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RESUMO

BONAMIGO, Thaliny, M.S., Universidade Federal da Grande Dourados, junho
de 2017. ATIVIDADES ANTIOXIDANTE, CITOTOXICA E TOXICIDADE DE
PROPOLIS DE DUAS ABELHAS NATIVAS DO BRASIL: Scaptotrigona depilis
E Melipona quadrifasciata anthidioides. Orientador: Edson Lucas dos Santos.
Co-Orientador: Claudio André Barbosa de Lira. Meliponineos, conhecidos como
abelhas sem ferrdo, englobam muitas espécies nativas do Brasil. Algumas
espécies produzem mel, geopropolis, polen, cerume e prépolis, que sao
utilizados pela populacdo humana para fins alimentares e medicinais. Neste
contexto, o objetivo deste estudo foi identificar os constituintes quimicos e
avaliar as atividades antioxidante, citotoxica e a toxicidade dos extratos
etandlicos de propolis das espécies de abelhas sem ferrdo Scaptotrigona
depilis (EEP-S) e Melipona quadrifasciata anthidioides (EEP-M), nativas do
Brasil. As amostras de préopolis foram coletadas em Dourados, Mato Grosso do
Sul. A partir destas foram preparados extratos etanoélicos de prépolis (EEPS). A
composi¢do quimica dos EEPs foi determinada por cromatografia gasosa
acoplada a espectrometria de massas (CG-EM) e cromatografia liquida de alta
eficiéncia (CLAE). Posteriormente, avaliou-se a capacidade antioxidante in vitro
dos EEPs através dos ensaios de captura dos radicais livres: 2,2-difenil-1-
picrilhidrazil (DPPH) e &cido 3-etilbenzotiazolina-6-sulfonico de 2,2'-azino-bis
(ABTS), e do ensaio de inibicdo da hemdlise oxidativa e da peroxidacao lipidica
induzida pelo 2,2'-azobis (2-amidinopropano) di-hidrocloreto (AAPH). O
potencial citotoxico e perfil de morte celular foram avaliados contra células
eritroleucémicas (K562) e determinados por citometria de fluxo e, a toxicidade
in vivo foi avaliada utilizando o nematoide Caenorhabditis elegans. Compostos
fendlicos, acidos, flavonoides, terpenos, e tocoferol foram identificados em
ambos os extratos em diferentes quantidades. No EEP-S foi observado
grandes quantidades de amirinas, por outro lado, o EEP-M apresentou
aproximadamente quatro vezes mais tocoferol que o EEP-S, e compostos
identificados exclusivamente no EEP-M. Em relagdo aos ensaios antioxidantes,
os EEPs foram capazes de promover a captura dos radicais livres DPPH e
ABTS, e proteger as hemacias humanas contra hemodlise oxidativa e



peroxidacdo lipidica. Nos trés métodos avaliados o EEP-M mostrou-se mais
eficiente que o EEP-S. Na avaliagdo de citotoxicidade, os EEP-S e EEP-M
mostraram-se citotoxicos contra células K562, sendo a necrose o principal
mecanismo de morte observado. Adicionalmente, nas concentracbes em que
os EEPs foram citotoxicos contra células K562, ndo foi observado toxicidade
contra o C. elegans. Deste modo, conclui-se que os EEPs apresentam
atividades antioxidante e citotoxica as quais sdo atribuidas a composicdo
quimica, incluindo compostos fendlicos, acidos, flavonoides, terpenos e/ou ao
sinergismo entre os diferentes compostos presentes nestas propolis. Portanto,
os EEPs de S. depilis e M. g. anthidioides apresentam potencial terapéutico na
prevencado e/ou tratamento de doencas relacionadas ao estresse oxidativo e a

proliferacéo de células tumorais.

Palavras-chave: Cromatografia, estresse oxidativo, peroxidacdo lipidica,
células eritroleucémicas K562, Caenorhabditis elegans.



ABSTRACT

BONAMIGO, Thaliny, M.S., Federal University of Grande Dourados, june
2017. ANTIOXIDANT, CITOTOXIC AND TOXICITY ACTIVITIES OF
PROPOLIS FROM TWO NATIVE BEES IN BRAZIL: Scaptotrigona depilis E
Melipona quadrifasciata anthidioides. Advisor: Edson Lucas dos Santos. Co-
Advisor: Claudio André Barbosa de Lira. Meliponineos, known as stingless
bees, encompass many species native to Brazil. Some species produce honey,
geopropolis, pollen, cerumen and propolis, that are used by the human
population for alimentary and medicinal purposes. In this context, the objective
of this study was to identify the chemical constituents and to evaluate the
antioxidant, cytotoxic and toxicity activities of the ethanolic extracts of propolis
of the species of stingless bees Scaptotrigona depilis (EEP-S) and Melipona
quadrifasciata anthidioides (EEP-M), Native of Brazil. The samples of propolis
were collected in Dourados, Mato Grosso do Sul. From these, ethanolic extracts
of propolis (EEPs) were prepared. The chemical composition of the EEPs was
determined by gas chromatography coupled to mass spectrometry (GC-MS)
and high performance liquid chromatography (HPLC). Subsequently, the in vitro
antioxidant capacity of EEPs was assessed by the free radical capture assays:
2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2'-azino-3-ethylbenzothiazoline- Bis
(ABTS), and the lipid peroxidation inhibition test induced by 2,2'-azobis (2-
amidinopropane) dihydrochloride (AAPH). Cytotoxic potential and cell death
profile were evaluated against erythroleukemic cells (K562) and determined by
flow cytometry, and in vivo toxicity was evaluated using the nematode
Caenorhabditis elegans. Phenolic compounds, acids, flavonoids, terpenes, and
tocopherol were identified in both extracts in different amounts. In the EEP-S,
large amounts of amirin were observed; on the other hand, EEP-M presented
approximately four times more tocopherol than EEP-S, and compounds
identified exclusively in EEP-M. Regarding the antioxidant assays, the EEPs
were able to promote the capture of free radicals DPPH and ABTS, and to
protect human red blood cells against oxidative hemolysis and lipid
peroxidation. In all three methods, EEP-M was more efficient than EEP-S. In the

evaluation of cytotoxicity, EEP-S and EEP-M were cytotoxic against K562 cells,



with necrosis being the main mechanism of death observed. In addition, at
concentrations at which EEPs were cytotoxic against K562 cells, no toxicity was
observed against C. elegans. Thus, it is concluded that the EEPs present
antioxidant and cytotoxic activities which are attributed to the chemical
composition, including phenolic compounds, acids, flavonoids, terpenes and/or
synergism between the different compounds present in these propolis.
Therefore, the EEPs of S. depilis and M. g. anthiodioides present therapeutic
potential in the prevention and/or treatment of diseases related to oxidative

stress and tumor cell proliferation.

Keywords: Chromatography, oxidative stress, lipid peroxidation,

erythroleukemic cells K562, Caenorhabditis elegans.
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1 INTRODUCAO

Os meliponineos, também denominados “abelhas sem ferrao”,
pertencem a tribo Meliponini, da qual muitas espécies sao nativas do Brasil
(Cortopassi-Laurino et al.,, 2006). Neste grupo de abelha, conhecidas por
apresentarem um ferrdo atrofiado, estdo mais de 32 diferentes géneros, dentre
eles Plebeia, Scaptotrigona, Melipona, Trigona, e Lestrimelitta (Camargo e
Pedro, 2013), os quais sao responsaveis, por 40 a 90% da polinizacdo das
arvores nativas (Slaa et al., 2006; Ramvi, 2015; Sousa et al., 2016).

No Brasil, dentre as espécies pertencentes a esta tribo,
encontram-se: Scaptotrigona depilis (Moure, 1942) e Melipona quadrifasciata
(Lepeletier, 1836) (Camargo e Pedro, 2013). A maioria das abelhas sem ferrdo
apresenta pequeno porte, habito eussocial e produzem mel, pélen, cerume e
propolis (Nogueira-Neto, 1997; Choudharia et al., 2012).

A prépolis € mistura complexa de compostos formada por material
resinoso e balsamico coletado dos ramos, flores, pélen, brotos e exsudatos de
arvores pelas abelhas (Bankova et al., 2000; Castaldo e Capasso, 2002).
Apresenta cor, sabor, aroma e composi¢cdo quimica variada em decorréncia
das diferentes origens vegetais e secrecfes salivares e enzimas das proprias
abelhas que sao adicionadas a resina (Castaldo e Capasso, 2002; Bankova,
2014). Outros fatores como a zona de temperatura e sazonalidade também
podem influenciar a qualidade e quantidade dos compostos quimicos presentes
nas diferentes propolis (Sawaya et al., 2006; Castro et al., 2007).

Este produto apicola € descrito por apresentar efeito antioxidante

(Pérez-Peréz et al., 2013; Campos et al., 2015), antitlcera gastrica (Mohafez et



al., 2010; El-Hady et al., 2013), anti-inflamatério (Paulino et al., 2008; Campos
et al., 2015), antiviral (Kai et al., 2014; Ma et al., 2015), antiproliferativo
(Banskota et al., 2002) e antitumoral (Borges et al., 2011; Dornelas et al., 2012;
Abubakar et al., 2014).

Outra atividade, ja descrita na literatura € a agdo antimicrobiana
da propolis frente a agentes etiologicos, como, bactérias Gram-positivas,
Staphylococcus aureus, Staphylococcus strains, Streptococcus pyogenes e
Gram-negativas, Escherichia coli, bem como leveduras, sobretudo Candida
albicans (Choudharia et al., 2012; Pérez-Pérez et al., 2013).

As atividades bioldgicas dos extratos de prépolis podem estar
relacionadas com os diferentes compostos quimicos presentes nesta resina.
Em extrato de propolis de abelhas sem ferrdo Tetragonisca angustula (Latreille,
1811) foram detectados &cidos masticadiendico e masticadiendlico (Sawaya et
al., 2006). Em extratos etandlicos de prépolis de Tetragonisca fiebrigi (Schwarz,
1938) foram identificados acido benzoico e acido cinamico, acido caurendico,
tocoferol, entre outros constituintes (Campos et al., 2015), os quais foram
relacionados com a atividade antioxidante, antimicrobiana e citotoxica do
extrato.

Portanto, o interesse em pesquisas com prépolis, decorre das
propriedades terapéuticas a ela atribuidas, e também ao alto valor agregado de
venda desse produto natural no Brasil e no mundo (Machado et al., 2012;
Premratanachai e Chancao, 2014). Deste modo, em busca de novos recursos
da fauna e flora nativa brasileira, recentemente, alguns estudos tém focado em
pesquisas com abelhas sem ferrdo (Campos et al., 2014; Campos et al., 2015;

Kustiawan et al.,, 2015), que produzem propolis, como é o caso da



Scaptotrigona depilis e Melipona quadrifasciata anthidioides, encontradas no
Brasil (Camargo e Pedro, 2013). Relatos cientificos sobre o potencial
farmacoldgico dos compostos quimicos produzidos por estas abelhas séo
limitados. Sabe-se que algumas comunidades indigenas utilizam os produtos
apicolas como repelente e no tratamento de tosse, gripe e febre (Ballivian et
al., 2008; Sousa et al., 2016).

Espécies de abelhas sem ferrdo encontram-se em processo
acelerado de desaparecimento (Ramvi, 2015). Neste contexto, estudos que
visem o0 conhecimento dos recursos naturais apicolas e seus possiveis
beneficios & humanidade sdo fundamentais, pois mostram a importancia da
preservacdo destas espécies de abelhas, que apresentam grande potencial
para identificacdo e producédo de moléculas biologicamente ativas.

Portanto, este estudo propde identificar os constituintes quimicos
e avaliar as atividades antioxidante, citotoxica e a toxicidade de extratos
etandlicos das propolis das espécies de abelhas sem ferrdo Scaptotrigona
depilis e Melipona quadrifasciata anthidioides, encontradas em Dourados, Mato

Grosso do Sul — Brasil.



2 REVISAO BIBLIOGRAFICA

2.1 Abelhas

Dentre os filos zooldgicos os insetos compdem cerca de 60% das
espécies conhecidas e estdo distribuidos nos diferentes biomas do Brasil
(Rafael et al., 2012). Estes animais sao importantes para a populagdo humana,
exercendo de modo geral, aspectos positivos como a utilizacdo na alimentacao,
decomposicdo e reciclagem de nutrientes, dispersdo de sementes, e
polinizacdo de muitas espécies vegetais nativas (Michener, 2007; Calor, 2009).

As abelhas s&o insetos eussociais, pertencentes a ordem
Hymenoptera (Nogueira-Neto, 1997), e estdo reunidas na superfamilia
Apoidea, onde a maioria utiliza néctar e pdlen das flores como fonte de
alimento (Nogueira-Neto, 1997; Michener, 2007). Esta superfamilia é dividida
em varias familias, dentre elas a familia Apidae, a qual possui habitos sociais
mais avancados e € ainda dividida em quatro subfamilias: Bombineos,

Euglossineos, Apineos e Meliponineos, (Nogueira-Neto, 1997).

2.1.1 Meliponineos

Meliponineos sdo encontrados em regides de clima tropical e
subtropical do mundo e estdo distribuidos em 32 diferentes géneros, dentre
eles Plebeia, Scaptotrigona, Melipona, Trigona, Trigonisca e Tetragonisca

(Camargo e Pedro, 2013), os quais sao 0s mais conhecidos e estudados.



Segundo Pedro (2014), em estudo sobre as abelhas sem ferrdo
na fauna brasileira, até 2014 ja tinham sido identificadas 244 espécies de
abelhas sem ferrdo. Estes insetos sao eficientes polinizadores, principalmente
das &rvores nativas (Kerr et al., 1996; Slaa et al., 2006). A maioria das abelhas
sem ferrdo apresenta pequeno porte, conhecidas como mirim, no entanto ha
também espécies maiores, como a Melipona quadrifasciata que sao
denominadas popularmente de urucu (Nogueira-Neto, 1997).

Algumas espécies de meliponineos produzem mel, geoprépolis
(propolis misturada com cera e barro ou terra), pélen, cerume e propolis 0s
quais tém sido utilizados como alternativa econémica para agricultura familiar e
contribuindo para uso sustentavel dos recursos naturais (Nogueira-Neto, 1997;
Venturieri, 2013). Estes produtos tem apresentado elevado valor econémico,
que € atribuido aos seus diferentes usos medicinais (Souza, 2010;

Premratanachai e Chancao, 2014).

2.1.2 Scaptotrigona depilis (Moure, 1942)

Scaptotrigona depilis (Moure, 1942), popularmente conhecida
como abelha canudo, é encontrada no continente Americano. No Brasil é
distribuida nos estados do Mato Grosso do Sul, Minas Gerais, Parana, Rio
Grande do Sul e Sdo Paulo (Camargo e Pedro, 2013; Pedro, 2014). O género
Scaptotrigona contem 22 espécies de abelhas descritas na literatura, e destas
cerca de 10 ocorrem no Brasil (Oliveira et al., 2013; Pedro, 2014).

Esta espécie é considerada pouco agressiva, vive em troncos

ocos de arvores, e formam colbnias bastante numerosas. O comprimento do


http://www.ib.usp.br/beesp/scaptotrigona_depilis_veg.htm

seu corpo pode variar de 5 a 7 mm, sendo maior que as abelhas mirins
(Michener, 2007). Devido a necessidade de grande quantidade de alimento ao
longo do ano, possuem habito generalista em resposta a diversidade de fontes
florais disponiveis (Ferreira et al., 2010).

A abelha canudo produz cera, geopropolis, mel e propolis
(Michener, 2007; Lira et al., 2014). As abelhas sem ferrdo produzem mel e
propolis em quantidade inferiores quando comparados a abelha Europa (Apis
mellifera L.) (Cortopassi-Laurino et al., 2006; Yamoto et al., 2007).

O mel de S. depilis normalmente apresenta cor &mbar escuro e é
mais liquido que o mel de A. mellifera (Lira et al., 2014). Embora as
caracteristicas microbiolégicas, fisico-quimicas e microscopicas do mel desta
espécie ja tenham sido descritas (Oliveira et al., 2013), estudos sobre as
propriedades terapéuticas, desse e de outros produtos apicolas ainda sao

€SCassos.

2.1.3 Melipona quadrifasciata anthidioides (Lepeletier, 1836)

Melipona quadrifasciata anthidioides (Lepeletier, 1836), conhecida
popularmente como mandacaia, € uma espécie de abelha nativa do Brasil, e
apresenta ampla distribuicdo geografica (Camargo e Pedro, 2013).

As abelhas mandacaias apresentam aspecto robusto, com corpo
relativamente grande (10 e 11 mm de comprimento) quando comparado a
outras espécies de meliponineos (Michener, 2007). Estas abelhas nidificam em

troncos de arvores ocos de altura mediana e sdo sensiveis as variacdes de



temperatura do ambiente, ndo construindo seus ninhos em lugares abertos ou
desmatados (Oliveira, 2017).

M. g. anthidioides produz cerume, mel, geoprépolis e propolis
(Nogueira-Neto, 1997). A quantidade de prépolis produzida por esta espécie é
inferior a abelha Europa, no entanto o género Melipona € um dos mais
produtivos, entre as abelhas sem ferrdao (Cortopassi-Laurino et al., 2006;
Yamoto et al., 2007).

Ha poucos relatos cientificos que descrevem as propriedades
farmacoldgicas dos produtos naturais produzidos por esta espécie. Velikova et
al. (2000) identificaram e isolaram o acido caurenéico em extrato metandlico de
propolis de M. g. anthidioides da regido Sul do Brasil e verificaram que este
composto era responsavel pela atividade antimicrobiana apresentada pelo

extrato.

2.2 Prépolis

Prépolis € um produto apicola, resinoso, produzido pelas abelhas
a partir de exsudados de diferentes partes das plantas. Depois de coletado,
este material é enriquecido com enzimas e secrecdes salivares destes insetos
(Bankova, 2005; Castaldo e Capasso, 2002). O nome prépolis € derivado do
grego, significa em defesa da colmeia, cidade ou comunidade, pro “em defesa”
ou “na entrada”, e polis “comunidade” ou “cidade” (Castaldo e Capasso, 2002).

Na colmeia, a propolis é utilizada para vedar frestas ou reparar
danos, no preparo de locais assépticos para postura da abelha rainha e para a

protecdo contra insetos e micro-organismos (Marcucci, 1996). Este produto



apicola vem sendo utilizado ha séculos pela humanidade e é um dos poucos
remédios naturais que manteve a sua popularidade durante um longo periodo
de tempo (Vargas et al., 2004; Trusheva et al., 2006).

De acordo com relatos, por volta de 1700 a.C, a prépolis ja era
utilizada pelos egipcios para embalsamar corpos devido as suas propriedades
anti-putrefacdo (Silva-Carvalho et al., 2015). Outras civilizagbes milenares
como 0s assirios, incas, gregos e romanos também utilizavam este produto
apicola como agente antipirético, cicatrizante e antisséptico (Castaldo e
Capasso, 2002).

No final do século XIX, na Africa do Sul, a propolis também foi
utilizada como agente cicatrizante interno e externo (Silva-Carvalho et al.,
2015) e ainda, empregada para aumentar a apetite, e no tratamento de
tuberculose e problemas pulmonares (Pereira et al., 2002).

A proépolis tem sido utilizada empiricamente e mencionada para
tratar queimaduras graves, doencas inflamatérias superficiais, fortalecer o
sistema imunoldgico, prevenir bronquite infantil e pneumonia crénica, além da
sua utilizacdo na forma de cosméticos e dermocosméticos (Sforcin, 2007;
Lustosa et al., 2008; Wagh, 2013). Esta resina é um remédio natural, disponivel
comercialmente sendo empregada como balas, spray bucal, extratos,
comprimidos em gotas e pastilhas (Pinto et al., 2011; Wagh, 2013).

Neste contexto, as diferentes utilizacdes da propolis pela medicina
popular e sua complexa composi¢cdo quimica, vém atraindo o interesse de
pesquisadores, 0s quais tém realizados estudos in vitro e in vivo para obter

informacOes sobre as potencialidades farmacoldgicas da prépolis e seus



mecanismos de acdo (Machado et al., 2012; Silva-Carvalho et al., 2015; Osés

et al., 2016).

2.2.1 Compostos quimicos da propolis

Estudos sobre composicédo quimica da propolis mostram que esse
produto apicola contém cerca de 50 - 60% de resinas e balsamos, 30 - 40% de
ceras, 5 - 10% de Oleos essenciais, 5% de grdo de pdlen, micronutrientes,
como manganés, ferro, calcio, estroncio, cobre e pequenas quantidades de
vitaminas B1, B2, B6, C e E (Burdock, 1998; Park et al., 2002; Menezes, 2005;
Funari e Ferro, 2006).

Porém, estes valores podem ser alterados uma vez que fatores
como o tipo de vegetacdo utilizada para coleta das resinas, as secrecfes
salivares adicionadas a propolis pelas abelhas, a variabilidade genética das
espécies, a temperatura e a sazonalidade podem influenciar na qualidade e
quantidade dos compostos quimicos da prépolis (Marcucci, 1996; Sawaya et
al., 2006; Castro et al., 2007). Esses fatores conferem a este produto natural
cor, sabor, aroma e composicdo quimica diferentes (Marcucci, 1996; Burdock,
1998).

Em paises de clima temperado a principal fonte boténica para
producado de propolis € o exsudado do botdo de alamo (Populus sp.) (Bankova
et al.,, 2000; Silva-Carvalho et al., 2015). Nestas regides a flora ndo é tao
diversificada, o que torna esta resina quimicamente semelhante, compostas por
flavonoides como o éster feniletil do acido cafeico (CAPE) (Bankova et al.,

2000).



No entanto, em paises de clima tropical, onde ha grande variacéo
de temperatura e chuvas ao decorrer do ano e ha maior diversidade de fontes
botanicas, as propolis apresentam composi¢ao quimica bastante variada (Park
et al., 2002; Huang et al., 2014). No Brasil, por exemplo, ja foram identificados
diferentes tipos de propolis, sendo a mais conhecida a prépolis verde,
produzida principalmente a partir dos exsudados da planta Baccharis
dracunculifolia D.C. (Asteraceae), conhecida popularmente como alecrim do
campo (Fischer et al., 2008).

A propolis vermelha é outro tipo de propolis encontrada na regiao
Norte do Brasil. A resina avermelhada, é caracteristica da planta Dalbergia
ecastophyllum L. Taub. (Fabaceae), as quais séo utilizadas preferencialmente
por determinadas espécies de abelhas para a fabricacdo de propolis (Trusheva
et al., 2006; Daugsch et al., 2008). Além de verde e vermelha, esta resina
pode apresentar ainda coloracdo amarela ou marrom, dependendo da origem
botanica em que foi coletada (Marcucci, 1996).

Desta forma, em consequéncia da grande diversidade da flora, a
composicdo quimica da prépolis é bastante complexa o que dificulta o
entendimento da correlacdo entre os compostos quimicos existentes com as
diferentes atividades biolégicas que esta resina exerce, e ainda, a
padronizacao do produto natural para efetivo emprego em terapias (Park et al.,
2002).

Em diferentes extratos de prépolis ja foram identificados mais de
300 compostos quimicos (Marcucci, 1995; Marcucci et al., 2001), entre eles,

compostos fendlicos, flavonoides, terpenos (Bankova et al., 2000; Bomanigo et
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al., 2017), acucares, alcoois, entre outros (Maciejewicz, 2001; Kurek-Goérecka

et al., 2014; Campos et al., 2014; Campos et al., 2015).

2.2.2 Atividades bioldgicas da propolis

Grande parte das atividades bioldgicas dos extratos de prépolis tem
sido atribuida aos compostos fendlicos e flavonoides (Lustosa et al., 2008; Fokt
et al., 2010; Abubakar et al., 2014). Estes compostos juntamente com o0s
terpenos sdo encontrados principalmente em prépolis de regides de clima
tropical como Brasil, Cuba, Venezuela e Chile (Lustosa et al., 2008; Silva-
Carvalho et al., 2015), as quais tem se tornado objeto de grande interesse por
parte dos cientistas (Trusheva et al., 2006).

Independentemente das variagdes quimicas, 0s constituintes
presentes na prépolis sdo responsaveis pela gama de atividades bioldgicas que
este produto apicola exerce, tais como, efeito antioxidante (Pérez-Pérez et al.,
2013; Bonamigo et al., 2017), antitlcera gastrica (Mohafez et al., 2010; El-Hady
et al.,, 2013), anti-inflamatério (Campos et al.,, 2015), anestésico local,
hepatoprotetor (Castaldo e Capasso, 2002), imunoestimulatério (Lustosa et al.,
2008) antiviral (Marcucci, 1995; Kujumgiev et al., 1999), antiproliferativo
(Borges et al., 2011; Borawska et al., 2016) e antitumoral (Abubakar et al.,

2014; Silva-Carvalho et al., 2015).
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2.2.2.1 Espécies reativas de oxigénio e atividade antioxidante da

prépolis

Espécies reativas de oxigénio (EROS) sdo moléculas que
possuem elétrons desemparelhados na ultima camada de valéncia, sendo
capazes de oxidar outras substancias. Em sistemas biologicos, as EROS sao
produzidas naturalmente pelas células vivas na membrana celular, no
citoplasma e na mitocbndria, e fazem parte de processos fisioldégicos
importantes, como a mediacdo na transferéncia de elétrons, sinalizacao celular
(Droge et al., 2002), producédo de ATP, expressédo e ativagdo de alguns genes
(Apel e Hirt, 2004), apoptose (Circu et al., 2010), entre outros (Barbosa et al.,
2010).

Os organismos aerbdbicos metabolizam 85 a 90% do oxigénio
consumido na mitocéndria em agua, e outra pequena parte deste oxigénio se
transforma em EROS (Halliwel, 2005; Barbosa et al., 2010). Ndo s6 a cadeia
transportadora de elétrons, mas também algumas enzimas como, por exemplo,
as NADPH oxidases (Nicotinamida adenina dinucleotido fosfato oxidase) e
acidos graxos poli-insaturados contidos nas membranas celulares, sao
geradores de EROS como, por exemplo, os radicais superéxido (O¢), hidroxila
(OHe), alcoxila (LO¢), peroxila (LOO-¢) e ainda, peréxido de hidrogénio (H.0,), 0
qual ndo possui elétrons desemparelhados, porém em sua catélise, é
convertido em radical hidroxila (OH+) que possui alta reatividade (Barbosa et
al., 2010).

No entanto, apesar de participarem de importantes processos

fisiologicos, quando produzidos em excesso podem desencadear efeitos
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toxicos, danificando as células, incluindo proteinas, lipidios, &cido
desoxirribonucleico e acido ribonucleico, os quais passam a funcionar de forma
erronia, resultando no estresse oxidativo (Halliwel, 2005; Kasai e Kawai, 2006).

O estresse oxidativo € o desequilibrio entre a producédo de
espécies reativas e o sistema de defesa antioxidante, o que resulta no acumulo
intracelular de espécies reativas (Ferreira e Matsubara, 1997). Os efeitos
toxicos, causados pela producédo excessiva de EROs, podem levar as células a
morte (Boonstra e Post, 2004), e/ou ao desenvolvimento de diferentes doencas
como diabetes (Reis et al., 2008; Tiwari et al., 2013), doencas cardiovasculares
(Savic-Radojevic et al., 2017), Alzheimer (Anoop et al., 2010), cataratas
(Rokicki et al., 2017), envelhecimento precoce e cancer (Geier et al., 2009; Liou
e Storz, 2010).

Contudo, o organismo humano possui dois sistemas
antioxidantes, que incluem defesa enddgena enziméatica como as enzimas:
superéxido dismutase (SOD), glutationa peroxidase (GSH-Px) e catalase
(CAT), ou ndo enzimatica, que consiste em antioxidantes biolégicos sejam eles
produzidos endogenamente como a bilirrubina, a ubiquinona e o acido Urico
(Halliwell, 2005; Apel e Hirt, 2004), ou moléculas oriundas da ingestao de
alimentos como, por exemplo, a-tocoferol, carotenoides, acido ascorbico,
quercetina (Materska, 2008), resveratrol, catequinas, entre outros (Halliwell,
2005; Barbosa et al., 2010; Duefias-Garcia et al., 2017).

Assim, as defesas antioxidantes no organismo existem como um
sistema coordenado e equilibrado, porém, este sistema protetor as vezes é
insuficiente para prevenir completamente os danos gerados pelas espécies

reativas (Kasai e Kawai, 2006; Barbosa et al., 2010). Isto demonstra a
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importancia de se identificar compostos naturais e/ou novos compostos que
sejam capazes de neutralizar essas moléculas, a fim de prevenir o estresse
oxidativo. Neste contexto, varios estudos tém sido realizados para avaliar a
capacidade antioxidante de produtos naturais (Laguerre et al., 2007; Mohafez
et al., 2010; Aradjo et al., 2016).

A complexa composicdo quimica da propolis tem sido relacionada
com sua atividade antioxidante, principalmente pela variacdo quantitativa e
qualitativa de compostos fendlicos presente neste produto apicola (Fabris et al.,
2013; Scalbert et al., 2005; Silva-Carvalho et al., 2015).

Fabris e colaboradores (2013) mostram que extratos de propolis
de diferentes origens geograficas (Brasil, Italia e RuUssia), apresentam
constituintes quimicos semelhantes, porém os compostos majoritarios variam
conforme a regido. Neste estudo, os extratos de propolis brasileiras foram
capazes de inibir a peroxidacdo lipidica (inibicdo de 50% de captura de 2
mg/mL a 20 mg/mL) e capturar o radical livre DPPH, embora esta atividade
antioxidante fosse menor comparada a prépolis dos outros paises.

Entretanto propolis de abelhas nativas apresentaram atividades
antioxidantes mais potentes. As prépolis das abelhas sem ferrdo Melipona
orbgnyi e Melipona quadrifasciata anthidioides, por exemplo, foram capazes de
capturar o radical livre DPPH, em concentracbes menores que 61 pg/mL.
Adicionalmente, o extrato das propolis destas abelhas protegeram eritrécitos
humanos contra hemalise e peroxidacéo lipidica induzida pela agente oxidante
AAPH, em concentracdes de 125 pg/mL (Campos et al., 2014; Bonamigo et al.,

2017).
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Vitaminas como o a-tocoferol (Oyaizu et al.,, 1999), e outros
compostos bioativos como acido ferulico, acido cafeico (CAPE), galangina, p-
cumarico e quercetina identificados neste produto, foram relacionados com o
efeito antioxidante da prépolis (Volpi e Bergonzini, 2006, Orsolic et al., 2006;
Fokt et al., 2010).

O CAPE e a quercetina, por exemplo, ja apresentam efeito
antioxidante em modelos experimentais in vivo utilizando o nematoide
Caenorhabditis elegans. Ambos foram capazes de diminuir a formacdo de
espécies reativas de oxigénio induzidas pelo estresse térmico e também
aumentaram a expectativa de vida deste nematoide (Saul et al., 2008;
Havermann et al., 2014).

Desta forma, muitos estudos tem comprovado que a atividade
antioxidante da propolis tem relacdo com os diferentes compostos fendlicos
presentes nesta resina (Scalbert et al., 2005; Viuda-Martos et al., 2008; Saul et
al., 2008), o que pode ser justificado pela estrutura quimica destas moléculas
(Duthie et al., 2003), a qual é capaz de doar hidrogénio ou elétrons, impedindo
a oxidacao de outras substancias, particularmente de lipidios (Brand-Williams
et al., 1995). Outro mecanismo pelos quais 0os compostos fendlicos exercem
atividade antioxidante é a inativagcdo de enzimas (xantina oxidase, proteina
quinase C, oxidase de &cido ascorbico), responséaveis pela producédo de EROS
(Kurek-Gorecka et al., 2014).

Conforme descrito na tabela 1, varios estudos demonstram
diferentes mecanismos antioxidantes da propolis produzida por abelhas de

diferentes origens geograficas.
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Tabela 1. Atividade antioxidante da propolis de diferentes origens

geogréficas.

Origem geograéfica

Caracteristicas Gerais da Prépolis

Mecanismo

Captura de radical livre DPPH; Inibicdo de

Brasil Prépolis da abelha sem ferréo hemolise oxidativa e peroxidagéo lipidica em
. . eritrécitos humanos (Campos et al., 2014).
Melipona orbignyi
o . Captura de radical livre ABTS; Inibigao de
) Propolis da abelha sem ferréo . o o
Brasil ) o hemodlise oxidativa e peroxidacao lipidica em
Tetragonisca fiebrigie o
eritrocitos humanos (Campos et al., 2015).
Captura dos radicais livres DPPH e ABTS;
Brasil Prépolis das abelhas sem ferréo Inibicdo de hemdlise oxidativa e peroxidacdo
Melipona quadritasciata anthidioides e lipidica em eritrécitos humanos (Bonamigo et
Scaptotrigona depilis al., 2017).
Diminui¢&o dos niveis de nitrito,
o ) ) mieloperoxidase, superoéxido dismutase,
Propolis verde - derivada de resinas ) ) .
) ) ) catalase e glutationa peroxidase e reducéo da
Brasil de Alecrim do campo (Baccharis . . . )
o glutationa / relagéo glutationa oxidada e dos
dracunculifolia) o ) i
niveis de malondialdeido em ratos expostos a
fumaca do cigarro (Lopes et al., 2013).
Inibicdo da peroxidagéo de lipoproteina de
U ) Derivada das resinas de Populus baixa densidade e NADPH oxidase e aumento
ruguai

nigra e B. dracunculifolia

da enzima 6xido nitrico sintase em células

endoteliais da aorta bovina (Silva et al., 2011).
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Continuagéo: Tabela 1.

Portugal (Algarve Central)

Propolis europeia — derivada de

resinas de alamo (P.nigra)

Captura de radicais livres, quelacao de ides
metalicos (Miguel et al., 2010).

Roménia

Prépolis europeia — derivada de

resinas de alamo (P. nigra)

Diminuig&o dos niveis de malondialdeido e
restauracao da atividade da enzima glutationa
peroxidase (GPx) em ratos expostos a luz

UVB (Bolfa et al., 2013).

Turquia

Propolis do Mediterréneo - derivada
das resinas de alamo (Populus spp.),

eucalipto

(Eucalyptus spp.), e castanheira

(Castanea sativa)

Diminuic&o da lesdo do DNA induzida pelo
H,0,, em fibroblastos (Aliyazicioglu et al.,
2011). Diminuicéo dos niveis de
malondialdeido, superéxido dismutase, e
aumento da atividade das enzimas catalase e
glutationa peroxidase em peixes expostos a
clorpirifos (CPF) (Yonar et al., 2012).

Sigma Aldrich

Composto isolado CAPE/
caracteristico em propolis europeia,
porém encontrado em prépolis de

outros paises como Brasil.

Captura de radical livre, inibicao da atividade
da enzima xantina oxidase e da peroxidagao
lipidica (Russo et al., 2002). Manuten¢&o da
atividade da enzima superoéxido dismutase,
diminuicdo da atividade da xantina oxidase e
dos niveis de malondialdeido e oxidase nitrica
em ratos (Hosnuter et al., 2004). Aumenta a
resisténcia ao estresse e a vida Util em
Caenorhabditis elegans (Havermann et al.,
2014).

Fonte: Adaptado de Silva-Carvalho et al. 2015.
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2.2.2.2 Atividade antitumoral da prépolis

Além das plantas medicinais, produtos naturais como a propolis,
tém apresentado resultados promissores em estudos que avaliam a atividade
antitumoral, despertando interesses farmacoldgicos. Este produto apicola
apresenta diferentes compostos quimicos, dentre eles compostos fendlicos,
incluindo flavonoides, e terpenos, os quais tém sido relacionados a atividades
citotoxicas de diferentes linhagens tumorais (Franchi et al., 2012;
Premratanachai e Chanchao, 2014; Kumazaki et al., 2014; Huang et al., 2014).

Compostos fenolicos, como acido cafeico (CAPE) e seus
derivados ja foram descritos por apresentar efeito anticarcinogénico em células
de adenocarcinoma cervical (Hela) (Chang et al., 2010), leucémicas (HL-60)
(Chen et al., 2001), carcinoma cervical metastatico humano (HTB-34) (Tyszka-
Czochara et al., 2017), células de carcinoma escamoso de pescogo (Detroit
562) (Dziedzic et al., 2017), entre outras. No entanto, nao foi observado efeito
citotoxico tdo intenso do CAPE em linhagens normais como, fibroblastos de
pulmdo de hamster chinés (V79) (Orsolic e Basic, 2003) e fibroblastos de
pulm&o humano (WI-38) (Chen et al., 2004).

A crisina, outro composto fendlico presente em préopolis, também
demonstrou efeito citotoxico em diferentes linhagens tumorais, dentre elas
tumores de glioma (SVGp12) (Markiewicz-Zukowska et al., 2012), células de
adenocarcinoma cervical (HeLa) (Zhang et al., 2004), leucemia (U937C)
(Monasterio et al., 2004), carcinoma escamoso de es6fago (KYSE-510) (Zhang
et al., 2009) e cancer de mama (MDA-MB-231) (Koo et al., 2010). Este

composto e CAPE induzem as células tumorais a apoptose através de
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diferentes mecanismos moleculares (Watabe et al., 2004; Chen et al., 2008;
Koo et al., 2010; Markiewicz-Zukowska et al., 2012), os quais estdo
exemplificados na Tabela 2, que descreve a atividade citotOxica e o0s
mecanismos de acao de diferentes tipos de propolis e de compostos isolados.

Derivados do acido cinamico também sdo compostos
préapoptoticos capazes de induzir linhagens tumorais a morte através de
mecanismos intrinsecos e extrinsecos (Kumazaki et al., 2014). Além destes
compostos, a maioria dos extratos brutos de prépolis promove a morte de
linhagens tumorais por apoptose, como demonstrado por Mishima et al. (2005),
0S quais observaram que extrato de propolis (5, 50 e 500 pg/mL) inibe o
crescimento de células leucémicas (HL-60), através ativacdo de genes que
modulam o sistema imunolégico e que induzem a apoptose.

Entretanto, outros mecanismos de morte ja foram observados e
relacionados a acdo antitumoral da prépolis. Campos e colaboradores (2015)
estudaram o efeito do extrato de propolis da abelha sem ferrdao Tetragonisca
fiebrigi contra células eritroléucemicas (K562) in vitro, e observaram que o
extrato leva estas células a morte por necrose. Outros extratos de propolis de
abelhas sem ferrdo também mostraram efeitos citotoxicos desencadeando a
necrose como principal mecanismo de morte celular (Campos et a., 2014,
Bonamigo et al., 2017).

Prépolis iraquiana promoveu a morte via apoptose em células
leucémicas (HL-60) e via necrose em células de carcinoma de colon humano
(HCT-116), demonstrando que o mecanismo de morte pode ser dependente do
tipo de célula cancerigena (Sulaiman et al., 2012). O efeito antitumoral em

células HCT-116 também foi demonstrado in vivo. A administragdo oral de
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prépolis demonstrou reducdo do volume do tumor em ratos, sem apresentar

toxicidade (Sulaiman et al., 2012).

Desta forma, estudos de citotoxicidade sdo necessarios, principalmente

pela grande diversidade de compostos existentes na propolis das diferentes

espécies de abelhas que sédo capazes de produzi-la. A descoberta de novos

medicamentos ndo consiste apenas no isolamento de compostos bioativos ou

fitocomplexos a partir das fontes naturais, sdo necessarios estudos in vitro e in

vivo, que fornecam informacdes valiosas sobre os diferentes tipos de propolis,

suas propriedades bioldgicas e seus mecanismos de acao.

Tabela 2. Atividade antitumoral de diferentes tipos de propolis e de

compostos isolados.

Prépolis ou composto
isolado da prépolis

Linhagem tumoral

Mecanismo de agéo

Propolis brasileira
Abelha sem ferrao
Tetragonisca fiebrigi

- Células de leucemia mieléide crénica
humana (K562)

- Apresentou atividade citotdxica contra células

K562, com predominancia de morte por
necrose (Campos et al., 2015).

Propolis brasileira
Abelha sem ferréo
Melipona orbignyi

- Células de leucemia mieléide crénica
humana (K562)

- Apresentou atividade citotdxica contra células

K562, com predominancia de morte por
necrose (Campos et al., 2014).

Propolis brasileira

Proépolis verde-
Derivada da resina de
Baccharis dracunculifolia

- Cultura celular de cancer de prostata
humano derivada de metastase
(DU145 e PC-3)

-Linhagem celular priméaria derivada de
céancer de préstata humano imortalizada
com telomerase
(RC-58T/ h /ISA#4),

-Células epiteliais primarias de prostata
humano (PreC)

Inibic&o da proliferacéo de células de cancer
de préstata humano por regulacédo da
expresséo proteica de ciclinas D1, Bl e
quinase dependente de ciclina (CDK)
(envolvidas na regulacéo do ciclo celular), p21
(reguladora da transicao da fase G1 para S no
ciclo celular) (Li et al., 2007).
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Continuagéo: Tabela 2.

Propolis verde —
Derivada da resina de
B. dracunculifolia

Bacarina,
beturetol, kaempferide,
isosakuranetina e
drupanina
Continuagéo: Tabela 2.

-Células embrionarias de rim humano
(HEK293)
-Células de

cancer colorretal humano (HCT116)

-Inibicdo da expresséo da proteina HIF-1a e
dos genes alvo de HIF-1, tais como o
transportador de glucose 1, a hexoquinase 2 e
o fator de crescimento endotelial
vascular A.

- Efeitos anti-angiogénicos significativos no
ensaio de membrana corioalantéica de pinto
(CAM) (Hattori et al., 2011).

Propolis verde —
Derivada da resina de
B. dracunculifolia

- Ratos Wistar fémeas

- Inibicdo da angiogénese em cancer de bexiga
induzido pelo BBN [N-butil (4-hidroxibutil)] em
ratos feméas Wistar (Ohta et al., 2011;
Dornelas et al., 2012).

Propolis verde —
Derivada da resina de
B.dracunculifolia
Artepilin C

- Células de tumor maligno da bainha
do nervo periférico deficiente em NF1
(S-462) e
- Células de schwannoma deficientes
em NF2 (HEI-193)
-Camundongos atimicos nu/nu (de
Charles River ou NCI)

- Bloqueio da sinalizagdo PAK1 oncogénica e
suprigao do crescimento de tumores NF
(Neurofibromatosis) em camundongos
(Messerli et al., 2009).

Prépolis verde —
Derivada da resina de
B. dracunculifolia
Artepilin C

- Células endoteliais da veia umbilical
humana (HUVECS)
- Ratos ICR

-Inibic&o in vitro
da formacéao de tubos e proliferagdo de células
endoteliais.
- Redugédo do nimero de vasos recém-
formados in vivo (Ahn et al., 2007).

Drupanina, Bacarina e
Artepilin C

-Células de leucemia humana
(HL-60)
- Células de cancer de colon (SW480)

-Inibi¢do do crescimento das células tumorais.
- Inducdo de morte por apoptose através da
promogéao de mudangas morfoldgicas e
fragmentac&@o do DNA nucleosomal (artepilin
C> bacarina> drupanina) (Akao et al., 2003).

Artepilin C

- Células de cancer de prostata
(LNCaP)

- Induz a morte celular por apoptose. O co-
tratamento com TRAIL e Artepilin C induz a
ativagdo de caspase-8 e caspase-3 e
interrupcao do
Potencial de membrana mitocondrial (Szliszka
et al., 2012).

Propolis vermelha —
Derivada da resina
Dalbergia ecastaphyllum

- Células de cancer de pancreas
humano (PANC-1)

- Apresentou atividade citotéxica contra a
linhagem tumoral PANC-1 , sendo necrose o
principal tipo de morte celular observado
(Awale et al., 2008).

Propolis vermelha —
Derivada da resina
D. ecastaphyllum

-Célula endotelial humana (CE),
-Célula de carcinoma renal (RCC4),
- Célula tronco e embrionéria de ratos
machos Wistar (CGR)

- Polifendis de prépolis vermelha exercem
atividade antiangiogénica em células x através
da inibic&o da expresséo do gene de VEGF, os

quais sao atribuidos a desestabilizagéo da

proteina HIF1a sob condi¢Ges de hipdxia
(Daleprane et al., 2012).
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Continuacgéo: Tabela 2.

Prépolis vermelha —
Derivada da resina
D. ecastaphyllum

- Células de cancer de mama Ind
(MCF-7)
- Linhagem normal (fibroblastos
humanos)

- Redugéo da viabilidade das células MCF-7

atividade de caspase-3 e fragmentagéo de
DNA. Nao afetou a viabilidade de fibroblastos

ucao de disfuncao mitocondrial. Ativagao da

(Kamiya et al., 2012).

Propolis brasileira
vermelha e verde

(Jurkat), (CEM), (Nalm16), (Nalm6),

- Células de leucemia (K562),
(HL-60), (NB4), (Ramos), (Raji),

(RS4), (B15), (REH) pr

citotdxico in vitro superior a prépolis verde em
células de leucemia humana. As linhagens
K562 e Nalm6 foram mais sensiveis. Estas

- A propolis vermelha apresentou efeito

6polis induziram as células K562 a apoptose
(Franchi Jr. et al., 2012).

Propolis da Tailandia
Abelha sem ferréo
Trigona laeviceps

- Células de cancer de colon (SW620),
(Hep-G2), pulmao (Chago) e estdbmago

-Células normais de figado (figado CH)

mama (BT474), hepatico
(Kato-III)

e fibroblastos (HS-27)

- Atividade antiproliferativa contra as cinco
linhas celulares de cancer e baixa atividade
citotéxica nas linhas celulares normais
(Umthong et al., 2011).

Prépolis da Turquia
Derivada das resinas
de Populus spp.,
Eucalyptus spp.,

e Castanea sativa.

- Células de cancer de mama
(MCF-7)

-Apresentou atividade antitumoral, pela
inducao das células a apoptose, através da
ativacdo de caspases (Seda et al., 2010).

Prépolis do Iraque -
Derivada da resina de
Populus nigra

-Camundongos atimicos (nude -Fox N1-

-Células de leucemia humana
(HL-60), (HCT-116)
(HuFb)

nu/nu) fémeas portadores de tumor
HCT-116

- Redugéo da proliferagéo das células HL-60,
as quais foram induzidas a apoptose por
regulagdo negativa da proteina Bcl-2 e
regulacéo positiva da Bax;

Reducéo da proliferagéo das células HCT-116

e do potencial de formacéao de col6nias. As
células tratadas apresentaram morte por
necrose.
- Apresentou baixa toxicidade in vivo e houve
aumento da expressao de p53 e diminuigdo de
Ki-67 (Sulaiman et al., 2012).

Prépolis do Iran -
Derivada da resina de
Poplar spp.,
Ferula ovina

-Ratos Wistar machos portadores de
tumor gastrico

- Atividade antitumoral através da reducéo de
fatores antiapoptéticas (beta-catenina e Bcl-2)
e aumento expresséo e de fatores
proapoptético (Bax), induzindo a apoptose
(Alizadeh et al., 2015).

Propolis de Portugal -
Derivada da resina de
Populus nigra

-Células de adenocarcinoma colorretal
humano (HCT-15)

- Diminuicéo da proliferacéo celular e inducao
de morte celular (Valencga et al., 2013).
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Continuagéo: Tabela 2.

Prépolis de Portugal -
Derivada da resina de
Populus nigra

- Cultura priméria renal (células
normais)
-Células de cultura priméria de cancer
renal
- Células de carcinoma renal humanos
(A-498)

- Inibic&o de quase 100% do crescimento de
células tumorais e inibicdo menor que 25% das
células normais (Valente et al., 2011).

Propolis polonesa
Derivada das resinas de
Populus nigra,
Betula alba,

Alnus glutinosa, Aesculus
hippocastanum e
Fagus sylvatica

- Células de melanoma maligno
humano (Me45);
-Células de cancer colorectal
(HCT 116)

- Inibig&o do crescimento celular e redugdo do
tamanho celular das linhagens tumorais
testadas.

- Estimulacdo de morte apoptéticas em células
de melanoma (Kubina et al., 2015).

Flavonoides de prépolis
taiwanesa

- Células de cancer de prostata
(PC-3) e (DU-145)
- Células de hepatoma humano
(Hep-3B)

- Atividade citotoxica mais potente contra a
linha celular (PC-3) e indugéo de morte por
apoptose (Chen et al., 2012).

Extrato etandlico de
propolis,
Crisina e

CAPE

- Células de astroglia humana
(SVGp12)

- Reducéo da viabilidade das
células SVGp12.

Observou-se que as células apresentavam
forma condensada e morfologia das
mitocdndrias podem indicar a ativagéo da via
intrinseca da apoptose (Markiewicz-Zukowska
etal, 2012.).

CAPE
Caracteristico em
propolis Europeia

- Células de cancer oral humano
(TW2.6)

-Supresséo da proliferacao celular e da
formagéo de colbnias;

- Diminuicao da populagéo de células da fase
G1 e aumento da populagéo de células de fase
G2/ M;

- Indugado de morte por apoptose;

- Redugdo na abundancia de proteinas de
sinalizagdo que regulam o ciclo celular e a
atividade de Akt.
-Co-tratamento de CAPE com farmaco
quimioterapéutico 5-fluorouracil suprime a
proliferacdo de células TW2.6 com mais
eficiéncia (Kuo et a., 2013).

CAPE
Caracteristico em
propolis Europeia

-Células de cancer de mama humano
(MCF-7)

- Inducao de morte por apoptose via sinal Fas;
- Inhibigdo de
NF-kB;
-Ativacao de fatores proapoptoticos como, Bax
e caspases e proteinas da familia MAPK p38 e
JNK (Watabe et al., 2004).
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Continuacgéo: Tabela 2.

-A inducdo da apoptose através da exposicdo a
fosfatidilserina (PS) e fragmentagéo
do conteido de DNA,;

- Houve parada do ciclo celular na fase sub-
CAPE . - . . L N .
Caracteristico em - Células leucémicas linfoblastoide G1; e diminuicdo da expressao de proteinas
P . (PL104) Bcl-2 e aumento dos niveis de proteinas BAX;
prépolis Europeia

Modulacéo do potencial da membrana
mitocondrial. (Awm); liberagéo do citocromo c
na mitocondrias, aumento de ROS intracelular

e ativacdo de caspases (Cavaliere et al., 2014).

-Inibicdo do crescimento de células de glioma
C6; Parada do ciclo celular na fase GO/G1 e
diminuicao do nivel de proteina da pRb
hiperfosforilada; Regulacéo positiva dos
inibidores de quinase dependentes de ciclina

“Células de glioma (C6) p21, p27 e p16; diminuicdo do crescimento

CAPE tumoral em xenoenxertos, redu¢éo do nimero
Caracteristico em de células mitéticas e proliferacéo de células
prépolis Eurapeia nucleares do antigeno nuclear (PCNA)-positivo

no glioma C6 (Kuo et al., 2006 ).

-Inibigao do crescimento de células HL-60;
_Células de leucemia humana - Indugé&o de morte por apopto~se por ativagéo
(HL-60) da caspase-3, fragmentacdo do DNA e
regulacao positiva de Bax e negativa de Bcl-2
(Chen et al., 2001).

Fonte: Adaptado de Silva-Carvalho et al. 2015.

2.3. Cancer: Leucemia

Segundo a Organizacdo Mundial de Saude (OMS) cancer € um
termo genérico para englobar um conjunto de doencas que tem em comum 0
crescimento e a proliferacdo anormal e desordenada das células em um
organismo. Estas células anormais de rapida proliferacdo podem invadir zonas
adjacentes do organismo e outros tecidos e 6rgaos formando metastase.

O cancer pode ser desencadeado por diferentes fatores, dentre
eles enddgenos (fatores genéticos) e exdgenos (luz UV, radiagdo ionizante,
virus, tabaco, produtos quimicos, e outros) (Boyle e Lavin, 2008). Também é

frequentemente associado ao desequilibrio de espécies reativas de oxigénio no

24




organismo, uma vez que as EROS podem danificar o DNA, e a multiplicacao
das células danificadas, sem reparo adequado, conduzir ao tumor (Dornas et
al., 2007; Cotinguiba et al., 2013).

O cancer é uma das principais causas de mortalidade no mundo,
sendo responsavel por mais de seis milh6es de mortes todos os anos (Guerra
et al., 2005; Inca, 2014). S6 no Brasil, 0 nimero estimado para 2016/2017 é de
596 mil novos casos de cancer incluindo os casos de pele (ndo melanoma),
cancer de préstata, mama, colon, reto, colo de Utero, leucemia entre outros
(Inca, 2016).

Os tumores séo classificados de acordo com o tipo de célula onde
se originam, com o grau de severidade e também conforme as proteinas e
genes gue expressam. Esta nomenclatura comum, € universal e denominada
pela Organizacdo Mundial da Saude (OMS). No entanto, muitas vezes €
insuficiente para caracterizar os diferentes tipos de cancer, uma vez que 0s
tumores com o0 mesmo grau, estadio e tipo histolégico podem apresentar
diferentes progndsticos e respostas ao tratamento (Vieira et al., 2008).

No Brasil, sem considerar os tumores da pele ndo melanoma, a
leucemia estd entre as doze neoplasias mais frequentes em homens e
mulheres (Inca, 2016). Este tipo de cancer acomete as células hematopoiéticas
afetando a producao dos globulos brancos do sangue (Hamerschlak, 2012). As
células hematopoiéticas sdo formadas pela medula éssea presente no interior
dos ossos longos, sendo as células mieldides as que dao origem aos eritrocitos
(gbbulos vermelhos), plaguetas, mondcitos, neutroéfilos, eosinofilos e basofilos,

e as células linfoides, que da origem aos linfocitos (Figura 1) (Oliveira, 2015).
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Figura 1. Diferenciacéo das células hematopoiéticas.

A leucemia pode ser classificada em diferentes tipos de acordo
com a linhagem celular de origem e o grau de maturacao destas células, sendo
subdividida em leucemia mieldide ou linféide, crénica ou aguda (Silva et al.,
2006). A leucemia miel6ide tem origem nas células mieldides e a leucemia
linféide é originada nas células linfoides, ja a forma aguda caracteriza-se pela
proliferacdo rapida de células imaturas (blastos) no sangue, ao contrario da
cronica que progride em um ritmo mais lento (Hamerschlak, 2012).

Desta forma sao classificadas quatro tipos de leucemia: leucemia
linfocitica aguda (LLA), leucemia mielocitica aguda (LMA), leucemia linfocitica
cronica (LLC) e leucemia mielocitica crénica (LMC). A leucemia linfocitica
aguda pode ocorrer em adultos, porém representa cerca de 80% das leucemias
ocorridas durante a infancia (Zanichelli et al., 2010). A leucemia mielocitica
aguda ocorre tanto em adultos como em criangcas. As formas crbnicas de
leucemias mieldide e linfoide raramente acometem criancgas, sendo frequentes

em adultos (Inca, 2017). Entre os tratamentos para essa neoplasia estdo a
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combinacdo de diferentes drogas e o transplante de medula Ossea

(Hamerschlak, 2012).

2.3.1 Quimioterapicos derivados de plantas e morte celular

De maneira geral, dentre os tratamentos mais comumentemente
para o cancer estao: cirurgia, radioterapia e quimioterapia. A cirurgia consiste
na remocao do tumor, ja a radioterapia é a incidéncia de feixes raios gama,
radiois6topos como cobalto-60, raios-X a fim de erradicar estas células (Murad
e Katz, 1996; Freire e Alves, 2014).

Outra terapia empregada é a quimioterapia que consiste nha
utilizacdo de agentes quimicos com objetivo de destruir as células neoplasicas,
sem afetar as células normais, a qual pode ser utilizada em combinacdo com a
cirurgia ou a radioterapia (Freire e Alves, 2014; Inca, 2017). No entanto, 0s
guimioterapicos existentes atualmente no mercado, atuam de maneira nao
especifica, sendo toxicos tanto em células normais quanto em células tumorais,
desencadeando efeitos colaterais como nauseas, diarreia, queda de cabelo,
mal-estar, agitacdo (Murad e Katz, 1996; Inca, 2017). Este quadro torna
relevante a busca por novos farmacos que apresentem menores ou nenhum
efeito colateral (Costa-Lotufo et al., 2010).

Dentre os quimioterapicos utilizados para o tratamento do cancer,
muitos sdo compostos bioativos derivados de plantas, uma vez que estes
vegetais produzem uma grande biodiversidade estrutural de metabolitos
secundarios (Almeida et al., 2005; Branddo et al., 2010). O isolamento e

identificacdo destes compostos tem permitido a descoberta de novos agentes
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antineoplasicos e incentivado pesquisas nesta aérea (Carvalho et al., 2006;
Maciel et al., 2007; Brand&o et al., 2010).

Os agentes antineoplasicos podem ser classificados em dois
grupos: 1) aqueles que inibem o processo carcinogénico, sendo alimentos ou
ervas utilizados para prevencdo desta doengca como, por exemplo, o cha verde
(Camellia sinensis) (Diet, Nutrition, And Cancer, 1982; Lambert et al., 2005), e
2) 0s agentes supressores como, por exemplo, a vimcristina e a vimblastina
gque atuam no desenvolvimento da doenca, inibindo a proliferacdo destas
células anormais e levando-as a morte celular, processo o qual é perdido nas
células tumorais (Carvalho et al., 2006; Brand&o et al., 2010).

Compostos vegetais capazes de inibir o crescimento e
proliferacdo das diferentes linhagens tumorais sdo os mais estudados para o
desenvolvimento de novos farmacos. Dentre os antineoplasicos oriundos de
espécies vegetais, destaca-se a vincristina e a vimblastina, alcaloides isolados
da uma planta Catharanthus roseus (L.) G. Don (Apocynaceae), e empregados
no tratamento de diferentes linhagens tumorais, dentre elas a leucemia
linfoblastica aguda infantil (Almeida et al., 2005; Costa-Lotufo et al., 2010;
Brandao et al., 2010). Estes alcaloides ligam-se as B-tubulinas, que sao
heterodimeros formadores dos microtibulos, impedindo a polimerizacdo dos
microtubulos, resultando no atraso da mitose e consequentemente levando as
células tumorais a apoptose (Prakash e Timasheff, 1983; Jordan e Wilson,
2004).

Outro alcaloide com acédo antineoplasica é a camptotecina
extraida da casca e do caule de Camptotheca acuminata Decne (Cornaceae)

(Wall et al., 1966). Este alcaloide, diferentemente dos alcaloides de vinca, atua
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inibindo a enzima topoisomerase |, que € importante no processo de replicacao
do DNA (Pommier, 2006). A partir da camptotecina foram gerados os analogos
topotecan e irinotecan que possuem menor toxidade e consequentemente
menos efeitos colaterais (Mann, 2002).

A classe dos terpenos também possui acdo antineoplasica
importante como o paclitaxel, que € extraido da casca da arvore de Taxus
brevifolia Nutt. (Taxaceae) (Brandao et al., 2010). A partir do paclitaxel foi
originado um derivado, ndo natural, o docetaxel, com acdo antitumoral mais
potente. Ambos agem impedindo a estabilizacdo dos microtibulos (Altmann e
Gertsch, 2007).

Além destes compostos antitumorais existem outros compostos
derivados de plantas como, por exemplo, os taccalonolides A e E, dicoumarol,
ferulenol, podofilotoxina, entre outros que vem sendo estudados como as
colchicinas (Altmann e Gertsch, 2007; Brand&o et al., 2010). Contudo, esses
antineoplasicos, apesar de atuarem por mecanismos de acdo diferentes,
possuem um objetivo comum que € interromper o ciclo celular das células
cancerigenas, uma vez que nestas células este processo esta sem controle
(Brandéo et al., 2010).

A morte celular € um processo importante, o qual pode ocorrer
passivamente ou induzida por estimulos internos ou externos, e € através
desse processo que ocorre a manutencdo das células dos organismos
multicelulares (Grivicich et al., 2007). Os mecanismos que levam as células a
morte podem apresentar diferencas morfologicas e bioquimicas, por isso a

s

morte celular € classificada em diferentes categorias, dentre elas necrose,
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apoptose, apoptose tardia, autofagia e senescéncia. As falhas nos mecanismos
gue as coordenam podem resultar em tumorigénese (Hunter et al., 2007).

A necrose ocorre geralmente em resposta a injuria celular,
podendo ou ndo ser um evento controlado (Festjens et al., 2006; Grivicich et
al., 2007). Este tipo de morte é caracterizado pelo aumento do volume celular,
desorganizacdo do citoplasma, perda da integridade da membrana celular, e
outros processos como inibicdo da producdo de energia celular, desequilibrio
ibnico e ativacdo de proteases nao-apoptéticas que culminam na ruptura
celular e liberacdo do conteudo intracelular, podendo causar danos as células
vizinhas e reacdes inflamatorias locais (Figura 3a) (Ricci e Zong, 2006; Anazetti
e Melo, 2007; Grivicich et al., 2007).

Diferentemente das caracteristicas morfolégicas da necrose,
durante a apoptose a célula sofre alteragbes como consequéncia de uma
cascata de eventos moleculares, geneticamente regulados (Ricci e Zong,
2006). De maneira geral, h4 um encolhimento celular devido a perda da
aderéncia da matriz extracelular e das células vizinhas, condensacdo da
cromatina e formacdo de corpos apoptoticos que serdo fagocitados por
macrofagos (Figura 3b). Neste tipo de morte celular, as organelas sdo mantidas
intactas, outra caracteristica importante é a fragmentacdo do DNA (Ricci e

Zong, 2006; Grivicich et al., 2007).
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Figura 3. Caracteristicas morfologicas de morte celular por Necrose (a)
e Apoptose (b). Fonte: http://doktersarap.blogspot.com/2011/10/cellular-

injury.html

A apoptose é importante para manter a homeostase dos tecidos,
e pode ser desencadeada por duas vias de sinalizacao: 1) a via intrinseca ou
mitocondrial, a qual é ativada por fatores intracelulares como, danos no DNA,
ativacdo de oncogéneses, estresse intracelular, entre outros, e 2) a via
extrinseca, iniciada via ativagcdo de receptores de morte presentes na
membrana celular (Ricci e Zong, 2006).

Diferentes estudos mostram que drogas antitumorais e novos

compostos antineoplasicos sdo capazes de promover a apoptose em diferentes
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linhagens tumorais (Wang et al., 2000; Kimoto et al., 2001; Brandao et al.,
2010; Safe et al.,, 2012). O entendimento desse e de outros mecanismos
moleculares capazes de desencadear a morte celular nestas células, bem
como suas aplicacdes sao de extrema importancia para o tratamento do cancer

(Nicholson, 2000; Philchenkov e Balcer-Kubiczek, 2016).
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3 OBJETIVOS

3.1 Objetivo geral

Determinar a composicdo quimica e avaliar o potencial
farmacoldgico das propolis produzidas pelas abelhas sem ferrdo Scaptotrigona

depilis e Melipona quadrifasciata anthidioides, nativas do Brasil.

3.2 Objetivos especificos

- ldentificar compostos quimicos presentes na propolis por
cromatografia gasosa acoplada a espectrometria de massas (CG-EM) e
cromatografia liquida de alta eficiéncia (CLAE).

- Determinar a atividade antioxidante da propolis através do método de
captura dos radicais 2,2-difenil-1-picrilhidrazil (DPPH) e &cido 3-
etilbenzotiazolina-6-sulfonico de 2,2'-azino-bis (ABTS), e do ensaio de inibicdo
da hemdlise oxidativa e da peroxidacéo lipidica induzida pelo 2,2'-azobis (2-
amidinopropano) di-hidrocloreto (AAPH).

- Avaliar a acdo citotoxica das propolis contra células K562 (célula
leucémica humana).

- Avaliar a toxicidade das prépolis utilizando o modelo in vivo com o

nematodide Caenorhabditis elegans.
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Fonte: Piacentini, 2014
v

(a) Abelha Melipona quadrifasciata anthidioides e (b) extrato etandlicos de
prépolis de M. g. anthidioides.

Fonte: Cristiano Menezes et al., 2015.

(a) Abelha Scaptotrigona depilis e (b) extrato etandélico de propolis de S.
depilis.
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Propolis is a natural mixture of compounds produced by various bee species, including stingless bees. This compound has been
shown to exhibit antioxidant, antiproliferative, and antitumor activities. The present study aimed to determine the chemical
constituents as well as the antioxidant, cytotoxic, and toxic activities of ethanol extracts of propolis obtained from the stingless
bees Scaptotrigona depilis and Melipona quadrifasciata anthidioides, which are found in Brazil. Phytosterols, terpenes, phenolic
compounds, and tocopherol were identified in the ethanol extracts of propolis (EEPs) in different concentrations. The compounds
stigmasterol, taraxasterol, vanilic acid, caffeic acid, quercetin, luteolin, and apigenin were found only in EEP-M. The EEPs were
able to scavenge the free radicals 2,2-diphenyl-1-picrylhydrazyl and 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) and
protected human erythrocytes against lipid peroxidation, with the latter effect being demonstrated by their antihemolytic activity
and inhibition of malondialdehyde formation. The EEPs showed cytotoxic activity against erythroleukemic cells and necrosis was
the main mechanism of death observed. In addition, the concentrations at which the EEPs were cytotoxic were not toxic against
Caenorhabditis elegans. In this context, it is concluded that EEP-S and EEP-M show antioxidant and cytotoxic activities and are
promising bioactive mixtures for the control of diseases associated with oxidative stress and tumor cell proliferation.

1. Introduction

Stingless bees, also known as meliponini, belong to the tribe
Meliponini and are distributed across more than 32 genera
[1]. Most species in this group exhibit eusocial habits and are
found in tropical and subtropical regions, and 244 species
have been described in Brazil [2, 3].

This group of bees plays an important ecological role,
contributing to the preservation of plant species through
pollination. Moreover, they produce pollen, honey, wax, and
propolis, which are used in the hive and are consumed by

humans as nutraceuticals [4-6]. Among these compounds,
propolis is obtained through the collection of exudates from
different parts of plants and combined with salivary enzymes
from bees, resulting in a resinous material that is used to
repair cracks and damage to the hive, defend against microor-
ganisms, and mummify the bodies of other insects [7, 8].
Propolis is generally composed of 50% to 60% resins and
balsams, 30% to 40% waxes, 5% to 10% essential oils, and
5% pollen grains and micronutrients, with small amounts of
vitamins Bl, B2, B6, C, and E [9]. The color and chemical
composition of this resin vary depending on the plant species
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from which bees collect the raw material and the bee species
that produces it [8].

Therefore, studies on propolis collected from different
geographical regions and bee species are of great importance
because these elements affect the chemical composition and,
consequently, the biological properties of propolis.

The therapeutic activity of propolis from stingless bees
has been widely investigated in recent decades, including des-
criptions of its antioxidant activity [10-12], antimicrobial acti-
vity [5, 13, 14], anti-inflammatory activity [15, 16], and anti-
tumor activity [7, 12, 17].

Among bee species, Scaptotrigona depilis, popularly
known as “mandaguari” and Melipona quadrifasciata anthid-
ioides, known as “mandagaia,” are stingless species found
in South American countries including Paraguay, Argentina,
and Brazil [1] and their genetic and behavioral characteristics
have been well described [18-21]. However, studies on the
biological activity of propolis in these species are scarce in
the literature, particularly in view of the difficulty in finding
colonies in their natural environment, where species are dis-
appearing because of anthropogenic activity.

The pharmacological properties of propolis in these
two species were evaluated by Velikova et al. [13], who
described the antimicrobial activity of propolis extracts from
M. q. anthidioides, and by Sawaya [10] who described the
antioxidant activity of propolis extracts from S. depilis. In this
context, the present study aimed to determine the chemical
constituents as well as the antioxidant, cytotoxic, and toxic
activities of ethanol extracts of propolis from the stingless bee
species S. depilis and M. q. anthidioides from the state of Mato
Grosso do Sul in Midwest Brazil.

2. Materials and Methods

2.1. Research Ethics. No specific permits were required for the
described field studies. All field works to collect the propolis
samples were conducted on private land and with owner
permission. The field studies did not involve endangered or
protected species. The protocol to collect of human peripheral
blood was approved by the Research Ethics Committee
(Comité de FEtica em Pesquisa; CEP) of the University
Center of Grande Dourados (Centro Universitario da Grande
Dourados; UNIGRAN), Brazil (CEP process number 123/12).
All subjects provided written informed consent for participa-
tion.

2.2. Preparation of the Ethanol Extract of Propolis (EEPs).
Propolis samples from S. depilis (83.81g) and M. q. anthid-
ioides (36.42 g) were collected from the state of Mato Grosso
do Sul (22°13'12"'S-54°49'2""W), in the Midwest Region of
Brazil, with a total of seven collections being performed for
each species. The ethanol extract of propolis (EEPs) was
prepared using 4.5 mL of 80% ethanol per 1 g of propolis. This
mixture was incubated in a water bath at 70°C in a sealed
container until total dissolution and subsequently filtered in
filter paper qualitative 80 g/m* (Prolab, Sio Paulo, Brazil) to
obtain the EEPs of S. depilis (EEP-S) and M. q. anthidioides
(EEP-M) [22]. After preparation of the extracts, they were
kept at a temperature of —20°C until analysis.
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2.3. Chemical Analysis

2.3.1. Preparation of the Samples. The samples (1mg) was
fractionated with hexane and water in proportion 1:1v:v
and fraction soluble in hexane was analyzed by GC-MS and
fraction in water by HPLC.

2.3.2. GC-MS. Samples were injected and analyzed by gas
chromatography-mass spectrometry (GC-MS). The GC-MS
analysis was performed on a gas chromatograph (GC-2010
Plus Shimadzu Kyoto Japan) equipped with a mass spectrom-
eter detector (GC-MS Ultra 2010) using LM-5 (5% phenyl
dimethyl poly siloxane) capillary column (15m length x
0.2mm id. and 0.2um film thickness) with initial oven
temperature set at 150°C and heating from 150°C to 280°C at
15°Cmin" and a hold at 280°C for 15min. The carrier gas
was helium (99.99%) supplied at a flow rate of 1.0 mL/min,
with split ratio 1: 20, 1 4L injection volume. The injector tem-
perature was 280°C and the quadrupole detector temperature
was 280°C. The MS scan parameters included an electron-
impact ionization voltage of 70 eV mass range of 45-600m/z
and scan interval of 0.3 s. The identifications were completed
by comparing the mass spectra obtained in the NIST21
and WILEY229 libraries. In some cases, the compound was
confirmed by comparison of standards. Standards of the stig-
masterol, S-sitosterol, -amyrin, a-amyrin, -amyrin acetate,
and tocopherol (Sigma-Aldrich with purity >97%) were pre-
pared in the concentration initial of 1000 pg/mL. The concen-
trations of compounds were determined by extern calibration
after dilutions appropriated in the range of 0.1-50 pyg/mL. The
quantification of taraxasterol was performed in relation to
stigmasterol. The procedure was performed in triplicate.

2.3.3. HPLC. The extracts were analyzed in an analytical
HPLC (LC-6AD, Shimadzu, Kyoto, Japan) system with a
diode array detector (DAD) monitored at A = 200-600 nm.
The HPLC column was a C-18 (25 cm X 4.6 mm; particle size,
5 um; Luna, Phenomenex, Torrance, CA, USA), with a small
precolumn (2.5cm X 3mm) containing the same packing,
used to protect the analytical column. In each analysis, the
flow rate and the injected volume were set as 1.0 mL min~"
and 20 uL, respectively. All chromatographic analyses were
performed at 22°C. Elution was carried out using an binary
mobile phase of water with 6% acetic acid and 2 mM sodium
acetate (eluent A) and acetonitrile (eluent B). The following
applied gradients are as follows: 5% B (0 min), 15% B (30 min),
50% B (35 min), and 100% B (45 min). Standards of the vanilic
acid, caffeic acid, ferulic acid, p-coumaric acid, benzoic acid,
cinnamic acid, quercetin, luteolin, apigenin, and vanillin
(Sigma-Aldrich, >97%) were prepared in the concentration
initial 0of 1000 pg/mL. The concentrations of compounds were
determined by extern calibration after dilutions appropriated
in the range of 0.01-10 yg/mL. The procedure was performed
in triplicate.

2.4. Antioxidant Activity

2.41. DPPH Free Radical Scavenging Activity. The free
radical-scavenger activity was determined by the DPPH
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(2,2-diphenyl-1-picrylhydrazyl) assay, as described previously
by D. Gupta and R. K. Gupta [23] with some modifications.
The antiradical activity of extracts was evaluated using a
dilution series, in order to obtain a large spectrum of sample
concentrations. This involved the mixing of 1.8 mL of DPPH
solution (0.11 mM DPPH in 80% ethanol) with 0.2 mL of EEP-
S or EEP-M (1-300 ug/mL), followed by homogenization.
After 30 min, quantification of the remaining DPPH radicals
was recorded by using absorption set at 517 nm. Ascorbic
acid and butylated hydroxytoluene (BHT) were used as
reference antioxidants. The tests were performed in duplicate
in 2 independent experiments. DPPH solution without the
tested sample was used as control. The percentage inhibition
was calculated from the control with the following equa-
tion:

_ Abs sample
Abs control

Scavenging activity (%) = (1 > x100. (1)

2.4.2. ABTS Free Radical Scavenging Activity. Free radical
scavenging capacity for EEP was studied as described by
Re et al. [24], through the evaluation of the free radical
scavenging effect on 2,2'-azinobis-(3-ethylbenzothiazoline-
6-sulfonic acid) (ABTS) radical. The stock solutions included
7mM ABTS solution and 140 mM potassium persulfate
solution. The ABTS'" radical was then prepared by mixing
the two stock solutions (5 mL of ABTS solution and 88 yL
potassium persulfate solution) and left for 12-16 h at room
temperature in the dark. The solution was then diluted by
mixing I mL ABTS™" radical with ethanol absolute to obtain
an absorbance of 0.70nm + 0.05 units at 734 nm using
a spectrophotometer. Then, 20 uL of EEP-S or EEP-M (1-
300 pug/mL) was mixed with 1980 uL of the ABTS"" radical
and the absorbance was taken at 734 nm after 6 min using
a spectrophotometer. Ascorbic acid and butylated hydroxy-
toluene (BHT) were used as positive controls. Three indepen-
dent experiments were performed in triplicate. The percent-
age of inhibition of the ABTS radical was calculated according
to the following equation, where Abs_, .. is the absorb-
ance of ABTS'" radical without the tested sample:

% inhibition of ABTS

_ ( (Abscontrol - AbssamPle) > x 100. (2)

- Abs

control

2.4.3. Antioxidant Assay Using the Human Erythrocyte Model

(1) Preparation of Erythrocyte Suspensions. Following ap-
proval by the Research Ethics Committee, 20 mL of periph-
eral blood was collected from healthy donors into sodium
citrate-containing tubes and was subsequently centrifuged at
1500 rpm for 10 min. After centrifugation, the blood plasma
and leukocyte layers were discarded, and the erythrocytes
were washed 3 times with saline solution and centrifuged
at 1500 rpm for 10 min. Finally, 10% erythrocyte suspensions

were prepared in saline solution to obtain 2.5% after the
treatment.

(2) Oxidative Hemolysis Inhibition Assay. The protective effect
of the propolis extracts was evaluated according to the
method described by Campos et al. [12], with minor modi-
fications. The assays were conducted with erythrocyte sus-
pensions. The erythrocytes were preincubated at 37°C for
30 min in the presence of different concentrations of EEP
or ascorbic acid (50-125 yg/mL). Then, 50 mM 2,2'-azobis-
(2-amidinopropane) dihydrochloride (AAPH) solution was
added. A sample of 1 % ethanol was used as a negative control.
Total hemolysis was induced by incubating erythrocytes
with distilled water. Basal hemolysis caused by EEP was
assessed by incubating erythrocytes with the extract without
the presence of AAPH, and the control was assessed in
erythrocytes incubated only with 0.9% NaCl. This mixture
was incubated at 37°C for 240 min, with periodical stirring.
Hemolysis was determined after every 120, 180, and of 240
minutes of incubation; specifically, sample were centrifuged
at 1500 rpm for 10 min and aliquots of there were transferred
to tubes with saline, after which the absorbance of the super-
natant was read spectrophotometrically at 540 nm. The
percentage hemolysis was measured with the formula A/B x
100, where (A) is the sample absorbance and (B) is the total
hemolysis. Five independent experiments were performed in
duplicate.

(3) Inhibitory Efficiency against Lipid Peroxidation. A 2.5%
erythrocyte suspension was used to assess the protective
effects of EEP against lipid peroxidation as described by
Campos et al. [12] with some modifications. Erythrocytes
were preincubated at 37°C for 30 min with different concen-
trations of EEPs or ascorbic acid (50-125 ug/mL). A sample
of 1% ethanol was used as a negative control. Next, 50 mM
AAPH was added to the erythrocyte solution, which was then
incubated at 37°C for 4 hours with periodical stirring. At
120, 180, and 240 minutes of incubation, the samples were
centrifuged at 1500 rpm for 10 min, and 500 uL aliquots of the
supernatant were transferred to tubes with 1mL of 10 nmol
thiobarbituric acid (TBA). As a standard control, 500 yL of
20 mM malondialdehyde (MDA) solution was added to 1 mL
of TBA. The samples were incubated at 96°C for 45 min. The
samples were then cooled, 4 mL of n-butyl alcohol was added
and the samples were centrifuged at 3000 rpm for 5 min. The
absorbance of supernatants sample was read at 532 nm. Three
independent experiments were performed in duplicate. MDA
levels in the samples were expressed in nmol/mL, obtained
with the following formula:

220.32

MDA = Abs sample x <20 X Abs standard) . (3)
2.5. Cytotoxic Activity and Cell Death Profile. K562 erythro-
leukemia cells line was grown is suspension in RPMI 1640
media (Cultilab, Campinas, Sdo Paulo, Brazil) supplemented
with 10% fetal bovine serum (FBS; Cultilab), 100 U/mL of
penicillin, and 100 ug/mL of streptomycin in a humidified
atmosphere at 37°C in 5% CO,. The cytotoxic activity and



cell death profile were evaluated according to the method
described by Paredes-Gamero et al. [25], with minor mod-
ifications. Cells were seeded into 96-well plates (2 x 10*
cell/well) and cultured in medium with 10% FBS in the
absence or presence of EEP-S or EEP-M (31-500 yg/mL) for
24 h. As negative controls were used cells were incubated with
0.2% ethanol (highest concentration of ethanol in extract).
All effects of the EEPs were compared with negative controls.
After this period, the K562 cells were washed with PBS
and resuspended in annexin-labeling buffer (0.01M HEPES,
pH 74, 014 M NaCl, and 2.5 mM CacCl,). The suspensions
were stained with annexin-FITC and propidium iodide (PI)
(Becton Dickinson, Franklin Lakes, NJ, USA), according to
the manufacture’s instructions. The cells were incubated at
room temperature for 15 min. Three thousand events were
collected per sample, and the analyses were performed on
a FACSCalibur flow cytometer (Becton Dickinson) with
CellQuest software (Becton Dickinson).

2.6. In Vivo Toxicity

2.6.1. Rearing and Maintenance of Caenorhabditis elegans.
To perform the in vivo toxicity assay, we used the wild-
type N2 strain of the nematode Caenorhabditis elegans. The
specimens were incubated at 20°C in Petri dishes contain-
ing nematode growth medium (NGM) agar and fed with
Escherichia coli strain OP50-1. The nematode culture was
synchronized through treatment of pregnant hermaphrodites
with 2% sodium hypochlorite and 5 M sodium hydroxide.

2.6.2. Assessment of Toxicity in C. elegans. A toxicity assay
for the EEPs was performed in C. elegans [26] in 96-well
plates. Each well contained 10 nematodes at the L4 stage,
which were incubated for 24 hours at 20°C with EEP-S and
EEP-M at different concentrations (250-1000 yg/mL) in M9
medium. After this period, nematode viability was evaluated
by repeatedly touching the worms with a microspatula. For
the manipulation and examination of nematodes, a model
Motic SMZ-140 & W10X/23 (British Columbia, Canada)
stereomicroscope was used. The data were calculated from
two independent experiments in duplicate.

2.7. Statistical Analyses. All data are shown as the mean +
standard error of mean (SEM) and for statistical significant
differences between the groups, using the analysis of variance
(ANOVA) and posttest Dunnett, comparing the treatment
with the control, using the Prism 6 GraphPad software. The
results were considered significant when p < 0.05.

3. Results

3.1. Chemical Composition. The compounds identified in
EEP-S and EEP-M are shown in Tables 1 and 2. Phytosterols,
terpenes, phenolic compounds, and tocopherol were identi-
fied in the two extracts in different concentrations. EEP-S
presented a higher content of amyrins (triterpenes) and f3-
sitosterol (phytosterols), whereas EEP-M exhibited a higher
concentrations of tocopherol, amyrins, and apigenin (flavo-
noid). The compounds stigmasterol, taraxasterol, vanilic acid,
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caffeic acid, quercetin, luteolin, and apigenin were found only
in EEP-M.

3.2. Antioxidant Activity

3.2.1. DPPH and ABTS Free Radical Scavenging Activity. EEP-
S and EEP-M were observed to scavenge free radicals in
vitro. In both of the evaluated methods, EEP-M showed better
antioxidant activity compared with EEP-S. In the DPPH
assay, EEP-M showed 50% inhibition of free radicals (ICs,)
at a concentration of 60.91 + 2.01 yg/mL. The IC;, was not
calculated for EEP-S. The maximum activity of EEP-M was
achieved at a concentration of 300 pg/mL (Table 3).

In the assay with the ABTS radical, IC;, values of
the EEPs were 80.04 + 0.31ug/mL (EEP-S) and 13.45 +
1.81 ug/mL (EEP-M), and they showed maximal activity at
concentrations of 200 yg/mL and 100 ug/mL, respectively.
The antioxidant activity of EEP-M was similar to that of the
synthetic antioxidant BHT (Table 3).

3.2.2. Oxidative Hemolysis Inhibition Assay. The standard
antioxidant ascorbic acid and the EEPs showed concentra-
tion- and time-dependent antihemolytic activity. EEP-S
decreased hemolysis for 120 min, with hemolysis inhibition
reaching 63.5 +10.7% at a concentration of 125 ug/mL, when
compared with the AAPH sample. At the same concen-
tration, ascorbic acid and EEP-M protected erythrocytes
against hemolysis induced by the oxidant 2,2'-azobis(2-
aminopropane) hydrochloride (AAPH) for up to 240 min,
with hemolysis inhibition reaching 56.5 + 12.8% and 37.7 +
10.4% at 240 min, respectively, compared with erythrocytes
treated with AAPH (Figure 1). At the various concentrations
tested, the basal hemolysis observed using ascorbic acid and
EEPs without the AAPH inducer was similar to the control
treatments with saline and ethanol (data not shown).

3.2.3. Efficiency of EEPs in the Inhibition of AAPH-Induced
Lipid Peroxidation. The effectiveness of EEPs in inhibiting
lipid peroxidation induced by AAPH in human erythrocytes
can be determined by measuring malondialdehyde (MDA)
levels. Ascorbic acid and EEPs decreased MDA levels in a
concentration- and time-dependent manner. EEP-S inhibited
lipid peroxidation for 180 min. The ascorbic acid control
solution inhibited lipid peroxidation by 65.6 + 8.9%, whereas
EEP-M inhibited peroxidation by 74.4 + 6.1% for 240 min ata
concentration of 125 ug/mL, when compared with the AAPH
sample (Figure 2).

3.3. Cytotoxic Activity and Cell Death Profile. The ethanol
extracts of propolis showed concentration-dependent cyto-
toxicity. At the highest concentration tested (500 pug/mL),
the cell growth of erythroleukemic cells (K562) were 32.6 +
3.2% (EEP-S) and 21.2 + 4.1% (EEP-M) (Figure 3). At this
concentration, after 24 h of treatment, EEP-S promoted death
by necrosis in 52.9 + 4.1% of cells and death by late apoptosis
in 12.1 + 0.6% of cells (Figures 4(a) and 4(b)), whereas EEP-
M promoted death by necrosis in 575 + 3.8% of cells and
death by late apoptosis in 19.4 + 1.6% of cells (Figures 5(a) and
5(b)).
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TaBLE 1: Compounds identified in unpolar fraction of the EEPs from Scaptotrigona depilis and Melipona quadrifasciata anthidioides by GC-

MS.

Peak Retention time (min) Compounds Molecular mass EEP-S (mg/g) EEP-M (mg/g)
1 17.02 Stigmasterol” 412 — 48+0.1

2 17.72 B-Sitosterol” 414 9.6 £0.2 54+0.2

3 17.93 B-Amyrin® 426 14.3+0.3 1.6 £ 0.3

4 18.09 Taraxasterol 426 — 3.0+0.1

5 18.45 a-Amyrin® 426 10.5+0.3 50+01

6 19.65 B-Amyrin acetate” 468 215+ 0.4 13.7+£0.4

7 24.56 Tocopherol* 430 3.6+0.1 15.0£0.5

*Compound was confirmed by comparison of standard.
Data are shown as media + standard deviation.

TaBLE 2: Compounds identified in polar fraction of the EEPs from Scaptotrigona depilis and Melipona quadrifasciata anthidioides by HPLC.

Peak Retention time (min) Compounds Molecular mass EEP-S (mg/g) EEP-M (mg/g)
1 7.95 Vanilic acid 168 — 59+0.1
2 8.64 Caffeic acid 180 — 6.1+0.2
3 10.44 Vanillin 152 55+0.2 5.7+0.1
4 13.48 p-Coumaric acid 164 6.3+0.2 6.1+0.2
5 17.28 Ferulic acid 194 54+0.2 6.1+0.2
6 19.99 Benzoic acid 122 6.8+0.2 6.9+0.1
7 35.33 Quercetin 302 — 9.9+0.2
8 36.68 Luteolin 286 — 1.3+0.1
9 40.01 Cinnamic acid 148 134+04 13.2+0.3
10 42.62 Apigenin 270 — 15.6 + 0.4

*Compound was confirmed by comparison of standard.
Data are shown as media + standard deviation.

3.4. Toxicity in C. elegans. EEP-S and EEP-M were not toxic
to the nematodes after 24h of incubation at any of the
concentrations evaluated compared with the control group
(Figure 6).

4. Discussion

Propolis is a bee product that is widely used in the cosmetics
and food industries and is considered a functional food
(nutraceutical) able to prevent diseases when included in
food products [5]. The chemical constituents present in
propolis are responsible for its therapeutic properties [7, 11,
27], including its antibacterial, antifungal, and antiviral activ-
ities [5, 14] as well as its anti-inflammatory and antitumor
activities [15, 16, 28, 29].

The major compounds identified in the EEP-S were f3-
amyrin, $-amyrin acetate, and a-amyrin and in the EEP-
M were tocopherol, S-amyrin acetate, and apigenin. Both
extracts show similar amounts of B-amyrin, vanillin, p-
coumaric acid, ferulic acid, cinnamic acid, and benzoic acid;
however, the EEP-S showed higher content of amyrins than
EEP-M. By contrast, EEP-M exhibited approximately four
times the amount of tocopherol found in EEP-S and other
compounds which were found exclusively on the EEP-M.
Despite presenting the same chemical constituents, variations
in the concentrations of these compounds may influence the
biological activities of the extracts.

The compounds phenolic and flavonoid are correlated
with the antioxidant and antitumor activity of propolis [8,
10-12, 30]. Additionally, other compounds identified in the
propolis such as caffeic acid, apigenin, and triterpenes are
descript with important blockers of oncogenic kinase PAKI,
well known to be responsible for a variety of diseases such as
infectious diseases, Alzheimer’s disease, diseases inflamma-
tory, diabetes, hypertension, obesity, and cancer [31].

Phenolic compounds and terpenes have been found in
propolis extracts of other species of stingless bees from the
same geographical region [12, 29], which may be related to
the plant species from which the bees collect raw materials
for propolis production.

The terpenes and phenolic compounds found in EEPs
have been described as compounds responsible for the anti-
oxidant activities of various plant species [32-34]. Antioxi-
dants are compounds that, when present at low concentra-
tions, retard or prevent the oxidation of substrates and are
highly beneficial to health due to protecting cells and macro-
molecules from oxidizing agents [35].

The most common oxidants in the body include the
superoxide (O, "), hydroxyl (OH"), peroxyl (ROO), alkoxyl
(RO), and hydroperoxyl (HO,) radicals, which are collec-
tively known as reactive oxygen species (ROS). These free
radicals are produced via gradual reduction of molecular oxy-
gen and generate unpaired electrons, which cause oxidative
stress when they are out of equilibrium [36].
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TaBLE 3: IC,, and maximum DPPH and ABTS radical scavenging activity of standard antioxidants, EEP-S and EEP-M.

DPPH ABTS

Sample IC,, (ug/mL) I\:[aximum inhibition IC., (ug/mL) Maximum inhibition

% ug/mL % ug/mL
Ascorbic acid 3.32 +0.65 96.75 + 0.41 50 2.50 + 0.48 97.37 £ 1.55 10
BHT 22.84 +£7.87 89.36 + 2.30 200 20.46 +2.78 95.36 £ 1.80 100
EEP-S ND 14.91+1.73 300 80.04 + 0.31 73.42 +3.47 200
EEP-M 60.91 + 2.01 9747 + 0.03 300 13.45 + 1.81 99.31+0.12 100

Values are means + SEM. DPPH (n = 2) and ABTS (n = 3). ND: not determined.
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FIGURE 1: Protective effects of ascorbic acid (standard antioxidant) and ethanol extracts of propolis from S. depilis and M. q. anthidioides
against AAPH-induced hemolysis determined using a human erythrocyte suspension at 120 min (a), 180 min (b), and 240 min (c). Ethanol
was employed as a negative control. The results are expressed as the mean + SEM (standard error of the mean), n = 5. *Significantly different

(p < 0.05) compared with the AAPH group.

Both EEPs stabilized the free radicals 2,2-diphenyl-1-
picrylhydrazyl (DPPH) and 2,2'-azino-bis(3-ethylbenzothia-
zoline-6-sulfonic acid) (ABTS). However, EEP-M showed
higher antioxidant activity than EEP-S, which may be related
to the different concentrations of tocopherol in the extracts.
Some studies have reported the importance of tocopherols as
antioxidants [37, 38].

In addition, the amyrins may be associated with the anti-
oxidant activity of the extracts. Tocopherols and these triter-
penes are fat-soluble antioxidants that scavenge ROS [34, 39,
40]. These compounds may have been responsible for the
increased antioxidant activity of the EEPs observed in the
assay with the free radical ABTS, as this method is applied
to hydrophilic and lipophilic antioxidant systems [41].

Therefore, the higher solubility of these compounds in the
solvent used in this assay produced greater antioxidant
activity.

These results corroborate those obtained in the assays
involving the inhibition of lipid peroxidation, in which
the EEPs presented antihemolytic activity and protective
activity against lipid peroxidation when incubated with
human erythrocytes in the presence of an oxidizing agent.
EEPs may also inhibit the peroxyl radical (ROO), which
induces peroxidation of lipids and proteins present in human
erythrocyte membranes [42].

Oxidative stress leads to lipid peroxidation and, conse-
quently, cell damage due to the oxidation of essential cellular
compounds, including lipids, proteins, and nucleic acids. An
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FIGURE 2: Protective effects of ascorbic acid (standard antioxidant) and ethanol extracts of propolis from S. depilis and M. q. anthidioides
against the production of malondialdehyde (MDA)-a byproduct of lipid peroxidation-in a human erythrocyte suspension at 120 min (a),
180 min (b), and 240 min (c). Ethanol was used as a negative control. The results are expressed as the mean + SEM (standard error of the
mean), n = 3. “Significantly different (p < 0.05) compared with the AAPH group.
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FIGURE 3: Cytotoxic activity of EEPs from S. depilis (EEP-S) and M.
q. anthidioides (EEP-M) against the K562 erythroleukemia cell line.
* P < 0.05 for the treated group versus control viable cells.

excess of these free radicals can promote cell aging and the
development of various diseases, including Alzheimer’s, can-
cer, arthritis, and diabetes, and can increase the risk of cardio-
vascular disease [36, 43].

Therefore, the evaluated EEPs contain important antioxi-
dant compounds that can limit the spread of oxidative stress-
related diseases. The free radicals scavenging and antihemo-
Iytic ability demonstrated by the EEP-M were more efficient
than results observed for propolis from the stingless bee
Tetragonisca fiebrigi [29] and Melipona orbignyi [12] from

Midwest Region of Brazil and some extracts of Apis mellifera
(44, 45].

In the present study, EEP-S and EEP-M exhibited cyto-
toxic activity against K562 erythroleukemic cells. In addition,
the decrease in cell viability was greater in cells treated with
EEP-M than in those treated with EEP-S. However, both EEPs
caused necrosis in most of the cells at a concentration of
500 pg/mL. The cytotoxic effect of propolis was also observed
in other cell lines as human lung adenocarcinoma epithe-
lial (A549), human cervical adenocarcinoma (HelLa), and
human breast adenocarcinoma (MCF-7) but the mechanisms
involved in the death of these tumor cells were apoptosis [46-
48]. Therefore, the use of EEP-S and EEP-M may constitute an
alternative treatment for chronic myeloid leukemia, as K562
cells are resistant to apoptosis induced by various agents [49].

Some compounds found in EEPs may play an impor-
tant role in anticancer activity, including tocopherol, which
shows antitumor activity in esophageal cancer cells [50] and
breast cancer in vitro and in vivo [51]. Furthermore, caffeate
derivatives are cytotoxic against human carcinoma cell lines
[52].

Other phenolic compounds present in propolis exhibit
antiproliferative and cytotoxic effects against various tumor
celllines, including those obtained from renal cell carcinomas
[53] and the colon [30], pancreas [54], skin [55], and lungs
[56]. Amyrins can be isolated from plants and is known as
natural potent anticancer; its compounds induces tumor cell
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FIGURE 4: Cytotoxic action of EEP from S. depilis against the K562 erythroleukemia cell line. (a) Representative diagrams obtained
via flow cytometry of cells stained with annexin V-FITC/PI: the lower left quadrant (PI-/An-) represents viable cells; the lower right
quadrant (PI-/An+) represents apoptotic cells; the upper left quadrant (PI+/An-) represents cells undergoing necrosis; and the upper right
quadrant (PI+/An+) represents cells in late apoptosis. (b) Frequency of cell death, obtained from the corresponding diagrams for the tested
concentrations. * P < 0.05 for the treated group versus control viable cells. ** P < 0.05 for the treated group versus control apoptosis. “ p < 0.05
for the treated group versus control necrosis. “ P < 0.05 for the treated group versus control late apoptosis.
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FIGURE 5: Cytotoxic action of EEP from M. q. anthidioides against the K562 erythroleukemia cell line. (a) Representative diagrams obtained
via flow cytometry of cells stained with annexin V-FITC/PI: the lower left quadrant (PI-/An-) represents viable cells; the lower right quadrant
(PI-/An+) represents apoptotic cells; the upper left quadrant (PI+/An-) represents cells in necrosis; and the upper right quadrant (PI+/An+)
represents cells in late apoptosis. (b) Frequency of cell death, obtained from the corresponding diagrams for the tested concentrations. *p <
0.05 for the treated group versus control viable cells. ** p < 0.05 for the treated group versus control apoptosis. “ P < 0.05 for the treated group
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FIGURE 6: Toxicity of EEPs from S. depilis EEP-S and M. q.
anthidioides (EEP-M) against C. elegans. “P < 0.05 for the treated
group versus the control with untreated nematodes.

death as human bladder carcinoma (NTUB1) [34, 57] and
leukemia cells (HL-60) [58].

Although the EEPs presented cytotoxic activity against
K562 cells, no toxic or lethal effects were observed against the
nematode C. elegans.

In vivo experimental models serve as a tool to understand
effects of natural products in whole organisms. These results
suggest that the evaluated propolis samples show specificity
against leukemic cells, considering that these nematodes were
not affected. This specificity may be important for the treat-
ment of leukemia because drug toxicity and low specificity are
among the major difficulties in the treatment of this disease
[37].

Corroborating with the toxicity data of the EEPs, recent
study showed that the crude extract of propolis presented
anticancer effects in human lung cancer cell and is antime-
lanogenic in the melanoma cell line; additionally it was able to
prolong the life of C. elegans [48]. In addition, the caffeic acid,
the major constituent of propolis, does no present toxic effects
and also was able to increase the survival of the nematode
C. elegans after infection with the fungal pathogen [59]. The
ability of propolis or caffeic acid to extend lifespan in C.
elegans was associated with inactivation of oncogenic kinase
PAK1 [48, 59].

Previous studies have shown that C. elegans can be used as
an experimental model for obtaining rapid results in toxicity
studies for pharmacological compounds [60, 61] because it is
a multicellular organism with a high reproduction rate and
short life cycle, which makes it an excellent in vivo model for
complementing cell culture-based systems [61].

Therefore, we conclude that the tested EEPs exhibit
antioxidant and cytotoxic activities, attributed to their chem-
ical composition, which includes phytosterols, terpenes,
phenolic compounds, and tocopherol, and possibly to the
synergy between different compounds present in propolis.
Moreover, these EEPs show therapeutic potential for use in
the prevention and treatment of diseases associated with
oxidative stress and the proliferation of tumor cells.

Oxidative Medicine and Cellular Longevity

Abbreviations

AAPH: 2,2'-Azobis-(2-amidinopropane)
dihydrochloride

Abs: Absorbance

An: Annexin V-FITC

BHT:  Butylhydroxytoluene
DAD: Diode array detector
DPPH: 2,2-Diphenyl-1-picrylhydrazyl

CG-MS: Gas chromatography-mass spectrometry

HPLC: High performance liquid chromatography
EEPs:  Ethanol extract of propolis
EEP-S: Ethanol extract of propolis of

Scaptotrigona depilis
EEP-M: Ethanol extract of propolis of Melipona
quadrifasciata anthidioides

MDA: Malondialdehyde

NaCl:  Sodium chloride

PI: Propidium iodide

SEM:  Standard error of the mean
TBA:  Thiobarbituric acid.

Competing Interests

The authors declare that they have no competing interests.

Acknowledgments

The authors thank Marcelo Mori, Ph.D., for intellectual assis-
tance. This work was supported by grants from Fundagio de
Apoio ao Desenvolvimento do Ensino, Ciéncia e Tecnologia
do Estado de Mato Grosso do Sul (FUNDECT), Coordenagio
de Aperfeicoamento de Pessoal de Nivel Superior (CAPES),
and Conselho Nacional de Desenvolvimento Cientifico e Tec-
nolégico (CNPq). Edson Lucas dos Santos, Claudia Andréa
Lima Cardoso, and Edgar J. Paredes-Gamero were recipient
of fellowship from CNPq, Brazil.

References

[1] J. M. E Camargo and S. R. M. Pedro, “Meliponini Lepeletier,”
in Catalogue of Bees (Hymenoptera, Apidae) in the Neotropical
Region, J. S. Moure, D. Urban, and G. A. R. Melo, Eds., 2016,
http://www.moure.cria.org.br/catalogue/contente/10/10/16.

[2] M. Cortopassi-Laurino, V. L. Imperatriz-Fonseca, D. W. Roubik
et al., “Global meliponiculture: challenges and opportunities,”
Apidologie, vol. 37, no. 2, pp. 275-292, 2006.

[3] S.R. M. Pedro, “The stingless bee fauna in Brazil (hymenoptera:
apidae),” Sociobiology, vol. 61, no. 4, pp. 348-354, 2014.

[4] D. W. Roubik, Ecology and Natural History of Tropical Bees,
Cambridge University Press, New York, NY, USA, 1989.

[5] M. Viuda-Martos, Y. Ruiz-Navajas, J. Fernandez-Lopez, and
J. A. Pérez-Alvarez, “Functional properties of honey, propolis,
and royal jelly;” Journal of Food Science, vol. 73, no. 9, pp. R117-
R124, 2008.

[6] A.Ajibola,]. P.Chamunorwa, and K. H. Erlwanger, “Nutraceuti-
cal values of natural honey and its contribution to human health
and wealth,” Nutrition and Metabolism, vol. 9, article 61, 2012.

[7] S. Castaldo and E Capasso, “Propolis, an old remedy used in
modern medicine,” Fitoterapia, vol. 73, no. 1, pp. S1-S6, 2002.


http://www.moure.cria.org.br/catalogue/contente/10/10/16

Oxidative Medicine and Cellular Longevity

(8]

(10]

(11]

(12]

(16]

(17]

[20]

(21]

(22]

V. Bankova, M. Popova, and B. Trusheva, “Propolis volatile
compounds: chemical diversity and biological activity: a
review,” Chemistry Central Journal, vol. 8, article 28, pp. 1-8,
2014.

Y. K. Park, S. M. Alencar, and C. L. Aguiar, “Botanical origin and
chemical composition of Brazilian propolis;,” Journal of Agri-
cultural and Food Chemistry, vol. 50, no. 9, pp. 2502-2506, 2002.

A. C. H. F Sawaya, “Composition and antioxidant activity of
propolis from three species of Scaptotrigona stingless bees,”
Journal of ApiProduct and ApiMedical Science, vol. 1, no. 2, pp.
37-42,2000.

N. S. S. Guimaries, J. C. Mello, J. S. Paiva et al., “Baccharis
dracunculifolia, the main source of green propolis, exhibits
potent antioxidant activity and prevents oxidative mitochon-
drial damage,” Food and Chemical Toxicology, vol. 50, no. 3-4,
pp- 1091-1097, 2012.

J. E Campos, U. P. dos Santos, L. E B. Macorini et al., “Anti-
microbial, antioxidant and cytotoxic activities of propolis from
Melipona orbignyi (Hymenoptera, Apidae),” Food and Chemical
Toxicology, vol. 65, pp. 374-380, 2014.

M. Velikova, V. Bankova, I. Tsvetkova, A. Kujumgiev, and M.
C. Marcucci, “Antibacterial ent-kaurene from Brazilian propolis
of native stingless bees,” Fitoterapia, vol. 71, no. 6, pp. 693-696,
2000.

L. Barrientos, C. L. Herrera, G. Montenegro et al., “Chemical
and botanical characterization of chilean propolis and biolog-
ical activity on cariogenic bacteria Streptococcus mutans and
Streptococcus sobrinus,” Brazilian Journal of Microbiology, vol.
44, no. 2, pp. 577-585, 2013.

M. Barbari¢, K. Miskovi¢, M. Boji¢ et al., “Chemical compo-
sition of the ethanolic propolis extracts and its effect on HeLa
cells,” Journal of Ethnopharmacology, vol. 135, no. 3, pp. 772-778,
2011.

R. Lima Cavendish, J. De Souza Santos, R. Belo Neto et al., “Anti-
nociceptive and anti-inflammatory effects of Brazilian red
propolis extract and formononetin in rodents,” Journal of Ethno-
pharmacology, vol. 173, pp. 127-133, 2015.

K. S. Borges, M. S. Brassesco, C. A. Scrideli, A. E. E. Soares,
and L. G. Tone, “Antiproliferative effects of Tubi-bee propolis
in glioblastoma cell lines,” Genetics and Molecular Biology, vol.
34, no. 2, pp. 310-314, 2011.

H. V. van Tomé¢, G. E Martins, M. A. P. Lima, L. A. O. Campos,
and R. N. C. Guedes, “Imidacloprid-induced impairment of
mushroom bodies and behavior of the native stingless bee
melipona quadrifasciata anthidioides, PLOS ONE, vol. 7, no. 6,
Article ID 38406, 2012.

L. B. de Faria, K. P. Aleixo, C. A. Garoéfalo, V. L. Imperatriz-
Fonseca, and C.I. da Silva, “Foraging of Scaptotrigona aff. depilis
(Hymenoptera, Apidae) in an urbanized area: seasonality in
resource availability and visited plants,” Psyche, vol. 2012, Article
ID 630628, 12 pages, 2012.

M. H. Kircher, C. Menezes, D. A. Alves, O. S. Beveridge, V.-L.
Imperatriz-Fonseca, and . L. W. Ratnieks, “Factors influencing
survival duration and choice of virgin queens in the stingless
bee Melipona quadrifasciata,” Naturwissenschaften, vol. 100, no.
6, pp. 571-580, 2013.

G. Figueiredo-Mecca, L. R. Bego, and E S. Nascimento, “For-
aging behavior of scaptotrigona depilis (hymenoptera, apidae,
meliponini) and its relationship with temporal and abiotic
factors,” Sociobiology, vol. 60, no. 3, pp. 277-282, 2013.

S. M. Alencar, T. L. C. Oldoni, M. L. Castro et al., “Chemical
composition and biological activity of a new type of Brazilian

(31]

(37]

1

propolis: red propolis;” Journal of Ethnopharmacology, vol. 113,
no. 2, pp. 278-283, 2007.

D. Gupta and R. K. Gupta, “Bioprotective properties of Dragon’s
blood resin: in vitro evaluation of antioxidant activity and
antimicrobial activity, BMC Complementary and Alternative
Medicine, vol. 11, no. 13, pp. 1-9, 2011.

R. Re, N. Pellegrini, A. Proteggente, A. Pannala, M. Yang, and C.
Rice-Evans, “Antioxidant activity applying an improved ABTS
radical cation decolorization assay, Free Radical Biology and
Medicine, vol. 26, no. 9-10, pp. 1231-1237, 1999.

E.J. Paredes-Gamero, M. N. C. Martins, E. A. M. Cappabianco,
J. S. Ide, and A. Miranda, “Characterization of dual effects
induced by antimicrobial peptides: Regulated cell death or
membrane disruption,” Biochimica et Biophysica Acta—General
Subjects, vol. 1820, no. 7, pp. 1062-1072, 2012.

J. A. Lewis and J. T. Fleming, “Basic culture methods,” in Caenor-
habditis Elegans: Modern Biological Analysis of an Organism, H.
E Epstein and D. C. Shakes, Eds., pp. 3-29, Academic Press, San
Diego, Calif, USA, 1995.

V. D. Wagh, “Propolis: a wonder bees product and its pharma-
cological potentials,” Advances in Pharmacological Sciences, vol.
2013, Article ID 308249, 11 pages, 2013.

N. Paulino, S. R. Abreu, Y. Uto et al., “Anti-inflammatory effects
of a bioavailable compound, Artepillin C, in Brazilian propolis,”
European Journal of Pharmacology, vol. 587, no. 1-3, pp. 296-301,
2008.

J. E Campos, U. P. Santos, P. S. da Rocha et al., “Antimicro-
bial, antioxidant, anti-inflammatory, and cytotoxic activities of
propolis from the stingless bee Tetragonisca fiebrigi (Jatai),
Evidence-Based Complementary and Alternative Medicine, vol.
2015, Article ID 296186, 11 pages, 2015.

A. H. Banskota, T. Nagaoka, L. Y. Sumioka et al., “Antiprolifera-
tive activity of the Netherlands propolis and its active principles
in cancer cell lines,” Journal of Ethnopharmacology, vol. 80, no.
1, pp. 67-73, 2002.

H. Maruta, “Herbal therapeutics that block the oncogenic
kinase PAKI: a practical approach towards PAKI-dependent
diseases and longevity,” Phytotherapy Research, vol. 28, no. 5, pp.
656-672, 2014.

A. A. Azlim Almey, C. Ahmed Jalal Khan, I. Syed Zahir, K.
Mustapha Suleiman, M. R. Aisyah, and K. Kamarul Rahim,
“Total phenolic content and primary antioxidant activity of
methanolic and ethanolic extracts of aromatic plants’ leaves,”
International Food Research Journal, vol. 17, no. 4, pp. 1077-1084,
2010.

A. S. Awaad and N. A. Al-Jaber, “Antioxidant natural plant,” in
Ethnomedicine: Source & Mechanism I, vol. 27, pp. 1-35, RPMP,
2015.

L. H. Vézquez, J. Palazon, and A. Navarro-Ocana, “The pen-
tacyclic triterpenes «, -amyrins: a review of sources and
biological activities,” in Phytochemicals—A Global Perspective
of Their Role in Nutrition and Health, p. 538, InTech, Rijeka,
Croatia, 2012.

B. Halliwell, R. Aeschbach, J. Léliger, and O. I. Aruoma, “The
characterization of antioxidants,” Food and Chemical Toxicol-
ogy, vol. 33, no. 7, pp. 601-617, 1995.

A. Kurek-Gérecka, A. Rzepecka-Stojko, M. Gérecki, J. Stojko,
M. Sosada, and G. Swierczek-Zieba, “Structure and antioxidant
activity of polyphenols derived from propolis,” Molecules, vol.
19, no. 1, pp. 78-101, 2014.

M. L. De Mesquita, R. M. Araujo, D. P. Bezerra et al., “Cytotox-
icity of 8-tocotrienols from Kielmeyera coriacea against cancer



12

(38]

(44]

(48]

(50]

(51]

celllines;” Bioorganic and Medicinal Chemistry, vol. 19, no. 1, pp.
623-630, 2011.

P. X. Chen, Y. Tang, M. E Marcone et al., “Characterization
of free, conjugated and bound phenolics and lipophilic antiox-
idants in regular- and non-darkening cranberry beans (Phaseo-
lus vulgaris L.),” Food Chemistry, vol. 185, pp. 298-308, 2015.

R. Amarowicz and R. B. Pegg, “Legumes as a source of natural
antioxidants,” European Journal of Lipid Science and Technology,
vol. 110, no. 10, pp- 865-878, 2008.

Z. Wang, A. M. Joshi, K. Ohnaka et al., “Dietary intakes of
retinol, carotenes, vitamin C, and vitamin E and colorectal
cancer risk: the Fukuoka colorectal cancer study;,” Nutrition and
Cancer, vol. 64, no. 6, pp. 798-805, 2012.

A. Floegel, D.-O. Kim, S.-J. Chung, S. I. Koo, and O. K. Chun,
“Comparison of ABTS/DPPH assays to measure antioxidant
capacity in popular antioxidant-rich US foods,” Journal of Food
Composition and Analysis, vol. 24, no. 7, pp. 1043-1048, 2011.

C. G. Zou, N. S. Agar, and G. L. Jones, “Oxidative insult to
human red blood cells induced by free radical initiator AAPH
and its inhibition by a commercial antioxidant mixture,” Life
Sciences, vol. 69, no. 1, pp. 75-86, 2001.

M. M. Silva, M. R. Santos, G. Carogo, R. Rocha, G. Justino, and
L. Mira, “Structure-antioxidant activity relationships of flavo-
noids: a re-examination,” Free Radical Research, vol. 36, no. 11,
pp. 1219-1227, 2002.

H. Shi, H. Yang, X. Zhang, and L. Yu, “Identification and quan-
tification of phytochemical composition and anti-inflammatory
and radical scavenging properties of methanolic extracts of
Chinese propolis,” Journal of Agricultural and Food Chemistry,
vol. 60, no. 50, pp. 12403-12410, 2012.

N. Mercan, I. Kivrak, M. E. Duru et al., “Chemical composition
effects onto antimicrobial and antioxidant activities of propolis
collected from different regions of Turkey;,” Annals of Microbiol-
ogy, vol. 56, no. 4, pp. 373-378, 2006.

S. Khacha-Ananda, K. Tragoolpua, P. Chantawannakul, and
Y. Tragoolpua, “Propolis extracts from the northern region
of Thailand suppress cancer cell growth through induction of
apoptosis pathways,” Investigational New Drugs, vol. 34, no. 6,
pp. 707-722, 2016.

M. Tartik, E. Darendelioglu, G. Aykutoglu, and G. Baydas,
“Turkish propolis supresses MCF-7 cell death induced by
homocysteine,” Biomedicine and Pharmacotherapy, vol. 82, pp.
704-712, 2016.

N. Taira, B. C. Q. Nguyen, P. T. Be Tu, and S. Tawata, “Effect
of Okinawa propolis on PAKI activity, Caenorhabditis elegans
longevity, melanogenesis, and growth of cancer cells,” Journal of
Agricultural and Food Chemistry, vol. 64, no. 27, pp. 5484-5489,
2016.

C.-D. Kang, S.-D. Yoo, B.-W. Hwang et al., “The inhibition
of ERK/MAPK not the activation of JNK/SAPK is primarily
required to induce apoptosis in chronic myelogenous leukemic
K562 cells,” Leukemia Research, vol. 24, no. 6, pp. 527-534, 2000.
S. Lim, J. Y. Lee, W. H. Jung et al., “Anticancer effects of
astaxanthin and a-tocopherol in esophageal cancer cell lines,”
The Korean Journal of Helicobacter and Upper Gastrointestinal
Research, vol. 11, no. 3, pp. 170-175, 2011.

W. Yu, L. Jia, S.-K. Park et al., “Anticancer actions of natural
and synthetic vitamin E forms: RRR-a-tocopherol blocks the
anticancer actions of y-tocopherol,” Molecular Nutrition and
Food Research, vol. 53, no. 12, pp. 1573-1581, 2009.

Y.-C. Chen, Y.-H. Kuo, N.-C. Yang, C.-W. Liu, W.-T. Chang,
and C.-L. Hsu, “Cytotoxic and apoptotic effects of caffeate

[54]

(56]

(57]

(58]

(59]

(60]

[61]

Oxidative Medicine and Cellular Longevity

derivatives on A549 human lung carcinoma cells,” Journal of the
Chinese Medical Association, vol. 77, no. 10, pp. 535-543, 2014.
M. J. Valente, A. F. Baltazar, R. Henrique, L. Estevinho, and
M. Carvalho, “Biological activities of Portuguese propolis: pro-
tection against free radical-induced erythrocyte damage and
inhibition of human renal cancer cell growth in vitro,” Food and
Chemical Toxicology, vol. 49, no. 1, pp. 86-92, 2011.

E Li, S. Awale, Y. Tezuka, H. Esumi, and S. Kadota, “Study on
the constituents of mexican propolis and their cytotoxic acti-
vity against PANC-1 human pancreatic cancer cells,” Journal of
Natural Products, vol. 73, no. 4, pp. 623-627, 2010.

C. Chen, M. Weng, C. Wu, and J. Lin, “Comparison of radical
scavenging activity, cytotoxic effects and apoptosis induction
in human melanoma cells by taiwanese propolis from differ-
ent sources,” Evidence-Based Complementary and Alternative
Medicine, vol. 1, no. 2, pp. 175-185, 2004.

E Li, S. Awale, Y. Tezuka, and S. Kadota, “Cytotoxic constituents
from Brazilian red propolis and their structure-activity relation-
ship,” Bioorganic and Medicinal Chemistry, vol. 16, no. 10, pp.
5434-5440, 2008.

K.-W. Lin, A.-M. Huang, H.-Y. Tu et al., “Xanthine oxidase inhi-
bitory triterpenoid and phloroglucinol from guttiferaceous
plants inhibit growth and induced apoptosis in human ntubl
cells through a ROS-dependent mechanism,” Journal of Agricul-
tural and Food Chemistry, vol. 59, no. 1, pp. 407-414, 2011.

E W. A. Barros, P.N. Bandeira, D.J. B. Lima et al., “Amyrin esters
induce cell death by apoptosis in HL-60 leukemia cells,” Bio-
organic and Medicinal Chemistry, vol. 19, no. 3, pp. 1268-1276,
2011.

J. J. Coleman, T. Komura, J. Munro et al., “The immunomodu-
latory activity of caffeic acid phenethyl ester in Caenorhabditis
elegans is mediated by the CED-10 (Rac-1)/PAK1 pathway,’
Future Medicinal Chemistry, vol. 8, no. 17, pp. 2033-2046, 2016.
M. Dengg and J. C. A. van Meel, “Caenorhabditis elegans as
model system for rapid toxicity assessment of pharmaceuti-
cal compounds,” Journal of Pharmacological and Toxicological
Methods, vol. 50, no. 3, pp. 209-214, 2004.

M. C.K. Leung, P. L. Williams, A. Benedetto et al., “Caenorhab-
ditis elegans: an emerging model in biomedical and environ-
mental toxicology,” Toxicological Sciences, vol. 106, no. 1, pp. 5-
28,2008.



5 CONCLUSAO GERAL

Conclui-se que os EEPs apresentam atividades antioxidante e
citotoxica as quais sao atribuidas a composi¢cdo quimica, incluindo compostos
fendlicos, acidos, flavonoides, terpenos e/ou ao sinergismo entre os diferentes
compostos presentes nestas prépolis. Assim, os EEPs de S. depilis e M. q.
anthidioides apresentam potencial terapéutico na prevengao e/ou tratamento de
doencas relacionadas ao estresse oxidativo e da proliferacdo de células

tumorais.
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