in g mL-1),
and femic reducing antioxidant power, FRAP (in mmol Fell g-1), mean values [+
standard deviation; n = 3) of the hydroalcoholic extract of geopropolis (HEG) in
two phytogeographical regions, flooded fields and cerrado, in the municipalities
of Palmeirdndia and Fernando Falcdo, Maranhdo State, northeastern Brazil.
HEG1 and HEG? are geopropolis collected at Palmeirandia; HEG3 and HEG4
are geopropolis collected at Femando Falcao.

Extracts

£ DPPHIC '
(HEG) TPC (mg GAE g7) ml_.d]ﬂ (g FRAP (mmaol Fe'g)
HEG1 2230 +0290a 1905+0012a 178 + 0.007 a
HEG2 12660 £08400 4444 +0813b 129=0016ad
HEG3 84750 £ 0040c 592+ 0120c 13.59 + 0.430b
HEG4 34830 =0005d 424=0015c 1842x=0210c
Gallic
sl - 1.83 £ 0030 d 0.73 + 0.040d
Trolox - 211+ 0.040¢c 9.09 = 0.100e

Different letiers in the same column indicate a significant difference by Tukey test, p
< 0.05.

Table 2. Pearson correlation coefficient between the 2,2-diphenyl-1-
picrylhydrazyl (DPPH) and ferric reducing antioxidant power (FRAP) assays
and total phenolic content (TPG).

DPPH FRAP
TPG -0.878 0.843
DOPPH -0.836
FRAP -0.636
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The chromatograms obtained by GC/MS permitted the
identification of a large number of compounds in the four
geopropolis extracts (Table 3). HEG1 and HEG2 had a
similar composition. Triterpenoids were the main compounds,
including cycloartane- (cycloartenol, 5.39% and 4.12%),
olcanane- (f-amyrin, 1.23% and 2.66%), and ursanc-type
triterpenoids (cycloursane, 1.62% and 0.83% and 3-oxo-urs-

Table 3. Chemical composition of the hydroalcoholic extract of geopropolis
(HEG) in two phytogeographical regions, flooded fields and cerrado, in
the municipalities of Palmeirandia and Fernando Falcdo. Maranhao State,
northeastern Brazil, expressed in percentage of total ion chromatograms
(TIC%). HEG1 and HEG2 are geopropolis collected at Palmeirdndia; HEG3
and HEG4 are geopropalis collected at Fernando Falcao). Each value denotes
the mean of three analyses.

Sl‘;g‘s‘“’“"“ Chemical constituents ~ Extracts (HEG) TIC (%)
HEG1 HEGZ HEG3 HEG4
Fatty acids Palmitic 016 012 052 1.06
Stearic 046 039 153 344
Linoleic 01s - - -
Melissic - 135 - -
Octenoic - 0.4 - -
Organic acids Glycolic - 0 - -
Gluconic 0.o7 - - -
Quinic - - 168 185
Sugars Glucose 008 002 243 1483
Fructose - - 032 134
Mannose - - 12.80 -
Arabinose 018 - 013 124
Galactose 022 0.04 - -
Fucose 0.13 - - -
Sorbose 008 - = e
Yylose 045 - 0.61 -
Ribose a1z - - -
Aucubin 017 007 - -
Alcohols Erythritol 025 014 - 0.28
Arabitol 006 - - -
Sorbitol 011 - - -
Glycerol - - 022 027
Xylitol - - 092
Inositol - - 010 045
Phenolic acids Protocatechuic 1.04 038 010 013
Gallic 066 103 2230 1890
Ellagic - - 1470 1360
; Urs-12-en-24-oic
Triterpenes acid, 3-0x0 089 0861 - -
B-Amyrin 1.23 2.66 - -
Unknown triterpens 126 165 - -
Cycloursane 162 083 - -
Cycloartenol h3g 412 - -
Steroids Lanosterol 0.18 047 - -
Lanosterol acetate o002 - - -
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12-en-24-oic acid, 0.99% and 0.61%, respectively). The
cxtracts also contained steroids, the phenols protocatechuic
acid (1.04% and 0.38%) and gallic acid (0.66% and
1.03%), fatty acids, and sugars.

The chemical composition of HEG3 and HEG4 did

not contain triterpenoids or steroids, but had a high
concentration of phenolic compounds such as gallic acid
(22.3% and 18.9%, respectively) and cllagic acid (14.7%
and 13.6%). These phenolic acids were identified and
confirmed using an authentic standard based on mass-
spectral fragmentation, total ion chromatograms (T1C%),
and retention times (RT). Sugars, v:sl::r.:\q:iall:.-r glucas: (24.3%
and 14.93%) and mannose (12.8%) were identified.

DISCUSSION

In the state of Maranhao, mcliponiculrurc is pr:dominant
activity in flooded ficlds and cerrado arcas, cspcciaﬂ}' in the
municipalitics of Palmeirindia and Fernando Falcio where

tI'IC gcop rDPClliS samplcs WEIrc cal]octcd.

HEG3 and HEG4 contain higher levels of polyphenols
than HEG1 and HEG2; thus, the determinartion of toral
phenel content has become a standard test and is usually
cvaluated by Folin-Ciocalteu method (Sawaya er 2 2011).
Our findings arc in line with the results of studics conducted
by Cunha er 2l (2009) on geopropolis cxtracts from
Palmeirindia, Maranhao State, by Dutra er al (2014) on
geopropelis from Fernando Falcao, Maranhae State, and by
Silva er . (2013) on geopropolis produced by the Amazonian
specics M. interruptd and M. SEREGTA.

Two different methods, the DPPH scavenging and FRAP
metal ions, were used to determine the antioxidant properties
of geopropolis, which allowed us to obtain information about
the activity of these extracts during different stages of the

oxidation reactions (Souza er al. 2013).

According to Campos er @l {2003), extracts and natural
substances are considered active at [C,_ | < 500 pg mL". In the
DPPH and FRAP assays, all extracts exhibited significant in
vitro antioxidant activity. The correlations between the results
of the DPPH and FRAP assays and TPC suggest that total
phenols were responsible for the antioxidant activity and arc
consistent with results of studics investigating geopropolis
produced by M. interrupra, M. seminigra, M. fasciculara, and
M. subnitida (Silva er al 2013; Souza er al 2013; Dutra er af
2014; Souza er al 2014). A high phcno“c content is related
to antioxidant activity and all extracts exhibited high levels
of polyphenols (Table 1), as confirmed by GC/MS (Table 3).

Chromatographic methods are cssential for the analysis
of products that contain complex mixtures, permitting
the identification and quantification of biclogically active

compounds (Sawaya et al. 2011; Righi er al. 2013).
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Geopropolis is a complex mixture of chemical substances.
Thus, all extracts were subjected to GC/MS for complerte
analysis. M5 provides information of melecular mass and
structural information, and thercby the identification of the
componcnts of a mixturc.

The triterpenic compounds found in our study corroborate
the Flndings b}rﬁmﬁju etal (2015) who ;;.nal}zcd the chemical
compaosition of geopropolis collected in Palmeirindia.
Triterpenes have been identified in propolis and geopropolis
produced by stingless bees in Brazil and Mexico (Bankova
and Popova 2007).

Protocatechuic acid has been detected in propolis produced
by the stingless bee Terndgonisca anguestula (Percira et al 2003)
and in propolis (Kalogecropoulos er @/ 2009) and pollen
{Bonvehi er al 2001) produced by Apis mellifera. However,
there are no reports on the presence of this compound in
geopropolis produced by M. fasciculata.

The chemical composition of HEG3 and HEG4 is similar,
but differs from that of HEG1 and HEG2, as the former
do not contain triterpenoids and steroids but cxhibit high
concentrations of phenolic compounds. Gallic acid and its
derivatives have been identified in geopropolis and propolis of
stingless bees in the Brazilian states of Maranhao (Dutra er ol
2014), Pernambuco, Parand, Sio Paulo (Velikova ez 2. 20007,
Piaui (Bankova er 2l 1998) and Tocantins (Aratjo er 2. 2016).

HEG3 and HEG4 cxhibited the highest in vitre
antioxidant activities of the four extracts, suggesting a positive
relationship between high levels of cllagic and gallic acids and
antioxidant activity. Phenolic acids (gallic acid, cllagic acid,

and protocatechuic acid) have been reported to be strong

antioxidants (Kakkar and Bais 2014; Zhang er 2l 2014).

The botanical sources used by stingless bees for the
production of geopropolis can influence its chemical
composition. Analysis of the geopropolis collected in
Fernando Falcio suggests that the botanical sources are rich

in phcnolic compounds, particularl}' phcnolic acids and

hydrolyzable tannins found in HEG3 and HEG4, as it was
also obscrved by Dutra er 2l (2014).

It is noteworthy the presence of phenolic acids,
triterpenoids, and steroids in geopropelis because it may
predict the pharmacological propertics of this natural product
such as antimicrobial (Libério er al 2011), antioxidant (Dutra

er al. 2014), anticancer and immunomodulatory activities

(Aratjo er 2l 2015).

CONCLUSIONS

The geopropolis collected in Palmeirindia contained
triterpene compounds of the cycloartane, ursane, and
olcananc type as the main compounds, in addition to

phenolic acids, protocatechuic and gallic acid. In contrast,
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geopropolis collected in Fernando Falcdo contained high
concentrations of phenolic acids (gallic acid and cllagic acid)
and exhibited high antioxidant activity, suggesting that the
high levels of phenolic acids are responsible for the antioxidant
property of this geopropalis. The chemical composition and
antioxidant activity contribute to the identity and quality of
the types of geopropolis produced by M. fasciculata collected
in two phytogmgraphica| regions of the Maranhao State,
northeastern Brazil.

ACKNOWLEDGEMENTS

The authors wish to thank the Coordination for the
Improvement of Higher Education Personnel (Project
No 925/2010), the MNational Council for Scientific and
Technological Development (Project No. 554318/2010-5)
and the Foundation for the Support of Rescarch Scientific
and Technological Development of the State of Maranhio
(Project No. 00963/09) for financial support. Thanks to the
beckeepers for donating the geopropelis samples.

REFERENCES

Aratjo, M.J.AM.; Bufalo, M.C.; Conti, B.].; Fernandes Junior, A.:
Trusheva, B.; Bankova, V.; Sforcin, J.M. 2015. The chemical
composition and pharmacological activities of geopropolis
produced by Melipona fasciculata Smith in Northeast Brazil.
Jowrnal of Molecular Pathophysiolagy, 4: 12-20.

Aratdjo, K.5.5; Santos Junior, J.F; Sato, M.O.; Finco, ED.B.A.;
Soares, [.M.; Barbosa R.5.; Alvim, T.C.; Ascéncio, 5.D.;
Mariano, 5.M.B. 2016. Physicochemical properties and
antioxidant capacity of propolis of stingless bees (Meliponinae)
and Apis from two regions of Tocantins, Brazil. Arta Amazonica,
46: 61-68.

Bankova, V.; Christov, R.; Marcucci, M.C.; Popov, 5. 1998,

Constituents of Brazilian geopropolis. Zeirschrift fiir
Naturforschung C, 53: 402-406.

Bankova, V. 2009. Chemical diversity of propolis makes it a
valuable source of new biologically active compounds. fewrnal
of ApiProduct and ApiMedical Science, 1: 23-28.

Bankova, V.: Popova, M. 2007, Propolis of stingless bees: a promising
source of biologically active compounds. Pharmacagrasy Reviews,
1: 88-92.

Barth, O. M.; Freitas, A.S. 2015. Palynology as a tool to distinguish
between propolis and geopropolis: southern Brazilian samples.
Open Access Libvary Journal, 2: €2217.

Bezerra, ].M.D. 2002, Meliponicultura: Uma atividade essencial para
a economia familiar do Tropico Umido. In: Moura, E.G. (Org).
Agroambientes de transigdo entre o trdpico simido ¢ o semi-drido:
Asributos, alteragies e uso na produgdo familiar. Universidade
Estadual do Maranhao, 530 Luis, Maranhdo, p.144-203.
(http:/fwww.iica.org.br/docs/publicacoes/publicacoesiica/
agroabientestransicao.pdf)_Accessed on 20/09/2015.

Bonvehi, ].5.; Torrentd, M.S.; Lorente, E.C. 2001. Evaluation of
polyphenolic and flavonoid compounds in honeybee collected

320

Chemical composition and antioxidant activity of geopropolis produced by Melipona fasciculafz
(Melipaninae) in flooded figlds and cerrado areas of Maranhao State, northeastern Brazil

pollen in Spain. Jorrnal of Agricultural and Food Chemistry, 49:
1848-1853.

Campos, M.G.; Webby, R.E: Markham, K. R.; Micchell, KA.
Cunha, A.P 2003. Age-induced diminution of free radical
scavenging capacity in bee pollens and the contribution
of constituent flavonoids. Jowrnal of Agricultural and Food
Chemistry, 51: 742-745.

Campos, ].E; Santos, U.P; Macorini, L.EB.; Melo, AM.M.E;
Balestieri, B.P].; Paredes-Gamero, E.].; Cardoso, C.A.L.; Souza,
K P; Santos, E.L. 2014. Antimicrobial, antioxidant and cytotoxic

activities of propolis from Melipona orbignyi (Hymenoptera,
Apidae). Food and Chenical Toxicology, 65: 374-380.

Cunha, M.5.; Dutra, R.P; Batista, M.C.A.; Abreu, B.V.B.; Santos,
J.R.: Neiva, VA.; Amaral, EM.M.; Ribeiro, M.N.5. 2009.
Padronizacio de extrativos de geopropolis de Melipona fasciculata
Smith (tinba). Cadernos de Pesquisa, 16: 31-38.

Dutra, R.P.; Nogueira, AM.C.: Marques, R.R.O.; Costa,
M.C.P; Ribeiro, M.N.5. 2008. Pharmacognostic evaluation
of geopropolis of Melipona fasciculata Smith from Baixada
Maranhense, Brazil. Revista Brasileira de Farmacognosia, 18:

557-561.

Dutra, B.P; Abren, B.V.B.; Cunha, M.5_; Batista, M.C.A.; Torres,
L.M.B.; Nascimento, ER.E; Ribeiro, M.N.5.; Guerra, R.N.M.
2014. Phenolic acids, hydrolyzable tannins, and antioxidant
activity of geopropolis from the stingless bee Melipona
Jasciculata Smith. Jowrnal of Agricultural and Feod Chemistry,
62: 2549-2557.

Holanda, C.A.; Oliveira, A.R.; Costa, M.C.P; Ribeiro, M.N.5.;
Souza, J.L; Aradjo, M.J.A.M. 2012. Qualidade dos méis
produzides por Melipona fasciculata Smith da regio do Cerrado

maranhense. Quimica Nova, 35: 55-58.

Kakkar, 5.; Bais, 5. 2014. A review on protocatechuic acid and
its pharmacological potential. [nrernarional Scholarly Research
Notices Pharmacology, 2014: 1D 952943,

Kalogeropoulos, N.; Konteles, 5.].; Troullidou, E.; Mourtzinos, L;
Karathanos, V.T. 2009. Chemical composition, antioxidant
activity and antimicrobial properties of propolis extracts from
Greece and Cyprus. Journal of Agricultiral and Food Chemistry,
116: 452-461.

Kerr, W.E. 1987. Abelhas indigenas brasileiras (meliponineos) na
polinizacio e na producico de mel, pélen, peoprdpolis e cera.
Informe Agropecudrio, 13: 15-27.

Libério, 5.A.; Pereira, A.L.A; Dutra, R. P; Reis, A.S; Aranjo,
M.J.AM.; Martar, N.S.; er @l 2011. Antimicrobial acrivity
against oral pathogens and immunomodulatory effects and
toxicity of geopropolis produced by the stingless bee Meliporna
Jascicwlara Smith. BioMed Central Complementary and Alternative
Medicine, 11: 108.

Martins, A.C.L.; Régo, M.M.C.; Carreira, LM.M.; Albuquerque,
EM.C. 2011. Espectro polinico de mel de tiba (Mefipona
Jascicwlara Smith, 1854, Hymenoptera, Apidae). Ao Ameazonica,
41: 183-190.

Muniz, EH. 2002. A vegetacio da regido de transigio entre a
Amazdnia e o Nordeste, diversidade e estrutura. In: Moura,

VOL 46(3) 2016: 315 - 322 = BATISTA &f af



ACTA
AMAZONICA

EG. (Org). Agroambientes de Tmansicio entre o Tropico Umido
e 0 Semi-drida: Atribuios, alteracies e uso na produgie familiar.
Universidade Estadual do Maranhio, 530 Luis, Maranhio,
p.A4_60.

Mogueira-Nevo, R 1997. Vida ¢ criagio de abelbhas indigenas sem ferndo.
Nogueirapis, Sao Paulo, 530 Paulo, 446p.

Pedro, 5.R.M. 2014. The stingless bee fauna in Brazil (Hymenoptera:
Apidae). Seciobiology, 61: 348-354.

Pereira, A.5.; Bicalho, B.; Aquino-Neto, ER. 2003. Comparison
of propolis from Apis  mellifera and Terragonisca angusiula.
Apidelngie, 34: 291-298,

Ribeiro, M.H.M.; Luz, C.EP; Albuquerque, PM.C. 2013. Pollen
analysis of geopropolis of Melipona (Melikerria) fasciculara
Smith, 1854 (Meliponini, Apidae, Hymenoptera) in areas of
restinga, cerrade and flooded fields in the state of Maranhio,
Brazil. Grama, 52: 81-92.

Righi, A. A.; Negri, G.; Salatino, A. 2013. Comparative chemistry
of propolis from eight Brazilian localities. Evidence-Based
Complementary and Alernative Medicine, 2013: 1D 267878,

Sawaya, A.C.H.E; Cunha, I.B.S.; Marcueci, M.C. 201 1. Analytical
methods applied to diverse types of Brazilian propolis. Chemisery
Central Journal, 5: 27.

Silva, E.C.C.; Muniz, M.P: Nunomura, R.C.8.; Nunomura,
S.M.; Zilse, G.ALC. 2013. Constituintes fendlicos e arividade

antioxidante da geopropolis de duas espécies de abelhas sem
ferrdo amazdnicas. Quimica Nova, 36: 628-633.

63

Ghemical composition and antioxidant aclivity of geopropolis produced by Mefipona fasciculala
(Melponinag) in flooded fields and cemrado areas of Maranhdo State, northeastern Brazil

Slaa, E.J.: Chaves, LAS.; Malapodi-Braga, K.5.: Hofstede, EE. 2006.
Stingless bees in applied pollination: practice and perspectives.
Apidologie, 37: 293-315.

Souza, 5.A.; Camara, C.A.; Silva, E.M.5.; Silva, TM.S. 2013.
Composition and antioxidant acrivity of geopropolis collected
by Melipona subnirida (Jandaira) bees. Fvidence-Based
Complementary and Alernative Medicine, 2013: 1D 801383,

Souza, 5.A.; Dias, TL.M.E; Silva, TM.G.; Falcio, R.A.; Moreira,
M.5.A.; Silva, E.M.S.; Camara, C.A.; Silva, TM.5. 2014.
Chemical composition, antinociceptive and free radical-
scavenging activities of peopropolis from Melipona subnitida
Ducke (Hymenoptera: Apidae: Meliponini). Seciobiology 61:
560-365.

Velikova, M.; Bankova, V.; Marcucci, M.C.; Tsvetkova, [.;
Kujumgiev, A. 2000. Chemical composition and biological
activity of propolis from Brazilian meliponinae. Zeirschrift fiir
Naturforschung C, 55: 785-789.

Zhang, L.L; Wang, Y.M.; Xu, M.; Wu, D.M.; Chen, ].H. 2014.
Quantification of gallic acid and ellagic acid from the seed of
Cornus officinalis by UHPLC method and their antioxidant
activity. Chemical Engineering Communicavions, 201: 545-556.

Recebido em 08/01/2016
Aceito em 25/03/2016

by VOL. 46(3) 2016: 315 - 322 = BATISTA &f al




5.2 CAPITULO 2 — Patente

INSTITUTO

' NACIONAL
‘ DA PROPRIEDADE
INDUSTRIAL

04/02/2016 870160003109

09:25

00.000.2.2.16.0089229.3

Pedido nacional de Inven¢ao, Modelo de Utilidade, Certificado de
Adicao de Invencao e entrada na fase nacional do PCT

Nudmero do Processo:

Dados do Depositante (71)

BR 10 2016 002463 3

Depositante 1 de 1

Nome ou Razé&o Social:
Tipo de Pessoa:
CPF/CNPJ:
Nacionalidade:
Qualificacé&o Juridica:
Enderego:

Cidade:

Estado:

CEP:

Pais:

Telefone:

Fax:

Email:

Dados do Pedido

Universidade Federal do Maranhé&o

Pessoa Juridica

06279103000119

Brasileira

Instituic&o de Ensino e Pesquisa

Av_ dos Portugueses, 1966 - Cidade Universitaria, Bacanga
Séo Luis

MA

65080-805

Brasil

(98) 32728710

nit-dapi@ufma.br

Titulo da Inveng&o ou Modelo de
Utilidade (54):
Resumo:

FORMULACAO FARMACEUTICA ANTI-HELMINTICA COM O
EXTRATO SECO DA GEOPROPOLIS

Esta invencéo trata-se da obtenc&o de formulag&o farmacéutica anti-
helmintica, contendo extrato seco da geopropolis da abelha sem
ferrao Melipona fasciculata Smith, como ativo natural, destinado ao
combate de parasitas gastrointestinais que acometem animais
ruminantes de pequeno porte.



65

5.3 CAPITULO 3 - Artigo

Anthelmintic activity of hydrolyzable tannins and phenolic acids, constituents of

geopropolis against Haemonchus contortus nematode

Artigo a ser submetido ao Journal of Agricultural and Food Chemistry

ISSN: 1520-5118

Marisa Cristina Aranha Batistai, Livio Martins Costa JuniorT, Maria Nilce de Sousa

. . +
Ribeiro**

*Laboratorio de Farmacognosia and 'Laboratério de Parasitologia Animal, Universidade
Federal do Maranhao, Av. dos Portugueses 1966, 65085-580 Sao Luis, Maranhao, Brazil
Corresponding Author

*(M.N.S.R.) E-mail: mnribeiro@ufma.br. Phone: (+55) 98-32728592.



66

ABSTRACT

Synthetic drugs are the most used anthelmintic to control gastrointestinal nematodes,
however, the global anthelminthic resistance are increasing, and geopropolis can be an
alternative to control of these parasites. Geopropolis is a complex mixture of plant resins,
waxes, salivary secretions and soil produced by the stingless bee Melipona faciculata. In the
present work, we describe the in vitro anthelmintic activity using by egg hatch and
exsheathment larvae of Haemonchus concortus, as well as evaluate the antioxidant activity
and chemical composition of geopropolis extract and fractions from Melipona fasciculata.
The extract and fractions of geopropolis, except for the hexane fraction, exhibited
anthelmintic activity for eggs hatching (2.01 to 3.73 mg/mL) and exsheathment inhibition
(0.12 to 0.55 mg/mL), antioxidant activity for DPPH assay (ICso 6.50 to 29.80 pg/mL) and
FRAP assay (6.91 to 17.19 mM F2+/g). The anthelmintic activity of geopropolis studied was
significant and may be related to antioxidant activity, total phenolic content. Hydrolyzable
tannins (gallotannins and ellagitannins) phenolic acids (brevifolin carboxylate, ellagic acid

and derivates, caftaric acid) were identified in fractions of geopropolis.

Keywords: geopropolis, natural product, antioxidant activity, phenolic acids, hydrolyzable

tannins.
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INTRODUCTION

Gastrointestinal nematodes (NGIs) in small ruminants is a serious pathological problem
across the world affecting animal health, welfare and production. The use of synthetic drugs is
the common method of anthelmintic control by gastrointestinal nematodes established around
the world.' However, the global increase in anthelminthic resistance,2 worrying presence of
residues in food, and environmental pollution have all been an incentive for research into
alternative methods to control helminthes.’

Plants and these derivatives products have been used for centuries as dewormers for
both human and livestock, and several studies have explored the anthelmintic effects of plant
extracts.”” Most anti-nematode activities have been obtained with plant extracts rich in
polyphenols, especially tannins, able to provide nutritional and antioxidant benefits to
ruminants that in vivo are linked to neutralization of excessive free radicals in the body,
triggering internal antioxidant mechanisms and boosting the immune system.6’7 The
hypothesis for direct effects of polyphenolic compounds has been substantiated by several in
vitro assays against diferente life-cycle stages.g’9

Products derived from bees, such as propolis and geopropolis can be alternative controls
of these parasites. Propolis is a complex mixture, formed by resinous and balsamic material
and is collected by bees in the branches, flowers, pollen, shoots and exudates of trees.

This resin, mixed with salivary secretions of bees is used for the core protection against
the proliferation of microorganisms.10 For centuries propolis has been used in folk medicine
due to its biological properties pertaining to, antioxidant, antiviral,'' anthelmintic,
antibacterial, antitumor anti-inflammatory and others."

Although a several of studies about propolis have been published, most of them are
from Apis mellifera, whereas other types of propolis collected by different species of bees

have been sparsely studied.
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The bee species, Melipona fasciculata, which belongs to Meliponini tribe produces a

variety of propolis popularly known as geopropolis. Geopropolis differs from propolis by

presenting wax and soil in its composition providing different physical and chemical

characteristics.'"*"> Despite of its popular use in folk medicine, very little is known about its
chemical composition and biological activity.

The chemical composition of geopropolis is complex with the presence of phenol

6,17

compounds (phenolic acids, flavonoids, tannins, coumarins, alkylresorcinols)1 , prenylated

benzophenone,18 terpenes,19 carbohydrates, sugar alcohols, fatty acids®, steroids,”’ and
22

saponins.

Studies of geopropolis have demonstrated the biological activities such as antimicrobial,

23,24 16,26

. . . . . 25 . . . . . 26 .
antlprohferatlve, cytotoxic, antitumor, antioxidant, antinociceptive, anti-

1527 20 : e 28
immunomodulatory, and gastroprotective properties. However,

inflammatory,
geopropolis have no report anthelminthic activity.

The present study aimed to investigate the chemical composition of geopropolis
produced by M. fasciculata Smith colleted in Maranhdo state, Brazil, and performed as in

vitro assays for the evaluation of the anthelminthic activity on the eggs and infective larvae of

Haemonchus contortus.

MATERIALS AND METHODS

Chemicals. Hexane, chloroform, ethyl acetate, ethanol, methanol, formic acid,
acetonitrile, hydrochloric acid, acetic acid, sodium carbonate, sodium acetate trihydrate, and
anhydrous sodium sulfate were purchased from Merck (Darmstadt, Germany). All chemicals
used in the study were of analytical or HPLC grade. Folin—Ciocalteu reagent, 2,2-diphenyl-1-
picrylhydrazyl radical (DPPH), 2,4,6-tris(2-pyridyl)-s-triazine (TPTZ), 6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid (Trolox), potassium persulfate, iron (III) chloride

hexahydrate, iron (II) sulfate heptahydrate, phosphate buffered saline (PBS), and gallic acid
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were purchased from Sigma-Aldrich (St. Louis, MO, USA). The solvents were filtered using
a Phenomenex solvent filtration apparatus (Torrance, CA, USA). The water used in this
experiment was purified in a Millipore Milli-Q apparatus (Purelab UHQ-PS, Elga).

Geopropolis sample. The geopropolis sample were collected from beehive in Fernando
Falcao municipality (6°08°99.2”’S and 44°54°99.4°°W), Maranhao State, northeastern Brazil,
in 2012.

Extraction and fractionation of geopropolis extract. The geopropolis sample was
triturated using a knife mill and the geopropolis powder (500 g) obtained was extracted by
maceration with 1000 mL of 70% ethanol/water (70:30, v/v) for 48 h at a solid to solvent ratio
of 1:5 (w/v). The extract was filtered through Whatman no. 1 filter paper (Whatman, Durham,
UK) in a Buchner funnel and concentrated to a small volume at 40 °C in a rotary evaporator
(Q344B2, Quimis, Sao Paulo, Brazil) under vacuum, obtaining the geopropolis extract (G).
The geopropolis extract (G, 20 g) was dissolved in 100 mL of methanol/water (80:20, v/v) by
stirring, and the solution was subjected to fractionation by liquid—liquid partition using
hexane, chloroform, and ethyl acetate. The solutions were filtered (anhydrous Na,SO4) and
concentrated to a small volume at 40 °C in a rotary evaporator under vacuum, obtaining the
hexane fraction (HFG), chloroform fraction (CFQG), ethyl acetate fraction (EAFG), and
hydroalcoholic fraction (HAFG).

Biossays. All procedures were approved through the Ethics Committee for the Animal
Experimentation of the Federal University of Maranhdo, Brazil under number 23115018061.
The eggs were purified from a donor goat with monospecific infection of H. contortus.”’

Egg Hatch Assay (EHA). Preparation of stock solution (20 mg/mL) of the geopropolis
extracts and fractions were diluted in methanol/PBS (0.1 M phosphate, 0.05 M NaCl, pH 7.2)
(2:98, v/v) The extract and fractions were conducted following that was previously used to
assess anthelmintic.”” The test were performed in multi-well plate (96-wells), 100 uL of the

H. contortus egg suspension (100 eggs/mL) was added to each well and the treatments
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(negative control, extract and fractions) at concentrations that ranged from 5.0 mg/mL and
decreased always in a half until 1.0 mg/mL. The methanol/PBS (2:98, v/v) was used for
negative control (80 uL. of PBS/methanol (2:98, v/v) plus 20 uL of PBS). All the extract and
fractions concentrations and the negative control were tested with four replicates. The multi-
well plates were incubated in BOD (Biological oxygen demand) (27 °© C and RH> 80%) for
48 h, the eggs and larvae were quantified using an inverted microscope and eggs hatching
percentage was calculated. The analyses included only those plates with a hatching-rate of
80% or higher in the negative control wells.

Larval Exsheathment Inhibition Assay. The test was performed according to Bahuaud et
al.® Using Baermann technique,30 active L3 were separeted, concentrated by centrifugation at
6000 rpm for 2 min. to prepare a solution with 1000 L3 for 1000 xL. The extract and fractions
were diluted inmethanol/PBS (2:98, v/v), and evaluated at concentrations that ranged from 1.2
mg/mL and decreased always in a half until 0.075 mg/mL. The negative control was done
with methanol/PBS (2:98, v/ v) The infective larvae were incubated in the different treatments
for 3 h at 22 °C in BOD. Then, the larvae were washed with PBS and centrifuged five times at
3000 rpm for 5 min. Approximately 1000 larvae for tube were subjected to artificial
unsheathing process by contact with solution of sodium hypochloride/water (2:98, v/v) diluted
1:300 in PBS (pH 7.2). Tests were performed in tubes and extract and fractions concentrations
and control were evaluated in four repetitions. The larval unsheathing process was monitored
in the intervals of 0, 20, 40 and 60 min by observation under inverted microscope. At each
time the larvae were killed and examined immediately.

Determination of total phenolic content (TPC). The TPC was determined with the
Folin—Ciocalteu reagent and 20% sodium carbonate. The reaction mixture was kept in the
dark for 2 h at room temperature, and absorbance was then measured at 760 nm in UV—vis
spectrophotometer (Lambda 35, Perkin-Elmer, Inc., Waltham, MA, USA).17 TPC was

calculated from the calibration curve constructed with standard solutions of gallic acid
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(1.0-30.0 ug/mL) and is expressed as miligrams of gallic acid equivalente per gram of
geopropolis extract or fraction (mg GAE/g). The analyses were carried using three aliquots of
each sample, measured in triplicate, and the average value was calculated for each sample.

Determination of the antioxidant activity. DPPH radical scavenging activity. The
antioxidant activity of the geopropolis sample was evaluated by in vitro 2,2-diphenyl-1-
picrylhydrazyl (DPPH) assay.'’ The extract and fractions were diluted in methanol at different
concentrations (1.0-100.0 ug/mL) and added to a methanol solution of DPPH (40.0 ug/mL).
After 30 min of reaction at room temperature in the dark, the absorbance of each solution was
read at 517 nm using a UV-Vis spectrophotometer (Lambda 35 Perkin Elmer Corporation,
Massachusetts, USA). Methanol was used as the blank and DPPH solution was used as the
control. Standards of gallic acid and 6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic
acid (Trolox, Sigma) were treated under the same conditions as the samples. The percent
inhibition was calculated according to equation.

DPPH scavenging activity (%) = 100x (Acontrol — Asample)/Acontrol
where Asample = absorbance of the sample after 30 min of reaction, and Acontrol =
absorbance of the control. The percent scavenging activity was plotted against the sample
concentration to obtain the ICsy, defined as the concentration of sample necessary to cause
50% inhibition.

Ferric reducing antioxidant power (FRAP) assay. This method was used to determine
the antioxidant activity based on iron reduction. FRAP measures the ferric-reducing ability of
a sample in acid medium (pH 3.6), yielding an intense blue color attributable to the reduction
of the ferric tripyridyltriazine (Fe’*-TPTZ) complex to the ferrous (Fe**) form."” FRAP
reagent was prepared immediately before analysis by mixing 25 mL of acetate buffer (300
mM, pH 3.6), 2.5 mL of TPTZ solution (10 mM TPTZ in 40 mM HCI), and 2.5 mL of
FeCls-6 H,O (20 mM) in aqueous solution. Different concentrations of 100 uL of the extract

and fractions (1-100 ug/mL) were added to 300 uL of distilled water and 3 mL of FRAP



72

reagent, and the mixtures were incubated in a water bath at 37 °C for 30 min. The absorbance
of the reaction mixture was read at 593 nm using a UV-Vis spectrophotometer (Lambda 35,
Perkin Elmer Corporation), with FRAP solution as a blank. The calibration curve was
constructed using different concentrations of FeSO4.7H,O (100-2000 xM) (r2 = 0.9987) and
the results are expressed as mmol Fe**/g sample. Standards of gallic acid and Trolox (Sigma)
were treated under the same conditions as the samples.

HPLC/UV-Vis Analysis. HPLC analysis was carried out in a Thermo Finnigan
Surveyor Autosampler liquid chromatograph (San Jose, CA, USA) equipped with an injector
with 25 ul. loop and a UV detector. A Hypersil BDS C-18 column (250 x 4.6 mm, 5 um;
Thermo Electron Corp., Waltham, MA, USA), protected by a C-18 precolumn (4 x 3 mm, 5
um, Gemini; Phenomenex), was used. The compounds of the geopropolis extract and
fractions were separated at room temperature using a gradient elution program at a flow rate
of 1.0 mL/min. The mobile phases consisted of Milli-Q water containing 0.1% formic acid
(A) and acetonitrile (B). The following linear gradient was applied: 0—35 min, 5%-30 B;
35—50 min, 30-70% B; 50—60 min, 70—100% B. The column was reequilibrated for 10 min
before the next run. The injection volume into the HPLC system was 25 uL, and UV—vis
detection was performed at 254 nm. Before injection into the HPLC system, the extract and
each fraction was dissolved in the same solvent used for extraction (HPLC grade) to obtain a
final concentration of about 3 mg/mL and then filtered through a 0.22 4m nylon syringe filter
(Allcrom, Sao Paulo, SP, Brazil).

HPLC-DAD-ESI-MS Analysis. The geopropolis extract and fractions were analyzed
with an HPLC system (LC-20AD, Shimadzu) equipped with a photodiode array detector
(SPD-20A — Shimadzu), which was coupled to an Esquire 3000 Plus ion-trap mass
spectrometer (Bruker Daltonics, Bremen, Germany) using electrospray ionization (ESI). The
conditions for dilution of the samples and the mobile phase composition were the same as

described above. The ionization conditions were adjusted as follows: electrospray voltage of
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the ion source of 40 V, capillary voltage of 4.5 kV, and capillary temperature of 320 °C.
Ultrahigh-purity helium (He) was used as the collision gas and high-purity nitrogen (N3) as
the nebulizing gas. Nebulization was aided with a coaxial nitrogen sheath gas provided at a
pressure of 27 psi. Desolvation was facilitated using a counter current nitrogen flow set at a
rate of 7.0 L/min. Analyses were carried out using full-scan mass spectra in the negative
ionization mode and data-dependent MS* scans from m/z 100- 3000. The compounds were
identified on the basis of the molecular ion mass, fragmentation, UV—visible spectra, or co-
injection with standards.

Statistical analysis. For the chemical analysis: all analyses were performed in triplicate.
The results are expressed as the mean + standard deviation (SD); For the biological analysis:
all the analyses were performed in quadruplicate. The effective concentration ECsy for egg
hatch inhibition and exsheathment inhibition for extract and each fraction were calculated
using the software Probit Polo Plus. The results are expressed in ECsy Comparisons between
groups were made using analyses of variance (ANOVA) followed by Tukey’s test p value <

0.05, and all analyses were performed using the GraphPad Prism software, 5.0.

RESULTS

Egg hatch assay. The ovicidal activity of the extract and fractions was summarized in
the table 1. The ECsq values for ranged from 2.01 to 3.73 mg/mL (Table 1). The yield of HFG
fraction was very low and has not been submitted to test anthelmintics. EAFG showed the
best concentration dependant ovicidal activity on the eggs of H. contortus with ECsg of 2.01
mg/mL. The G and HAFG showed no differ statistically.

Larval exsheathment inhibition assays (LEIA). The range of ECs values (0.12 — 0.55
mg/mL) obtained for extract and fractions are shown in Table 1. The HAFG exhibited the best
concentration with ECsp of 0.12 mg/mL, for the larval exsheathment inhibition. The CFG and

EAFG showed no differ statistically.
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Total Phenolic Content and Antioxidant Activity of the extract and fractions. TPC
and antioxidant activity of the extract and fractions are shown in Table 2. Total phenolic
content ranged from 64.50 to 650.19 mg GAE/g in the extract and fractions. G (541.96 mg
GAE/g) and EAFG (650.19 mg GAE/g) had the highest total phenolic content.

The EAFG and G exhibited the highest activity among the samples analyzed by the
DPPH radical scaveninging assay, with an ICsy value of 6.50 and 8.72 ug/mL respectively,
HAFG and CFG and provided ICsg values of 17.39 and 29.8 ug/mL, respectively.

In the FRAP assay, EAFG, G, HAFG, and CFG presented the best ferric-reducing
abilities (17.19, 13.01, 11.07 and 6.91mmol Fez+/g, respectively). EAFG, G, HAFG were
superior to the antioxidant activity of Trolox. No antioxidant activity was observed for HFG
in any of the antioxidant assays (Table 2).

Identification of phenolic compounds. Because EAFG and HAFG were more effective
against eggs hatch and larval exsheathment respectively, the chemical composition of these
samples were analyzed by HPLC/UV—vis and HPLC-DAD-MS/MS.

The chromatogram obtained by HPLC/UV—Vis (254 nm) for EAFG and HAFG (Figure
1) revealed similar chemical compositions, with various peaks corresponding to phenolic
acids and hydrolyzable tannins on the basis of the analysis, but HAFG has a lower number of
compounds.

The HPLC-DAD-ESI--MS/MS method allowed for the separation of 11 peaks of
EAFG and 5 peaks of HAFG corresponding to compounds with related structures were
tentatively identified as phenolic acids and hydrolyzable tannins on the basis of their retention
times, UV spectra, and MS pattern and also taking into account data in the related literature
(Figure 1 and table 3 and 4).

Tentatively identified compounds 1-11 are described below for the EAFG fraction and

illustrated in Figure 2. Compound 1 showed [M-H] at m/z 481 and its fragmentation
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produced m/z 301 after loss of a glucose unit (180 Da), and was tentatively identified as
HHDP—glucose.”’31

Compound 2 showed [M - H] at m/z 483 yielded fragment ions a m/z 331 after loss of a
galloyl moiety [M - H — 152] and m/z 169 [M - H - 162] after removal of the glucosyl group
and was tentatively identified digalloyl glucose.**

Compound 3 exhibited [M - H] at m/z 635 yielded fragments of m/z 483 [M-H-152] the
loss galloyl, at m/z 465 [M — H —18], from the loss of water and decarboxylation of a gallic
acid group m/z 421 [M-H-44] and m/z 313 [M — H — 152], indicating the loss of another
galloyl group, along with cross-ring fragmentation of glucose, and at m/z 301 and was
tentatively identified trigalloyl glucose.”’32

Compound 4 showed [M-H] at m/z 785, indicating the presence of digalloyl-HHDP-
glucose (pedunculagin II). The deprotonated molecule with an m/z 785 [M - H] ion
fragmented at m/z 767 [M - H - 18] from the loss of a water, at m/z 483 [M-H- 302] due to
loss of one HHDP group, and at m/z 301 after the loss of glucose molecule.*

Compound 5 showed ion at m/z 463 and MS? ion fragmented at m/z 403 [M-H-60],
from the removal of two formaldehyde moieties from glucose moiety, and at m/z 301 [M — H
— 102] indicating the loss of a glucosyl group moietes, also identified by its ellagic acid
fragment, m/z 301, was identified as ellagic acid glucoside.35 6

Compound 6 exhibited an [M-H] ion at m/z 951 and produced fragments at m/z 933 in
the MS/MS experiment. Furthermore, were obtained from the loss of water from the major
fragment (m/z 951) and was tentatively identified galloyl-HHDP-DHHDP-glucose (granatin
B).36%7

Compound 7 exhibited the [M - H] ion at m/z 291 and fragment ions at m/z 247 [M-H-
44] after loss decaboxylation coincided with the MS/MS data of brevifolin carboxylate.38

Compound 8 and compound 11 exhibited the m/z 467 and m/z 603 respectively,

revealed typical ellagic acid fragment (m/z 301) and, thus, was assumed to be ellagic acid
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derivatives and ellagic acid hexoside derivate. However, further information for a more
detailed characterisation of these compound was not obtained.”’

Compound 9, galloyl-bis-HHDP-glucose ([M - H] at m/z 935) yielded fragment ions at
m/z 917 after the loss of a water [M - H — 18], at m/z 633 after loss of HHDP (M-H-302) and,
m/z 301 [M-H-332] after loss galloyglucose.39

Compound 10, trigalloyl-HHDP-glucose showed several peaks including the base peak
ion at m/z 937 and fragments at m/z 919, 767, 465, and 301. The fragment at m/z 919 after the
loss of a water [M - H — 18], at m/z 767 was attributed to the loss of galloyl [M-H-152] and
the m/z 465 fragments were to the loss of HHDP moieties from the [M- H- 302]. Again,
evidence of an HHDP group was observed (m/z at 301 and [M - 302 - H]- ion) as one of the
major fragments in the mass spectlrum.40

Compounds 1-6 were also tentatively identified and are described below for the HAFG
fraction, however, that the compound 1 and 3 were also identified in the EAFG. Compound 2
exhibited an [M-H] ion at m/z 331 and produced fragments at m/z 271 in the MS? experiment,
indicating the loss of a hexose moiety and m/z (60Da). Therefore, this compound was
identified as monogalloyl glucose.3 !

Compound 4 is typical ellagic acid fragment at m/z 301." Compound 5 was identified
as caftaric acid exhibited an [M-H] ion at m/z 311. Additionally, identified by their
pseudomolecular ions at m/z 311, respectively in the MS? experiment revealed a loss of

132Da corresponding to a tartaric acid. It also produced product ions at m/z 179 (caffeic

acid).¥!

DISCUSSION

The presence of the phenolic compounds is important when related to biological activity

as antioxidant activity or anthelmintic activity. In the DPPH and FRAP assays, EAFG, G,
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HAFG and CFG exhibited significant in vitro antioxidant activity and presence of the
phenolic compounds. HFG did not show antioxidant activity.

The highest antioxidant activity finding can be due to the high content of polyphenols,
such as hydrolyzable tannis (HT) and phenolic acids, compounds identified in the EAFG and
HAFG fractions that were more effective against eggs hatch and larval exsheathment
inhibtion, respectively.

The antioxidant activity of the phenolic compounds occurs by the formation of less
reactive species or the action as hydrogens donors, depend on the molecular structure,
including the polarity and position of constituent groups in the formation of these
compounds.42

Phenolic compounds have strong antiradical activity, such as tannins, flavonoids and
phenolic acids. Tannins with high molecular weight and complex and variable structure,
exhibits a strong antioxidant activity.43 Several studies relate the biological activities of
hydrolyzable tannins with their antioxidant and antihelmintc properties.44

Ellagic acid and derivates are excelente acceptor of free radicals and related as
antioxidants. Thus, they can also quench electrons from various biological systems including
that of electron transport system (ETS). Disruption of electron flow in ellagitannis results in
the inhibition of oxidative phophorylation, it may be related to anthelmintic activity.“s’46

Tannins are known to produce anthelmintic activity through a number of mechanisms
which include uncoupling oxidative phosphorylation, antioxidant activity and their ability to
bind with metals and proteins.” It has been suggested that the direct effect of tannins is based
on their interactions with egg and larvae proteins vital for the development and biological
functions of the larvae.**"*

The hydrolyzable tannins affect the anthelmintic activity according to molecular size,

flexibility, types and funcionais groups, and there are three possibilities to affect eggs and

larvae: (1) precipitating proteins and can interact with eggs and larvae through non-covalent
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or covalent interactions. (2) a high oxidative activity, oxidation products covalently bind to
eggs and larvae. (3) hydrolysis, and the hydrolysis products interact with eggs and larvae, "*
as in the EAFG and HAFG, result in effective inhibition of egg hatching and larval
exsheathment respectively and good antioxidante activity.

The egg hatch test is an in vitro assay for assessing the potential anthelmintic activities
of natural products. Positive results on the inhibition of hatching eggs of a particular species
of nematodes are considered to be an indicator that the substance tested was effective against
free-living stages, infective larvae or adult worms in the host.”

The capacity to reduce egg hatching could be of significant epidemiological importance,
and it could help to modulate the risk of parasitism by limiting the infectivity of pastures

5233 The extract

grazed by ruminants.” It is observed with some plants species rich in tannins.
and fractions showed a dose-dependent inhibition of egg hatching at ECso below 3.73 mg/mL,
however the EAFG exhibited better ECsg at 2.01 mg/mL, and hydrolyzable tannins (HT) were
identified as likely responsible for this activity.

The HTs bound to the surface of the egg shell, presumably via tannin—protein
interactions, and either disturbed the proteins that evoke the actual hatching process or,
alternatively, the HT coat around the egg simply mechanistically disabled the penetration of
the larvae through the egg shell or could also disable vital functions such as oxygen exchange
between the inside and outside of the egg, but this again would more likely disturb the
development of the larvae inside the egg.49

Another in vitro test used to explore the interactions between tannins and infective
third-stage larvae of gastrointestinal nematodes is a larval exsheathment inhibition assay
(LEIA). The L3 exsheathment representes the transition from the free-living to the parasitic
phase, and is essential in the life cycle of nematodes. The LEIA has proved to be simple and

reproducible, it also has the advantage that it allows calculation of ECsy values. Moreover,

LEIA has been related to similar in vivo processes.54



79

It has been reported that tannins, interrupt the process of exsheathment, thus preventing
the establishment of infective larvae in the host and consequently the infection.’**> Tannins
have been shown to deform nematode surfaces.”®”’ Interestingly, exposure to extracts from
tannin caused degeneration of muscle cells, accumulation of electron-dense vesicles and
marked intracellular disorganization.”® These authors speculated whether the lesions observed
in the cuticle of ensheathed L3 larvae could have been due to accumulation of metabolic
products, which in turn could have produced cellular toxicity by blocking the metabolic
exchange with the environment.”’

The results demonstrated that the extract and fractions showed ECsy, below 0.600
mg/mL, and HAFG inhibited the process of H. contortus larvae exsheathment, showing
superior efficacy as compared to others, but this activity may be related to the presence of
phenolic compounds, especially ellagic acid and derivatives, or polar compounds that were
not identified the information were not sufficient to detail the strutures of compounds.

In a recent study, ellagic acid, one of the major constituents of Alternanthera sessilis,
caused the death of adult nematodes, as well as inhibited the larval production from the eggs
of H. contortus,46 and has been found to inhibit the parasite Caenorhabditis elegans.60

The geopropolis have no report anthelminthic activity, but have a few works related
propolis and anthelmintic ativity. Propolis was showed as anthelminthic control reducted eggs
per gram of feces (EPG) in sheep,61 and in bovines.'?

Hydrolyzable tannins are classified into gallotannins and ellagitannins. Gallotannins
consist of a glucose molecule in which hydroxyl groups are partly or completely substituted
with galloyl groups, and ellagitannins are esters of the hexahydroxydiphenoyl (HHDP) group
consisting of a polyol core (glucose or quinic acid).”

On the basis of MS data, the main fragmentation pattern from gallotannins involved the

loss of one or more galloyl groups (152 Da) and/or gallic acid (170 Da) from the deprotonated

molecule [M - H]. Typical neutral losses of ellagitannins during MS fragmentation are
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galloyl (152 Da), gallic acid (170 Da), HHDP (302 Da), galloylglucose (332 Da), HHDP
glucose (482 Da), and galloyl-HHDP-glucose (634 Da) residues (Figure 3).62

MS/MS of these compounds indicated a common fragment ion m/z 301 (Table 1),
corresponding to ellagic acid (a hydrolytic release of HHDP ester groups). Ellagic acid is a
dimeric derivative of gallic acid and is generally recognized as the hydrolytic by product
following the release of a hexahydroxydiphenoyl (HHDP) ester group from ellagitannins,
which spontaneously converts to its characteristic bislactone structure.®® This fragment ion is
a key feature of ellagitannins and considered to be a chemical marker compound for
hydrolyzable tannins.®*

Ellagitannins were the main compounds identified but phenolic compounds also
identified. Monogalloyl glucose, digalloyl-glucose, ellagic acid hexoside, galloyl-HHDP-
DHHDP-glucose, brevifolin carboxylate, galloyl-bis-HHDP-glucose, ellagic acid hexoside
derivate, and caftaric acid were detected for the first time on geopropolis by Melipona
fasciculata, however HHDP-glucose, trigalloyl glucose, digalloyl-HHDP-glucose, trigalloyl-
HHDP-glucose and elagic acid were found on geopropolis by Melipona fasciculata. 17

This study provided the first evidence of anthelmintic activity of geopropolis inhibiting
hatching eggs and exsheathment larvae of H. contortus, effects that may be related to

antioxidant activity, total phenolic content, hydrolyzable tannins and phenolic acids identified

in fractions, EAFG and HAFG showed better activity.

ABBREVIATIONS USED

Geopropolis extract (G); hexane fraction (HFG); chloroform fraction (CFG); ethyl
acetate fraction (EAFG); and hydroalcoholic fraction (HAFG); DPPH, 2,2-diphenyl-1-
picrylhydrazyl FRAP, ferric reducing antioxidant power; HHDP, hexahydroxydiphenic acid;
DHHDP, Dehydrohexahydroxydiphenic acid; HPLC, high performance liquid

chromatography; UV- Vis, ultra violet visible; ESI, electrospray ionization; MS, mass
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spectrometry; DAD, diode array detection; MS/MS, tandem mass spectrometry; TPC, total
phenolic content; HT, hydrolyzable tannins; larval exsheathment inhibition assay (LEIA);

ETS, electron transport system;, EPG eggs per gram of feces; ETS, electron transport system
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FIGURE CAPTIONS
Figure 1. HLPC chromatograms of compounds detected at 254 nm in ethyl acetate fraction
(EAFG) and hydroalcoholic fraction (HAFG) of geopropolis extract. Peak numbers
correspond to the compounds shown in Table 3 and 4.
Figure 2. Chemical strutures of hydrolyzable tannins detected in ethyl acetate fraction
(EAFG). Compounds 8 and 11, the information were not sufficient to detail the strutures.

Figure 3. Typical fragmentation of ellagitannins. HHDP, hexahydroxydiphenolic acid.
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TABLES

Table 1. Effective concentration of extract and fractions (mg/mL) required for achieving
50% inhibition of egg hatching (ECsy) after a 48 h incubation period with the most

active and the exsheathment inhibition assay of Haemonchus contortus third stage

larvae.

Egg hatching Exsheathment inhibition

Sample

ECs(95% CI) ECs0(95% CI)
G 2.78 (2.63-2.98)" 0.27 (0.21-0.35)"
CFG 3.73 (3.48-4.18)" 0.50 (0.45 — 0.56)°
EAFG 2.01 (1.95-2.08)° 0.55 (0.49-0.61)°
HAFG 3.03 (2.92-3.16)* 0.12 (0.12-0.13)°

95% CI: 95% confidence intervals. Different letters in the same column means a significant
difference by turkey test (p<0.05). G, geopropolis extract; CFG, chloroform fraction; EAFG,

ethyl acetate fraction; HAFG, hydroalcoholic fraction.
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Table 2. Total phenolic content and antioxidant activity of the extract and fractions of

geopropolis .

Sample  TPC (mg GAE/g) DPPH ICs (ug/mL) FRAP (mM Fe*'/g)
G 541.96 +0.02° 8.72 £ 0.49° 13.01 £0.15
HFG 64.50 +0.02° Nd° Nd"
CFG 288.37 +0.05¢ 29.80 +0.76° 6.91 +0.34°¢
EAFG 650.19 + 0.03¢ 6.50 +0.53¢ 17.19 £ 0.23¢
HAFG 384.94 +0.01° 17.39 £0.23° 11.07 £0.12°
Trolox - 5.11 +£0.04' 9.09 +0.10"

*Values represent the mean + standard deviation (n=3). Different letters in the same column
indicate a significant difference (Tukey test, p < 0.05). TPC, total phenolic content; G,
geopropolis extract; HFG, hexane fraction; CFG, chloroform fraction; EAFG, ethyl acetate
fraction; HAFG, hydroalcoholic fraction; nd, not detected. DPPH, radical 2,2-difenil-1-

picrilhidrazilo; FRAP - ferric reducing antioxidant power
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Table 3. Summarizes the tentatively identified phenolic compounds, molecular weight,

molecular ion [M — H] , and main product ions obtained by HPLC-MS/MS for the 11

fragmentation peaks of ethyl acetate fraction (EAFG).

Peak Compounds MW [M-H] (m/z) MS’ (m/z)

1 HHDP-glucose 482 481 301,275

2 Digalloyl-glucose 484 483 331,313,169 331
3 Trigalloyl-glucose 636 635 483, 465,421,313
4 Digalloyl-HHDP-glucose isomer 786 785 767,483,301

5 Ellagic acid glucoside 464 463 403,301,275,231,214
6 Galloyl-HHDP-DHHDP-glucose =~ 952 951 933

7 Brevifolin carboxylate 292 291 247

8 Ellagic acid derivate 468 467 391,301

9 Galloyl-bis-HHDP-glucose 936 935 917,633,301
10 Trigalloyl-HHDP-glucose isomer 938 937 919,767,465,301
11 Ellagic acid glucoside derivate 604 603 301

The most abundant ions are shown in bold; MW, molecular weight; [M — H] molecular ion;

HHDP, hexahydroxydiphenic acid.
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Table 4. Summarizes the tentatively identified phenolic compounds, molecular weight,

molecular ion [M — H] , and main product ions obtained by HPLC-MS/MS for the 5

fragmentation peaks of hydroalcoholic fraction (HAFG).

Peak Compounds MW [M-H] (m/z) MS? (m/z)
1 HHDP-glucose 482 481 301,275
2 Monogalloyl glucose 332 331 271
3 Ellagic acid glucoside derivate 604 603 301
4 Ellagic acid 302 301 301
5 Caftaric acid 312 311 311,179

The most abundant ions are shown in bold; MW, molecular weight; [M — H] molecular ion;

HHDP, hexahydroxydiphenic acid.
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6. CONCLUSOES

Os extratos hidroalcodlicos da geoprépolis de Melipona fasciculata Smith de diferentes
regides fitogeogrificas do estado do Maranhdo apresentam composi¢cdo quimica
distinta, que dependem das fontes vegetais das regides, utilizadas pelas abelhas para a
producdo da geoprépolis;

A composicdo quimica e atividade antioxidante contribuiem para a identidade e
qualidade dos tipos de geoprdpolis produzida por M. fasciculata coletadas em duas
regides fitogeogréficas do Estado Maranhdo, nordeste do Brasil;

O extrato hidroalcodlico e fracdes da geoprdpolis oriunda do Cerrado maranhense
apresentaram atividade antioxidante e atividade anti-helmintica contra Haemonchus
contortus de pequenos ruminantes, sendo que a fracdo acetato foi mais ativa para
inibicdo da eclodibilidade de ovos e a fracdo hidroalcodlica para inibi¢do do
desembainhamento larvar. A fracao hexanica ndo apresentou atividade;

A atividade anti-helmintica apresentada pelo extrato hidroalcodlico da geopropolis
permitiu a obten¢do de um bioproduto com um deposito de patente;

As fragdes ativas apresentaram em sua composicao taninos hidrolisdveis (galotaninos e
elagitaninos) e 4cidos fendlicos (4cido elagico e derivados, brevifolin carboxilato e
acido caftédrico) provavelmente os responsaveis pela atividade anti-helmintica;

A geoprépolis de Melipona fasciculata € um promissor insumo na obtengdo de

produtos com a¢do anti-helmintica e antioxidante.
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For examples, see J. Agric. Food Chem., 2015, 63, 5305-5306 (DOI: 10.1021/jf506172q) and J.
Agric. Food Chem., 2015, 63, 5307-5307 (DOI: 10.1021/acs.jafc.5b01143).

e ADDITIONS/CORRECTIONS may be used to address important issues or correct errors and
omissions of consequence that arise after publication of an article. Additions and Corrections
may be requested by the author(s) or initiated by the Editor after discussions with the
corresponding author. Readers who detect errors of consequence in the work of others should
contact the corresponding author of that work. All Additions and Corrections are subject to
approval by the Editor, and minor corrections and additions will not be published. Additions and
Corrections from authors should be submitted via the ACS Paragon Plus environment by the
corresponding author for publication in the “Addition/Correction” section of the Journal. The
corresponding author should obtain approval from all of the article coauthors prior to submitting
an Addition and Correction or provide evidence that such approval has been solicited. The
Addition and Correction should include the original article title and author list, citation including
DO, and details of the correction. For proper formatting, see examples in a current issue of the
Journal.



SYMPOSIA or TOPICAL COLLECTIONS comprise a series of manuscripts reporting or
synthesizing original research that are presented in a symposium or otherwise clustered around a
single topic. Prospective organizers should contact the Editor well in advance to determine
whether the subject matter conforms to the Journal’s goals, criteria, and available space and to
obtain specific instructions for submission of the manuscripts. Each manuscript will be subject to
the normal peer-review process. For an example, see J. Agric. Food Chem., 2015, 63, 5837-5840
(DOI: 10.1021/acs.jafc.5b00324) and J. Agric. Food Chem., 2015, 63, 5099-5099.( DOI:
10.1021/acs.jafc.5b00159)

RETRACTION of articles may occur for scientific or ethical reasons. Articles that contain
seriously flawed or erroneous data such that their findings and conclusions cannot be relied upon
may be retracted to correct the scientific record. Retractions may be requested by the article
author(s) or by the journal Editor(s), but are ultimately published at the discretion of the Editor.
When an article is retracted, a notice of retraction will be published containing information about
the original article title, author list, and the reason for the retraction. Retracted articles will be
accompanied by the related retraction notice and will be marked as “Retracted”. The originally
published article will remain on the web except in extraordinary circumstances (e.g.. when
deemed legally necessary or if the availability of the published content poses public health risks).
The American Chemical Society follows guidance from the Committee on Publication Ethics
(COPE) when considering retractions; for more information see http://publicationethics.org/.




MANUSCRIPT PREPARATION

Manuscript Format. Manuscripts must be prepared using accepted word-processing software,
and all parts must be double-spaced. All pages must be numbered consecutively starting with
the title page and including tables and figures. Lines in the abstract and text should be
numbered consecutively from beginning to end in a separate column at the left. Do not put
line numbers on pages with tables or figures. A standard font, in a size of 12 points or greater,
must be used. The Journal has a 20 typed page limit, not including references, tables, and
figures. Authors must request approval from the Editor in Chief to submit manuscripts exceeding
20 typed pages.

Standard American English usage is required. Authors who are not familiar with standard
American English are urged to seek assistance; deficiencies in grammar may be a serious
hindrance during the review process.

Assistance with English Language Editing. Authors may want to have their manuscripts edited
professionally before submission to improve clarity. The ACS ChemWorx English Editing
Service can assist you in improving and polishing the language in your manuscript. You can
learn more about the services offered, at http://es.acschemworx.acs.org.

The ACS Style Guide (3rd ed., 2006; ISBN 0-8412-3999-1), available from Oxford University

Press, Order Department, 201 Evans Road, Cary, NC 27513, provides a detailed treatment of the
fundamentals of manuscript preparation. Refer to a current issue of the Journal for general style.

The style guide is also available at the Journal’s Web site and through ACS ChemWorx.
The various sections of the manuscript should be assembled in the following sequence:

Title and authorship (single page)
Abstract and keywords (single page)
Introduction

Materials and Methods (including Safety information)
Results/Discussion

Abbreviations Used
Acknowledgment

Supporting Information description
References

Figure captions

Tables

Figure graphics

Graphic for table of contents

TITLE, AUTHORSHIP, AND KEYWORDS

The title, authorship, and institutional affiliations should be included on a single page.

Title. The title should be specific, informative, and concise. Keywords in the title assist in
effective literature retrieval. If a plant is referred to in the title or elsewhere in the text by its
common or trivial name, it should be identified by its scientific name in parentheses immediately
following its first occurrence. This term should also be provided as one of the keywords. If trade
names are mentioned, give generic names in parentheses.
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Authorship. Be consistent in authorship designation on the manuscript and on all
correspondence. First name, middle initial, and last name are generally adequate for correct
identification, but omit titles. Give the complete mailing address of all institutions where work
was conducted and identify the affiliation of each author. If the current address of an author is
different, include it in a footnote on the title page. The name of the author to whom inquiries
about the paper should be addressed must be marked with an asterisk; provide the telephone and
e-mail address of this correspondent.

Keywords. Provide significant keywords to aid the reader in literature retrieval. The keywords
are published immediately before the text, following the abstract.

ABSTRACT

Authors’ abstracts are used directly for Chemical Abstracts. The abstract should be a clear,
concise (100-150 words), one-paragraph summary, informative rather than descriptive, giving
scope and purpose, experimental approach, significant results, and major conclusions. Write for
literature searchers as well as journal readers.

INTRODUCTION

Discuss relationships of the study to previously published work, but do not reiterate or attempt to
provide a complete literature survey. Use of Chemical Abstracts/Scifinder and other appropriate
databases is encouraged to ensure that important prior publications or patents are cited and that
the manuscript does not duplicate previously published work. The purpose or reason for the
research being reported, and its significance, originality, or contribution to new knowledge
in the field, should be clearly and concisely stated. Current findings should not be included
or summarized in this section.

MATERIALS AND METHODS

Authors are required to call special attention in their manuscripts to safety considerations such as
explosive tendencies, special precautionary handling procedures, and toxicity.

Apparatus, reagents, and biological materials used in the study should be incorporated into a
general section. List devices of a specialized nature or instruments that may vary in performance,
such that the model used may affect the quality of the data obtained (e.g.. spectroscopic
resolution).

List and describe preparation of special reagents only. Reagents normally found in the laboratory
and preparations described in standard handbooks or texts should not be listed.

Specify the source, vendor [city and state (or city and country if non-U.S.)], and availability of
special equipment, reagents, Kits, etc. Do not include catalog numbers.

Biological materials should be identified by scientific name (genus, species, authority, and
family) and cultivar, if appropriate, together with the site from which the samples were obtained.
Specimens obtained from a natural habitat should be preserved by deposit of samples in a
herbarium for plants or in a culture collection for microorganisms, with a corresponding
collection or strain number listed.

Manuscripts describing studies in which live animals or human subjects are used must include a
statement that such experiments were performed in compliance with the appropriate laws and
institutional guidelines and also name the institutional committee that approved the
experiments. Authors are encouraged to note the approval code or number or give the
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name of the approving office or official. (See Reporting Specific Data: Animal or Human
Studies.) Manuscripts reporting data from inhumane treatment of experimental animals will be
rejected.

Specific experimental methods should be sufficiently detailed for others to repeat the
experiments unequivocally. Omit details of procedures that are common knowledge to those in
the field. Brief highlights of published procedures may be included, but details must be left to the
References, and verbatim repeat of previously published methods, even if done by the authors,
will not be permitted unless a quotation from a published work is included, and placed in
quotation marks, with the reference to the source included at the end of the quotation. Describe
pertinent and critical factors involved in reactions so the method can be reproduced, but avoid
excessive description. For information on the reporting of certain types of data see Reporting
Specific Data.

Describe statistical design and methods in this section.

RESULTS AND DISCUSSION

Results and discussion may be presented in separate sections or combined into a single section,
whichever format conveys the results in the most lucid fashion without redundancy. Be complete
but concise in discussing findings, comparing results with previous work and proposing
explanations for the results observed.

All data must be accompanied by appropriate statistical analyses, including complete
information on sampling, replication, and how the statistical method employed was chosen.

Avoid comparisons or contrasts that are not pertinent, and avoid speculation unsupported by the
data obtained.

A separate summary or conclusion section is not to be used; any concluding statements are to
be incorporated under Results and Discussion.

ABBREVIATIONS AND NOMENCLATURE
Standard abbreviations, without periods, should be used throughout the manuscript.

Refer to The ACS Style Guide for the preferred forms of commonly used abbreviations.
Specialized abbreviations may be used provided they are placed in parentheses after the word(s)
for which they are to substitute at first point of use and are again defined in this section. Avoid
trivial names and “code” abbreviations (e.g., NAR for naringenin) unless such codes are in
common usage (e.g., MTBE for methyl zert-butyl ether).

If trade names are used, define at point of first use. If nomenclature is specialized, include a
“Nomenclature” section at the end of the paper, giving definitions and dimensions for all terms.
Use SI units insofar as possible. Refer to The ACS Style Guide for lists of SI units and a
discussion of their use.

Write all equations and formulas clearly and number equations consecutively. Place superscripts
and subscripts accurately; avoid superscripts that may be confused with exponents. Identify
typed letters and numbers that might be misinterpreted, such as “oh” for zero or “ell” for one.
Chemistry numbering requiring primes should be identified as such (i.e., 3,3"-dihydroxy-), not
by an apostrophe (e.g., 3,3’-dihydroxy- ).

It is the authors’ responsibility to provide correct nomenclature. Structures should be included
for uncommon chemicals, particularly when the systematic or common name is too complex or
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unclear to readily denote the structure. Such structures should be included as a figure or table.
All nomenclature must be consistent and unambiguous and should conform to current American
usage. Insofar as possible, authors should use systematic names similar to those used by
Chemical Abstracts Service, the International Union of Pure and Applied Chemistry, and the
International Union of Biochemistry and Molecular Biology. Chemical Abstracts (CA)
nomenclature rules are described in Appendix IV of the Chemical Abstracts Index Guide. For
CA nomenclature advice, consult the Manager of Nomenclature Services, Chemical Abstracts
Service, P.O. Box 3012, Columbus, OH 43210-0012. A name generation service is available for
a fee through CAS Client Services, 2540 Olentangy River Road, P.O. Box 3343, Columbus, OH
43210-0334 [telephone (614) 447-3870; fax (614) 447-3747; e-mail answers @cas.org]. In
addition, the ACS Web site has links to nomenclature recommendations at http://chemistry.org.

ACKNOWLEDGMENT

Include essential credits but hold to an absolute minimum. Omit academic and social titles.
Meeting presentation data and acknowledgment of financial support of the work should not be
included here; give these instead in a note following the References. It is the responsibility of the
corresponding author to notify individuals named in the Acknowledgment prior to submission.

FUNDING SOURCES

When submitting a manuscript to the Journal via ACS Paragon Plus, the submitting author is
asked to identify the funding sources for the work presented in the manuscript. Identifying
funding sources is optional during submission of an original manuscript. Funding source
information is required when a revised manuscript is submitted. Funding should be
acknowledged in a separate statement (not in the Acknowledgment paragraph).

REFERENCES
Consult The ACS Style Guide and current issues of the Journal for examples of reference format.

Authors should cite all prior published work directly pertinent to the manuscript. To demonstrate
that the submitted manuscript meets sufficient interest of the readership of the journal, it is
expected that articles recently published on the respective topic in the Journal of
Agricultural and Food Chemistry be cited to a reasonable extent. As a general guideline,
authors should attempt to limit the literature cited to approximately 50 or fewer citations (except
for review or perspective manuscripts).

Authors are responsible for the accuracy of their references. References taken from a review or
other secondary source should be checked for accuracy with the primary source.

References should be listed on a separate page and numbered in the order in which they are cited
in the text.

1.2-5 , etc.

References should be cited in the text by superscript numbers, for example,

Give complete information, using the last name and initials of the author, patentee, or equivalent;
do not use “Anonymous”.

Follow Chemical Abstracts Service Source Index for abbreviations of journal titles. Because
subscribers to the Web edition of the Journal are now able to click on the “Chemport” or other
tag following each reference to retrieve the corresponding abstract from various Web resources,
reference accuracy is critical.
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Typical references follow the styles given below.
For journals:

1. Brown, J.; Jones, M.; Green, D. Article title. J. Agric. Food Chem. 1980, 28, 1-4.
(Issue number must be used if each issue of the periodical begins with page 1.)

For books:

2. Smith, L; Caldwell, A. Chapter title. In Book Title, edition no.; Keys, F., Park,
G., Eds.; Publisher: City, State (or Country if non-U.S.), Year; Vol. no., pp.

For Web pages:
3. Black, A.; White, B. Page title. URL (http://...) (most recent access date).

Papers should not depend for their usefulness on unpublished material, and excessive reference
to material “in press” is discouraged. Reference to the authors’ own unpublished work is
permitted if the subject is of secondary importance to the manuscript in question, but any
unpublished results of central importance must be described in sufficient detail within the
manuscript. If pertinent references are “in press” or unpublished for any reason, furnish
copies to enable reviewers to evaluate the manuscript. An electronic copy of these materials
should be uploaded according to the directions for review-only Supporting Information.
“In press” references should include the Digital Object Identifier (DOI) assigned by the
potential publisher.

TABLES AND ARTWORK

The tables and graphics (illustrations) should be inserted in the manuscript file after the
References section. Do not upload tables and graphics that are to be published with the
manuscript as Supporting Information files.

Tables and figures should be carefully designed to maximize presentation and
comprehension of the experimental data with superfluous information excluded. Useful
information not directly relevant to the discussion may be included under Supporting
Information.

Tables. Tables may be created using a word processor’s text mode or table format feature. The
table format feature is preferred. Ensure each data entry is in its own table cell. Lower case
should be used for all table entries unless a capital letter is required. If the text mode is used,
separate columns with a single tab and use a line feed (enter) at the end of each row.

Tables should be numbered consecutively with Arabic numerals and should be grouped after the
figure captions. Footnotes in tables should be given letter designations and be cited in the table
by italic superscript letters. The sequence of letters should proceed by row rather than by
column. Each table should be provided with a descriptive heading, which, together with the
individual column headings, should make the table, as nearly as possible, self-explanatory. In
setting up tabulations, authors are requested to keep in mind the type area of the journal page
(17.8 x 25.4 cm), and the column width (8.5 cm), and to make tables conform to the limitations
of these dimensions. Arrangements that leave many columns partially filled or that contain
much blank space should be avoided. Conversely, arrangements that include >20 columns
should be broken into two tables if possible. If significance of values is to be indicated, use a
lower case letter, on line, one space after the value.
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Figures and Artwork. The preferred submission procedure is to embed graphic files in a Word
document. It may help to print the manuscript on a laser printer to ensure all artwork is clear and
legible. Artwork should be sequentially numbered using Arabic numbers. Schemes and charts
may have titles and footnotes; figures should have captions. Insert the captions following the
References and the graphics after the Tables.

Additional acceptable file formats are TIFF, PDF, EPS (vector artwork), or CDX (ChemDraw
file). If submitting individual graphic files in addition to their being embedded in a Word
document, ensure the files are named according to graphic function (i.e., Scheme 1, Figure 2,
Chart 3), not the scientific name. Labeling of all figure parts should be present, and the parts
should be assembled into a single graphic. For EPX files, ensure that all fonts are converted to
outlines or embedded in the graphic file. The document setting should be in RGB mode. Note:
Although EPS files are accepted, the vector-based graphics will be rasterized for production.
Please see below for TIFF file production resolutions.

TIFF files (either embedded in a Word document or submitted as individual files) should have
the following resolution requirements: black and white line art, 1200 dpi; grayscale art (a
monochromatic image containing shades of gray), 600 dpi; color art (RGB color mode), 300 dpi.

The RGB and resolution requirements are essential for producing high-quality graphics within
the published paper. Graphics submitted in CMYK or at lower resolution may be used; however,
the colors may not be consistent. Graphics of poor quality may not be able to be improved.

Most graphic programs provide an option for changing the resolution when images are saved.
Best practice is to save the graphic file at the final resolution and size using the program used to
create the graphic.

For bar charts, bars with hatching patterns generally reproduce well. Bars that range in shading
from light to dark gray to black can usually be reproduced successfully, although we do not
recommend any more that two shades of gray. A legend needs to be included within the figure
itself rather than the patterns or shades included in the caption.

For manuscripts containing gel patterns, use of a high-resolution digital scanner is recommended.
Only high-quality original, unaltered digital reproductions will allow reviewers to correctly
verify the experimental results. For an example of gel patterns see J. Agric. Food Chem., 2012,
60 (18), 4492-4499 (DOI: 10.1021/jf300563n).

Only readable and accurately represented images are acceptable; the Editors reserve the option
to reject images that do not satisfactorily support points made in the manuscript or that
are not of satisfactory quality for publication.

The quality of the illustrations published in the Journal largely depends on the quality of the
originals provided. Figures cannot be modified or enhanced by the journal production staff.
Contrast is important. Each figure or photograph should be properly labeled.

Graphics should be sized at the final production size when possible. Single-column graphics are
preferred and can be sized up to 240 points (3.33 in.). Double-column graphics must be sized
between 300 and 504 points (4.167 in. and 7 in.). All graphics have a maximum depth of 660
points (9.167 in.) including the caption (please allow 12 points for each line of caption text).
Consistently sizing letters and labels in graphics throughout the manuscript will help to ensure
consistent graphic presentation for publication. Lettering should be no smaller than 4.5 points.
(Helvetica or Arial type works well for lettering.) Lines should be no thinner than 0.5 point.
Lettering and lines should be of uniform density. Avoid the use of very large and very small
lettering within the same figure.

18



If artwork that must be reduced will be submitted, use larger lettering and thicker lines so that,
when reduced, the artwork meets the above-mentioned parameters.

Avoid using complex textures and shading to achieve a three-dimensional effect. To show a
pattern, choose a simple crosshatch design.

Color illustrations should be submitted only if they are essential for clarity of communication.
Reproduction of color illustrations will be provided at no cost to the author. Do not submit color
prints to be printed in black and white.

Structural Formulas. Structural formulas should be included for all new chemicals and for
existing chemicals for which chemical nomenclature and/or trivial names do not convey the
structure adequately. Structural formulas are valuable in expressing concisely the precise
nature of the compounds under discussion and revealing the essence of the subject to readers
unfamiliar with the topic, without their necessary recourse to reference materials. The use of
chemical names without accompanying structures may cause readers to overlook the significance
of the paper.

Structures should be produced with the use of a drawing program such as ChemDraw. Structure
drawing preferences (preset in the ACS Stylesheet in ChemDraw) are as follows:

as drawing settings select. ..

chain angle 120°
bond spacing 18% of width
fixed length 14.4 points (0.508 cm, 0.2 in.)
bold width 2.0 points (0.071 cm, 0.0278 in.)
line width 0.6 point (0.021 cm, 0.0084 in.)
margin width 1.6 points (0.056 cm, 0.0222 in.)
hash spacing 2.5 points (0.088 cm, 0.0347 in.)
as text settings select. ..
Font Arial or Helvetica
Size 10 points
under preferences choose. ..
Units points
tolerances 3 pixels
under page setup choose. ..
Paper US Letter
Scale 100%

Using the ChemDraw ruler or appropriate margin settings, create structure blocks, schemes, and
equations having maximum widths of 11.3 cm (one-column format) or 23.6 cm (two-column
format). Note: if the foregoing preferences are selected as cm values, the ChemDraw ruler is
calibrated in cm. Also note that a standard sheet of paper is only 21.6 cm wide, so all graphics
submitted in two-column format must be prepared and printed in landscape mode.

Use boldface type for compound numbers but not for atom labels or captions.

Authors using other drawing packages should, as far as possible, modify their program’s
parameters to reflect the above guidelines.

For more information, please visit http://pubs.acs.org/page/4authors/submission/index.html.
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TABLE OF CONTENTS GRAPHICS

Authors of research articles, perspectives, and reviews are required to include a suitable graphic
for publication in the table of contents (TOC) in the Web edition of the Journal. Submission of
this graphic is mandatory. This graphic should capture the reader’s attention and, in conjunction
with the manuscript’s title, give the reader a quick visual impression of the type of chemistry
described. Structures should be constructed as specified under Structural Formulas above. The
TOC graphic may be up to 3.25 in. (8.5 cm) wide and 1.75 in. (4.75 cm) tall. (See detailed
instructions at the Paragon Plus Web site.) Text should be limited to labels for compounds,
reaction arrows, and figures. The use of color to enhance the scientific value is encouraged. The
TOC graphic should be inserted on a separate page at the end of the manuscript file. A guide to
TOC graphics is available here:

(http://pubs.acs.org/paragonplus/submission/toc _abstract graphics guidelines.pdf).

SUPPORTING INFORMATION

Extensive tables, graphs, spectra, calculations, and other material beyond a modest content in the
published paper may be included in the Web edition of the Journal. These will not be part of the
published article but can be accessed separately on the Web by readers.

Supporting Information must be submitted at the same time as the manuscript and uploaded
separately to the ACS Paragon Plus environment. A list of acceptable file types is available on
the Web. All Supporting Information files of the same type should be prepared as a single file
(rather than submitting a series of files containing individual images or structures). For example,
all Supporting Information available as PDF files should be contained in one PDF file.

The material should be described in a paragraph inserted between the Acknowledgment and the
References sections, using the following format:

Supporting Information. Brief statement in nonsentence format listing the contents of the
material supplied as Supporting Information.

Components of the Supporting Information should be clearly labeled with all necessary figure
captions and table titles and footnotes.

DO NOT UPLOAD FIGURES AND TABLES THAT ARE TO BE PUBLISHED IN THE
ARTICLE INTO THE SUPPORTING INFORMATION FILE. Figures and tables that will
appear in the published article are to be inserted in the manuscript directly after the References
section.

CONFLICT OF INTEREST

A statement describing any financial conflicts of interest or lack thereof is published with each
manuscript. During the submission process, the corresponding author must provide this
statement on behalf of all authors of the manuscript. The statement should describe all potential
sources of bias, including affiliations, funding sources, and financial or management
relationships, that may constitute conflicts of interest (please see the Ethical Guidelines). The
statement will be published in the final article. If no conflict of interest is declared, the following
statement will be published in the article: “The authors declare no competing financial interest.”
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