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BARBOZA, Josianne Rocha. Bioprospeccao da geoproépolis de Melipona fasciculata Smith
para descoberta de novos produtos bioativos. 2021. 144f. Tese (Doutorado em
Biotecnologia) - Universidade Federal do Maranhdo, Sao Luis, 2021.

RESUMO

A geopropolis de Melipona (Melikerria) fasciculata Smith possui diversas atividades
bioldgicas como antimicrobiana, leishmanicida, imunomoduladora, cicatrizante, antioxidante,
anti-helmintica e citotéxica. No entanto, hd escassez de estudos de acdo antitumoral da
geopropolis de M. fasciculata. Assim, considerando o potencial farmacolégico da geoprépolis
e a necessidade de novas alternativas terap€uticas para o cancer, este trabalho teve como
objetivo realizar a avaliacdo da atividade antioxidante, anti-inflamatdria, toxicidade aguda e
antitumoral, bem como a identificacdo da composicdo quimica do extrato hidroetandlico de
geopropolis de M. fasciculata e ensaio in silico para determinag¢do de quais compostos estao
associados com a bioatividade. As amostras de geoprdpolis foram coletadas nos municipios
de Viana e Pinheiro no estado do Maranhdo, submetidas a extracao para obtencdo dos extratos
hidroetandlicos da geoprépolis e codificados em EHGV e EHGP. Foram avaliados a acdo
antioxidante (DPPH, ABTS** ¢ FRAP), o potencial de inibi¢do in vitro da atividade da enzima
ciclo-oxigenase (COX-1 e COX-2), toxicidade aguda em Danio rerio e atividade antitumoral
nas linhagens de cancer de ovério (A2780 e ES2) e pulmio (A549 e H460), através dos
ensaios: MTT, para proliferacao celular; andlise por citometria de fluxo para ciclo celular e
western blotting para andlise de apoptose por expressao de caspase-3 clivada e PARP clivada.
A composicdo quimica foi identificada através de cromatografia liquida acoplada a
espectrometria de massas, sendo estes compostos utilizados em estudos in silico, através da
docagem molecular. A partir desses resultados foram elaborados trés artigos. No primeiro
artigo estdo os resultados do perfil quimico de EHGV e EHGP que demonstraram a presenga
predominante de compostos das classes saponinas, terpenos e esteroides, além do resultado da
toxicidade aguda onde os extratos apresentaram baixa toxicidade e concentracdo letal acima
de 450 pg/mL ao Danio rerio. No segundo artigo, os resultados demonstraram que o extrato
EHGV apresentou melhor atividade antioxidante com valores de Clsp nos ensaios DPPH
(76,16 £ 1,05 ug/mL), FRAP (2,91 + 0,12 mmol Fe**/g) e ABTS** (13,28 + 0,11 pug/mL) e
maior capacidade de inibi¢do para COX-2 (61%) com menos de 5% de inibicdo de COX-1 a
50 pg/mL, indicando uma maior afinidade com a isoforma envolvida em processos
inflamatoérios e de carcinogénese. O EHGV também apresentou maior efeito citotéxico para
linhagem A280 de cancer de ovario (Gls0:16,92 ug/mL), baixa citotoxicidade para células
normais (HUVEC) e indugdo de apoptose através da ativacdo de caspase-3 e clivagem de
PARP. Ensaios in silico demonstram que taninos hidrolisaveis, flavonoides glicosilados e
triterpenos identificados em EHGV podem estar associados as atividades anti-inflamatéria e
antitumoral. No terceiro artigo, foi apresentado uma revisdo integrativa das classes
metabdlicas com acdo antitumoral no cancer de ovério a fim de compreender e discutir os
mecanismos de acdo envolvidos. Portanto, os resultados obtidos demonstram pela primeira
vez que a geoprépolis de M. fasciculata tem atividade citot6xica nas linhagens celulares de
cancer de ovdario e pulmio induzindo apoptose por ativacdo da caspase-3, com baixa
toxicidade as linhagens celulares nio malignas, evidenciando o potencial biotecnolégico da
geopropolis no desenvolvimento de novos agentes terapéuticos.

Palavras-chave: geopropolis; antitumoral; apoptose; anti-inflamatoria; composi¢do quimica;
estudos in silico.
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ABSTRACT

The geopropolis of Melipona (Melikerria) fasciculata Smith has several biological activities
such as antimicrobial, leishmanicidal, immunomodulatory, wound healing, antioxidant,
anthelmintic and cytotoxic. However, there is a scarcity of studies on the antitumor action of
M. fasciculata geopropolis. Thus, considering the pharmacological potential of geopropolis
and the need for new therapeutic alternatives for cancer, this work aimed to evaluate the
antioxidant, anti-inflammatory, acute toxicity, antitumor activity, identify the chemical
composition of the hydroethanolic extract of geopropolis from M. fasciculata and perform in
silico assay to determine which compounds are associated with bioactivity. The geopropolis
samples were collected in the municipalities of Viana and Pinheiro in the state of Maranhao,
submitted to extraction to obtain the hydroethanolic extracts of geopropolis and coded as
EHGV and EHGP. The antioxidant action (DPPH, ABTS** e FRAP), the in vitro inhibition
potential of the cyclooxygenase enzyme activity (COX-1 and COX-2), acute toxicity in Danio
rerio and antitumor activity in ovarian cancer lines (A2780; ES2) and lung (A549; H460),
through the assays were evaluated: MTT, for cell proliferation; flow cytometry analysis for
cell cycle and western blotting for apoptosis analysis by expression of cleaved caspase-3 and
cleaved PARP. The chemical composition was identified by liquid chromatography coupled
to mass spectrometry, and these compounds were used in silico studies by molecular docking.
From these results, three articles were prepared. In the first article are the results of the
chemical profile of EHGV and EHGP that showed the predominant presence of compounds of
the saponins, terpenes and steroids classes, in addition to the result of acute toxicity where the
extracts showed low toxicity and lethal concentration above 450 pug/mL to Danio rerio. In the
second article, the results showed that the extract EHGV showed better antioxidant activity
with ICsp values in DPPH (76.16 = 1.05 pg/mL), FRAP (2.91 £ 0.12 mmol Fe2+/g) and
ABTS*" (13.28 £ 0, 11 pg/mL) and higher inhibition capacity for COX-2 (61%) with less than
5% inhibition of COX-1 at 50 pg/mL, indicating a higher affinity for the isoform involved in
inflammatory processes and carcinogenesis. EHGV also showed higher cytotoxic effect to
ovarian cancer strain A280 (Gls0:16.92 ug/mL), low cytotoxicity to normal cells (HUVEC)
and induction of apoptosis through caspase-3 activation and PARP cleavage. In silico assays
demonstrate that hydrolysable tannins, glycosylated flavonoids, and triterpenes identified in
EHGYV may be associated with anti-inflammatory and antitumor activities. In the third article,
an integrative review of metabolic classes with antitumor action in ovarian cancer was
presented to better understand and discuss the mechanisms of action involved. Therefore, the
results derived from the thesis demonstrate for the first time that the geopropolis of M.
fasciculata has cytotoxic activity in ovarian and lung cancer cell lines inducing apoptosis by
activation of caspase 3, with low toxicity to non-malignant cell lines, highlighting the
biotechnological potential of geopropolis in the development of new therapeutic agents.

Keywords: geopropolis; antitumor activity; apoptosis; anti-inflammatory; chemical
composition; in silico studies.
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1. INTRODUCAO

O cancer ¢ uma doenga invasiva que representa um grave problema de satde
publica. Estima-se que, nas préximas décadas, o seu impacto na populagdo corresponda a
80% dos mais de 20 milhdes de casos novos estimados para 2025 (BRAY et al., 2019).

Apesar dos notdveis avangos no tratamento observado recentemente, sabe-se que
sdo altas as taxas de morbidade e mortalidade, sendo a segunda maior causa de morte da
populacdo em muitos paises (SUNG et al., 2021).

A mais recente estimativa mundial, ano 2020, demonstrou a ocorréncia de 19,3
milhdes de casos novos de cancer e 9,6 milhdes de 6bitos, sendo o cancer de pulmdo o mais
incidente no mundo (2,2 milhdes) seguido pelo ciancer de mama (2,2 milhdes), célon e reto
(1,8 milhdo) e prostata (1,4 milhdo) (HENLEY et al., 2020; SUNG et al., 2021).

No Brasil, estima-se que no triénio 2020-2022 ocorrerdo 625 mil novos casos de
cancer, sendo os tipos de cancer mais incidentes os de mama, préstata, célon e reto, pulmao e
estdbmago. A distribui¢do da incidéncia por regido geografica mostra que a regido Sudeste
concentra mais de 60%, seguida pelas regides, Nordeste (27,8%) e Sul (23,4%) (BRASIL,
2019).

No estado do Maranhdo, destaca-se nas mulheres a incidéncia dos cinceres de
mama, colo do ttero, tireoide e ovério, sendo este Ultimo a quarta neoplasia feminina mais
frequente. Nos homens, os tipos de cancer mais incidentes sdo respectivamente o cancer de
prostata, estbmago, colon e reto, traqueia, bronquio e pulmao (BRASIL, 2019).

Desta forma, considerando a relevancia epidemioldgica do cancer, hd necessidade
de buscar novas alternativas terapéuticas, uma vez que os tratamentos existentes apresentam
alta toxicidade inibindo o crescimento ou matando no organismo as células malignas, mas
também as células sadias, além de tornarem-se ineficazes devido ao aumento da resisténcia as
drogas anticancer classicas (GOTTESMAN et al, 2016; SUN et al., 2019).

Assim, os produtos naturais t€m sido alvos de investigacdes e sdo fontes
promissoras, contribuido com 75% dos farmacos anticanceres introduzidos na terapéutica nas
ultimas décadas, dados que estes podem apresentar multiplos alvos celulares, perfil de
seletividade para células cancerosas e a reducdo dos efeitos adversos indesejados (MORAES
et al, 2017; NEWMAN; GRAGG, 2020).

Neste contexto, o uso de produtos naturais, como o0s produtos derivados de
abelhas sem ferrdo podem ser promissores na busca de novas moléculas e/ou alternativas

coadjuvantes na terapia do cancer, visto que diversos estudos apresentam atividade
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antioxidante, anti-inflamatéria e antitumoral da prépolis e geoprdpolis demonstrando seu
potencial no tratamento do cancer (LAVINAS et al., 2019; AL-HATAMLEH et al., 2020;
NAINU et al., 2021; CAMPOS et al., 2021).

A Meliponicultura, cultivo das abelhas sem ferrdo e sua explorag¢do racional, vem
sendo desenvolvida em diversas regides do Brasil principalmente nas regides Norte e
Nordeste, pelas populagdes indigenas e rurais (LAURINO et al. 2006; SFORCIN, 2017). No
estado do Maranhdo, destaca-se a espécie Melipona (Melikerria) fasciculata Smith
(Hymenoptera: Apidae: Meliponini), vulgarmente conhecida como tiiba ou tiiba do
Maranhao cujo cultivo para producdo de mel é uma das fontes de renda para varias familias
das regides da Baixada e Cerrado maranhense (ALBUQUERQUE et al., 2013). No entanto,
além do mel, a espécie produz cera, polen e geopropolis que possuem promissor potencial
biotecnolégico (POPOVA; TRUSHEVA; BANKOVA, 2019).

A geopropolis produzida a partir da mistura de resinas vegetais, pdlen, cera,
secrecoes salivares e terra e/ou barro € usada na colmeia como material asséptico, na defesa
contra invasores, para vedar entradas de ventilagdo excessiva, embalsamar insetos, ou para
refor¢o das paredes naturais do ninho (NOGUEIRA-NETO, 1997).

Estudos realizados pelo grupo de pesquisa em Produtos Naturais da UFMA vém
demonstrando que a geopropolis de M. fasciculata de diferentes localidades do estado do
Maranhao apresenta em sua composi¢do quimica dcidos fendlicos, flavonoides (ABREU et
al., 2006; DUTRA et al., 2008; BATISTA, 2008), taninos hidrolisaveis (DUTRA et al., 2014),
triterpenos, esteroides e saponinas (BATISTA et al, 2016; ARAUJO et al, 2015; CUNHA,
2017), acidos graxos (CUNHA, 2013; SILVA et al.,, 2013, BATISTA et al, 2016) e
benzofenonas (CUNHA, 2017) os quais estdo relacionadas com as atividades bioldgicas como
antimicrobiana (DUAILIBE et al., 2007; LIBERIO et al., 2011; BR PI 0905583-5 A2),
imunomoduladora (LIBERIO et al., 2011; ARAUJO et al, 2015), anti-inflamatria,
analgésica e cicatrizante (BR PI 1102701-0 A2), citotéxica (CANTANHEDE et al., 2007),
antioxidante (BATISTA, 2016; SILVA et al., 2013; SOUZA et al., 2014; DUTRA et al.,
2014; BATISTA et al, 2016; CUNHA, 2017), leishmanicida (DUTRA, 2012; BR PI 1103291-
0 A2; DUTRA et al, 2019), anti-helmintica (BATISTA, 2016; BR PI 10 2016 002463 3),
além de antitumoral (ASSUNCAO, 2011; CUNHA, 2017).

No Brasil e outros paises, estudos cientificos da geoprépolis de abelhas sem ferrao
em células tumorais tém sido intensificados demonstrando seu potencial farmacoldgico
(UMTHONG et al., 2011; BORGES et al, 2011; BONAMIGO et al., 2017). Campos e

colaboradores (2014) demonstraram a citotoxicidade do extrato etandlico da geoprépolis de
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Melipona orbignyi (Guérin, 1844) (abelha cultivada no Mato Grosso do Sul) sobre células
eritroleucémicas K562, reduzindo 83% da viabilidade celular, através da morte celular por
necrose das células neopldsicas.

A citotoxicidade também foi avaliada na fracdo hexdnica do extrato
hidroetandlico da geoprépolis de Melipona scutellaris Latrelle cultivada no estado da Bahia
que demonstrou ser citotéxica em 08 linhagens de tumores humanos - células glioma (U251),
melanoma (UACC-62), mama (MCF-7), ovario multirresistente (NCI-ADR/RES), rim (786-
0), pulmao (NCI-H460), préstata (PC-3) e ovario (OVCAR-03), sendo as substancias da
classe das benzofenonas possivelmente responsdveis pela bioatividade (CUNHA et al, 2013;
DA CUNHA et al, 2016).

Bartolomeu e colaboradores (2016) avaliaram a combinacdo de extratos da
geopropolis de M. fasciculata com as drogas carboplatina, metotrexato e doxorrubicina em
células de carcinoma epidermoide da laringe humano (Hep-2) e demonstraram que os extratos
da geoprdpolis isolados ou em associagdo com os antineopldsicos inibiram a proliferacdo e
migra¢do celular induzindo apoptose.

Oliveira e colaboradores (2016; 2019) investigaram se o agente quimioterapico
doxorrubicina em combinacdo com extrato hidroalcodlico da geoprépolis de M. fasciculata
poderia afetar células imunes ndo tumorais, avaliando seus efeitos citotoxico em linhagem
monociticas de leucemia humana e efeito imunomoduladores em mondcitos humanos.

Diante do exposto, considerando o crescente nimero de casos de cancer e a
necessidade de novas alternativas terapéuticas, bem como o potencial farmacoldgico de
produtos das abelhas sem ferrdo, este estudo tem por objetivo avaliar a atividade antitumoral
em linhagem celular de cancer de ovério e pulmdo, acdo anti-inflamatéria, antioxidante,
toxicidade aguda e identificar a composi¢do quimica da geoprépolis de M. fasciculata
cultivada no estado do Maranhdo visando demonstrar o potencial terapéutico deste produto

natural.
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2 REVISAO DE LITERATURA

2.1 Abelhas sem ferrao e o género Melipona

As abelhas da subfamilia Apinae (Hymenoptera, Apidae, Meliponini) sdo insetos
sociais nativos que compdem um grupo complexo e diversificado, com grande ndimero de
espécies e variados padroes comportamentais (MICHENER, 2007; VENTURIERI et al.,
2012; MICHENER, 2013).

A familia Apidae divide-se em 20 tribos, dentre as quais destaca-se a tribo
Meliponini, que englobam as abelhas sem ferrdo ou meliponineos, com 32 géneros, incluindo
o género Melipona e centenas de espécies eussociais distribuidas nas regides de clima
tropical, clima temperado e subtropical (CAMARGO; OLIVEIRA; BERTO, 2017). Sao
conhecidas como abelhas sem ferrdo e/ou abelhas indigenas, pois possuem ferrdo atrofiado,
sendo incapazes de ferroar, e sdo tradicionalmente cultivadas pelos indigenas e populacdes
rurais (NOGUEIRA-NETO, 1997; LOPES et al., 2007, CAMARGO; PEDRO, 2013;
CAMARGO; OLIVEIRA; BERTO, 2017).

As espécies da tribo Meliponini apresentam caracteristicas como nidificar em
ocos de arvores, em fendas de pedras, em cavidades subterraneas, ou pendurados em galhos,
favos sobrepostos horizontalmente, deposicao de pélen no mel, e expulsio dos machos da
colonia apds fecundarem a rainha (CAMARGO, 1970; FABICHAK, 1989, VELTHUS et al.,
2003; LEVY, 2004, REGO et al, 2008). Suas colonias sdo comumente compostas por uma
rainha, responsdvel pela postura de ovos, € um grande nimero de operdrias distribuidas em
tarefas para a manutencdo do ninho, como: cuidados da cria, constru¢cdo de células e potes,
limpeza, guarda, termorregulacao, coleta e estoque de recursos (MICHENER, 2007, 2013).

As abelhas do género Melipona, pertencente a tribo Meliponini, sdo abelhas
maiores, com aspecto robusto, de tamanho médio a grande (variando de 7 a 15 mm),
popularmente conhecidas como: urugus, jandairas, tiibas e mandacaias (KERR, 1987;
NOGUEIRA-NETO, 1997; VILLAS-BOAS, 2018).

Os meliponineos, por apresentarem ferrdo atrofiado (vestigial) sdo incapazes de
ferroar, apresentando um comportamento mais décil que facilitou sua domesticagdo por
indigenas e populacdes rurais. No entanto, ndo significa serem incapazes de se defender, pois,
criaram mecanismos de defesas, como, a acdo de enrolarem-se nos cabelos e pelos do
agressor, a constru¢do dos ninhos com entrada estreita, para permitir acesso a poucas abelhas

e a capacidade de se camuflarem, como disfarce protetivo. Além disso, a presenca de abelhas
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guardias na passagem e a oclusdo da entrada com cera e resina em caso de ameagas sao outros
mecanismos utilizados (FREITAS, 1999; CAMARGO; OLIVEIRA; BERTO, 2017).

As abelhas sem ferrdo promovem a polinizacdo, sendo consideradas polinizadores
eficientes devido a sua constancia e fidelidade a coleta, sua capacidade de reconhecimento de
cor e memorizacdo de odor (MICHENER, 2013; GOSTINSKI et al., 2017). Possuem
importancia ecoldgica, social e econdmica como agentes polinizadores, visando a manuten¢ao
de espécies vegetais, o equilibrio ecoldgico nos diferentes ecossistemas, além de contribuirem
para a agricultura, por aumentarem sensivelmente a producdo de frutos e sementes (SOUZA
et al., 2009; OLIVEIRA et al., 2013).

Além da importancia ecoldgica, os meliponineos, apresentam importancia
econOmica e social despertando o interesse do seu cultivo conhecido como Meliponicultura. O
interesse na Meliponicultura € justificado pelo uso nutricional e terapéutico dos subprodutos
meliponicolas e por contribuir no aumento da renda familiar (KERR et al., 1996;
NOGUEIRA-NETO, 1997). E uma atividade que pode ser integrada 2 vegetagio natural, a
plantios florestais, de fruteiras e de culturas de ciclo curto e, em muitos casos, pode contribuir
para o aumento da produgdo agricola, originando frutos maiores e em maior quantidade,
através do servico de polinizacdo prestada pelas abelhas (VENTURIERI, 2003).

A Meliponicultura no Brasil é o resultado da fusdo entre o conhecimento
tradicional sobre os recursos naturais dos povos indigenas com a predilecdo europeia de
domesticar animais, cuja cultura foi incorporada pelos colonizadores. Gradativamente, a
criacdo das abelhas nativas se difundiu, tornando-se uma tradi¢cao popular principalmente nas
regides norte e nordeste do Brasil pelas populacdes indigenas e rurais, o que tem contribuido
para preservacio da biodiversidade (VILLAS-BOAS, 2018).

No Maranhao, a Meliponicultura vem sendo difundida nos municipios da Baixada
e Cerrado Maranhense, ndo s6 por ser a abelha social nativa mais comum nessas regides, mas
por também configurar-se como alternativa de renda para vdrias familias indigenas e rurais
(ALBUQUERQUE et. al., 2013; ROCHA, 2017; GOSTINSKI et al., 2017).

Melipona (Melikerria) fasciculata Smith, conhecida como titba, € a principal
espécie cultivada no Maranhdo, que desperta atencdo em razdo de ser uma espécie de abelha
nativa com maior taxa de produtividade de mel, com cerca de 3,5 L por caixa (KERR et al.,
1996), por isso, embora a passos pequenos, tem despertado cada vez mais o interesse da
exploracdo comercial.

E importante destacar que devido o valor econdmico da Meliponicultura para o

Maranhao foram criadas estratégias visando o melhoramento na qualidade do mel de titiba
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como o projeto Abelhas Nativas que teve inicio no ano de 2005, proporcionando em 18
municipios da regido da Baixada Maranhense o aumento na producdo e qualidade do mel,
além de incentivar parceria com a Universidade Federal do Maranh@o para o desenvolvimento
de pesquisas com meliponineos (ALVES, 2013).

Apesar da qualidade e produtividade do mel de abelhas nativas, a falta de
legislacdo impedia o comércio deste produto. No entanto, com a publicacdo da Portaria
SEMA n° 081 de 20 de setembro de 2017 do estado do Maranhdo, que caracterizou as
competéncias do criador, os critérios de licenciamento ambiental para comércio, manejo de
coldnias e criagdo de melipondrios, permitiu um importante avango para a regulamentacdo da
criacdo, manejo e conservacdo de abelhas do género Apis e 63 espécies de meliponineos de
ocorréncia no Maranhdo incentivando a comercializa¢do dos produtos derivados das abelhas

sem ferrdo.

2.1.1 Melipona (Melikerria) fasciculata Smith

A espécie Melipona (Melikerria) fasciculata Smith (Figura 1), conhecida
popularmente como “tiiba” e “tidba do Maranhao”, pertence a Classe Insecta, Ordem
Hymenoptera, Superfamilia Apoidea, Familia Apidae, Subfamilia Apinae e Tribo Meliponini.
Seu primeiro registro foi feito por Ducke (1910) em Alcantara seguido de registros
consecutivos em 1948 com a autoria do Dr. Warwick Estevam Kerr no municipio de Carolina,

ambas cidades situadas no estado do Maranhao (SPECIESLINK, 2020).

Figura 1. Melipona (Melikerria) fasciculata Smith
Fonte: Mesquita (2016)
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A espécie apresenta dispersdo predominante no Nordeste da Regiio Amazdnica,
nos estados do Pard e Maranhdo, apesar da ocorréncia em outros estados como no Mato
Grosso, Piaui e Tocantins (VENTURIERI; RAIOL; PEREIRA, 2003; CAMARGO;
OLIVEIRA; BERTO, 2017).

No estado do Maranhdo, M. fasciculata tem uma importante inser¢do no mercado
local, produzindo mel de qualidade e com amplas possibilidades para exploracdo em escala
econdomica (HOLANDA, 2012). Outros produtos meliponiculas também se destacam, como a
geopropolis, (Figura 2) sendo formado a partir da mistura de resinas vegetais, pdlen, cera,

secrecoes salivares e adicdo de barro ou terra (KERR, 1987; BARTH, 2006).

Figura 2. Caixa rustica com geoprépolis de Melipona (Melikerria) fasciculata Smith nas bordas da caixa
(A). Geoproépolis de Melipona fasciculata Smith (B). Fonte: Cunha (2017); Rocha (2017)

A geopropolis se diferencia da prdpolis de abelhas com ferrdo como Apis
mellifera Linnaeus, pois na propolis as abelhas misturam ao material resinoso, coletado nas
plantas, cera e secrecOes salivares sem adicionar barro ou terra. No entanto, tanto a propolis
quanto a geoprdplis s@ao usadas com o mesmo objetivo para fechar pequenas frestas, vedar
entradas de ventilacdo excessiva, embalsamar insetos, entre outros (NOGUEIRA-NETO,
1997; TENORIO et al., 2012).

A espécie M. fasciculata apresenta maior representatividade e distribuicdo no
Maranhao (Figura 3) em relacdo as outras espécies de Melipona. Estudo realizado por
Albuquerque et al. (2013) relataram a ampla distribuicdo em toda regido da Baixada
Maranhense, incluindo os municipios de Sdo Jodo Batista, Sdo Bento, Cajari, Viana, Nova
Ponta Branca, Matinha e Palmeirandia. A presenca desta espécie também ja foi demonstrada

nos municipios de Peri Mirim (OLIVEIRA, 2004), Cidelandia (FERREIRA, 2006), Brejo



22

(AGUIAR, 2007), Jenipapo dos Vieiras, Fernando Falcdo, Caxias, Grajai (BATISTA, 2008)
e Sdo José de Ribamar (LIMA FILHO, 2011). Tal fato demonstra que o estado do Maranhao
por ser uma regido de transi¢do entre biomas, possuindo assim grande ntimero de
ecossistemas, desde ambientes salinos com presenga de manguezais, campos inunddveis,
cerrados, babacguais e floresta amazonica, oferece uma variedade de espécies vegetais e
caracteristicas favordveis para adaptacdo da espécie e sua utilizacdo na meliponicultura. Além
disso, tal diversidade influencia na composicao quimica e atividades biolégicas dos produtos

meliponicolas, em especial da geoprépolis (MUNIZ, 2004; MARTINS et al., 2011).

1 > 9

PARA

N Municipios de ocorréncia
de M. fasciculata

N Limites Estaduais
Limites Municipais
Hidrografia

Amazobnia

B : .V coni G ti
TOCANTINS % plg L Caatinga
4 [ ] cerrado
0 56 112 168 224 280 kn

Figura 3. Mapa de distribuig@o por registros da espécie M. fasciculata no Maranhao.

Fonte: Gostinski (2018).

2.2 Composicao quimica e atividade biologica da geopropolis

As classes de compostos bioativos que predominam em geoprdpolis das espécies
do género Melipona sdo os flavonoides, taninos hidrolisdveis e terpenos, apresentando

também dcidos aromadticos, cumarinas, benzofenonas preniladas, esteroides, saponinas, dcidos
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graxos e acucares, sendo as técnicas de cromatografia gasosa acoplada a espectrometria de
massas (CG/EM), cromatografia liquida de alta eficiéncia acoplada a espectrometria de
massas (CLAE/EM) e cromatografia liquida acoplada a espectrometria de massas em tandem
(CL/EM/EM) as mais utilizadas para identificagdo quimica (DUTRA et al., 2014; 2019,
LAVINAS et al., 2019; POPOVA; TRUSHEVA; BANKOVA, 2019).

A composi¢do quimica de geoprdpolis € bastante complexa e variada, estando
intimamente relacionada com a flora de cada regido visitada pelas abelhas, com a época do
ano da coleta e com a variabilidade genética das abelhas rainhas (SOUZA et al., 2009;
SFORCIN, 2017). O solo utilizado pelas abelhas na produgdo das geoprépolis também pode
influenciar nos constituintes inorgadnicos presentes na geopropo6lis, porém estudos sobre
elementos inorganicos sdo escassos. Bonsucesso e colaboradores (2018) determinaram a
concentracdo de metais toxicos na geopropolis de Melipona scutellaris para avaliar a
contaminacdo ambiental em dreas urbanas no estado da Bahia, localizado no Nordeste do
Brasil. Recentemente, Siqueira e colaboradores (2020) demonstraram os elementos quimicos
inorganicos das geopropolis das espécies, Melipona flavolineata, Melipona fasciculata e
Melipona seminigra encontrando baixas concentracdes dos elementos inorganicos Cu, Mn e
Zn e altos niveis de Ca, Fe, K, Mg e P, onde o elemento Fe foi o mais abundante nas amostras
de geoprépolis, apresentando concentragdes minimas de 2358,1 mg kg'! e maxima de 23128,8
mg kg'!, sendo este estudo de suma importancia para o conhecimento da composi¢io mineral
do geopropolis produzido por abelhas do género Melipona.

Na literatura a primeira descri¢do sobre a composi¢do quimica da geopropolis foi
por Greenaway e colaboradores (1990) que demonstraram a presenca de 4cidos fendlicos,
entre eles o dcido 3,5-dihidroxibenzdico, na geopropolis de Melipona sp. do Equador. Tomas-
Barberan e colaboradores (1993) identificaram compostos fendlicos do tipo benzofenonas
preniladas, por CLAE/EM ao analisar amostras de geopropolis de Melipona (Melikerria)
compressipes Fabricius e Melipona (Melipona) favosa Fabricius oriundas da Venezuela.
Bankova e colaboradores (1998) ao estudar a geopropolis de espécies de Melipona
compressipes € Melipona (Melipona) quadrifasciata Lepeletier identificaram por CG/EM
compostos polifendlicos (benzofenonas, 4cidos fendlicos, flavonoides (pinobanksina)) e
triterpenos (B-amirina).

Presenca de compostos fendlicos e terpenos também foram identificados em
amostras de geopropolis de M. quadrifasciata, M. favosa, Melipona (Michmelia) scutellaris
Lepeletier, Melipona (Eomelipona) marginata Lepeletier com predominancia de derivados do

acido galico, diterpeno (4cido caurendico), triterpeno (B-amirina) e agucares (VELIKOVA et
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al., 2000).

Um estudo comparativo entre amostras de propolis de Apis mellifera, dos estados
de Sdo Paulo, Parand e Ceard e geoprdpolis de abelhas sem ferrdo (M. compressipes e M.
quadrifasciata) dos estados do Piaui e Parand observaram a predominancia de compostos
aromadticos e terpenos em produtos de abelhas sem ferrdo (KUJUMGIEV et al., 1999).

Silva e colaboradores (2013) isolaram e identificaram da geoprépolis de Melipona
(Melikerria) interrupta Latreille e Melipona (Michmelia) seminigra Friese da regido
amazoOnica, por métodos espectrométricos, os flavonoides (5,7,4'-tri-hidroxiflavona, 3,5,6,7,4'-
penta-hidroxiflavonol,  naringenina-4'-O-B-D-glucopiranésideo e  miricetina-3-O-p-D-
glucopiranil).

Da Cunha e colaboradores (2016), submeteram ao fracionamento biomonitorado o
extrato hidroetandlico da geopropolis de Melipona scutellaris isolando e elucidando duas
novas cumarinas: 5,7-di-hidroxi-6-(3-metil-2-butenil)-8-(4-cinamoil-3-metil-1-oxobutil)-4-
propil-cumarina e 5,7-di-hidroxi-6-(4-cinamoil-3-metil-1-oxobutil)-4-fenilcumarina, além de
identificar cinco cumarinas (mammeigina, hidroximammeigina, mammeisina, cinamoiloxi-
mamisina € mammeina) € uma benzofenona (enf-nemorosona) ja descritas na literatura
anteriormente.

A caracterizacdo por UHPLC-Q-TOF/MS do extrato etandlico da geoprépolis de
Heterotrigona itama (Cockerell, 1918), abelha sem ferrdo da Malésia, demonstrou a presenca
de 28 compostos das classes dos 4cidos fenolicos, flavonas, triterpenos e fitoesterois, sendo os
triterpenos os principais componentes (ZHAO et al., 2017).

Souza e colaboradores (2018) identificaram por CLAE/EM, 51 compostos da
geopropolis de Melipona (Melipona) subnitida Ducke sendo quatro glicosideos de galoil,
onze acil-hexosideos, vinte e trés acil-galoil-hexosideos, doze flavonoides e o acido eldgico.

Desta forma, com base nos estudos anteriormente citados € possivel observar que
as classes predominantes na geopropodlis de abelhas sem ferrdo sdo os compostos fendlicos e
os terpenos estando suas atividades biologicas atribuidas a sua composi¢do quimica
(LAVINAS et al., 2019; POPOVA; TRUSHEVA; BANKOVA, 2019).

Além dos estudos descritos para a caracterizacdo quimica da geopropolis, ensaios
pré-clinicos demonstraram as seguintes atividades bioldgicas da geopropolis de espécies do
género Melipona: antimicrobiana (KUJUMGIEV et al., 1999; VELIKOVA et al., 2000;
DUAILIBE et al., 2007; FARNESI et al., 2009; LIBERIO et al., 2011; ARAUJO et al., 2016;
SANTOS et al., 2017), antiviral (COELHO et al., 2015), antioxidante (SILVA et al., 2013;
SOUZA et al., 2013; DUTRA et al., 2014; SOUSA et al., 2015; BATISTA et al., 2016;
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FERREIRA et al., 2017), anti-inflamatéria (LIBERIO et al., 2011; FRANCHIN et al., 2013;
DOS SANTOS, et al., 2017), antinociceptiva (SOUZA et al., 2014; FRANCHIN et al., 2012),
imunomoduladora (LIBERIO et al., 2011; ARAUIJO et al., 2015; OLIVEIRA et al., 2019),
gastroprotetora (RIBEIRO-JUNIOR et al.,, 2015), anti-helmintica (BATISTA, 2016),
leishmanicida (DUTRA et al., 2019) e antitumoral (CINEGAGLIA et al., 2013; CUNHA et
al., 2013; CAMPOS et al., 2014; DA CUNHA et al., 2016; BARTOLOMEU et al., 2016;
CUNHA, 2017; OLIVEIRA et al. 2016, 2019).

2.2.1 Composi¢ao quimica e atividade bioldgica da geopropdlis de M. fasciculata

No Maranhio, pesquisadores do grupo de Produtos Naturais da Universidade
Federal do Maranhdo tém estudado a geoprépolis produzida por Melipona fasciculata Smith
de diferentes localidades do estado do Maranhdo visando identificar suas caracteristicas
quimicas, fisico-quimicas, fisicas e acOes bioldogicas (ABREU et al., 2006; DUTRA et al.,
2008; CUNHA et al., 2009; DUTRA et al., 2014; ARAUJO et al., 2015; BATISTA et al.,
2016; CUNHA, 2017; OLIVEIRA et al., 2016, 2019; DUTRA et al., 2019).

E interessante destacar que a geoprépolis de Melipona fasciculata Smith, quando
submetida a prospeccdo quimica demonstra a presenca de taninos hidrolisdveis, triterpenos,
compostos fendlicos e flavonoides (Tabela 1). A presenca desses compostos na geopropolis
de M. fasciculata € influenciada pelas espécies vegetais presentes nos municipios de
ocorréncia desta espécie de abelha sem ferrdo no estado do Maranhdo, que apresenta
preferéncia por plantas das familias Fabaceae, Arecaceae, Anacardiaceae, Bixaceae,
Mpyrtaceae, Melastomataceae e Lecythidaceae, onde as espécies, Senna alata (L.) Roxb,
Attalea speciosa, Mouriri acutiflora, Mimosa pudica, Rhynchospora cephalotes e

Eschweilera ovata sao as mais visitadas (GOSTINSKI et al., 2017).
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Tabela 1. Composicdo quimica e atividade bioldgica da geoprépolis de Melipona fasciculata Smith.

Origem Classe de compostos Método Atividade biolégica Referéncia
Geografica Analitico e farmacologica
Baixada flavonoides uv - Dutra et al., 2008
Maranhense, Brasil
Baixada flavonoides e polifendis uv - Cunha et al., 2009
Maranhense, Brasil
Baixada flavonoides CLAE/EM citotdxica, Dos Santos, 2010
Maranhense, Brasil fungicida,
carrapaticida,
antioxidante
Baixada flavonoides, uv antimicrobiana, Liberio et al., 2011
Maranhense, Brasil polifendis imunomoduladora
Microrregido Alto taninos hidrolisaveis CLAE- antioxidante Dutra et al., 2014
mearim e Grajad, (galotaninos e DAD-ESI-
Maranhéo, Brasil elagitaninos), dcidos EM/EM
fendlicos (4cido gdlico e
acido elagico)
Baixada triterpenos, CG-EM citotdxica, Aratijo et al., 2015
Maranhense, Brasil alquilrersorcindis, imunomoduladora
alquilfendis, acidos
anacardicos
Baixada triterpenos, acidos CG-EM fungistatica Aratjo et al., 2016
Maranhense, Brasil anacardicos,
alquilresorcindis,
agucares
Baixada e Cerrado polifendis uv antioxidante, Batista, 2016
Maranhense, Brasil anti-helmintica
Baixada e Cerrado triterpenos, acidos CG-EM antioxidante Batista et al., 2016
Maranhense, Brasil fendlicos
Baixada néo identificado - citotoxica Oliveira et al., 2016
Maranhense, Brasil
Tocantins, Brasil flavonoides, catequina, CLAE-UV- antioxidante Aratjo et al., 2016
acidos fendlicos VIS
Baixada e Cerrado taninos hidrolisaveis CL-EM-EM antioxidante Cunha, 2017
Maranhense, Brasil (galotaninos, citotoxica
elagitaninos),
triterpenos,
benzofenonas e
alcaloides
Baixada acido gélico, 4cido CG-EM leshimanhicida Dutra et al., 2019
Maranhense, Brasil eldgico, triterpenos
Baixada ndo identificado - citotdxica, Oliveira et al., 2019
Maranhense, Brasil imunomoduladora
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Dutra e colaboradores (2014) estudando amostras de geoprépolis de M.
fasciculata da microrregido Alto Mearim e Grajaid (Maranhdo) identificaram por
CLAE/ESIVEM/EM 11 compostos pertencentes as classes dos dcidos fendlicos e taninos
hidrolisdveis (galotaninos e elagitaninos), como 4cido gélico, dcido eldgico, galoil-HHDP-
glicose, HHDP-glicose, di-HHDP-glicose, trigaloil-glicose, di-HHDP-galoil-glicose,
dilactona do 4cido valoneico, di-HHDP-galoil-glicose e trigaloil-HHDP-glicose sugerindo que
a atividade antioxidante do extrato esta relacionada a essas classes de compostos. Ressaltando
que os taninos hidrolisdveis foram identificados pela primeira vez em geoprdpolis de M.
fasciculata.

Batista e colaboradores (2016) investigaram a composi¢do quimica e a atividade
antioxidante da geoprdpolis de M. fasciculata coletada nos municipios de Palmeirindia e
Fernando Falcdo, no Maranhdo identificando por CG/EM na geoprépolis de Palmeirandia
triterpenos do tipo cicloartano (cicloartenol), ursano (dcido urs-12-en-24-6ico, 3-o0xo-
cicloursano) e oleanano (f-amirina) e acidos fendlicos (dcido protocatecuico e dcido géalico),
enquanto na geopropolis de Fernando Falcdo os principais constituintes foram &cidos
fendlicos, acido gdlico e dcido elagico. A propriedade antioxidante da geoprdpolis foi
atribuida aos altos teores de fendlicos totais e dos 4cidos galico e eldgico, sendo que as fontes
vegetais das duas regides fitogeograficas utilizadas pelas abelhas para a producdo da
geopropolis contribuem para a composi¢do quimica e bioatividade deste produto.

Cunha (2017) avaliou a atividade antioxidante e citotoxica em células tumorais de
Ehrlich do extrato hidroetanolico obtido da geoprdpolis de M. fasciculata coletada nos
municipios de Fernando Falcdo e Palmeirandia do estado do Maranhao demonstrando que o
extrato apresentou atividade antioxidante e citotoxicidade para células tumorais de Ehrlich,
identificando 13 substincias, pertencentes as classes dos triterpenos e dos taninos
hidrolisaveis.

A atividade leshimanicida in vitro, citotoxicidade e composi¢do quimica de
geopropolis produzida por M. fasciculata coletada na baixada maranhense foram avaliadas
por Dutra e colaboradores (2019) sugerindo que a atividade leshimanicida da geopropolis esta
relacionada a presenca dos altos teores dos dcidos gélico e elagico e seus derivados.

Portanto, € possivel observar que mesmo as amostras sendo coletas de diferentes
locais do estado do Maranhdo e havendo algumas diferengas na composi¢do quimica, elas
apresentam predomindncia de compostos polifendlicos (taninos hidrolisaveis, acidos
fendlicos, flavonoides e benzofenonas) e triterpenos do tipo cicloartano, ursano e oleanano

(DUTRA et al., 2014, 2019; BATISTA et al., 2016; CUNHA, 2017). A presenca desses
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compostos na geopropolis produzida por M. fasciculata estdo relacionados com a
fitogeografia local e podem justificar as atividades bioldgicas descritas na literatura bem
como explicar seu uso popular como recursos terapéuticos para tratar processos inflamatorios,
tumores, fraquezas, hemorroidas, gastrites, tosses e promover cicatrizacdo (KERR, 1987;

BEZERRA et al., 2018).

2.3 Cancer

Cancer € o termo genérico dado a um conjunto de mais de 100 doengas que t€ém
em comum o crescimento desordenado de células, que invadem tecidos e 6rgdos (WHO,
2020). O surgimento e estabelecimento de um céancer decorre de mutagdes em genes que
normalmente controlam o crescimento, divisdo, reparo de DNA e morte celular resultando em
uma célula tumoral (FARES et al., 2020). As células tumorais apresentam proliferacdao
desenfreada e necessidade de que novos vasos sanguineos sejam formados para que haja a
nutri¢do destas células, em um processo denominado angiogénese (CAIRNS; MAK, 2016;
REID; SANDERSON; LOCASALE, 2020). Além disso, as células tumorais apresentam a
capacidade de se desprenderem do tumor e de migrarem, invadindo tecidos adjacentes
podendo chegar ao interior de um vaso sanguineo ou linfatico e, através destes, disseminarem-
se, chegando a 6rgdos distantes do local onde o tumor se iniciou, formando as metéstases
(HEITZ et al., 2018; FARES et al., 2020).

O desenvolvimento do cancer, geralmente, ocorre de maneira lenta e progressiva,
devido a necessidade de varias mutacdes no DNA das células. Estudos recentes sugerem ser
necessdrio de trés a dez eventos genéticos no surgimento e proliferacdo de células tumorais
(MCCREERY; BALMAIN, 2017).

A progressdo do cancer € resultado do crescimento e diferenciagdo celular
descontrolada, com perda de funcdes apoptdticas levando a uma expansdo massiva na
populagdo de células neoplasicas (LI et al., 2020).

Por se tratar de doenca multifatorial, varias sdo as causas que podem corroborar
no desenvolvimento do cancer, sendo que os fatores internos representam de 5-10% de todos
os canceres e sao resultantes de predisposi¢des genéticas, fatores hormonais, imunes e
epigenéticos (HEITZ et al., 2018; REID; SANDERSON; LOCASALE, 2020; FARES et al.,
2020). Os fatores externos sdo os relacionados com comportamentos individuais, como

tabagismo, sedentarismo, alcoolismo, ma alimentag¢do, exposicao a agente mutagénico, tais
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como radiacdo ionizante ou compostos quimicos sendo esses considerados os agentes que
mais contribuem na promogdo da carcinogénese (GHARIBVAND et al., 2017).
Independentemente se alteragdes na célula sdo desencadeadas por fatores internos
ou externos, estas alteracdes podem levar a desordem nos eventos celulares implicando na
tumorigénese (PATIERNO, 2020). Dentre esses processos, a falha na apoptose estd
intimamente envolvida no desenvolvimento do céncer, visto que as células tumorais
apresentam capacidade de resistir a morte celular (SHUH et al., 2013; MALUMBRES, 2020).
De forma geral, o conjunto das altera¢des genéticas levam a formacdo de novas
caracteristicas fenotipicas as células neoplésicas, desencadeando a autossuficiéncia em sinais
de crescimento, resisténcia aos sinais antiproliferativos, resisténcia a morte celular, potencial
replicativo ilimitado, angiogénese sustentada, evasdo do sistema imunoldgico, invasdo,
metdstase, além de estresse metabdlico, proteotdxico, mitdtico, oxidativo e de dano ao DNA

(Figura 4) (HANAHAN; WEINBERG, 2011; LI et al., 2020).

Alteragdodo
metabolismo
celular

Evasdoa
destruicdo
imune
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imortalidade

replicativa

Instabilidade
gendémica e
mutagdo

Inflamagdo
promovida pelo

tumor
Indugdo da Activagdo da invasdo e
angiogénese metastizagdo

Figura 4: Caracteristicas fenotipicas das células neoplasicas (Adaptado de HANAHAN e WEINBERG, 2011).

Os diferentes tipos de cancer correspondem aos vérios tipos de células do corpo.
Quando comec¢am em tecidos epiteliais, como pele ou mucosas, sdo denominados carcinomas
e representam, aproximadamente, 90% dos canceres humanos. Se o ponto de partida sao os
tecidos conjuntivos, como 0sso, musculo ou cartilagem, sdo chamados sarcomas. Os canceres

que ndo se enquadram em nenhuma dessas duas grandes categorias incluem os canceres
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derivados de células do sistema nervoso e as varias leucemias e linfomas derivados de células
hematopoiéticas que representam 7% das malignidades em humanos (BRASIL, 2018).

O cancer €é uma das principais causas de morte e incapacidade no mundo, segundo
estimativas da Agéncia Internacional de Pesquisa sobre o Cancer foram contabilizados mais
de 19,3 milhdes de novos casos de cancer em 2020, com a morte de mais de 9,9 milhdes de
pessoas devido a doenga (SUNG et al., 2021). Até 2040, a carga global devera crescer para
28,4 milhdes de novos casos de cancer e 17,3 milhdes de mortes por cancer decorrentes do
crescimento e envelhecimento da populagdo humana (AMERICAN CANCER SOCIETY,
2018; SUNG et al., 2021).

Além de apresentar alto indice de mortalidade, a incidéncia do cancer é crescente
estando relacionado ao crescimento e ao envelhecimento da populagdo, como também a
crescente prevaléncia de fatores de risco, como tabagismo, excesso de peso, sedentarismo,
alimentos industrializados, alcool entre outros (PATIERNO, 2020).

No Brasil, a estimativa para o triénio 2020-2022 aponta que ocorrerdo 625 mil
casos novos de cancer (Figura 5). O perfil epidemioldgico atual do pais mostra que os
canceres mais incidentes em homens sdo: prostata, colon e reto, pulmao, estdmago, cavidade
oral e esdfago; e em mulheres sdo: mama, cllon e reto, colo do udtero, pulmdo e glandula

tireoide (BRASIL, 2019).

Localizacdo primaria  Casos % Localizacio primaria  Casos %

Prostata 65840 2H2% Homens Mulheres  Mama feminina 66.260 29.7%

Cdlon & reto 20520 9.1% Colon e reto 20470 9.2%

Tragueia, bronquio e pulméio 17.760 7.9% Colo do wtera 16.580 T4%

Estémago 13.360 5,9% Traqueia bronquio e puimdo 12,440 5,6%

Cavidade oral 11.160 5,0% Glandula tireoide 11.950 5.4%

Estfago 3.600 3.9% Estimago T.870 3.5%

Bayipa 7.500 3.4% Dvwirio B.650 3.0%

Linfoma néo Hodgkin £.560 2.9% Corpa do Gtero 6.540 2.9%

Laringe 6.470 2.9% Linfoma ndo Hodgkin 5.450 24%

Leucemias 5.920 2,6% Sistema nervoso cenfral 5220 2,3%

*Niameros arredondados para miltiplos de 10

Figura 5: Distribuicio proporcional dos dez tipos de cancer mais incidentes estimados para 2020 por sexo,
exceto pele ndo melanoma. Fonte: BRASIL, 2019.

A distribui¢do da incidéncia por regido geografica mostra que a regido Sudeste
concentra 60% da ocorréncia de casos novos, seguida pelas regides Nordeste (27,8%) e Sul
(23,4%). Nas regides Sul e Sudeste, o padrao da incidéncia mostra que predominam os

canceres de préstata e de mama feminina, bem como os canceres de pulmao e de intestino. A
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regido Centro-Oeste, apesar de semelhante, incorpora em seu perfil os canceres do colo do
utero e de estdbmago entre os mais incidentes. Nas regides Norte e Nordeste, apesar de
também apresentarem os canceres de prdstata e mama feminina entre os principais, a
incidéncia dos canceres do colo do ttero e estdbmago tem impacto importante nessa
populacdo. A regido Norte € a Unica do pais onde as taxas dos canceres de mama e do colo do
utero se equivalem entre as mulheres (BRASIL, 2019).

Dentre os tipos de cancer mais incidentes no Brasil destaca-se o cancer de
pulmao, que corresponde ao terceiro mais frequente em homens e o cancer de ovario que
embora seja o sétimo mais incidente no Brasil é considerado o cancer ginecolgico com maior
incidéncia de morte (VARSHOSAZ et al., 2018; BRASIL, 2019). Segundo a estimativa do
INCA (2019), o cancer de ovario apresenta uma estimativa para o triénio 2020-2022 de 6.650
novos casos, com um risco estimado de 6,18 casos a cada 100 mil mulheres e para o cancer de
pulmdo foi estimado 17.760 casos de cancer de pulmdo entre homens e de 12.440 nas

mulheres para cada ano do triénio 2020-2022.

2.3.1 Cancer de ovario

O céancer de ovario € a segunda neoplasia ginecoldgica mais comum, atrds apenas
do cancer do colo do ttero e aparece como o tipo de cancer ginecolégico com maior
mortalidade em todo o mundo, sendo sua letalidade mais elevada em comparacdo aos outros
tipos de cancer dos orgaos reprodutores femininos (TORRE et al., 2018; SUNG et al., 2021).

Existem trés principais classes de tumores malignos que podem surgir no ovério:
os canceres epiteliais ovarianos, os tumores ovarianos de células germinativas e do estroma
do cordao sexual. A quase totalidade das neoplasias ovarianas (95%) € derivada das células
epiteliais (que revestem o ovario). O restante provém de células germinativas (que formam os
Ovulos) e células estromais (que produzem a maior parte dos hormoénios femininos)
(STEWART et al., 2017).

Os canceres epiteliais de ovdrio sdo classificados de acordo com suas
caracteristicas morfoldgicas e clinicas em grau histopatoldgico de 1 a 3. O subtipo mais
comum ¢€ a histologia serosa, seguida dos subtipos mucinosos e endometrioides. Os subtipos
mais raros sdo os de células claras, transicionais, escamosos, mistos € os indiferenciados
(JAYSON et al., 2014; MATZ et al., 2017).

Quando diagnosticadas nos primeiros estdgios de canceres epiteliais de ovdrio, as
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pacientes possuem cerca de 45% de chances de sobreviver enquanto as mulheres
diagnosticadas em estdgios avancados possuem de 15-25% de chances de sobrevivéncia. Esse
fato € um dos principais agravantes desse tipo de cancer (WEBB; JORDAN, 2017).

As manifestacdes clinicas do cancer ovariano sdo inespecificas e tornam, em
geral, o seu diagndstico tardio, quando ja estd em estidgio avancado, representando pior
prognostico. Entretanto, diagnosticado em fase inicial, aumenta-se a expectativa de vida,
sendo a deteccdo precoce a principal estratégia para melhorar a sobrevida. Para o seu
diagnéstico é recomendado a ultrassonografia transvaginal e alguns marcadores bioquimicos,
especialmente o CA-125, um marcador tumoral de cancer de ovario (FRANCA et al., 2011;
STEWART et al., 2017).

A incidéncia e mortalidade do cancer de ovario, no mundo, foram de 313.959 e
207.252 de casos, respectivamente, em 2020 (SUNG et al., 2021). Para o Brasil, estimam-se
6.650 casos novos de cancer do ovdrio, para o tri€nio 2020-2022, com um risco estimado de
6,18 casos a cada 100 mil mulheres (Figura 5). Desconsiderando os tumores de pele nao
melanoma, o cancer do ovério é o sétimo mais incidente nas regides Nordeste e Norte, com
um risco estimado de 5,67/100 mil e de 3,28/100 mil, respectivamente. Nas demais regides,
Sudeste (7,01/100 mil) e Centro-Oeste (5,09/100 mil), ocupa a oitava posicao e, na regido Sul
(7,06/100 mil), a nona (BRASIL, 2019).

De forma geral, a incidéncia do céancer ovariano aumenta com a idade,
apresentando idade média ao diagndstico de 63 anos (AZEVEDO et al., 2016). Fatores
genéticos como a histéria familiar de cincer de ovério ou de mama; mutagdes de alto risco
dos genes BRCA1 e BRCA2 (genes “breast cancer 1 e 2” que codificam proteinas supressoras
de tumor); menopausa tardia; endometriose; nuliparidade (nunca engravidaram ou nunca
tiveram filhos); terapia de reposi¢cdo hormonal; obesidade; ausé€ncia de atividade fisica e
tabagismo estdo associados com o desenvolvimento do cancer ovariano. A gravidez e uso de
contraceptivos orais (supressao da ovulacdo) sao considerados fatores de protecdo, sendo que
o uso aumentado e precoce de contraceptivos orais contribuiu para as tendéncias declinantes
observadas na maioria paises desenvolvidos (REID et al., 2017).

O tratamento do cancer de ovério pode apresentar potencial curativo ou paliativo,
dependendo do estdgio da neoplasia e da diferenciacdo tumoral. Todas as mulheres com
suspeita de cancer epitelial invasivo de ovdrio devem ser avaliadas por um cirurgido
ginecologista ou cirurgido oncolégico antes do inicio da terapia para determinar quais as
pacientes sdo candidatas a cirurgia citorredutora primaria (MATZ et al., 2017). A

quimioterapia de primeira escolha recomendado pelo Ministerio da Saide (2019) sao
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derivados de platina (cisplatina e carboplatina) e taxanos (paclitaxel e docetaxel).

O tratamento com derivados de platina (cisplatina e carboplatina) e taxanos
(paclitaxel e docetaxel) embora sejam o de primeira escolha, tem como principal obsticulo
para sua eficiéncia o desenvolvimento de resisténcia aos tratamentos pelas células tumorais
(SUN et al., 2019). Desta forma, € necessdrio desenvolver alternativas terapéuticas capazes de
reverter as limitacdes das cirurgias e diminuam os mecanismos de resisténcia que surgem em

consequéncia dos tratamentos quimioterdpicos ndo especificos e prolongados.

2.3.2 Cancer de pulmao

O cancer de pulmao é uma doenga prevalente, sendo uma das principais causas de
mortalidade em todo o mundo (HENLEY et al., 2020; SUNG et al., 2021). Apesar do
desenvolvimento de vdrias drogas anticancer, o cancer de pulmio apresenta um mau
progndstico, pois as metdstases do cancer de pulmdo, bem como a quimiorresisténcia, estao
associadas a uma alta taxa de mortalidade de pacientes com cancer de pulmao (DE GROOT et
al., 2018; BRAY et al., 2018).

Existem dois tipos principais de cincer de pulmdo: o carcinoma pulmonar de
pequenas células (CPPC) e o carcinoma de pulmao de nao pequenas células (CPNPC). Este
ultimo € classificado ainda em trés subtipos histopatologicos: Adenocarcinoma; Carcinoma
epidermoide e Carcinoma de grandes células (MUSTAFA et al.,, 2016). O CPNPC ¢
responsével por 80% dos casos de cancer de pulmao e, destes, cerca de 10% € carcinoma de
grandes células, caracterizado por ma diferenciacdo, crescimento rapido e metéstase precoce
(CHIU et al., 2018).

Dados epidemioldgicos publicados por Benaoudia e colaboradores (2020)
demonstraram que o cancer de pulmao € a causa mais comum de morte por cancer em homens
e a segunda causa mais comum em mulheres, apds o cancer de mama. As taxas mais altas de
mortalidades estio registradas na América do Norte, Europa e Asia Oriental, enquanto as
taxas mais baixas estdo registradas na Africa e no sul da Asia (GLOBAL CANCER
OBSERVATORY, 2020).

Mundialmente, entre os diversos tipos de cancer, o cancer de pulmao representa
12,8% dos casos e 17,8% das mortes devido essa doencga, sendo sua incidéncia superior em
paises mais desenvolvidos como o norte da Europa e América, intimamente relacionada ao

tabagismo (SIEGEL et al., 2019).
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No Brasil, estima-se 17.760 casos novos de cancer de pulmdo em homens e
12.440 em mulheres, para cada ano do triénio 2020-2022. Esses valores correspondem a um
risco estimado de 16,99 casos novos a cada 100 mil homens, sendo o segundo tumor mais
frequente; e com um risco estimado de 11,56 para cada 100 mil mulheres, ocupando a quarta
posicdo (BRASIL, 2019).

Segundo o INCA (2019), sem considerar os tumores de pele ndo melanoma, o
cancer de pulm@o em homens € o segundo mais frequente nas regides, Sul (31,07/100 mil) e
Nordeste (11,01/100 mil). Nas regides Sudeste (18,10/100 mil), Centro-Oeste (15,11/100 mil)
e Norte (9,24/100 mil), corresponde a terceira posicdo. Para as mulheres, € o terceiro mais
frequente nas regides Sul (18,66/100 mil) e Sudeste (12,09/100 mil). Nas regides Centro-
Oeste (10,87/100 mil), Nordeste (8,86/100 mil) e Norte (6,47/100 mil), ocupa a quarta
posicao.

As manifestagdes clinicas incluem tosse, tosse com sangue, perda de peso,
fraqueza, febre, hipercalcemia, sindrome da miastenia (fraqueza muscular) e metédstases. A
doenca metastética inclui perda de peso, dor dssea e sintomas neurolégicos. O diagnodstico é
realizado principalmente através de radiografias do toérax, tomografia computadorizada e
investigacdo molecular que evidencia as diferentes familias de genes e o evento mutagénico
envolvido, além de caracterizar cada tipo histolégico com suas alteracdes moleculares
peculiares (MUSTAFA et al., 2016).

Dentre os fatores de risco o tabagismo € responsavel por 90% das mortes de
cancer de pulmio em homens e mulheres devido aos compostos carcinogénicos do tabaco
(BENAOUDIA et al., 2020). Em segundo lugar esta o radonio (DE GROQOT et al., 2018) cuja
exposicao pode ter seu efeito potencializado pelo sinergismo com a inalacdo do tabaco. Além
do raddnio, outros produtos quimicos como silica, cromo, caddmio, niquel, arsénico e berilio
foram relacionados como fatores de risco (CHIU et al., 2018). Ainda, portadores de HIV e a
inalacdo passiva do tabaco através da convivéncia com fumantes estdo caracterizados como
fator de risco da doenca (ENGELS et al., 2008). Alguns fatores como inflamacao, falhas ao
nivel molecular e sinalizacOes intercelulares alteradas, sao desencadeadoras na patogénese do
cancer (MUSTAFA et al., 2016).

O tratamento do cancer de pulmdo consiste em cirurgia, quimioterapia e
radioterapia. Além disso, o tratamento leva em considera¢do a classificagdo do céancer de
pulmdo e estadiamento do tumor, sendo adotado na maioria dos casos a radioterapia e
quimioterapia com combinacdo de quimioterapicos como ciclofosfamida, doxorrubicina,

vincristina, cisplastina, etoposidio (MITRA et al., 2015; BRASIL, 2019).
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2.4 Tratamentos usuais do cincer

O tratamento do cancér é complexo, multidisciplinar e depende essencialmente do
seu estadiamento clinico, das caracteristicas patoldgicas do tumor e prognésticos (OLIVEIRA
et al., 2019).

Existem trés tipos principais de tratamento para o cancer: cirurgia, radioterapia e
quimioterapia. Mais recentemente tem-se usado a terapia de fotorradiacdo com derivados
hematoporfirinicos e a imunoterapia, sendo que o objetivo de cada um destes tratamentos é
erradicar o cancer, normalmente por meio da terapia combinada, onde € associado mais que
um tipo de tratamento (ALMEIDA et al., 2005; WILEY et al., 2017; BAYER et al., 2017).

A aplicacdo da cirurgia oncoldgica pode ter a intencdo de: diagnostico,
estadiamento da doenca e tratamento da doenga. Para o diagnodstico € realizado a coleta de
amostra tecidual para exame que incluem: bidpsia incisional, bidpsia excisional, bidpsia por
agulha ou endoscopia. A escolha da técnica dependerd da localizacdo, do tamanho e das
caracteristicas de crescimento tumoral. Com a finalidade de estadiamento temos a sua
aplicabilidade nos casos de tumores inacessiveis de dificil avaliacio e que receberam
estadiamento incorreto em outros métodos. Para o tratamento a cirurgia pode levar a remog¢ao
de tumores com eficacia, se ndo houver metastase (MITRA et al., 2015).

A radioterapia é um tratamento onde se utilizam radiacOes ionizantes com
finalidade de matar células neopldsicas ou impedir sua vasta proliferacdo, usada comumente
em conjunto com a cirurgia, para aumentar a eficiéncia do tratamento. Existem dois tipos de
radioterapia: a externa (Teleterapia) e a interna (Braquiterapia). Na radioterapia externa, o
procedimento € realizado fora do corpo com uma méaquina que envia radiacdo para o tumor,
enquanto a radioterapia interna usa substancias radioativas, emitida do aparelho para os
aplicadores, colocados proximo ao tumor ou diretamente nele (WILEY et al., 2017).

A quimioterapia antineopldsica, constitui uma das modalidades de maior escolha
para o tratamento das neoplasias malignas, podendo ser classificada conforme a sua finalidade
em: adjuvante, quando se segue a cirurgia curativa; neoadjuvante, indicada para se obter a
reducgdo parcial do tumor; curativa, usada com o objetivo de se conseguir o controle completo
do tumor; e paliativa, que visa minimizar os sintomas decorrentes da proliferacdo tumoral
com aumento da sobrevida (OLIVEIRA et al., 2019).

O objetivo primério da quimioterapia € destruir as células neoplasicas,
preservando as normais. Entretanto, a maioria dos agentes quimioterdpicos atua de forma nao

seletiva, lesando tanto células malignas quanto normais, particularmente as células de rapido
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crescimento, como as gastrointestinais, capilares e as do sistema imunoldgico. Isto explica a
maior parte dos efeitos colaterais da quimioterapia: nduseas, alopecia e susceptibilidade maior
as infecgdes (ABUKHDEIR; PARK, 2008; SAEED et al., 2015; SCHIRRMACHER, 2019).
Os farmacos antineoplésicos tém como principal alvo o ciclo celular (Figura 6),
interferindo no processo de divisdo das células e desencadeando a morte celular (ALMEIDA
et al., 2005; MASOOD et al., 2016; MALUMBRES, 2020). Podem ser agrupados nas
seguintes  categorias:  agentes alquilantes (mostarda nitrogenada, etileniminas,
alquilsulfonados, triazenos), que atuam formando liga¢des covalentes com o DNA impedindo
sua replicacdo; antimitéticos (alcaldides da Vinca, taxanos e camptotecina) que afetam,
especificamente, a func¢do dos microtibulos, portanto, a formagdao do fuso mitético;
antimetabolitos (andlogos das purinas, andlogos das pirimidinas e andlogos do acido f6lico),
que bloqueiam ou subvertem uma, ou mais vias metabolicas envolvidas na sintese de DNA;
antibidticos citotéxicos de origem microbiana (antraciclinas, mitoxantrona, dactinomicina,
bleomicina e mitomicina C), que impedem a divisdo de células; agentes diversos
(dacarbazina, L-asparaginase, imatinibe, cisplatina) que n3o se encaixam nas categorias

anteriores (BRANDAO et al., 2010; SCHIRRMACHER, 2019).

Antimitéticos
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*Em vermelho agentes antineopldsicos derivados de produtos naturais.

Figura 6: Atividade dos agentes antineopldsicos, dependendo da fase do ciclo celular.
(Adaptado de Cancer Drugs, 2019).

A cada exposi¢do do tumor ao quimioterdpico, ocorre uma destruicdo de um
percentual das células tumoral (20 a 99%, dependendo da dosagem). A administracdo de
varias doses repetidamente € necessdria para erradicagdo do tumor, onde serd diminuido a

massa tumoral e as células tumorais restantes serdo destruidas pelo sistema imunolégico
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(MASOQD et al., 2016).

No entanto, apesar de ja existirem muitos quimioterdpicos efetivos, os efeitos
adversos produzidos por estes farmacos, assim como o surgimento de tumores resistentes e/ou
a selecdo de células resistentes em um tumor sob tratamento, limitam o uso desses farmacos,
aumentando a necessidade do desenvolvimento de novas drogas mais eficazes (NEWMAN;
CRAGG, 2020).

Atualmente, busca-se utilizar terapia-alvo que corresponde a um tipo de
tratamento do cadncer que usa drogas ou outras substincias para identificar e bloquear o
crescimento, progressao e metdstase do cancer com pouco dano as células normais (LEE et
al., 2018).

Os inibidores de PARP constituem uma terapia alvo para o tratamento do cincer e
atuam na via de reparo do DNA através da inibicio da enzima PARP, em especial nos
tumores com mutacdo nos genes BRCA1 e BRCA2 (MATEO et al., 2019). Tais mutagdes
estdo comumente associadas ao aumento no risco de ocorréncia de canceres de ovdrio e
mama, além de estudos que correlacionam aos tumores de préstata e pancreas (BAJRAMI et
al., 2014). No Brasil, ja temos a aprovacdo do olaparibe (inibidor de PARP) para o tratamento
do cancer de ovario em pacientes com mutagdo de BRCA, assim como na doenga recorrente
platino-sensivel (POVEDA et al., 2021).

Além dos medicamentos antineopldsicos e a terapia-alvo, os anti-inflamatérios
seletivos para COX-2 podem ser uma estratégia adjuvante eficaz para combater o cancer. A
COX-2 estd relacionada a resisténcia apoptotica, proliferacdo, angiogénese, inflamacao,
invasdo e metdstase de células cancerigenas, desta forma a administracdo de inibidores da
COX-2 oferece um possivel mecanismo de inibicdo da carcinogénese (LIU et al, 2015).

Alguns alvos que foram explorados em combater a inflamac¢do relacionada ao
cancer incluem COX-2, NF-kB, citocinas/quimiocinas e seus receptores, fator de crescimento
de fibroblastos e seu receptor, bem como fator de crescimento endotelial vascular (WONG,
2019). Vale ressaltar que a COX-2 € superexpressa em varios canceres como pancreatico,
prostata, cervical, cancer de mama, pulmdo e célon (KEHM et al., 2019; WONG, 2019). A
superexpressdo de COX-2, por sua vez, estimula angiogénese, que é um passo fundamental na
invasdo e metastase, sendo a associagdo de inibidores seletivos para COX-2 uma importante
estratégia de tratamento (KASHFI, 2009; KUMAR et al., 2018).

Portanto, torna-se necessario desenvolver e introduzir novos fiarmacos com
capacidade anti-inflamatdria e antineopldsica para tratamento de células cancerigenas, sendo

os produtos naturais uma fonte produtiva de novas moléculas com potencial para tratamento
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de diversos tipos de cancer, visto que podem agir por multiplos alvos celulares e reduzir a

toxicidade as células normais (NEWMAN; CRAGG, 2016; 2020; AMARAL et al., 2019).

2.5 Produtos de origem natural usados na terapéutica do cancer

Um levantamento publicado em 2020, cobrindo o periodo de 1981 a 2019,
verificou que dos 185 medicamentos antineopldsicos aprovados pela agéncia federal do
Departamento de Satdde e Servicos Humanos dos Estados Unidos (FDA), e considerados de
baixa massa molecular (< 500u), 9,7% sao moléculas naturais que ndo sofreram modificacao,
0,5% sao medicamentos botanicos (materiais vegetais, que podem incluir materiais de plantas,
algas, fungos macroscOpicos ou combinagdes dos mesmos), 23,2% sao derivados de produtos
naturais, 19,4% s@o obtidos por sintese ¢ mimetizam produtos naturais, 24,3% sdo de origem
sintética contendo farmacéforos de origem natural, 22,9% sdo sintéticos demonstrando desta
forma a importancia dos produtos naturais para o desenvolvimento de tratamento para o
cancer (NEWMAN; CRAGG, 2020).

Dentre os quimioterdpicos citotoxicos, derivados de produtos naturais, temos 0s
antibidticos citotoxicos origindrios de microrganismos (as antraciclinas e mitomicina C)
(AMARAL et al., 2019), derivados de plantas, representados pelos alcaléides da Vinca, taxois
e podofilotoxinas (ALVARENGA et al., 2014; PAIER et al., 2018) e organismos marinhos
(mesilato de eribulina) isolado da esponja marinha Halichondria okadai (SAWADOGO et al.,
2013; TRENDOWSK, 2015).

As principais classes de metabdlitos secunddrios indicados como responsédveis
pelo potencial anticancerigeno dos produtos naturais sdo os compostos fendlicos (como
flavonoides), esteroides e alcaloides (EID et al., 2015). Além destas classes, os triterpenos
pentaciclicos dos tipos ursano, oleanano, lupano e friedelano, também estdao despertando o
interesse da industria farmacéutica, dado que diversos trabalhos demonstram a capacidade
desses triterpenos em inibir a formacdo de tumores por diferentes mecanismos como inibi¢ao
da polimerase, regulacdo da apoptose, alteragdo nas transducdes de sinal e atividade
antiproliferativa (BRANDAO et al., 2010; GHANTE; JAMKHANDE, 2019).

Os efeitos terapéuticos dos produtos naturais sdo evidenciados por suas
propriedades antioxidantes, antiproliferativa e efeitos pré-apoptdticos em uma variedade de
linhagens tumorais como leucemia, prdostata, mama, colorretal, cérebro, melanoma e pancreas

apresentando-se como candidatos no desenvolvimento de novas drogas no tratamento do
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cancer ou contribuindo para derivacdes semissintéticas com melhor utilidade clinica
(TRENDOWSK, 2015; AMARAL et al., 2019).

A primeira droga anticancerigena desenvolvida a partir de produto natural foi a
podofilotoxina, isolada de Podophyllum peltatum em 1947, o qual possibilitou o advento de
descobertas de outras drogas de origem natural como seus derivados semissintéticos
etoposideo (Etopophos®), teniposideo (Vumon®) que apresentam acdo pelo bloqueio das
células nas fases S e G2 e inibicdo da enzima topoisomerase II promovendo lesdao no DNA e
morte celular (EID et al., 2015).

Dentre alguns produtos naturais citotoxicos, usados clinicamente no tratamento de
neoplasias, t€ém se os alcaloides vimblastina (Velban®) e a vincristina (Oncovin®), isolados
da Catharanthus roseus (Vinca roseus) que inibem o fuso mitético, ligando-se as proteinas
microtubulares e, consequentemente, interrompendo a divisdo celular na metafase
(ALMEIDA et al., 2005). Na pratica clinica, também ¢ utilizado o Taxol ®, um diterpeno
taxano isolado do teixo ocidental (Taxus brevifolia Nutt) e do teixo europeu (Taxus baccata
L.) comercializado como os farmacos Paclitaxel e Taxol ®, que interferem na estrutura e
funcdo dos microtubulos, agindo em vias apoptéticas através de mecanismos que envolvem a
expressao de proteinas da familia BCL-2 (TRENDOWSK, 2015, PAIER et al., 2018).

Trendowsk (2015) publicou uma revisao dos quimioterdpicos derivados de
produtos naturais aprovados pela Food and Drug Administration (FDA) destacando os
agentes direcionados a microtubulos, por exemplo, o mesilato de eribulina (andlogo sintético,
estruturalmente simplificado da halicondrina B, isolado da esponja marinha Halichondria
okadai), ixabepilona (semissintético derivado da epotilona B isolado da bactéria Sorangium
cellulosum) e dolastatina (isolado do molusco gastropode marinho Dolabella auricularia); os
inibidores seletivos de mTOR - everolimo e tensirolimo (macrolideos obtido por modificagdao
quimica do produto natural rapamicina produzido por Streptomyces hygroscopicus);
inibidores da sintese de proteinas - mepesuccinato de omacetaxina (alcaldéide de Cephalotaxus
harringtonia); agente alquilante de DNA — trabectedina (alcaldide tetra-hidroquinolinico
isolado da ascidia Ecteinascidia turbinata); agente modificador da resposta
bioldgica/interleucina - denileucina diftitox (proteina recombinante composta de sequéncias
de aminodcidos da toxina diftérica de Corynebacterium diphtheriae e 1L.-2); e conjugados
anticorpo-droga - trastuzumabe entansina (derivado de maitansina extraido de plantas do
género Maytenus).

Desta forma, € possivel destacar a importancia da biodiversidade no processo de

descoberta e desenvolvimento de novos farmacos demonstrando que as caracteristicas


https://mocbrasil.com/wp-content/themes/moc_novo/ajax_get_glossary_item.php?item=interleucina-2-il-2
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estruturais e farmacoterapéuticas dos produtos naturais continuam tendo grande relevancia na

descoberta de novas drogas (NEWMANN; CRAGG, 2020; BARREIRO, 2019).

2.6 Atividades antitumorais da geopropolis de M. fasciculata

Estudos tém relatado diversas propriedades bioldgicas de produtos de abelha,
principalmente da prépolis e geoprdpolis, com excelentes potenciais antioxidantes e
antitumorais (LAVINAS et al., 2019; AL-HATAMLEH et al., 2020; CAMPOS et al., 2021),
fato importante, pois conforme a Organizacdo Mundial da Sadde, o cincer tem se tornado a
segunda principal causa de morte em todo o mundo (GLOBAL CANCER OBSERVATORY,
2020).

Pesquisas cientificas vém demonstrando o potencial antitumoral da geoprépolis de
Melipona fasciculata Smith. Segundo Cinegaglia e colaboradores (2013) o extrato
hidroalcodlico da geoprépolis de M. fasciculata apresentou efeito citotoxico em células de
osteosarcoma (OSA) encontradas em caes. Aradjo e colaboradores (2015) verificaram agdo
citostdtica do extrato hidroalcodlico da geoprépolis de M. fasciculata em células HEp-2
resistentes a carboplatina sugerindo para esse extrato um perfil de ativador de mondcitos
humanos.

Alguns estudos também sdo voltados para avaliar se a geoprépolis aumenta a
sensibilidade de antineopldsicos, como o desenvolvido por Bartolomeu e colaboradores
(2016) que demonstraram que a combinagdo de extrato hidroalcodlico da geoprépolis de M.
fasciculata com drogas como carboplatina, metotrexato e doxorrubicina contra células de
carcinoma epidermoide da laringe humano (Hep-2) levou a uma maior atividade citotoxica
induzindo apoptose e inibindo a proliferacdo e a migragao celular de células Hep-2.

Oliveira e colaboradores (2016; 2019) investigaram se o agente quimioterapico
doxorrubicina em combinacdo com extrato hidroalcodlico da geoprépolis de M. fasciculata
poderia afetar células imunes ndo tumorais, avaliando sua agdo citotéxica em células de THP-
1, linhagem monocitica de leucemia humana e efeitos imunomoduladores em mondcitos
humanos. A abordagem quimioterdpica usando doxorrubicina simultaneamente com
geopropolis ndo afetou a viabilidade dos mondcitos humanos e exerceu efeitos
imunomoduladores, favorecendo funcdes e atividades bioldgicas da geoprépolis

Cunha (2017) avaliou a atividade antioxidante e citotoxica em células tumorais de

Ehrlich do extrato hidroetandlico e fragdes obtidas da geoprépolis de M. fasciculata
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demostrando a citotoxicidade para células tumorais de Ehrlich, MCF-7 e RAW. Além disso, a
administracdo do respectivo extrato aumentou a sobrevida dos animais portadores de tumor
ascitico, bem como induziu a diminui¢do do tumor sélido, tanto administrado de forma
profildtica quanto de forma terap€utica.

Desta forma, € possivel evidenciar o potencial da a¢do antitumoral da geoprépolis
de abelhas sem ferrdo, em especial de M. fasciculata destacando que esta pode apresentar
aplicabilidade como quimioterdpico bem como a partir de seus constituintes quimicos
permitirem derivacdes semissintéticas. Além disso, os estudos apresentados evidenciam que
associacdo de extratos da geoprépolis de M. fasciculata com quimioterdpicos aumenta a

sensibilidade destes demonstrando seu potencial também como adjuvante terapéutico.
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3. OBJETIVOS

3.1 Objetivo Geral:

Avaliar toxicidade aguda, atividade antioxidante, anti-inflamatéria e antitumoral
do extrato hidroetandlico da geopropolis de Melipona (Melikerria) fasciculata Smith,
identificar a composi¢do quimica e correlacionar quais compostos estdo associados a

bioatividade através de ensaios in silico.

3.2 Objetivos Especificos:

- Avaliar a toxicidade aguda de extratos de geoprdpolis de M. fasciculata frente ao
modelo zebrafish (Danio rerio);

- Avaliar a atividade antioxidante in vitro de extratos de geopropolis de M.
fasciculata;

- Avaliar a atividade anti-inflamatodria in vitro de extratos de geoprdpolis de M.
fasciculata;

- Avaliar a atividade antitumoral de extratos de geoprépolis de M. fasciculata em
linhagem celular de cancer de ovéario (A2780 e ES2) e pulmao (A549 e H460);

- Selecionar a linhagem mais sensivel e o extrato mais citotoxico para avaliagdo
do evento de morte celular;

- Identificar os constituintes quimicos dos extratos de geoprdpolis de M.
fasciculata;

- Identificar e selecionar através de ensaios in silico as substincias quimicas
presentes no extrato hidroetandlico da geopropolis de M. fasciculata que podem estar
associados as ac¢des anti-inflamatéria e antitumoral;

- Realizar uma revisdo integrativa sobre os efeitos antitumorais dos principais
fitoquimicos e os mecanismos moleculares envolvidos na a¢do antitumoral do céancer de

ovario.


https://onlinelibrary.wiley.com/doi/abs/10.1002/tox.20618
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4. JUSTIFICATIVA

Os estudos ja realizados pelo nosso grupo de Produtos Naturais da UFMA sobre
bioprospeccao antitumoral de extratos de geoprépolis de Melipona fasciculata Smith e de
propolis de Scaptotrigona aff. postica demonstraram efeito tumoristitico e tumoricida do
tumor de Ehrlich na forma sélida conforme a concentracio dos extratos testados (ARAUJO et
al., 2010, 2011; CUNHA, 2017) assim como a presenca das classes quimicas como &cidos
fendlicos, taninos hidrolisaveis, triterpenos, flavonoides e benzofenonas (DUTRA et al., 2014,
2019; BATISTA et al., 2016; CUNHA, 2013, 2017), estando os compostos quimicos destas
classes relacionados a atividade. A continuidade destes estudos com outros tipos de linhagens
celulares e da geopropolis de M. fasciculata coletadas em distintos municipios do Maranhdo
abre perspectivas para a descoberta de novas substincias antitumorais.

No Maranhio destaca-se o cultivo de Melipona fasciculata Smith (Hymenoptera:
Apidae: Meliponini), que ocupa lugar de destaque, pela sua dispersdao no estado, sendo a
abelha social mais comum, cultivada principalmente para producido de mel, mas hd outros
produtos meliponicolas que podem ser aproveitados, como a geoprépolis que pode ter valor
agregado pelas acdes bioldgicas ja demonstradas.

Ressalta-se ainda que a Meliponicultura, no estado do Maranhdo retlne
caracteristicas bastante favordveis, que por ser uma regido de transi¢do, possui um grande
nimero de ecossistemas, desde ambientes salinos com presenca de manguezais, passando por
campos inundaveis, cerrados e babacuais, até vegetacdo florestal de grande porte de natureza
amazonica, que fornece a matéria prima de suporte para o trabalho das abelhas, e
consequentemente influenciando na composi¢do quimica e atividades bioldgicas dos produtos
meliponiculas (ALBUQUERQUE et al., 2013).

A meliponicultura faz parte dos arranjos produtivos do estado, como forma de
contribuir o desenvolvimento sustentivel do Maranhdo. Especialmente nos municipios
contemplados pelas politicas publicas do Programa Mais Producdo, mapeados pela Agéncia
Estadual de Pesquisa Agropecudria e Extensdo Rural (AGERP) como parte da Cadeia
Produtiva do Mel. Nestes municipios com tradi¢do do cultivo da titba para producdo de mel,
ha necessidade de aproveitamento dos outros produtos produzidos pela abelha, como
geopropolis, que ndo € ainda explorada economicamente, mas demonstra ser um recurso
natural que no futuro pode representar uma alternativa como fonte de substancias bioativas

para a prevencao e/ou tratamento dos diferentes tipos de canceres.
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Além disso, no estado do Maranhao, destaca-se, nas mulheres, a incidéncia dos
canceres de mama, colo do utero, tireoide e ovério, sendo este dltimo a quarta neoplasia
feminina mais incidente. Nos homens, os tipos de cancer mais incidentes sdo respectivamente
o cancer de prostata, estdmago, célon e reto, e pulmio, sendo o cancer de pulmao considerado
agressivo e com alta taxa de mortalidade (BRASIL, 2019).

Desta forma, nosso estudo objetiva continuar os estudos da bioprospeccdo
antitumoral, anti-inflamatdria, antioxidante e de toxicidade, além de identificar composi¢ao
quimica e realizar estudos in silico da geoprépolis de Melipona (Melikerria) fasciculata Smith
cultivada nos municipios produtores de mel (Viana e Pinheiro) no estado do Maranhdao. Com
os resultados esperamos demonstrar o valor terapéutico da geoprdpolis e agregar valor aos
produtos da cadeia produtiva indicando mais um produto a ser explorado comercialmente,

favorecendo o desenvolvimento da Meliponicultura no estado do Maranhao.
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5. RESULTADOS

Os resultados deste trabalho estao divididos em 3 capitulos. O primeiro capitulo
refere-se ao artigo publicado na revista Brazilian Journal of Health Review relacionado a
investigacdo da toxicidade aguda dos extratos de geopropolis de Melipona fasciculata Smith
frente a0 modelo zebrafish e o perfil quimico desses extratos. O segundo capitulo trata-se do
artigo publicado na revista Biology que aborda as atividades antitumoral, antioxidante e anti-
inflamatdria, composi¢do quimica e estudos in silico dos extratos da geoprépolis de Melipona
fasciculata Smith coletadas nos municipios de Viana e Pinheiro do estado do Maranhdo. O
terceiro capitulo € referente ao artigo de revisdo “Molecular mechanisms of action and

chemosensitization of tumor cells in ovarian cancer by phytochemicals.” submetido na revista

Pharmacological Research.
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RESUMO

Melipona fasciculata Smith, espécie nativa do Maranhao, é uma abelha sem ferrao que produz
mel, cera, polén e geoprdpolis, sendo este constituido por material resinoso coletado das
plantas, secrecOessalivares, cera e barro ou terra. A espécie € bastante manejada no estado do
Maranhdo, principalmente nas regides da baixada e cerrado, criada comercialmente em
agrupamentos de colOnias, denominados melipondrios, que constituem a meliponicultura.
Estudos demonstram que a geopropolis possui atividades biolégicas como antimicrobiana,
leishmanicida,antioxidante, anti-helmintica, antiproliferativa mostrando ser um produto natural
promissor para novas pesquisas. Desta forma, o artigo tem como objetivo verificar o perfil
quimico dos extratos de geoprépolis de Melipona fasciculata Smith e investigar a toxicidade
dos extratos frente a0 modelo zebrafish. As amostras foram coletadas diretamente das colmeias
dos melipondrios no municipio de Pinheiro e Viana, no estado do Maranhdo. Foram secas,
separadamente, extraidas por maceracdo com dlcool etilico 70% por 48 horas, obtendo as
solucdes extrativas, as quais foram filtradas e concentradas em evaporador rotativo e
liofilizadas, obtendo-se 0o EHGP e EHGV. A composi¢ido quimica foi avaliada por abordagem
fitoquimica, CCD e HPLC/UV-Vis e a toxicidade aguda dos extratos foram avaliados frente
Danio rerio. A composi¢do quimica por CLAE-UV-vis demonstrou a predominancia de
compostos de baixa polaridade nos tempos de retencdo a partir de 40 min. A CCD revelou a
presenca de saponinas, terpenos e esteroides. Os dois extratos apresentaram baixa toxicidade,
sendo o EHGP com menor toxicidade (1222,38ug/mL) quando comparado ao EHGV
(476,39ug/mL). Portanto, os dados sobre toxicidade abrem perspectiva para uma futura
exploracdo biotecnoldgica, sendo a geopropolis um produto natural promissor na busca de
moléculas bioativas com potencial terapéutico.

Palavras-chave: Melipona fasciculata. Geopropolis. Toxicidade.

ABSTRACT

Melipona fasciculata Smith, native to Maranhdo, is a stingless bee that produces honey, wax
and geopropolis, which is made up of resinous material collected from plants, salivary
secretions, wax and clay or earth. One species is widely cultivated in the state of Maranhao,
mainly in the baixada and cerrado regions, commercially created in groups of colonies, called
melipondrios, that produce a meliponicultura. Studies show that a geopropolis has biological
activities such as antimicrobial, leishmanicidal, antioxidant, anthelmintic, antiproliferative,
showing to be a promising natural product for further research. Thus, the article aims to verify
the chemical profile of the geographic extracts of the Melipona fasciculata Smith and to
investigate the toxicity of the extracts against the zebrafish model. As samples collected directly
from meliponary hives in the municipality of Pinheiro and Viana, in the state of Maranh3o.
They were dried, selected, extracted by maceration with 70% ethyl alcohol for 48 hours,
obtaining as extractive solutions, which were filtered and concentrated in the rotary and
lyophilized evaporator, obtaining the EHGP and EHGV. The chemical composition was
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evaluated by phytochemical approach, CCD and HPLC / UV-Vis and the acute toxicity of the
extracts were caused by the front of the radius. A HPLC-UV-Vis chemical composition
demonstrated a predominance of low polarity compounds in retention times from 40 min. A
CCD revealed a presence of saponins, terpenes and steroids. Both extracts showed low toxicity,
being EHGP with lower toxicity (1222.38ug / mL) when compared to EHGV (476.39 ug / mL).
Therefore, toxicity data open a perspective for future biotechnological exploration, being a
geopropolis a promising natural product in the search for bioactive molecules with therapeutic
potential.

Keywords: Melipona fasciculata. Geopropolis. Toxicity

1 INTRODUCAO

A meliponicultura, criagdo de abelhas sem ferrdo, € uma pritica bastante antiga,
desenvolvida hd muitos séculos, cujos relatos dessa atividade remonta aos primoérdios das
civilizagdes antigas, no Egito Antigo (PALAZUELOS BALLIVIAN, 2008). Ainda hoje no
Brasil, esta pratica ainda € muito comum, sendo especialmente mantida por povos indigenas,
mas também por comunidades tradicionais e camponesas, em diversas regides do Brasil
(ALVES et al., 2007).

No estado do Maranhdo, a espécie Melipona fasciculata Smith (tidba) j& vem sendo
manejada ha séculos pela populacdo indigena, para producdo de mel. Atualmente sdo criadas
comercialmente em agrupamentos de colonias, denominados melipondrios, que constituem a
meliponicultura (KERR, 1987; NOGUEIRA-NETO, 1997).

A espécie Melipona fasciculata Smith coleta material resinoso das plantas e traz para
sua colmeia, mistura com cera e barro ou terra formando a geopropolis, a qual utiliza para fechar
pequenas frestas, na defesa contra invasores e vedar entradas de ventilacdo excessiva (KERR,
1987; NOGUEIRA-NETO, 1997).

A geopropolis de Melipona fasciculata € composta por algumas classes de compostos
quimicos, como 4cidos graxos, dlcoois, acidos fendlicos, taninos hidrolisdveis, acucares,
triterpenos e esteroides (DUTRA, 2012; ARAUIJO, 2013: BATISTA et al., 2016). Na espécie
sdo relatadas algumas atividades bioldgicas: antioxidante, leishmanicida, anti- helmintica,
antimicrobiana e antitumoral (DUTRA et al., 2014; DUTRA et al., 2019; ARAIjJO, 2013;
BATISTA et al., 2016; CUNHA, 2017).

O estudo da toxicidade de geoprdpolis predomina com estudos de citoxicidade in vitro
em células tumorais e normais (DA CUNHA et al., 2013; CUNHA, 2017; SANTOS et al.,
2017). Nos ultimos anos, o zebrafish, conhecido como paulistinha ou peixe-zebra (Danio rerio)
vem atraindo a aten¢do da comunidade cientifica, por ser excelente modelo experimental para

estudos comportamentais, genéticos, toxicoldgicos e para desvendar o mecanismo de diversas
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doencas humanas bem como testar novos agentes terapéuticos Tem as seguintes vantagens: sao
peixes de pequeno porte, de manutencdo facil, econdmicos para criagdo, com alta taxa
reprodutiva, com seu genoma sequenciado e por apresentarem importante homologia com 0s

mamiferos (KARI; RODECK; DICKER, 2007; LIESCHKE; CURRIE, 2007).

Sendo assim, o presente artigo tem como objetivo avaliar o perfil quimico e investigar
a toxicidade dos extratos de geoprépolis de Melipona fasciculata Smith, oriundo do municipio

de Pinheiro e Viana, Maranh3ao, frente ao modelo zebrafish.

2 MATERIAIS E METODOS
2.1 COLETA DA AMOSTRA DE GEOPROPOLIS

Duas amostras de geoprdpolis de Melipona fasciculata Smith foram coletadas
diretamente da colmeia do melipondrio do municipio de Viana e Pinheiro, na regido da Baixada
maranhense, Maranhdo. As amostras foram acondicionadas em sacos coletores estéreis e
mantidas sob refrigeracdo até a utilizacdo no Laboratério de Farmacognosia I da Universidade
Federal do Maranh@o, Campus Dom Delgado, em Sao Luis — MA.

2.2 OBTENCAO DO EXTRATO HIDROETANOLICO DA GEOPROPOLIS
As amostras de geopropolis foram trituradas em moinho de facas e submetidas a
maceracao exaustiva com etanol 70% (v/v), hidromddulo 1:5 (p/v), filtradas, concentradas em
evaporador rotativo e liofilizadas, obtendo-se o extrato hidroetandlico de geoprépolis de
Pinheiro (EHGP) e o extrato hidroetandlico de geoprdpolis de Viana (EHGV) (CUNHA, 2009).
2.3 PERFIL QUIMICO
2.3.1Abordagem quimica

O extrato foi submetido a abordagem quimica para verificagdo de compostos das
classes dos compostos fenodlicos, flavonoides, taninos, saponinas e alcaloides. A mudanca de
coloracao, formacdo de precipitado e/ou formacado de espuma foram usados para expressar os
resultados das andlises fitoquimicas (MATOS, 2009).

2.3.2 Cromatografia liquida de alta eficiéncia acoplada com detector de ultravioleta
(CLAE/UV-Vis)

A andlise por CLAE/UV-Vis foi realizada num cromatégrafo liquido Finnigan Surveyor
Autosampler (Thermo) (San Jose, CA, EUA), equipado com um injetor com loop de 25uL, e
um detector de UV-Vis. A coluna usada foi C-18 (250 x 4,6mm, 5um, Hypersil BDS) fornecido
por Thermo Electron Corporation (Waltham, MA), protegida por uma pré-coluna C-18 (4 x

3mm, 5y, Gemini, Phenomenex). A separacao dos compostos dos extratos da geopropolis foram
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realizadas a temperatura ambiente com um programa de gradiente de elui¢do a uma taxa de
fluxo de 1,0mL/min. As fases mdveis utilizadas foram dgua Milli-Q com 0,1% de 4cido férmico
(A) e metanol (B) com gradiente de 0-1 min, 5% B; 1-60 min, 5-30% B; 60-90 min, 30-100%
B. As amostras antes de serem injetadas no CLAE foram diluidas em metanol e dgua Milli-Q
com 0,1% de acido férmico e filtradas em filtro de seringa de Nylon (0,22 pum, Allcrom). O
volume da amostra injetado foi de 25uL e deteccao foi realizada em 280nm.
2.3.3Cromatografia em camada delgada (CCD)

Os extratos hidroetandlico da geoprépolis de Melipona fasciculata Smith (EHGV e
EHGP) foram submetidos a cromatografia em camada delgada, utilizando placas de silica gel
60F254+366 (Merck), usando como fase movel diclorometano e metanol (8:2). A revelacdo da
cromatoplaca foi realizada através da borrifacdo de uma solucdo de p-anisaldeido sulfurico.
Esta foi preparada segundo a metodologia de WAGNER & BLADT (1996). Preparou-se uma
solucdo contendo anisaldeido 5% (v/v) em 4cido acético glacial e adicionou-se a esta solugdo
85 mL de metanol e 5 mL de 4cido sulftrico concentrado.
2.4 TESTE DE TOXICIDADE AGUDA PARA PEIXES

Os extratos foram submetidos a avaliacdo de toxicidade frente a peixes Danio rerio
(Teleostei, Cyprinidae), uma espécie tropical, ovipara, onivora, de comprimento variando entre4
e 5 centimetros vulgarmente conhecida como paulistinha ou zebrafish, usado como indicadorde
ecotoxicidade. O ensaio de toxicidade foi realizado por método estdtico, sem reposi¢ao de
dgua, padronizada pela Associacdo Brasileira de Normas Técnicas (ABNT NBR 15088, 2011),
utilizando peixes adultos (3,0 a 4,0 cm). Grupos de quatro organismos foram colocados em
mini-aquarios (1,5L) contendo agua, obedecendo a propor¢do de 1 grama de peixe para um litro
de solucdo-teste. Posteriormente calculou-se as CLso para os peixes. O experimento teve
duracdo de 48h, sendo que a cada 24h foi verificado o nimero de animais mortos e aferidas
variaveis tais como pH, oxigénio dissolvido e temperatura. O controle negativo foi a dgua
desclorada, sendo o controle positivo a solucdo de dicromato de potdssio (K>Cr>O7). Esse
ensaio foi desenvolvido conforme aprovacio da Comissio de Etica no Uso Animal da
Universidade Federal do Maranhao.
2.5 ANALISE DOS DADOS

As concentracdes letais (50%) de cada extrato foram obtidas por andlise de regressao

linear modelo probit (software SPSS®, versdo 13.0), assumindo nivel de confianca 95%.

Braz. J. Hea. Rev., Curitiba, v. 2, n. 6, p. 5582-5594 nov./dec. 2019. ISSN 2595-6825




Brazilian Journal of health Review

3 RESULTADOS E DISCUSSAO

Para a caracterizacdo do perfil quimico foi realizado o ensaio fitoquimico
apresentando como resultado para os extratos EHGV e EHGP a presenca de taninos
condensados, saponinas e esteroides (Tabela 1). Nossos resultados corroboram com os dados

publicados por Cunha et al., 2009 e Cunha, 2017.

Tabela 1. Avaliacdo qualitativa e semiquantitativa de constituintes quimicos dos extratos

hidroetandlicos de geoprépolis de Melipona fasciculata Smith

EHGV EHGP
Fenois - -
Taninos hidrolisaveis - -
Taninos condensaveis, Antocianidinas, ++ -
Antocianinas
Flavonas, Flavononas, Xantonas - -
Flavononois = =
Saponinas + ++
Alcaloides = -
Eseroides + +
Triterpenos ++ +

* Resultados expressos como média dos ensaios de avaliacdo qualitativa e semiquantitativa de
constituintes quimicos realizados em triplicata nos extratos de geoprépolis de Melipona fasciculata
Smith, sendo EHGV, extrato hidroetandlico de geopropolis de Viana; EHGP, extrato hidroetanélico de
geopropolis de Pinheiro. Critérios quanto ao grau de intensidade dos constituintes analisados: (+++)
resultado fortemente positivo, (++) resultado moderamente positivo, (+) resultado fracamente positivo e
(-) resultado negativo.

Também foi possivel verificar o perfil fitoquimico das amostras a partir da andlise por
cromatografia em camada delgada (CCD) das amostras de EHGV e EHGP (Figura 1). Desta
forma, as amostras apresentaram bandas de coloragdo lilds, ap6s aplicacao do revelador quimico
anisaldeido sulfdirico que quando em contato com as substancias da amostra, as tornam
coloridas e visiveis. O anisaldeido sulfurico revelou a presenca das classes saponinas, terpenose
esteroides através das manchas observadas em lilds. Substancias triterpénicas t€m sido
detectadas em prépolis tropicais de Apis melifera e geoprépolis (DUTRA et al., 2012; DUTRA
et al., 2014; CUNHA, 2017). No cromatograma foi observada também presenca de compostos
majoritarios nasamostras de EHGV e EHGP e similaridade do perfil cromatogrifico entre as

amostras.
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Figura 1. Cromatograma obtido por CCD de amostras de extratos hidroetandlico s de geopropdlis,
analisadas ap6s aplicacdo do revelador quimico anisaldeido sulfurico. 1 = EHGV; 2 = EHGP.

O perfil cromatografico obtido por CLAE-UV comprovou a predomindncia de
compostos apolares nos tempos de retencdo a partir de Tr=40 min presente nos extratos EHGV
(Figura 2) e EHGP (Figura 3). Também foi possivel observar que os extratos embora tenham
sido coletados de municipios diferentes (Viana e Pinheiro), por ambos os municipios estarem
localizados na regido da baixada maranhense, os extratos apresentam perfil cromatograficos

semelhantes (Figura 4).
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Figura 2. Cromatograma obtido por Cromatografia Liquida de Alta Eficiéncia no comprimento de
onda (1) de 254 nm do extrato EHGV.

uMx100,000)
4]
35%
3‘0—5
2.5-5

2.0

0.5

0.0
0.0 50 10.0 15.0 200 25.0 30.0 350 40.0 45.0 min

Figura 3. Cromatograma obtido por Cromatografia Liquida de Alta Eficiéncia no comprimento de
onda (A) de 254 nm do extrato EHGP.
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Figura 4. Sobreposicdo dos cromatogramas obtido por Cromatografia Liquida de Alta Eficiéncia no
comprimento de onda (A) de 254 nm do extrato EHGV (cor lilds) e EHGP (cor preta).

Pesquisas do grupo de pesquisa em Quimica de Produtos Naturais da UFMA vém
demonstrando, que a geopropolis de Melipona fasciculata Smith de diferentes localidades do
estado do Maranhdo apresenta composicao quimica com presenca de compostos polifendlicos:
acidos fendlicos, flavonoides (ABREU et al., 2006; DUTRA et al., 2012; BATISTA, 2011);
taninos hidrolizaveis (DUTRA et al., 2014), triterpenos, esteroides e saponinas (BATISTA et
al, 2016; ARAUJO et al, 2015; CUNHA, 2017 ), 4cidos graxos, (CUNHA, 2013; SILVA et al.,
2013, BATISTA et al, 2016) e benzofenonas (CUNHA, 2017) . Desta forma, nossos resultados
do perfil quimico demonstrados a partir da CCD e HPLC dos extratos EHGP e EHGV no qual
apresentam a predominincia de compostos apolares e as classes saponinas, terpenos e
esteroides corroboram com os dados da literatura.

O ensaio de toxicidade aguda foi realizado através da exposicdo dos extratos em
Danio rerio (Tabela 2). Os resultados mostram que o EHGP apresentou menor toxicidade

(1222,38ug/mL) quando comparado ao EHGV (476,39 ug/mL).
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Tabela 2. Ensaio de toxicidade dos extratos frente Danio rerio.

Toxicidade aguda em Danio rerio

Amostra CLso (ug/mL
EHGP 1222,38*
EHGV 476,39*

* Concentragdes letais obtidas apds 48 horas de exposi¢do aos extratos.

N3ao ha relatos na literatura da avaliacdo da toxicidade aguda de geoprépolis em modelo
zebrafish. SILVA, MUNIZ & NUNOMURA (2013) estudaram a toxicidade de extrato
etandlico da geopropolis de Melipona subnitida em Artemia salina que apresentou valor médio
da CLso de 1282,61pg/mL.

O zebrafish € um pequeno teledsteo usado como organismo modelo em diversas areas
das ciéncias. Por apresentar bases moleculares da neurobiologia € o genoma similar ao dos
humanos proporcionam o seu uso em diversos tipos de estudos, que incluem toxicoldgicos,
genéticos e patologicos (BARBAZUK et al., 2000).

O crescimento no namero de artigos publicados usando o zebrafish esta diretamente
ligado ao crescente conhecimento sobre esta espécie. O sequenciamento do genoma, iniciado
pelo Instituto Senger em 2001, possibilitou o uso em diversos estudos genéticos (STERN; ZON
2003). Pesquisas relacionadas com genes humanos sdo cada vez mais desenvolvidas utilizando
este modelo uma vez que o seu genoma apresenta alto grau de similaridade com os genomas de

humanos e de camundongos (LIESCHKE; CURRIE, 2007).

4 CONCLUSAO

Os extratos hidroetandlicos de geoprépolis de Pinheiro e Viana, do estado do Maranhao
apresentaram composi¢do quimica predominante de composto de baixa polaridade. Além disso,
os dois extratos apresentaram baixa toxicidade. Sendo assim, sdo necessdrios estudos
complementares para identificacdo quimica dos compostos através de técnicas mais refinadas.

Os resultados obtidos do perfil quimico permitem obter parametros de controle
qualidade para geopropolis e seus derivados da Baixada maranhense e juntamente com os dados
sobre toxicidade abrem perspectiva para uma futura explora¢io biotecnolégica. Considerando
que a regido é uma grande produtora de mel, produto base do negdcio apicola e meliponicula, o
conhecimento do perfil quimico e a toxicidade da geopropdlis agrega valores a mais um produto

deste setor, contribuindo para o desenvolvimento da meliponicultura no estado do Maranhao.
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Abstract: Geopropolis is produced by some stingless bee species, such as Melipona fasciculata Smith,a
native species from Brazil. This study aims to investigate the antioxidant and anti-inflammatory
activities and cytotoxicity effects of geopropolis hydroethanolic extracts against lung (H460 and A549) and
ovarian (A2780 and ES2) cancer cell lines and non-tumor (HUVEC) cell lines using chemical
identification by LC/MS/MS analysis and in silico assays to determine which compounds are associated
with bioactivity. The antioxidant activity of extracts and inhibitory activity against COX enzymes were
assessed by in vitro assays; cytotoxicity effect was evaluated by the MTT assay; cell cycle was assessed by
flow cytometry and apoptosis by Western blotting. The geopropolis extracts showed great radical
scavenging potential, preferential inhibition of COX-2, decreased cancer cell viability, non-cytotoxic
effects against the non-tumoral cell line, besides modulating the cell cycle and inducing cancer cell
apoptosis through the activation of caspase-3 and PARP protein cleavage. The in silico study suggests that
corilagin, typhaneoside, taraxerone and marsformosanone, identified by LC/MS/MS, can be associated
with anti-inflammatory activity and cytotoxic effects. Thus, the current study suggests the potential of
geopropolis concerning the research field of new pharmacological alternatives regarding cancer therapy.
Keywords: natural products; antitumor activity; new anticancer agents; apoptosis pathway;
molecular docking; drug discovery
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1. Introduction

Cancer arises from the gradual accumulation of genetic alterations that increase cell proliferation
[1].1t is the second main cause of death and has been recognized as one of the major public health problems
worldwide. In 2018 alone, over 18 million new cancer cases were reported and over 9.5 million deaths
by cancer were recorded worldwide, according to GLOBOCAN [2].

The gold standard treatment consists of the use of chemical neoplastic agents such as
alkylating agents, antimetabolites, topoisomerase inhibitors and mitotic inhibitors which, in many cases,
no longer present encouraging results and result in severe side effects [3]. Therefore, the development
of new alternative drugs exhibiting low toxicity, high efficiency and the ability to prevent cell
proliferation and/or promote apoptosis has become the major focus of cancer therapy in recent years
[4,5].

In addition to apoptosis-inducing drugs, anti-inflammatory agents selective for
cyclooxygenase 2 enzyme (COX-2) are traditionally reported be an effective adjuvant strategy for
cancer therapy. COX-2 is involved in several malignant neoplasm processes, such as in the promotion
of apoptotic resistance and in the proliferation, angiogenesis, inflammation, invasion and metastasis of
cancer cells. Therefore, the use of COX-2 inhibitors is significant in managing metastasis risk reduction
attempts incancer patients while also resulting in higher susceptibility of cancer cells to gold standard
treatments,such as radio and chemotherapy, resulting in better treatment efficiency [6].

Currently, the search for natural products exhibiting potential in cancer therapy has become
prominent [7,8]. Geopropolis, a natural product derived from stingless bees, is noteworthy among
natural products, displaying the highest potential in this regard.

Geopropolis is produced by stingless bees, formed by resinous material from plants collected
by the bees, salivary bee secretions, wax, and clay or soil [9]. Melipona (Melikerria) fasciculata Smith
1858 (Apidae, Meliponini) is a stingless bee species cultivated for centuries by the indigenous
population and small producers of Baixada (flooded fields) and Cerrado (Brazilian savannah) areas in
Maranhao,a northeastern Brazilian state, to produce honey, geopropolis, wax and pollen [10,11].

Several geopropolis biological properties have been reported, including antinociceptive and
anti-inflammatory [12-14], immunomodulatory [15,16], antimicrobial [14,17,18], antileishmanial [19]
and antioxidant activities [19-23].

The antitumoral activity of M. fasciculata geopropolis has been previously evaluated against
canine osteosarcoma (OSA) cells and cytotoxic effects have been reported in human leukemia
monocytic celllines [24,25]. However, the cytotoxic action of M. fasciculata geopropolis in other tumor
cell lines hasnot yet been investigated.

In this context, this research aimed to evaluate the antioxidant, anti-inflammatory and
cytotoxicactivities of hydroethanolic geopropolis extracts produced by M. fasciculata, identifying its
chemical composition and correlating the identified compounds with detected biological activities
through in silico assays and, finally, to contribute to the bioprospecting of new products exhibiting
antitumor activity.

2. Materials and Methods

2.1. Geopropolis Samples

Two geopropolis samples of M. fasciculata Smith were collected in April 2018 being taken directly
from the internal parts of a beehives located in meliponary in Viana (03°13'13” S and 45°00’13” W) and
Pinheiro (02°31’17” S and 45°04’57” W) municipalities in the “Baixada” (flooded fields area, Brazil)
from Maranhao State, northeast Brazil. After collection, the geopropolis samples were separated,
identified, stored in a sterile recipient and kept at 4 “C until preparation of extract and further analysis.
As determined by Brazilian legislation for research that uses the Brazil’'s genetic heritage, this research is
registered on National System of Genetic Heritage Management and Associated Traditional Knowledge
(SISGEN) under code ABCEA59.
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2.2. Extraction of Samples

The in natura geopropolis samples were processed as described by our research group
in Dutra et al. [21]. The geopropolis was triturated until powder (200 g) and were individually
extracted by maceration with 70% ethanol/water (70:30, v/v) for 6 days at a solid:solvent ratio of 1
to 5 (wfv), with solvent renewal after 72 h. The resulting product from extractions was combined,
filtered, concentrated in a rotary evaporator under vacuum at 40 °C, and lyophilized, obtaining the
hydroethanolic geopropolis extract (EHGV) (Viana sample) and EHGP (Pinheiro sample) and kept
refrigerated until their use.

2.3. Determination of Antioxidant Activity

2.3.1. DPPHe Radical Scavenging Activity

The antioxidant activity of hydroethanolic geopropolis extracts was evaluated by using the DPPHe
free radical scavenging assay as described by Brand-Willians [26] with modifications as described
by our research group in Dutra et al. [21]. The samples of geopropolis extracts were solubilized on
methanol at concentrations (30-480 pg/mL) and added to a methanol solution of DPPHe (40.0 pg/mL).
After 30 min of reaction at room temperature in the dark, the absorbance of each solution was read at
517 nm in a Lambda 35 UV-Vis spectrophotometer (PerkinElmer, Inc., Waltham, MA, USA). Methanol
ACS was used as blank, and DPPHe solution was used as negative control. Trolox® (positive control)
standards were treated under the same conditions as the samples. The percent inhibition was calculated
using the formula

DPPHe Scavenging activity (%) =100 — (Asample - Ablank) X 100/ Acontrol

where Asample = absorbance of the sample after 30 min of reaction, Avtank = absorbance of the blank,
and Acontrol = absorbance of the control.

The results were expressed as inhibitory concentration at 50% (ICso). All experiments were performed
in triplicate.

2.3.2. Ferric Reducing Antioxidant Power Assay (FRAP)

The method described by Benzie et al. [27] with some modifications as described by our
research group in Dutra et al. [21] was used to assessment the antioxidant activity based on iron
reduction using the FRAP assay, measuring the ferric-reducing ability of a sample in acid medium
(pH 3.6) through the formation of an intense blue color as the ferric tripyridyltriazine (Fe**~TPTZ)
complex due reduction to the ferrous (Fe?*) form. The samples of hydroethanolic geopropolis extracts
were solubilized in methanol at different concentrations (12.5-200 pg/mL). The absorbance of the
reaction mixture was read at 593 nm in a Lambda 35 UV-Vis spectrophotometer (PerkinElmer, Inc., USA)
using FRAP solution as a blank. The calibration curve was constructed using different concentrations
of FeSO: 7H20 (0-2000 pM) (R? = 0.9892), and the results are expressed as millimoles of Fe?* per gram
of sample. Trolox® standard was set as positive control. The results were expressed as millimoles of
Fe?* per gram of sample. All experiments were done in triplicate.

2.3.3. ABTSe" Assay

The ABTSe® method (2,2-azinobis-3-ethylbenzotiazoline-6-sulfonic acid) was carried
out as described by Re et al. [28] with modifications by our research group in Lopes et al. [11].
For formation of the ABTS radical, the 7 mM ABTSe" solution was mixed with 2.45 mM of potassium
persulfate solution. This mixture was maintained in a dark room for 16 h for thecomplete oxidation
of ABTS and the generation of the highly stable chromophore cation radical 2,2’-azino-bis-(3
ethylbenzothiazoline-6-sulfonic acid) (ABTSe"). The radical was diluted in 70% ethanol/water (70:30,
v/v) to an absorbance of 0.700 £ 0.020 as read at 734 nm. Readings were performed
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by reacting 20-1000 pg/mL of hydroethanolic geopropolis extracts with the ABTSe* solution. All
studies were performed at least in triplicate, monitoring the decrease in absorbance for 6 min; reported
results correspond to the % of remaining chromophores compared to conditions in the absence of
antioxidants. The ICso values were determined to each sample, using the formula

Scavenging ability (%) = (1 — Asampte/ Abtank) X 100.

2.4. In Vitro COX Inhibition

The assay was performed according to the manufacturer’s recommendations (COX
ColorimetricInhibitor Screening Assay Kit—Item No. 701050 —Cayman Chemical®, Ann Arbor,
MI, USA), as previously described by our research group in Lopes et al. [11]. Using 96-well
microplates, the geopropolis extracts were evaluated at three different concentrations (2, 10 and 50
pg/mL) against COX-1 and COX-2 isoforms. After reagents and plates preparations following the
manufacturer’s kitdata sheet, the colorimetric analysis was performed, using arachidonic acid as the
substrate of the COX-catalyzed enzyme reaction, and the plates were read at 590 nm.

2.5. Cell Culture and Morphological Analysis

A panel of four cancer cell lines (H460, A549, ES2 and A2780) and non-cancer cell (HUVEC)
were selected for this study. Non-small cell lung carcinoma (NSCLC) cell lines A549 and H460,
and ovarian cancer cell lines ES2 and A2780 were maintained in RPMI-1640 (Gibco, New York, NY, USA)
supplemented with 10% (v/v) fetal bovine serum (FBS) (Gibco, New York, NY, USA), 1% (v/v) stabilized
with penicillin solution (100 units/mL) and streptomycin (100 pg/mL) (Gibco, New York, NY, USA) at
37 °C in a humidified atmosphere of 5% CO2. Human umbilical vein endothelial cells (HUVEC) were
maintained in Dulbecco’s Modified Eagle Medium (DMEM) (Gibco, New York, NY, USA) supplemented
with 10% (v/v) FBS (Gibco, New York, NY, USA), 1% (v/v) stabilized penicillin solution (100 units/mL)
and streptomycin (100 pg/mL) (Gibco, New York, NY, USA) at 37 °C in a humidified atmosphere of
5% CO:z. Short tandem repeat (STR) analysis was performed in all four cell lines to confirm cell line
identity. The cell morphology was examined using an inverted Zeiss Observer Z1 microscope and
images were captured using Axio-Vision Rel. 4.8 software (Carl Zeiss, Jena, Germany).

2.6. Cytotoxicity Activity

The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assays were used to
measure the cytotoxic effects of (EHGV and EHGP) and cisplatin (CDDP) (LIBBS, SP, Brazil) on human
cancer cell lines and non-tumoral cells. Stock solutions of 1000 mg/mL of EHGV and EHGP were
dissolved in dimethyl sulfoxide (DMSQO). Desired concentrations of each drug were prepared by
dilution with culture medium before use. The cell lines were seeded (1 x 10* cells/well) at 96-well
plates and after 24 h, were treated with EHGV and EHGP for 48 h and 72 h. Cells were subsequently
incubated with 20 pL of MTT solution (5 mg/mL) for 4 h. The plates were then centrifuged at 450x g
and to allow solubilization of the formazan crystals. Then, 100 pL of DMSO was added to each well and
spectrophotometric absorbance reading at a wavelength of 538 nm was performed using Flex-Station 3
(Molecular Devices Corporation, San Jose, CA, USA). As negative control for the experiments, we used the
cells without treatment. We also treated cells with vehicle control (10% DMSO v/v). All experiments were
performed in quadruplicates. The half maximal cell growth inhibitory concentrations (Gls) values were
estimated using GraphPad Prism version 8 for Windows (GraphPad Software, La Jolla, CA, USA).

2.7. Cell Cycle and DNA Content Analysis by Flow Cytometry

The DNA content and cell cycle distribution of tumor cells treated with EHGV were
determinedby flow cytometry after propidium iodide staining. Cells were seeded onto 6-well plates, and
after 24 h, were treated with EHGV. The cells were subsequently collected and washed in phosphate-
buffered saline (PBS) followed by incubation with Nicoletti buffer (0.1% NP-40 (w/v), 0.1% sodium
citrate (w/v), 200 pg/mL RNase and propidium iodide 50 pg/mL) at 4 °C for 30 min in the dark
[29].
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Doubletsand debris were identified and excluded. The samples were acquired at the low flow rate
and at least 20,000 cells were counted for each analysis. The distribution of cells in each phase of the
cell cycle was displayed as histograms. The stained samples were analyzed with FACSCalibur flow
cytometry (BD, San Jose, CA, USA) and the results were analyzed using FlowJo software (FlowJo, LLC,
Glendale, CA, USA).

2.8. Western Blotting

To analyze apoptosis, cells were trypsinized and plated into a six-well plate, and after 24 h,
treated with EHGV (15.62 and 31.25 pg/mL) and CDDP (10 pM) for 48 h. Then, cells were lysed in 2%
radioimmunoprecipitation assay (RIPA) buffer supplemented with protease and phosphatase inhibitors.
Protein concentration was determined using the DC Protein Assay kit (BioRad, Hercules, CA, USA).
Equivalent amounts of protein (50 pg) were separated by SDS-PAGE. The gels were then transferred
to polyvinylidene fluoride (PVDF) membranes and blocked with 5% skim milk. Membranes were
then incubated with primary antibodies against cleaved poly (ADP-ribose) polymerase (PARP) (Cell
Signaling Technology, Danvers, MA, USA), cleaved caspase-3 (Cell Signaling Technology, Danvers,
MA, USA) and glyceraldehyde 3-phosphate dehydrogenase (GAPDH) (Cell Signaling Technology,
Danvers, MA, USA). Before blocking, the membranes were incubated with 1% glutaraldehyde for 30
min for the analysis of cleaved caspase-3 expression [30]. Detection was visualized with the ECL
prime reagent (GE Healthcare, Sao Paulo, Brazil) and the images were then captured on a ChemiDoc
Imaging system (Biorad, Hercules, CA, USA) using Image Lab software (Biorad, Hercules, CA, USA).

2.9. LC-ESI/IT-MS/MS Analysis

The EHGV and EHGP were analyzed by LC-ESI/IT-MS/MS (LC-20AD Shimadzu, Kyoto,
Japan)and a Phenomenex Luna C-18 (250 X 4.6 mm, 5 pm) column at 25 °C was used. The
mobile phase used was Milli-Q water (Millipore) with 0.1% formic acid (eluent A) and methanol
(eluent B). Elution was performed on a linear gradient of 0 min—10% B; 1-40 min—100% B; 40-60
min—100% B. EHGV and EHGP were diluted in methanol and 0.1% Milli-Q water of formic acid at
the final concentration of 30 mg/mL and filtered through a nylon filter (0.22 pym, Allcrom Sao Paulo,
Sao Paulo, Brazil). The samples volume injected into the system was 10 pL, with a flow rate of 1
mL/min and UV-Vis detection at 254 nm. The LC was coupled to a mass spectrometer (Amazon
Speed ETD, Bruker, MA, USA) equipped with electrospray ionization (ESI) and an ion trap (IT) type
analyzer in negative mode under the following conditions: 4.5 kV capillary voltage, capillary
temperature of 325 °C entrainment gas (N2) flow 12 L/min, nitrogen nebulizer at a pressure of 27 psi.
The acquisitionrange was m/z 100-1000, with two or more events. The compounds were identified on
the basis of themolecular ion mass fragmentation.

2.10. In Silico Assay

2.10.1. Predictive Models and Theoretical Calculations

The metabolites identified in EHGV were schematically designed in 3D models on GaussView
5.0.8 [31] and had their geometric, electronic and vibrational properties optimized with Gaussian
09 [32] using the density functional theory (DFT) method, combining the hybrid functional B3LYP and the
basis set 6-31 ++ G (d, p).

2.10.2. Molecular Docking (MD)

All MD protocol utilized Autodock Vina [33]. The structure of the human cyclo-oxygenase 2
(COX-2) (PDB ID 5F19) and nuclear factor kappa-B (NF-kB) NEMO/IKK association (PDB ID 3BRV)
and ligands were prepared for MD with AutoDock Tools, version 1.5.7 [34]. Docking methodology
described in literature were used [35] with some modifications [36,37]. Gasteiger partial charges
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were calculated after addition of all hydrogens both in ligands, COX-2 and NEMO/IKKP association
structures. Non-polar hydrogens from COX-2, NEMO/IKK IKKB and EHGV metabolites were
subsequently merged. The dimensions of cubic box in the x-, y- and z-axes were 30 X 30 x 30. Grid box
was centered on oxygen atom from residues Argl20 from COX-2 and Glu89 of NEMO domain.
In addition to visual inspection, the initial coordinates of interaction complexes were chosen based on
the criterion of better docking conformation of the lowest energy score.

2.11. Statistical Analysis

Statistical analyzes between groups were performed by analysis of variance (ANOVA)
followedby Tukey test. The results that presented probability of occurrence of null hypothesis lower
than 5% (p < 0.05) were considered statistically significant. Statistical analysis was performed using
GraphPadPrism 8 software.

3. Results

3.1. Antioxidant Activity

The results show that EHGV had the highest antioxidant activity with DPPH ICso
(76.16 + 1.05 pg/mL). In the FRAP assay, EHGV also showed a higher ferric reduction(2.91

£ 0.12 mmol Fe?*/g) compared to EHGP (1.10 £ 0.25 mmol Fe?*/g). Regarding the ABTSe* ICso,
EHGV was also the sample with high antioxidant activity (13.28 £ 0.11 pg/mL) (Table 1). All differences
found were statically significant (p < 0.05).

Table 1. Antioxidant activity (DPPHe, FRAP, ABTS**) of hydroethanolic geopropolis extract producedby
Melipona fasciculata Smith.

DPPH* ICso FRAP (mmol ABTS * ICso (ug/mL)
(pg/mL) Fe?'g)

EHGV 76.16 £ 1.052 291+0.122 13.28 +0.112

EHGP 265.91 + 0.29b 1.10 £ 0.25> 58.94 + 0.09*

Trolox! 3.05+0.61 8.41+0.28 3.69 +0.63

Values represent the mean of triplicate measurements standard deviation. Different letters in the same column indicate a
significant difference (Tukey p < 0.05). EHGV —hydroethanolic geopropolis extract of M. fasciculata from Viana city,
Maranhao State, Brazil; EHGP —hydroethanolic geopropolis extract of M. fasciculata from Pinheiro city, Maranhdo State,
Brazil; DPPHe: 2.2-diphenyl-1-picrylhydrazyl radical; FRAP: ferric reducing antioxidant power; ABTSe+: 2.2)-azinobis-
3-ethylbenzotiazoline-6-sulfonic acid.

3.2. COX Inhibition Assay

Both EHGV and EHGP were tested for their ability to inhibit COX-1 and COX-2 enzymes.
EHGYV showed high COX-2 inhibitory activity (44% and 61% at 10 and 50 pg/mL, respectively) with
less than 5% inhibition of COX-1 at 50 pg/mL. EHGP shown a minor potential for COX-2 inhibition at
the same concentrations and had COX-1 inhibition next to 10% (Figure 1).
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Figure 1. Percentual in vitro inhibition of COX-1 and 2 produced by hydroethanolic geopropolis extracts
produced by M. fasciculata stingless bee obtained in Viana (EHGV) and Pinheiro (EHGP) cities, Maranhdo
State, Northeast of Brazil.

3.3. Cell Culture and Morphological Analysis

To assess the antitumoral activity of EHGV, we firstly treated A2780 ovarian cancer cells
with 15.62, 31.25 and 62.5 pg/mL EHGV for 48 h. Morphological differences were observed
between the EHGV-treated, control cells and cells treated with 10% DMSO (v/v) (vehicle) (Figure
2A,B vs. Figure 2D-F). It is possible to observe that after treatment with EHGYV, the cells become
rounded and shrunken and detached themselves from the substrate. These morphological changes
were absent in control cells and cells treated with vehicle (Figure 2). Morphological changes are
valuable for determining the preliminary potential of anticancer activity of EHGV. As positive
control, we used CDDP (10 pM) at a clinically relevant concentration [38] (Figure 2C).
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Figure 2. Analysis of morphological changes in A2780 tumor cells treated with EHGV. (A) Untreated
A2780 control cells; (B) A2780 cells treated with vehicle (10% (v/v) DMSO); (C) A2780 cells treated withCDDP
10 pM; (D-F) A2780 cells treated with 15.62, 31.25 and 62.5 ug/mL EHGYV, respectively. Cells were exposed to

various concentrations of EHGV, CDDP and DMSO vehicle control and morphological changes were
observed following 48 h of treatment. The cells were photographed (magnification 10x)with Axio-Vision
Rel. 4.8 software. Scale bar = 100 pm.

3.4. Cytotoxic Activity

Then, we assessed the cytotoxic activity of EHGV and EHGP in lung cancer (A549 and
H460), ovarian cancer (ES2 and A2780) and non-tumoral (HUVEC) cell lines treated with increasing
concentrations of EHGV and EHGP for 48 and 72 h. The results obtained through the MTT assay
revealed that the extracts decreased the percentageof cell viability for ovarian (A2780 and ES2)
and lung (A549 and H460) cancer cells in a dose-and time-dependent manner. The EHGV and
EHGP extracts showed greater cytotoxicity in the highest concentrations evaluated and in the longer
incubation time with the extract. EHGV extract demonstrated high cytotoxic effect in the 48 and 72 h
time compared to EHGP. Among the seven concentrations used, it was observed that from 31.25
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pg/mL, the EHGV extract already demonstratedthe capacity to inhibit percentage growth (Figure 3).
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Figure 3. Effects of EHGV and EHGP in A549 (A), H460 (B), A2780 (C), Es2 (D) and CDDP (EF)in four
cancer cell lines at 48 and 72 h with statistical results. 2-way ANOVA with Tukey post-test.(* indicates p
< 0.05; vs. control).

Due to the high cytotoxicity for normal cells and numerous side effects caused by most of the
traditional chemotherapy drugs used nowadays, we evaluated the cytotoxicity effects of EHGV and
EHGP extracts against non-malignant HUVEC cells. As observed in Figure 4A, treatments with EHGV
and EHGP for 48 and 72 h showed a non-significant influence on the cell viability of HUVEC cells.
EHGV and EHGP at the most elevated concentration (500 pg/mL) for 72 h barely maintained cell
viability in more than 80% (80.85 * 5.90% and 89.54 £ 6.49%, respectively) of HUVEC cells. Importantly,
when HUVEC cells were treated with CDDP, an extensively used chemotherapeutic drug for lung and
ovarian cancer, we observed a decrease in cell viability in 48 and 72 h. We highlight the treatment with
10 pM, considered a clinically relevant concentration of CDDP, that markedly reduced cell viability
close to 80% (only 17.61 £ 6.20% and 13.87 £ 4.01% of cell viability) in 48 and 72 h, respectively
(Figure 4B). Collectively, these findings show that the present extracts exerted significant cytotoxic
effects on cancer cells while showing low toxicity against non-malignant HUVEC cell lines.
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Figure 4. Effects of EHGV and EHGP (A) and CDDP (B) in non-tumor cells, HUVEC at 48 and 72 h with
statistical results. 2-way ANOVA with Tukey post-test (* indicates p < 0.05; vs. control).

The values for cell growth inhibition (Gls)) of the EHGP and EHGV extracts were
determined individually by the MTT assay over 48 and 72 h in the A2780, Es2, A549, H460 and
HUVEC cell linesand are shown in Table 2. The results show that the EHGV extract significantly
inhibited A2780 and A549 and was the most potent extract with an Glso value of 16.92 pg/mL for

A2780 and 22.64 pg/mL for A549 (Table 2).

Table 2. Cell growth inhibition (Glso) in pg/mL of EHGP and EHGV for inhibition of cell proliferationin
cancer cell lines (A2780, ES2, A549, H460) and normal cells (HUVEC).

Cell Line
A2780 ES2 H460 A549 HUVEC

Time Sample

EHGV 313.6ugml  133.1ug/mL 1054 pg/mL 1054 pgml 15500
48 h pg/mL

EHGP 177.4 ug/mL 51.4 pg/mL 360.6 pg/mL 1122 pg/mL 40650 pg/mL

EHGV 1692 pg/mL  137.7 uyg/mL  56.51 pg/mL  22.64 pg/mL 5537 pg/mL
EHGP 196 pg/mL 64.83 ng/mL 311.9 pg/mL. 5511 pg/mL 1y determinate

72h

EHGV = hydroethanolic geopropolis extract of M. fasciculata from Viana city, Maranhao State, Brazil; EHGP =
hydroethanolic geopropolis extract of M. fasciculata from Pinheiro city, Maranhao State, Brazil; Glso values calculated by
non-linear regression equation log (inhibitor) versus response—variable slope by the MTT assay. Concentration required
to inhibit cell growth by 50% as determined by the dose response curve. Values are expressed as mean + standard deviation
of cytotoxicity assays (n = 4).

3.5. Cell Cycle Analysis by Flow Cytometry and Analysis of Apoptosis by Western Blot

To explore the possible mechanisms underlying EHGV cytotoxicity in cancer cells, we
analyzedcell cycle distribution and induction of apoptosis thought of cleaved caspase-3 and cleaved
PARP inA2780 cells. Cell cycle distribution was analyzed by flow cytometry after a 48 h exposure to
EHGV (15.65 and 31.25 pg/mL). EHGV treatment increased cells in S-phase compared with control cells

treated with vehicle (Figure 5A). Additionally, treatment with EHGV at 31.25 pg/mL led to the

accumulation of small DNA fragments in the sub-G1 phase (hypodiploid peak) in A2780 cells compared
to control cells (5% vs. 9.79%). Interestingly, the treatment with CDDP, a drug currently employed in the
treatment of ovarian cancer, showed the equivalent results in A2780 cells (8%) (Figure 5A).
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Figure 5. Analysis of effect of EHGV on cell cycle phase distribution and Western blot analysis of
apoptosis-related proteins in A2780 cells treated with EHGV (15.65 and 31.25 pg/mL) and CDDP (10
pM) for 48 h. (A) Distribution of cells in sub-G1, G1, S or G2/M phases of cell cycle in A2780 cells treated
with EHGV (15.65 and 31.25 pg/mL), CDDP (10 pM) and vehicle (control) for 48 h. (B) Westernblot analysis
of cleaved caspase-3 and cleaved PARP in A2780 cells treated with EHGV (15.65 and 31.25 pg/mL),
CDDP (10 pM) and vehicle (control) for 48 h. GAPDH was used as loading control.

Intrigued with the low proportion of cells in the sub-G1 phase (considered as apoptotic cells)
and the impressive results in decreasing the percentage of cell viability in ovarian cancer cells (Figure 3),
we next verified apoptosis-related proteins by Western blot. Cleavage of caspase-3 (17 kDa subunit)
and PARP (89 kDa subunit) to their active forms is an important event in cancer cell apoptosis. As
shownin Figure 5B, treatment with EHGV for 48 h increased the expression of cleaved caspase-3 and
cleaved PARP in a dose-dependent manner. Additionally, A2780 cells treated with CDDP 10 uM for

48 h alsoshowed an increase in these apoptosis-related proteins.

3.6. LC-ESI/IT-MS/MS Analysis

Tables 3 and 4 summarize the list of identified compounds in the classes of glycosylated
flavonoids, triterpenes, triterpenoid saponins, hydrolyzable tannins, anthraquinones and catechins,
their retention time, molecular weight, molecular ions [M — H]™ and main ions of the products obtained
by LC-ESI/IT-MS/MS for the 23 peaks of fragmentation of EHGV and EHGP.
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Table 3. Compounds identified in the hydroethanolic geopropolis extract produced by M. fasciculata stingless bee
from Viana city, Maranhao State, Brazil, by LC—ESI/IT-MS/MS.

Compound RT(min) Identification MW %/}zl)] MS/M?nfl‘;:)gme“ts
1 2.8 gluconic acid 196 195 128; 177
2 3.1 Corilagin 634 633 615; 484
3 15.9 Taraxerone 424 423 304; 334; 406
4 18.2 myricetin-3-0-a- 450 449 430; 359; 329
arabinopyranoside
5 19.1 Prunin 434 433 313
6 20.5 Dipterocarpol 443 442 209; 165
7 24 taxifolin 7-O-rhamnoside 450 449 405
8 24.7 Isoschaftoside 564 563 548; 298
377, 333; 297, 214,
9 25.3 Marsformosanone 422 421 179: 157
10 32 B-amyrin 427 426 232
11 40 Typhaneoside 770 769 375; 331
12 44.5 3-[xyl]-28-glc-phytolaccagenin 826 825 403; 360

RT, retention time; MW, molecular weight; [M — H]™ molecular ion

Table 4. Compounds identified in the hydroethanolic geopropolis extract produced by M. fasciculata stingless
bee from Pinheiro city, Maranhao State, Brazil, by LC-ESI/IT-MS/MS.

Compound RT(min) Identification mw  M-HI MS/MS fragments

(m/z) (m/z)
1 2.8 gluconic acid 196 195 128; 177
2 16 Taraxerone 424 423 304; 334; 364; 406
3 17.8 dihydroquercetin -C-glycoside 450 449 a3L; 3593;03329; 287
4 18.2 dihydroquercetin-C-glycoside 5, 449 430; 359; 329
isomer

5 19.1 narigenin-C-glycoside 434 433 313
6 20.2 narigenin-C-glycoside isomer 434 433 415; 313
7 21 vitexin-O-galate 584 583 169; 313; 932; 537
8 22.5 pinobanksin glycosylated 436 435 270; 151; 341; 391
9 22,9 dihydroquercetin 3-O-ramnoside 450 449 303; 405

. . 262;357; 419; 458,;
10 33.8 xantholaccaic acid A 521 520 502: 542
11 42.5 gallocatequin-xylose 438 437 305; 357; 393; 437

RT, retention time; MW, molecular weight; [M-H]- molecular ion

3.7. In Silico Study

In the molecular docking study, all metabolites identified in EHGV were used. All
compounds showed very satisfactory affinity parameters to both COX-2 and NF-kB structures.

On COX-2, high parameter values were found for corilagin, typhaneoside and B-amyrin, with
values for free binding energies of —9.3, —8.8 and —8.7 kcal/mol, respectively. Regarding NF-kB,
taraxerone, marsformosanone and B-amyrin had parameters indicating high interaction, with free

binding energies of —8.4, —=7.7, —7.4 kcal/mol, respectively. The results of the free binding energy
parameters of EHGVmetabolites are shown in Table 5.
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Table 5. Free binding energies obtained by molecular docking of the compounds identified in EHGV.

COX-2 NF-«B

Ligand (hcalimol Ligand (healimol
corilagin -9.3 Taraxerone -8.4
typhaneoside -8.8 marsformosanone -1.7
B-amyrin -8.7 B-amyrin -7.4
isoschaftoside -8.6 dipterocarpol -6.9
3-[xyl]-28-glc-phytolaccagenin -8.5 3-[xyl]-28-glc-phytolaccagenin -6.9
marsformosanone -8.5 Prunin -6.8
taraxerone -8.3 Corilagin -6.6
prunin -8.0 Typhaneoside -6.5
myricetin-3-O-a-arabinopyranoside -7.9 Isoschaftoside -6.4
dipterocarpol -1.7 myricetin-3-O-a-arabinopyranoside -6.3
taxifolin 7-O-rhamnoside -7.6 taxifolin 7-O-rhamnoside -6.0

The docking results showed that corilagin, typhaneoside and B-amyrin have hydrogen bonds and
van der Waals interactions with residues from COX’s catalytical site triad (Argl20, Thr385 and Glu524)
and neighboring residues. It is also shown that the taraxerone, marsformosanone and B-amyrin
performs van der Waals interactions with residues Glu89, Lys90, Leu93, Met94 and Phe97 (NEMO
domain) and Glu729, GIn730, Ser733 and Phe734 (IKKB domain). The spatial conformation from
ligands obtained by the molecular docking study is shown on Figure 6.

Figure 6. Spatial conformations obtained by molecular docking of corilagin (in green),typhaneoside (in
yellow) and B-amyrin (in cyan) on COX-2 active site (A) and conformations of taraxerone (in blue),
marsformosanone (in magenta) and B-amyrin (in cyan) on NEMO/IKK B structure (B).

4, Discussion

The findings reported herein indicate that EHGV and EHGP exhibit the ability to reduce ferric
ions to ferrous ions (FRAP) and free radical scavenging activity (DPPHe and ABTSe"), suggesting
significant antioxidant activity (Table 1). These results are in agreement with previously reported
findings fromstingless bee geopropolis [21,39,40].
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Several types of oxidative damage at the cellular level are avoided in biomolecules such as
lipoproteins and/or DNA, due to the presence of antioxidants. In the absence of these compounds,
the oxidative stress produced by an increased production of reactive oxygen species (ROS) is responsible
for triggering a complex and wide cascade of biochemical events harmful to organisms and associated
to several pathological and disease processes, including cancer [41,42]. In addition, the interactions of
antioxidant compounds with ROS through the elimination of free radicals are implicated in reducing
conditions triggered by oxidative stress, such as cancer and other inflammatory processes [43].

Considering the antioxidant activity of M. fasciculata geopropolis extracts, COX inhibition
potential and antitumor activity were evaluated by an in vitro cytotoxicity assay, where anti-
inflammatory and antioxidant activities can be associated to antitumor activity [43,44]. Due to its
higher antioxidant activity, EHGV also exhibited major inhibitory activity, inhibiting 61% of COX-2 and
only 5% of COX-1 at 50 pg/mL (Figure 1). EHGV also demonstrated higher cytotoxic effect,
decreasing cell viabilityin ovarian (A2780 and ES2) and lung (A549 and H460) cancer cells (Figure 3).

Extracts exhibiting antioxidant properties commonly act as enzyme inhibitors, i.e., COX,
xanthine oxidase, lipoxygenase, phospholipase A: and others. The prostaglandin metabolism
mediated by COX plays a fundamental role in inflammatory processes and is important in
carcinogenesis, tumor differentiation, tumor growth and in suppressing tumor immunity, contributing to
cancer immunotherapy resistance to several types of tumors [6,45,46]. In addition, a possible
carcinogenesis inhibition mechanism has been reported forCOX-2 inhibition since this enzyme plays
an important role in the activation of local growth factors that lead to neovascularization,
inflammation and carcinogenesis [47]. Thus, products that inhibit COX-2, such as M. fasciculata
geopropolis, exhibit the potential to integrate future preventive and therapeutic anticancer strategies.

Considering the importance of lung and ovarian cancers, both resulting in high mortality
rates, usually detected in advanced stages and exhibiting significant chemoresistance [2,48], two lung
cancer cell lines (A549 and H460) and two ovarian cancer cell lines (ES2 and A2780) with different
genetic backgrounds were selected for antitumoral activity evaluation of M. fasciculata hydroethanolic
geopropolis extracts.

Several morphological changes in A2780 ovarian cancer cells treated with EHGV were
observed,especially at the highest exposed concentration (62.5 pg/mL) (Figure 2). EHGV-treated cells
became rounded and shrunken, exhibiting decreased density and detaching themselves from the
substrate. These features are suggestive of EHGV-induced cell death mediated through apoptosis.
Changes in cell morphology were less prominent when treated with clinically relevant
concentrations of CDDP, routinely used in lung and ovarian cancer treatment [48].

Furthermore, the MTT assay was used to measure the cytotoxic effects of the extracts in lung and
ovarian cancer cell lines. Our findings indicate that EHGV demonstrated higher cytotoxic effects at 48
and 72 h compared to EHGP in all cancer cell lines (Figure 3).

Drug discovery of new cytotoxic agents that explores differences between cancerous and
normal cells continues to be a public health demand. Therefore, anticancer agents are expected to
exhibit minimum effects on non-tumor cells. For this reason, we also evaluated extract cytotoxicity in
non-malignant HUVEC cell lines. No significant toxic effects were observed, reinforcing the safety of
the geopropolis extract and emphasizing its ability to inhibit cell proliferation, promoting its antitumor
activity (Figure 4). Our investigations regarding the toxic effects of the extract corroborate Barboza et
al. [49], who evaluated acute EHGV and EHGP toxicity in a zebrafish toxicity model and reported very
low toxicity.

Previous studies have reported that M. fasciculata geopropolis exerts cytotoxic effects in a
humanleukemia monocytic cell line with significative decreases in cell viability at high concentrations (50
and 100 pg/mL) [25]. Additionally, Cinegaglia et al. [24] reported that M. fasciculata geopropolis also
exhibits cytotoxic activity against canine osteosarcoma (OSA) cells. In another study, geopropolis
produced by Melipona mondury Smith exhibited significant antiproliferative activities against various
tumor cell lines (mouse melanoma, B16-F10, human hepatocellular carcinoma, HepG2, human
promyelocytic leukemia, HL-60 and human chronic myelocytic leukemia K562) and no cytotoxic
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effects against non-tumor cells [14].

According to the USA’s National Cancer Institute (NCI), crude extracts with Glso < 30
pg/mL in the preliminary assay are considered promising cytotoxic agents against neoplastic cells
[50,51]. Therefore, EHGV is a promising product due to a Gls value of 16.92 pg/mL in A2780 cancer
cell linesand 22.64 pg/mL in A549 cancer cell lines (Table 2). Regarding the four-human cancer-
derived cell lines, the A2780 ovarian cancer cell line was selected to screen EHGV’s ability to induce
apoptosis (programmed cell death) and its impact on the cell cycle due to a higher Glso value of 16.92
pg/mL for A2780. The A2780 cell line was treated with EHGV at two concentrations (15.65 and 31.25
pg/mL) for 48 h and then analyzed by flow cytometry. EHGV-treated A2780 cells displayed an
increased percentage of cells in the S-phase compared with control cells treated with the vehicle. As
mentioned previously, CDDP is routinely employed in the treatment of ovarian cancer and exhibited
similar effects concerning an increased number of cells in the sub-G1 phase compared to the EHGV
(31.25 pg/mL) treatment in A2780 cells (Figure 5A). It is important to emphasize that no studies have
characterizedcell cycle modulation after geopropolis extract exposure in cancer cells.

Apoptosis, a form of programmed cell death, involves the activation, expression, and
regulation of various proteins [52]. Clinically, the main goal in cancer therapy is cancer cell death.
Caspase-3 is a central apoptosis effector, catalyzing the specific cleavage of many key cellular
proteins, like nuclearprotein poly (ADP-ribose) polymerase (PARP) [53,54]. The results of the present
study also indicate that EHGV dose-dependently enhances A2780 cell apoptosis after 48 h of
treatment by increasing theexpression of cleaved caspase-3 and cleaved PARP (Figure 5B).

PARP plays an essential role in several cellular process, such as maintenance of genomic stability,
DNA repair and apoptosis [55], and is a target of caspase-3 protease activity. Caspase-3 cleaves
PARP into two fragments (89 and 24 kDa) during apoptosis. This cleavage is considered a useful
hallmark of cell apoptosis [56]. As shown in Figure 5B, EHGV activates caspase-3 cleavage and,
consequently, reduces proteins levels throughout the total PARP length in EHGV-treated cells. This can be
accompanied by increased PARP expression, an apoptosis characteristic [57].

Following the positive results of decreased cell viability in lung and ovarian cancer
cells, chemical composition characterization was performed. The LC-ESI/IT-MS/MS analysis
indicates a chemical composition similarity between the two extracts related to glycosylated
flavonoids and triterpenes (taraxerone). Triterpenes ursane (marsformosanone), oleanane (f-amyrin)
and dammaren (dipterocarpol) skeleton and glycosylated triterpene saponin (3-[Xyl]-28-Glc-
phytolaccagenin) were identified in EHGV, which were not detected in EHGP (Tables 3 and 4).
These findings corroborate studies concerning the chemical composition of M. fasciculata geopropolis
from different areas, due tothe predominance of substances of the polyphenolic classes (hydrolysable
tannins and flavonoids) and triterpenes [19,21,40,58].

Yam-Puc et al. [59] identified thirteen pentacyclic triterpenes in a chloroform-methanol-
propolisextract from Melipona beecheii including marsformosanone, taraxerone and B-amyrin, which
were also identified in EHGV. Besides taraxerone, two other pentacyclic triterpenoid
(marsformosanone and B-amyrin) and one dammaren triterpene (dipterocarpol) and one
glycosylated triterpene saponin (3-[Xyl]-28-Glc-phytolaccagenin) were also identified in EHGV. The
triterpenes marsformosanone and dipterocarpol and 3-[Xyl]-28-Glc-phytolaccagenin, a triterpene
saponin, were identified for the first time in Melipona fasciculata geopropolis. Triterpenoids, in
general, are commonly attributed to inhibition of NF-kB activation and signal transduction, cell
proliferation, apoptosis, angiogenesis andmitochondrial dysfunction [8].

According to the EHGV anti-inflammatory and antitumor activity results, which suggest
that COX-2 receptor and NF-kB play a role in these effects, molecular docking of the compounds
identifiedin the EHGV against these targets was also performed (Figure 6).

The molecular docking results suggest that corilagin, a hydrolysable tannin, typhaneoside,
glycosylated flavonol, and the triterpene B-amyrin exhibit the best affinity parameters to COX-2
structure (Table 5). Corilagin exhibited greater interaction and its antitumor and anti-inflammatory
potential is described in the literature, which may act in suppressing COX-2 expression at the gene
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and protein levels, demonstrating that this molecule may inhibit the inflammatory process [60-62].
No records concerning typhaneoside COX inhibitor potential are available, but is recognized that this
molecule can regulate IL-6 and TNF- [63] and promote cell proliferation and decrease NO levels
in HUVEC cells [64], suggesting anti-inflammatory activity and no cytotoxic effects. B-Amyrin also
displays antitumor effects against HepG2 liver carcinoma cells, causing apoptosis, cell cycle disruption
and activation of the JNK and p38 signaling pathways [65]. B-Amyrin reduces the expression of
TNF-«, IL-1B, IL-6, PGE2, COX-2 [66] and exhibits high inhibition of PGE2 and IL-6 secretion and
NEF-kB activation in a concentration-dependent manner, being a promising molecule for the treatment
of various inflammatory disorders [67].

COX-2 is the main enzyme acting in prostaglandin H2 (PGH2) production through the
conversion of arachidonic acid. This prostaglandin can later be converted into different prostaglandins
such as PGE: PGD:, PGF:y, and also into thromboxane A:. These inflammatory prostanoids are
closely associated to rapid and disordered tumor growth, characteristic of malignant neoplasms, since
they promote cell division, metastasis and angiogenesis, in addition to inhibiting cell apoptosis
[68,69]. Thus, the fact that EHGV displays a preference for COX-2 inhibition is directly correlated to
the antitumor capacityreported herein.

Regarding the NF-kB receptor, taraxerone, marsformosanone and B-amyrin exhibited the
best affinity parameters in the molecular docking study, with their conformations as the best free
bindingenergy in the same region (Table 5), interacting with important catalytic residues such as the
Glu89 NEMO and Ser733 IKKB domains [70]. Taraxerone, identified in both EHGP and EHGV, has
been described in the literature as displaying antitumor potential, inhibiting cancer cell proliferation
and colony formation in A549 lung cancer cells, revealing potent cytotoxic effects in a dose-
dependent manner and characteristic of apoptosis [71]. Taraxerone has also been reported as an
antioxidant and iNOS inhibitor [72]. No records regarding marsformosanone’s potential as an NF-kB
inhibitor agent are available, so this is the first study to suggest this activity. Pentacyclic triterpenes
have been described as potential NF-kB signaling pathway inhibitors [73-75]. Laszczyk [76] described
that triterpenes with a lupano, oleanan or ursano skeleton, including B-amyrin, display antitumor
activity against different modes of action. B-Amyrin shows anti-inflammatory and anti-apoptotic
effects on hepatic fibrosis inmale rats [77]. Additionally, Ghante and Jamkhande [8] reported that
triterpenoids display the abilityto inhibit NF-kB activation.

NF-kB regulates the transcription of anti-apoptotic genes, contributing to cancer cell escape
from apoptosis [78]. NF-kB inhibition in experimental studies has shown promising results in
enhancing apoptosis and potentiating antitumor agent effects [79]. In addition, NF-kB is pivotal in
inflammatory responses. Therefore, inhibition of the NF-kB signaling pathway exhibits potential
therapeutic application in cancer and inflammatory diseases [80,81].

Thus, based on our EHGYV result, an EHGV mechanism of action in ovarian cancer cells is suggested
(Figure 7).
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Figure 7. Proposed EHGV mechanism of action in ovarian cancer cells.

These findings reinforce our hypothesis that these molecules have the potential to become
research targets for new drugs exhibiting anti-inflammatory and antitumor activities. Therefore,
geopropolis may be a less toxic therapeutic alternative to be tested in the future in combination with
monotherapyor polytherapy cancer treatment regimens.

5. Conclusions

The hydroethanolic geopropolis extract produced by Melipona fasciculata is composed of
hydrolysable tannin, glycosylated flavonoids, anthraquinone, catechin, and triterpene substances
which can be related to the antioxidant and anti-inflammatory activities and cytotoxic effects against
A2780, ES2, A549, H460 cell lines. The extracts also have high preference for COX-2 inhibition,
contributing effectively to antitumor activity. The in silico results, in concordance with our results
from anti-inflammatory and antitumor activities, suggests that this activity can be due to COX-2
inhibition and NF-kB activation. Thus, we demonstrated for the first time that geopropolis produced

by M. fasciculata has cytotoxic effects thought mediating apoptosis and cleaved caspase-3 activation
in cancer cells, showing low toxicity against non-malignant HUVEC cell lines. We conclude that
geopropolis is a natural product that exhibits anticancer properties that should be further evaluated in
monotherapy or polytherapy schemes to improve chemotherapy—antitumor responses and long-term
benefits in cancer patients.
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Abstract

Ovarian cancer is the second leading cause of mortality among women with cancer of the genital tract. Currently,
platinum-derived drugs and taxanes are the standard treatments for ovarian cancer. However, patients receiving
this chemotherapy often develop cumulative toxic effects and are prone to chemotherapy resistance. Therefore, it
is necessary to determine treatment options that are more effective and better tolerated by patients. In this
context, phytochemicals are chemicals naturally produced in plants in their secondary metabolism with
antitumor activity that can represent therapeutic or adjuvant alternatives in the treatment of ovarian cancer. The
present review focused on the antitumor effects of the main phytochemicals, including phenolic acids,
flavonoids, diterpenes, triterpenes, saponins and alkaloids that are being increasingly investigated as therapeutic
options in ovarian cancer. Moreover, the molecular mechanisms involved in inhibition of cell proliferation and
metastasis, in induction of apoptosis and increase of the chemosensitivity to platinum and taxanes derivatives in

combination with these phytochemicals were presented.

Keywords: ovarian cancer; phytochemicals; molecular mechanisms; chemosensitivity; chemoresistance.
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1 INTRODUCTION

Ovarian cancer is the second most common gynaecological neoplasm, losing only to
cervical cancer, being the type of gynaecological cancer with the highest mortality rate
worldwide, since its diagnosis is usually late, which hinders its treatment [1].

In 2020, 313,959 new cases and 207,252 deaths of ovarian cancer were reported
worldwide [2]. Its incidence is associated with several risk factors like genetic mutations of
BRCAI and BRCA2 genes ("breast cancer 1 and 2" genes that encode tumor suppressor
proteins), family history of ovarian or breast cancer, late menopause, endometriosis,
nulliparity, hormone replacement therapy, obesity, lack of physical activity and smoking [3].

Histologically, there are three main classes of malignant tumors that can arise in the
ovary: epithelial ovarian cancers (histological subtypes: serous, endometrioid, mucinous and
clear cell), germ cells and sex-cord-stromal, being almost all ovarian neoplasms (95%)
derived from epithelial cells, expanding its incidence in women over 40 years of age [4].

Despite advances in available therapies for ovarian carcinoma, its treatment is limited
to cytoreductive surgery and chemotherapy with platinum derivatives (cisplatin and
carboplatin) and taxanes (paclitaxel and docetaxel) that, although they are the first choice,
have as the main obstacle to its efficiency the development of resistance after the long-term
chemotherapy [5]. This resistance to chemotherapy is due to molecular changes such as
increased oxidative stress and reduced apoptosis, and genetic changes such as mutations in
tumor suppressor genes BRCA1, BRCA2 and p53 gene in the cancer ovarian cell that
contribute to lower therapeutic response of platinum derivatives and taxanes leading to a
challenge in the treatment strategy to improve the prognosis of patients with ovarian cancer
[6].

In addition, tumor growth in ovarian cancer is influenced by the tumor
microenvironment that is consisted of immune cells, fibroblasts, extracellular matrix, some
proteolytic enzymes such as matrix metalloproteinase, vascular endothelial growth factor,
transforming growth factor beta and platelet-derived growth factor [5]. This
microenvironment promotes tumor cell proliferation, migration and invasion, and therapeutic
alternatives seek to inhibit these factors to find an effective treatment for ovarian carcinoma
[7].

In this context, in vifro and in vivo experimental studies have demonstrated that

phytochemicals of the classes of phenolic compounds (phenolic acids and flavonoids),
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terpenes (diterpenes, triterpenes, saponins) and alkaloids can be a therapeutic alternative alone
or in association with chemotherapies, since they exert antitumor properties against ovarian
cancer in different types of pathways, mainly through inhibition of apoptosis, oxidative stress
and inflammation; improve the effectiveness of conventional chemotherapy by acting as
chemosensitizing agents; decrease chemoresistance; and reduce the toxicity induced by
conventional chemotherapy [8—14].

Phytochemicals are chemicals naturally produced in plants in their secondary
metabolism, presenting several biological activities including anti-inflammatory, antioxidant,
and antitumor effects with less toxic effects to normal cells [15]. Specifically, the
effectiveness of phytochemicals to induce cell growth regulation, apoptosis, oxidative stress
reduction, anti-angiogenesis and sensitization are associated to their antitumor effect in
ovarian cancer [16].

Thus, in this review, we discussed the antitumor effects of phytochemicals in ovarian
cancer, how their can be useful as alternative or adjuvant treatments and summarized the
possible molecular mechanisms of action by which these compounds inhibit this type of
cancer. Our focus was on preclinical studies (in vitro and in vivo) to demonstrate to readers
how these models can contribute to the achievement of alternative strategies for ovarian

cancer therapy.

2 METHODS

The information in this review article was searched in databases PubMed, Scopus and
Science Direct in the period from 2010 to 2020 using keywords such as "ovarian cancer",
"phytochemicals”, "phenolic compounds", "terpenes" and "alkaloids". The selection of
articles was based on the following inclusion criteria: original articles with pre-clinical trials,
articles with keywords in the title, abstract or full text, articles with chemical substance
isolated or identified in the extract or identified the class of secondary metabolites, articles

that described the mechanism of action in ovarian cancer and articles published in English.

3 RESULTS AND DISCUSSION

The selection of articles by primary search identified 2096 articles, of which 1752



88

were in ScienceDirect, 210 were in PubMed, and 310 were in Scopus. Articles indexed in two
or more databases were considered only once. After the initial screening of titles, abstracts,
and keywords, 60 articles were selected, as the others did not meet the inclusion criteria. We
observed that the chemical constituents with activity to ovarian cancer belonged mainly to the
classes of phenolic compounds (43%), terpenes (22%), saponins (14%) and alkaloids (17%).
The literature showed higher proportions of in vitro experimental studies using most
frequently the cell lines A2780 (human ovarian cancer cells obtained from tumor tissue of an
untreated patient), SKOV3 (ovarian adenocarcinoma, resistant to a variety of substances such
as tumor necrosis factors, adriamycin and cisplatin presenting high proliferation and invasion
potential) and OVCAR3 (high-grade serous ovarian adenocarcinoma established from a
patient refractory to cisplatin). In vivo studies have been performed to a lesser extent and
conducted primarily with xenograft tumor models. Table 1 summarizes the selected articles,
the phytochemicals, the classes of secondary metabolites and the mechanism of action
regarding antitumor activity in ovarian cancer. The selected articles, most were published in
the years 2015 to 2020 (49 articles; 83%), suggesting that the use of phytochemicals and

elucidation of their molecular targets in ovarian cancer is a recent issue.



Table 1. Literature data concerning phytochemicals with antitumor activity in ovarian cancer cell lines.
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. . Assa . .
Chemical Class of Natural Ovarian cancer Ay Main efects and mechanism of
R In vitro/ . Reference
substance(s) compounds Occurrence cell lines In vive action
blackberries, grape Inhibition of Bcl-2 level;
. seed, pomegranate, Activation of caspase 3;
Ellagic acid C(I))Iklllel:)?l]:lcds raspberries, tea, I;i_j In vitro Cell cycle arrest in G1 phase; [17]
P vanilla Elevation of p53 and Cipl/ p2 levels;
Suppression of cyclin D1 and E levels
Induction of apoptosis, autophagy, and cell
Phenolic SKOV3 cycle arrest in G2/M phase.
Protocatechuic acid grapes, rice, olives OVCAR3 In vitro Activation of cleaved PARP, caspase 3 [18]
compounds :
A2780 and Bax;
Inhibition of Bcl-2.
Phenolic HEY Cell cycle arrest in the G2
10-Gingerol compounds Ginger OVCAR3 In vitro phase and decreased expression of cyclins [19]
P SKOV3 A, B1, and D3.
blackberries, grape Inhibition of VEGF and regulation of the
seed, OVCARS3 PTEN / AKT / HIF-1a pathway is
pomegranate, A2780/CP-70 In vitro . pathway [20]
. responsible for the suppression of
raspberries, . !
. i1a angiogenesis.
Gallic acid Phenolic e
compounds Association of gallic acid with paclitaxel
. (PTX) decreased proliferation and cycle
isolated from
C Ipini A2780 In vitr arrest G2/M; [21]
mim;lseosiccllf slrEka A2780AD nviro Sensitization of PTX-resistant ovarian
carcinoma cells by ROS-mediated ERK
inactivation.
In vitro Induction of apoptosis;
Gallic acid, Phenolic black tea, green tea, or SKOV3 In vivo Cell cycle arrest; 8]
Myricetin compounds wine OVCAR3 In silico Inhibition the carbonic anhydrase IX and

PI3K protein.
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clery, herbs, parsley,

. ) A2780
Apigenin, Luteolin, Phenolic t::ag;m?ilclz;;(;;?;:r OVCAR3 In vitro Activation of the extrinsic apoptotic [22]
Myrecetin compounds bla;:k ¢ e’; green tea 0; SKOV3 pathway by caspase 3 and 9.
wine
Flavonoides from Induction of apoptosis with increased
chinese bayberry_ expression of cleaved caspase 3 and 7;
leaves: Phenolic chinese bayberry Positive regulation of Bad and Bax and
Miricetin 3-O- . A2780/CP70 In vitro negative regulation of Bcl-xL and Bcl-2; [23]
ramnoside, compounds leaves flavonoids Reduced expression of cyclin D1 and
Quercetin 3- CDK4 and p-Erk leading to G1 cell cycle
rhamnoside arrest.
Flavonoides from
Scutellaria barbata
D. Don
Quercetin-3-O-f-
D-
glycopyranoside,
Luteolin-7-O-p-D-
Rglii/lfloﬁgggrilg-ei- Induction of apoptosis by inhibition of
O-B-D- Phenolic Scutellaria barbata D. A2780 . Bel-2 and‘ 1nd1}ct1(?n O.f Casp ase 3 and 9;
glucopyranoside, compounds Don SKOV3 In vitro Cell m.1grat10n mhlbltory effect by [24]
Hispidulin-7-O-p- negative regulatlop of MMP-2/9
D-glycuronide, expression.
Baicalin,
Scutelarein,
Luteolin,
Quercetin,
Apigenin,
Naringenin,
Baicalein,
Wogonin
Curcumin, turmeric, tea, Inhibition of NF-KB activation increasing
Epigallocatechin-3- Phenolic chocolate, grapes, A2780 A2780°R In vi apoptosis. 25
gallate, Genistein,  compounds soya, beans, A278(0%#P0473R nvitro Combined synergistic effect with platinum [25]
Resveratrol chickpeas, alfalfa, drugs.



https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/morella-rubra
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/morella-rubra
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blueberries, peanuts,
raspberries, wine

onion, kale, leek,

PA-1 cells from

Regulates the intrinsic apoptotic pathway

Quercetin Phenolic broccoli, buckwheat, humar} metastatic In vitro by 1nh1b1t1ng Bcl-2, Bel-xL and increasing [26]
compounds red eranes. tea. apples ovarian cancer expression of caspase-3, caspase-9, cytoc-
grapes, tea, app ¢, Bid, Bad and Bax.
Baicalin . isolated from .
Baicalein Phenolic Scutellaria baicalensis  OVCAR3/CP-70 In vitro Decreased expression of VEGF, cMye, [27]
compounds . NF-kB and HIF- 1o.
Georgi
Eﬁ:gl:(czl::;d black tea, green tea,
Fcin Gille ol I STE oo L EGE I et
acid, Nobiletin, ~ compounds 5P : A2780/CP70 g108 :
Tangeretin and plants of the genus
Baicalein, Baicalin Scutellaria
Inhibition of cell proliferation and
apoptosis by increasing the level of PARP
cleavage.
o Phenolic . . A2780 . Decreased mitochondrial membrane
Nobiletin compounds fruits Citrus OVCAR3 Invitro potential and induction of reactive oxygen [29]
species generation and
autophagy contributing to gasdermin D/
gasdermin E mediated pyroptosis.
Increased MIR-9 expression and
SKOV3 In vitro subsequent modulation of the Akt / [30]
FOXOL1 axis preventing cell proliferation
and stimulating apoptosis
Curcumin Phemh; Tumeric Increased sensitivity to cisplatin.
compounds SKOV3 I vitro Inhibition of Akt /mTOR/ERK and 20]
OVCAR3 inhibition of NFkf signaling activation
inducing apoptosis.
Combined synergistic effect with
A2780/ADM In vitro paclitaxel drugs, raising the concentration [31]

of paclitaxel in tumor cells.
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Phenolic blueberries, grap'e 5, OVCAR3 In vitro Epigenetic modulation of miRNAs or
Resveratrol peanuts, raspberries, e [32]
compounds . In silico IncRNAs.
wine
Induction of apoptosis with increased
. Phenolic isolated from OVCAR3 . cytochrome c re1§a§e and caspsase-3
Geraniin compounds Phyllanthus amarus SKOV3 In vitro . activity; [33]
Schum & Thonn. Downregulation of Mcl-1 and NF-xB p65
to the mcl-1 promoter.
Induction of apoptosis by activation of
Prodelphinidins Phenolic isolated from caspase, Bcl-2 and up-regulation of death
from Morella OVCAR3 In vitro receptor 5 (DRS) and Fas expression; [34]
compounds Morella rubra Lour i o . .
rubra Lour Inhibition of the protein kinase B signaling
pathway.
Cell cycle arrest at the G2 /M;
o Phenolic isolated from SKOv3ip In vifro Negative regulation of Cyclin B1, Mytl,
Corilagin compounds Phyllanthus niruri L Hey In vivo Phospho-cdc2 and Phospho-Weel; [35]
’ HO-8910PM Blockade of the activation of the Smad and
ERK/ AKT pathways;
CDDP-sensitive:
OV2008 (wt-p53),
A2780s (wt-p53),
OVCAR-432 Induction of apoptosis in CDDP-resistant
(p53-mutant). strains through negative regulation of
Hirsutenone Phenolic bark of Alnus hirsuta CDDP -resistant: In vitro PI3K / Akt function, leading to XIAP [36]
compounds var. sibirica OVCAR-433 (wt- degradation via proteasome-ubiquitin,
p53), A2780cp, and AIF-dependent apoptosis.
Occ-1 (p53-
mutant), and
SKOV3 (p53-
null).
. , . A2780/CP70 Induction of apoptosis by regulation of
Theaﬂav1n-3, 3" Phenolic black tea OVCAR3 In vitro caspase-3 and -7 expression; [37]
digallate compounds Acting on the Wnt / B-catenin pathway.
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plants of Negative regulation of the expression of
o Phenolic Anacardiaceae, A2780 In vitro gative regutal °xp
Mangiferin . metastasis- associated proteins MMP2 and [38]
compounds Celastraceae and ES-2 In vivo
. MMPO.
Gentianaceae
Cell cycle arrest in the G2 / M phase.
. . - Regulation of relative apoptotic protein
Osthole Phenolic 1solateq f.rom Crnidium A2780 In vitro Bcl-2, Bax and Caspase 3/9. Inhibition of [39]
compounds monnieri (L.) Cusson OV2008 . .
the expression of metastasis-
associated proteins MMP2 and MMP9.
Cell cycle arrest of G1 phase. Inactivation
of mitogenic signaling pathways, such as
Phenolic isolated from Akt, ERK, and p38 (MAPK),
Ethyl caffeate Ligularia fischeri SKOV3 In vitro and negative regulation of cell surface [40]
compounds . . . .
(Ledeb.) Turcz signaling molecules, including receptor
tyrosine
kinases, integrin a3p1, and N- cadherin.
Cell cycle arrest in G1/S phase and
induction of apoptosis; Suppression of the
‘solated from SKOV3 In vitro mTOR signaling pathway ’an(.i increased [41]
. . . A2780 FOXP3 expression;
Oridonin Terpenes Rabdosia rubescens .
Hemsl) HLH - Reduced expression of MMP- 2
(Hemsl.) H.Hara and MMP-9.
SKOV3 In vitro Inhibition of the mTOR signaling
OVCAR3 In vivo pathway; Inhibitory effects on solid [42]
A2780 ovarian tumor growth.
. . Induction of apoptosis by caspase pathway
Cryptotanshinone Terpenes 1sol§1t§d fro‘m Salvia A2780 In vitro and inhibition of MMP-2 and MMP-9 [43]
miltiorrhiza Bge .
expression.
isolated from carcinoma- In vitro Induction of apoptosis via inhibition of
Triptolide Terpenes Tripterygium wilfordii derived COC1/ In vivo PI3K / Akt-related proteins with reduced [44]
Hook CDDP Akt and GSK3p phosphorylation.
. isolated from . . e
Cyparissins A and . . A2780, A2780 . P-glycoprotein-mediated inhibition of
B Terpenes Euphorbia cyparissias ADR In vitro multidrug resistance. [45]

L.
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In vitro Apoptosis by PI3K/AKT /INK signaling
. A2780 . [46]
. Isolated from Salvia In vivo pathways and caspases 3, 8, 9.
Tanshinone ITA Terpenes o . :
miltiorrhiza Bunge Cell cycle arrest in the G2/M phase;
SKOV3 In vitro Decrease of Bcl-2 and increase of Bax [47]
promoting apoptosis.
L isolated from Cornus . Induction of caspase -8, -3, -9 and cleaved
Betulinic acid Terpenes walteri Wagner A2780 In vitro Bax and decrease of Bcl-2. [48]
Cell cycle arrest in the G2/M phase;
apple peels, cranberry . . .
L . Apoptosis by increase in Bax and decrease
juices, grape skins, in Bel-2 levels:
Ursolic acid Terpenes holy basil, rosemary, SKOV3 In vitro Downregulation of PI3K/AKT signaling [49]
thyme, oregano, sage, athwavs
and other herbs P yS:
A2780
Artemisinin, Terpenes isolated from A278(ZP0473R In vitro Modulation of platinum resistance (9]
Oleanolic acid P Artemisia annua L. A2780°R ! mechanisms.
Betulinic acid apples, cranberries, A2780 Combined synergistic effect with platinum
Ursolic acid ’ Terpenes peppermint, prunes, A2780°R In vitro drugs; Inhibition of NF-KB activation [25]
oregano, thyme A278(7PO473R increasing apoptosis.
isolated from Activation of caspase -3, -8 and -9 and
Kudsuphilactone B Terpenes Schisandra chinensis A2780 In vitro cleavages of PARP; [50]
Baillon Regulation of Bcl-2 and MAPK .
Cell cycle arrest in G2/M phase;
. plants of A2780 paclitaxel . Activation of caspase-3;
Cucurbitacin B Terpenes Cucurbitaceae resistant Invitro Increased expression of p53 and p21; [51]
Decreased expression of P-glycoprotein.
. . isolated from Eclipta SKOV3 . Induction of apoptosis through JNK
Eclalbasaponin II Saponins prostrata (L.) L. A2780 Invitro signaling, p38 and mTOR inhibition. (521
Saponins of Allium Dose-dependent decrease in succinate
affine Ledeb Saponins Allium affine Ledeb OVCAR3 In vitro dehydrogenase activity. [53]
(unidentified)
Saponins de Tupistra chinensis SKOV3 GO - G1 phase arrest of ovarian cancer
Tupistra chinensis Saponins Baker In vitro cells by inhibition of Wnt / B-catenin [54]

Baker

signaling pathway, inhibition of cell
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(unidentified)

proliferation and induction of apoptosis.

Induced autophagy in ovarian cancer cells

Cifrf)eizl;iigsgis OVCAR3 In vitro was accompanied by ERK activation and [55]
ROS generation.
Foliatheasaponin T Induction of apoptosis through the AKT-
Teaseedsaponin D MDM2-p53 signaling pathway;
Chakasaponin V A2780/CP70 In vitro Cell cye learrest in S phase t hroqgh
Chakasaponin T . regulation of ATM- Chk?2 signaling [56]
Chakasaponin V Saponins Camellia sinensis pathway-related proteins.
Floratheasaponin A
Florath in B L
Flgizthzzz:pgﬁig C Activation of Caspase-3, 7, 8 and 9
Flomibonsanoth S A2TRO/CPTO activities; Inhibition of Cdc25A, Cdk2,
Floratheasagonin E OVCARS3 cells In vitro Cyclin D1, E and A; Cell cycle arrest in S [57]
Floratheasaponin G phase.
Floratheasaponin J
present at high levels Suppression of cell viability in ovarian
L . . . . cancer cells through regulation of
Dioscin Saponins ];?Olsiilrl;?;(;seaelzﬁfs SKOV3 In vitro VEGFR? and PI3K / AKT / MAPK [58]
p ' signaling pathways.
In vitro Induction of autophagy by positive
Ginsenoside 20(S)- . . . regulation of LC3 II, ATG5 and ATG7
Saponins red ginseng SKOV3 In vivo ; . . . [59]
Rg3 (xenograft) which are associated with the autophagic
g process.
CaOV3 Negative regulation of Notch1, Notch3,
Withaferin A Esteroid isolated frgm Withania SKOV3 In vitro cdc25C, tot.al gnd phpsphorylatqd Akt and [60]
somnifera L. bcl-2 proteins inducing apoptosis and cell
cycle arrest.
Synergistic effect of emetin with cisplatin
A2780 leading to negative regulation of proteins
Emetine Alkaloids Ipecacuanha species A2780CisR In vitro (VIME, ENPL, GRP78, CARL, NACA [61]

and COF1) and positive regulation of
PPIA and RSSA proteins.
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Synergistic effect of emetine with cisplatin

SKOV3 . activating caspases -3, -7 and -8; Negative
In vitro . . . o [13]
regulation of bcl-xL increasing sensitivity
to cisplatin.
Palmatine isolated from Rutidea A2780 Increased activity of caspase 3,7, and
Alkaloids parviflora DC OVCAR4 In vitro PARP cleavage. [62]
Induction of depletion of survivin protein
. . . isolated from Piper A2780 In vitro levels through the proteasome-dependent
Piperlongumine Alkaloids longum L. OVCAR3 In vivo pathway mediated by reactive oxygen [63]
species.
Synergistic effect with paclitaxel;
Cell cycle arrest in sub-G1 phase;
SKOV3 ; Increased Bax / Bcl-2 ratio and positive
Invitro i [64]
regulation of cyt-c, Bax, caspase-3 genes
Piperine Alkaloids black peppers leading to modulation of pro- and and anti-
apoptotic genes.
. Induction of apoptosis by intrinsic
A2780 In-vitro pathway mediated by JNK / p38 MAPK [65]
isolated from the green
. . seed embryos of SKOV3 . Autophagy through activation of p38
Neferine Alkaloids Nelumbo nucifera A2780 Invitro MAPK / JNK. [66]
Gaertn
Aconitum SKOV3 In vitro Antitumor effect through GSK3f / -
Songorine Alkaloids soongaricum A2780 In vivo catenin and Bcl-2 / Bax signaling [67]
Stap pathways.
isolated from the seeds Inhibition of proliferation and migration
. . of Peganum harmala . mediated by the ERK / CREB pathway;
Harmine Alkaloids L. and Banisteriopsis SKOV3 Invitro Suppression of VEGF, MMP-2 and MMP- [63]
caapi Morton 9 expression.
Cell cycle arrest in the GO / G1 phase;
. . isolated from Berberis SKOV3 In vitro Inhibition of the Wnt / B-catenin pathways;
Berbamine Alkaloids amurensis Ruprecht ES2 In vivo Increased cleaved caspase-3, cleaved (691

caspase-9, Bax and decreased Bcl-2.
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OVCA429,

) SKOV3, HeyAS, .
derived from the seeds OVCAR3 In vitro

Thymoquinone Quinones of the plant Nigella OVCARS cells
Sativa L.

Inhibition of oncogenic pathways
stimulated by LPA (lysophosphatidic
acid).
Abrogates Gai2-induced invasive [70]
migration of ovarian
cancer cells, whereby LPA stimulates cell
migration.

A2780,
A2780°sR In vitro
A27802DO473R

Combined synergistic effect with platinum
drugs; Inhibition of NF-KB activation [25]
increasing apoptosis.

*Abbreviations: A2780 = human ovarian cancer cell line; OVCAR3 = human high-grade serous ovarian adenocarcinoma cell line; SKOV3 = human ovarian cancer cell line derived from a serous
cystadenocarcinoma; A2780°R = cisplatin-resistant human ovarian cancer cell line; A2780%P%73R = cisplatin-resistant human ovarian cancer cell line; A2780/ADM or A2780AD = human ovarian
carcinoma cell line resistant to adriamycin and multiple drugs (multidrug resistant); A2780/CP70 = cisplatin-resistant human ovarian cancer cell line; PA-1 cells = human metastatic ovarian cancer
cell line; SKOv3ip = human ovarian cancer cell line derived from a serous cystadenocarcinoma with a higher degree of migration potential; HO-8910PM = highly metastatic human ovarian cancer
cell line; CDDP-sensitive = OV2008 (wt-p53), A2780s (wt-p53), OVCAR-432 (p53-mutant); CDDP -resistant = OVCAR-433 (wt-p53), A2780cp, Occ-1 (p53-mutant), and SKOV3 (p53-null);
HEY = human ovarian cancer cell line; ES-2 = high grade serous ovarian cancer cell line; OV2008 = human epithelial ovarian cancer cell line; Ov7 = human ovarian cancer cell line carcinoma-
derived; COC1/CDDP = cisplatin resistant human ovarian adenocarcinoma cell subline; CaOV3 = human ovarian cancer cell line with epithelial morphology; OVCAR4 = human ovarian cancer cell
line with epithelial morphology growing in adherent culture; OVCA429 = human ovarian cancer cell line; HeyA8 = human high-grade serous ovarian adenocarcinoma cell line.; CDDP = cisplatin.
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3.1 Antitumor effects of phytochemicals on ovarian cancers

Ovarian cancer is the main cause of death among all reproductive cancers in females
[2,71]. The main treatment is chemotherapy, but patients who undergo this type of treatment
often develop resistance after long-term chemotherapy, resulting in cancer progression [14].
Thus, resistance to chemotherapeutic agents, especially platinum derivatives and taxanes,
drugs of first choice in the treatment of ovarian cancer is a condition that hinders the
treatment of the tumor and, therefore, isolated or combined therapeutic alternatives are needed
to increase patient survival [16].

In addition, drugs currently used for ovarian cancer therapy have significant toxicity to
normal cells [72]. However, several natural products and phytochemicals have demonstrated
selective cytotoxicity in ovarian cancer cell types, accompanied by minimal toxicity to normal
[14,73].

In this context, phytochemicals belonging to the classes of phenolic compounds
(flavonoids, phenolic acids, coumarins, tannins and stilbenes) terpenes (diterpenes,
triterpenes, saponins) and alkaloids represent options for the development of new therapeutic
agents for ovarian cancer, since they are recognized as safe, easy to obtain, with reduced toxic
effects for long-term therapy, and are often cytotoxic to cancer cells but not to normal cells

[8,9,12,22].

3.1.1 Phenolic compounds

Phenolic compounds are secondary metabolites of plants that have an aromatic ring
attached directly to one or more hydroxyl (OH) and are widely distributed in nature, classified
into different classes according to the arrangement of the carbon chain attached to the
aromatic ring (C6) (C9): phenolic acids, flavonoids, coumarins, tannins, quinones and
stilbenes compounds [74]. However, in this review, we observed that the studies of the
antitumor effect of phenolic compounds in ovarian cancer are focused on phenolic acids and

flavonoids.

3.1.1.1 Phenolic acids

Phenolic acids are a class of phenolic compounds that are associated with antitumor
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capacity in several in vitro and in vivo studies by promoting apoptosis, reducing proliferation,
and modulating various aspects of cancer such as angiogenesis, growth, differentiation, and
metastasis [75]. Moreover, the therapeutic activities of phenolic acids are enhanced by their
role as epigenetic regulators, as well as by minimizing adverse events or decreasing resistance
associated with conventional antitumor therapy [21,76].

Their antitumor effect is mainly attributed to their antioxidant activity; being strong
radical scavengers, metal chelators, modifiers of endogenous defense mechanisms such as
superoxide dismutase (SOD), catalase (CAT), glutathione peroxidases (GPx), potentiators of
the redox status of glutathione (GSH) and regulators of various proteins and transcription
factors, such as nuclear factor related to erythroid 2 (NRF2) [77]. This antioxidant capacity of
phenolic acids is important in ovarian cancer, as previous studies have observed increased
expression of pro-oxidant enzymes and reduced expression of antioxidant enzymes in ovarian
cancer epithelial tissues [18,78].

Furthermore, their anticarcinogenic effects are associated with their ability to inhibit
cell proliferation through the extracellular signal-regulated kinase (Erk) pathway, D-type
cyclins and cyclin-dependent kinases (CDKs); inhibit angiogenic factors such as vascular
endothelial growth factor (VEGF) and micronemal protein (MIC-1); express oncogenic
signaling cascades (phosphoinositide 3-kinase (PI3K) and protein kinase B (Akt); induce
apoptosis and prevent cell migration and metastasis, through regulation of caspase-3,
antiapoptotic B-cell Ilymphoma protein 2 (Bcl-2) and pro-apoptotic BCL-2 associated protein
X (Bax) [19,37,79,80].

Among the phenolic acids, ellagic acid (1), protocatechuic acid (2), 10-gingerol (3)
and gallic acid (4) stand out (Figure 1).

R=H —(2)
R=OH - (4)

OH

3

HO'

Figure 1. Chemical structures of phenolic acids with action on ovarian cancer.
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Ellagic acid (1) induced apoptosis through inhibition of Bcl-2 and activation of
caspase 3, and induced cell cycle arrest in G1 phase through elevation of p53 and Cipl/ p21
levels and suppression of cyclin D1 and E levels in ES-2 and PA-1 ovarian carcinoma cells
[17].

Protocatechuic acid (2) demonstrated significant reduction in the viability of ovarian
cell lines (SKOV3, OVCAR3 and A2780) through induction of apoptosis by activation of
cleaved PARP, caspase-3 and Bax, as well as a negative up-regulation of Bcl-2 and cell cycle
arrest in G2/M phase [18].

The phenolic acid 10-gingerol (3) suppressed the growth of HEY, OVCAR3 and
SKOV3 ovarian cancer cells demonstrating G2 phase cell cycle arrest and decreased
expression of cyclins A, B1 and D3 [19].

Gallic acid (4) selectively inhibited growth and angiogenesis in vitro of two ovarian
cancer cell lines OVCAR3 and A2780/CP70, through inhibition of VEGF secretion by
suppressing Akt phosphorylation and hypoxia-inducible factor 1-alpha (HIF-1a) expression
and promoting tensin homologous phosphatase (PTEN) expression, which acts as a tumor
suppressor gene, suggesting that the PTEN/AKT/HIF-1a pathway is responsible for tumor
suppression and angiogenesis in vitro [81].

Pre-clinical in vivo study performed with SKOV3 cells subcutaneously
xenotransplanted into female nude mice treated with 50 mg/kg gallic acid for 28 days
revealed inhibitory effects on tumor lesions with decreased vascularization, necrotic/fibrotic
areas, retraction of the neoplastic stroma, induction of apoptosis and cell cycle regulation,
through the PI3K and carbonic anhydrase IX pathway, suggesting that gallic acid can be
considered as a starting point for the development of new agents for the treatment of ovarian
cancer [8].

Moreover, the association of gallic acid with paclitaxel potentiated the ability of
paclitaxel to decrease cell proliferation, induced cell cycle arrest in the G2/M phase in
paclitaxel resistant A2780AD ovarian cancer cells and inactivated the Erk pathway suggesting
that gallic acid may represent a useful adjuvant in the treatment of ovarian carcinoma, since
the inhibited Erk pathway leads to a decrease in signaling events that promote cell growth and
proliferation [21].

Regarding the low toxicity in normal cells, among the phenolic acids, we highlight the
ellagic acid and gallic acid that selectively decreased the cell viability (in vitro) of cancer cells

and did not influence the cell viability of normal cell line indicating that they have the effect
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of selective inhibition of cell growth in ovarian carcinoma cells, thus suggesting that these

phenolic acids may present greater safety for cancer treatment [17,21].

3.1.1.2 Flavonoids

Flavonoids are found in several plant species and have great importance as antitumor
agent being investigated their therapeutic applications against cancer progression in recent
years [82].

In ovarian cancer, its effects are associated with different molecular mechanisms
including inhibition of DNA topoisomerase I/Il, cell cycle arrest, increased expression of p53
[26,33,69,82], induction of apoptosis involving Bcl-2, Bax, Caspase 3 and 9 proteins,
inhibition of NF-KB activation, and inhibitory effect of cell migration by negatively
regulating the expression of extracellular matrix metalloproteinases 2 and 9 (MMP-2 and
MMP-9) [22].

The flavonoids apigenin (§), baicalein (6), baicalin (7), genistein (8), luteolin (9),
quercetin (10), wogonin (11) and epigallocatechin-3-gallate (12) (Figure 2) have ability to
inhibit pro-inflammatory cytokines such as TNF-a and IL-6 and inhibit nuclear factor kB
(NF-«B), a pro-inflammatory transcription factor [20,25,27].

Nuclear factor kB is a critical regulator of innate and adaptive immune responses, and
can promote cell proliferation, migration, and angiogenesis, and inhibit apoptosis [83]. NF-xB
is vital for normal immune responses against infection, but deregulated NF-xB activation is an
important cause of chronic inflammatory diseases and can lead to tumor initiation [84]. NF-
kB also enhances tumor-initiated cell proliferation by increasing inflammatory cytokines and
growth factors, therefore NF-kB inhibition is an ideal therapeutic strategy for ovarian
carcinoma treatment, since its inhibition can also lead to pro-apoptotic effects [73,85].

Most flavonoids have also been shown to regulate the expression of p53, a tumor
suppressor gene, sensitize TRAIL-induced apoptosis (TNF receptor apoptosis-inducing
ligand), and prevent or delay chemotherapy resistance [82,86]. Studies further indicate that
apigenin (5), baicalein (6), baicalin (7), genistein (8), luteolin (9), quercetin (10) and,
kaempferol (13) (Figure 2) inhibit VEGF production and suppress ovarian cancer cell
metastasis in vitro [27,28]. Finally, wogonin (11) (Figure 2) can also contribute to cancer cell
suppression by negatively regulating epithelial cell adhesion molecules (EpCAM), which play

arole in carcinoma tumorigenesis and metastasis [87].
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Another mechanism of action explored by articles is through the induction of
apoptosis, either through the intrinsic or extrinsic pathway [88]. The intrinsic (mitochondrial)
apoptotic pathway is regulated by the B-cell lymphoma protein family 2 (Bcl-2) that controls
the release of cytochrome C from mitochondria to the cytosol, where it binds to the apoptotic
protease-activating factor-1, promoting the activation of caspase-9 and then caspase-3, which
leads to apoptosis [90]. The Bcl-2 family includes pro-apoptotic proteins (including Bad and
Bax) and anti-apoptotic proteins (including Bcl-2 and Bcl-xl) [89]. In the extrinsic
(cytoplasmic) pathway, apoptosis occurs through the interaction of death receptors that belong
to the TNFR (tumor necrosis factor receptor) family of which FAS, TNF-R1 and TRAIL - R1
and 2 (TNF-related apoptosis inducing ligand receptor 1 and 2), with their respective ligands
FASL (FAs ligand), TNF-a and TRAIL, which after interaction activate the cascade of
caspases 8 and 3, executing death by apoptosis [90].

Thus, the activation of an intrinsic or extrinsic pathway result in the activation of
caspases triggering apoptosis [88]. In this context, quercetin (10) (Figure 2) regulates the
intrinsic apoptotic pathway by reducing anti-apoptotic molecules such as Bcl-2, Bel-xLL and
increases the expression level of apoptotic pro- molecules such as caspase-3, caspase-9,
cytoc-c, Bid, Bad and Bax [26]. Myricetin (14) (Figure 2) also led activation of the extrinsic
apoptotic pathway through caspase 3 and 9 [8,22].

Additionally, another route of action that has been investigated for the treatment of
ovarian cancer corresponds to the inhibition of poly-ADP-ribose polymerase (PARP
inhibitors), since they block repair and lead to the accumulation of DNA breaks resulting in
cell death [91]. PARP inhibitors show promising effects in ovarian carcinomas with mutations
in tumor suppressor genes BRCA1 and BRCA?2 (Breast Cancer type 1 and 2), because in
normal cells these act as tumor suppressor, but cells with defective BRCA1 and 2 do not
interrupt the cell cycle, do not stimulate the repair cycle and apoptosis, determining genomic
instability and favoring tumorigenesis [92]. In this context, nobiletin (15) (Figure 2) induced
apoptosis by raising the level of poly (ADP-ribose) polymerase (PARP) cleaved in ovarian
cancer cells A2780 and OVCAR3 showing potential to act as a PARP inhibitor [29].

In addition, due to their potential for multiple cellular targets, acting in several cellular
and molecular processes, flavonoids have been shown to be more effective than conventional
anticancer drugs with higher selectivity for cancer cells and low toxicity in normal cells [93].
On this review, we highlight myricetin, apigenin, luteolin, baicalin and baicalein, which when

evaluated by in vitro assays showed selective growth inhibition effect in ovarian carcinoma



cells [22,27].
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Figure 2. Chemical structures of flavonoids with action on ovarian cancer.

3.1.2 Terpenes
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Terpenes, another major class of phytochemicals, have isoprene units in their

structures and are known as isoprenoids. They can be classified according to the number of

CS isoprene units incorporated into the structure. In this way, terpenes form a large family of

structurally diverse compounds, the hemiterpenes (C35, 1 isoprene unit) monoterpenes (C10, 2

isoprene units), the sesquiterpenes (C15, 3 isoprene units) the diterpenes (C20, 4 isoprene

units), the triterpenes (C30, 6 isoprene units), tetraterpenes (C40, 8 isoprene units) and

polyterpenes(C5)n, where n can be 9 to 30,000 isoprene units [94].

Some transformations in the structural carbon skeletons of terpenes lead to the

biosynthesis of classes of natural products with their own physicochemical and
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pharmacological properties, such as steroids, lipophilic vitamins, saponins and cardiotonic
glycosides [95]. Among the terpenes with antitumor effect in ovarian cancer, the diterpenes,

triterpenes and saponins stand out.

3.1.2.1- Diterpenes

Diterpenes are naturally occurring isoprenoid compounds that can be acyclic or
polycyclic of the pimarane, kaurane, abietane, beyerene, trachylobane, atisirane or hibaene
type [96].

Some diterpenes show antitumor activity known as taxanes (taxol/paclitaxel),
triptolide, oridonin, andrographolide and coffee diterpenes (cafestol and kahweol) acting by
different molecular mechanisms in cancer cells resulting in antioxidant effects, induction of
apoptosis by intrinsic and extrinsic pathway, cell cycle arrest, autophagy, angiogenesis
inhibition and metastasis [10]. Among the diterpenes that show antitumor effect in ovarian
cancer are: oridonin (16), cryptotanshinone (17), triptolide (18), cyparissins A (19) and B
(20), tanshinone ITA (21) (Figure 3).

(16) 17) (18)

21

R=H; R’=Ac ----- 19)
R= Ac; R’=H ---- (20)

Figure 3. Chemical structures of diterpenes with action on ovarian cancer.
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In vitro, oridonin (16) inhibited the proliferation, migration, and invasion of ovarian
cancer cells through the inhibition of the mTOR signaling pathway, corroborating with the in
vivo results, where reduced tumor growth of ovarian cancer cells (SKOV3) was observed
[42]. Studies by Wang and Zhu [41] also observed the effect of oridonin (16) on SKOV3 and
A2780 ovarian cancer cells verifying that this compound blocked cell cycle in G1/S phase,
induced apoptosis in cells, suppressed mTOR signaling pathway, positively regulated the
level of forkhead box protein 3 (FOXP3) and reduced the expression of MMP-2 and MMP-9,
which are closely related to metastasis. Importantly, oridonin showed lower toxicity in normal
cells showing higher selectivity for ovarian cancer cells [41,42].

Cryptotansinone (17) reduced the expression of metalloproteinases MMP-2 and MMP-
9 leading to inhibition of A2780 cell invasion [43]. These proteolytic enzymes (MMP-2 and
MMP-9) degrade various extracellular matrix molecules and promote ovarian cancer
metastasis by remodeling the extracellular matrix of the tumor [97]. Thus, compounds that
inhibit MMP-2 and MMP-9 expression contribute to inhibit metastasis [41,98].

In vitro and in vivo pre-clinical assays performed by Hu et al. [44] demonstrated that
triptolide (18) induced cell apoptosis and tumor suppression through PI3K / Akt pathway,
significant reduction of Akt phosphorylation and GSK3p, in platinum-resistant human ovarian
carcinoma-derived COC1 / DDP cells.

Cyparissins A (19) and B (20) inhibited P-glycoprotein-mediated multidrug resistance
and exhibited cytotoxic activity against human ovarian cancer A2780 and A2780 ADR cells
[45].

Tanshinone ITA (21) induced apoptosis in ovarian cancer cells (A2780) by attenuating
PI3K/AKT /JNK signaling pathways and through caspases 3, 8 e 9 [46]. Cell cycle arrest in
G2/M phase, decrease of Bcl-2 and increase of Bax, promoting apoptosis of SKOV3 cells was
also observed [47].

3.1.2.2 Triterpenes

Triterpenes are natural alkenes originated from plants, animals and fungi that have
molecular structures consisting of six isoprene units with a total of thirty carbons [99]. The
triterpenes can be classified into tetracyclic or pentacyclic and divided into groups according
to their structural carbon skeletons: cucurbitane, cycloartane, dammarane, euphane,

friedelane, holostane, hopane, lanostane, lupane, oleanane, protostane, tirucalane and ursane
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[100]. The properties of these metabolites isolated from plants, have shown a wide spectrum
of biological activities, such as: antioxidant, anti-inflammatory, antinociceptive,
hepatoprotective, sedative effect, antiallergic, antiangiogenic, antimicrobial and antitumor
[101].

In vitro and in vivo studies have demonstrated many antitumor effects of triterpenes,
such as inhibition of cell proliferation, signal transduction effects, apoptosis, inhibition of
matrix metalloproteinases secretion and tumor invasion [43,99]. Various signaling pathways,
including STAT3, PI3K, Akt, NF-kB, PTEN, TRAIL, p53, intrinsic and extrinsic apoptosis
pathways have been shown to be involved in the antitumor effect of triterpenes [9,44,50,51].

The pentacyclic triterpenes among them betulinic acid (22), oleanolic acid (23) and

ursolic acid (24) (Figure 4) stand out for their antitumor activity in ovarian cancer [102,103].

22) 23)

(24)

Figure 4. Chemical structures of triterpenes with action on ovarian cancer.

Betulinic acid (22) is highly promising due to its low toxicity in healthy cells and
strong antiproliferative effects against ovarian cancer cells [104]. Lee et al. [48] demonstrated

that betulinic acid induced apoptosis in A2780 cells through mitochondria-dependent and
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mitochondria-independent pathways with increased expression levels of cleaved caspases 8, 3
e 9 and Bax and decreased Bcl-2.

Oleanolic acid (23) alone and in combination with cisplatin on human ovarian cancer
cell lines A2780, A2780ZD0473R and A2780cisR showed apoptotic effect including the
increase of p38 MAPK, ASK1 and ROS, and its inhibition effect of signaling pathways such
as S6K, PI3K, mTOR, Akt and NF-kB. These functions make oleanolic acid more active
towards platinum resistant cells repressing different mechanisms involved in initiation,
metastasis, invasion, and angiogenesis of platinum resistant ovarian cancer [9].

Ursolic acid (24) caused significant reduction in the viability of the SKOV-3 ovarian
carcinoma cells in a dose-dependent manner via induction of apoptotic cell death which was
associated with increase in Bax and decrease in Bcl-2 levels. Also, there was cycle arrest in
G2/M and significant upsurge in ROS production [49].

Importantly, resistance to chemotherapeutic agents is the main barrier to effective
treatment of advanced ovarian cancer [14]. The molecular mechanisms associated with
chemotherapy resistance in ovarian cancer include increased drug efflux pump activity
mediated by multidrug resistance protein 1 (MDR-1, also known as P-gp), increased DNA
damage repair capacity, decreased apoptosis, and cell cycle arrest [105]. Oleanolic acid,
betulinic acid and ursolic acid can increase the sensitivity of ovarian cancer cells to
chemotherapeutic agents [9]. Huq et al. [25] demonstrated that betulinic acid and ursolic acid
when evaluated in A2780, A2780cisR, A2780ZD0473R strains inhibited NF-KB activation

by increasing apoptosis and showed synergistic effect combined with platinum drugs [25].

3.1.3 Saponins

Saponins are glycosides of steroids or triterpenes (Figure 5) that present high solubility
in water and polar solvents, action on cell membranes and complexation with steroids, being
this last action responsible for their antifungal and hypocholesterolemic effect [106]. Among
the most cited activities for saponins in the scientific literature hemolytic, molluscicide, anti-
inflammatory, antifungal, antibacterial/antimicrobial, antiparasitic, antiviral, and
cytotoxic/antitumor stands out [107]. In the antitumor activity, saponins act through multiple
targets and cell signaling pathways, to disrupt the homeostasis of the tumor cell, inhibiting its
multiplication and angiogenesis or causing its death by inducing apoptosis and cell cycle

arrest [108].
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Figure 5. Skeleton of steroidal and triterpenic saponins.

According to Sobolewska et al. [109], only 3.6% of studies conducted for antitumor
activity with saponins are related to ovarian cancer. However, these compounds stand out for
presenting multiple molecular targets, being able to modulate several oncogenic processes
(cancer cell proliferation, migration, apoptosis), inhibit angiogenesis and sensitize
chemotherapy-resistant ovarian cancer cells [110,111].

The saponins from Camellia sinensis (L.) O. Kuntze flowers have drawn attention for
their antitumor effects [112]. Tu et al. [56] demonstrated that Camellia sinensis flowers
saponins induce apoptosis in human ovarian cancer A2780/CP70 cells showing a strong
antiproliferative effect, causing less cytotoxicity to normal cells as well as S-phase arrest
through the regulation of proteins related to ATM- Chk2 signaling pathway. In addition, the
study also demonstrated the induction of intrinsic and extrinsic apoptosis in A2780/CP70 cells
through the Akt-MDM?2-p53 signaling pathway by reducing activation of Akt and MDM?2
(Murine doble minute 2), a negative regulator of the tumor suppressor p53, and increasing p53
levels in cells.

Ji et al. [54] demonstrated the effect of saponins from Tupistra chinensis Baker on
proliferation and apoptosis of ovarian cancer cells (SKOV3) through the Wnt/B-catenin
pathway. The Wnt/B-catenin signaling pathway is an intracellular signal transduction pathway
that is involved in the regulation of various cellular processes, such as cell survival, apoptosis,
and self-renewal [113]. In ovarian cancer, this activated pathway promotes tumor cell
proliferation, survival, migration, and invasion, and induces drug resistance [114]. Zhang et

al. [115] and Cao et al. [116] showed that inhibition of Wnt / B-catenin signaling pathway can
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inhibit ovarian cancer progression.

Dioscin treatment increased cell apoptosis in ovarian cancer SKOV3 cells with
progressive increase of concentration through caspase-3, caspase-9, Bax and poly (ADP-
ribose) polymerase cleaved pathway, suppressing the expression of vascular endothelial
growth factor receptor 2 (VEGFR2), phosphoinositide-3-kinase (PI3K), phosphorylated AKT
and phosphorylated p38 mitogen-activated protein kinase (MAPK) in SKOV3 cells [58].

In vitro and in vivo studies with ginsenoside 20(S)-Rg3 demonstrated induction of
autophagy in SKOV3 ovarian cancer cells with positive regulation of molecules involved in
the autophagic process, including Light chain 3 protein (LC3 II), Autophagy related protein 5
and 7 (ATGS5 and ATG7), with this mechanism being responsible for tumor suppression [59].

In addition, saponins used in combination therapy with antineoplastics (cisplatin,
paclitaxel) increase the sensitivity of chemoresistant tumor cells to clinically used

chemotherapeutic agents [108].

3.1.4 Alkaloids

Alkaloids are cyclic metabolites that have nitrogen in a negative oxidation state and
have limited distribution in living organisms. Their biosynthesis is complex and varied, where
true alkaloids and protoalkaloids originate from amino acids, while pseudoalkaloids derive
from other pathways incorporating nitrogen by transamination reaction [117].

They present antiviral, antibacterial, anti-inflammatory, and antitumor properties
operating in several molecular targets, being recognized for having neurotransmitter
characteristics and cytotoxic potential [118].

Among the alkaloids used in cancer treatment of various types of tumors, we can
mention vinblastine and vincristine that are obtained from Catharanthus roseus (L.) G. Don
and camptothecin, obtained from the Chinese species Camptotheca acuminata Decne, which
enabled the development of anticancer drugs, such as topotecan and irinotecan [11].

In the context of ovarian cancer, we can highlight emetine (25), palmatine (26),
piperlongumine (27), piperine (28), neferine (29), songorin (30), berbarine (31) and harmine
(32) (Figure 6).



110

(32)

Figure 6. Chemical structures of alkaloids with action on ovarian cancer.
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Emetine (25) in combination with cisplatin in A2780 and A2780%R cells (in vitro)
demonstrated synergistic effect and induced negative regulation of six proteins (VIME,
ENPL, GRP78, CARL, NACA and COF1) as well as positive regulation of PPIA and RSSA
proteins leading to cisplatin dose reductions in the ovarian cancer cell line A2780 [61]. Sun et
al. [13] also found that coadministration of cisplatin and emetine increased apoptotic cell
death after 72 hours in the ovarian cancer cell line SKOV3 demonstrating activation of
caspases -3, -7 and -8, with sensitization of cancer cells to the action of cisplatin being
correlated with negative regulation of Bcl-xL by emetine.

Palmatine (26), in vitro, induced in A2780 and OVCARA4 cells apoptosis through
caspase 3, 7 pathway and poly-ADP-ribose polymerase cleavage. Interestingly, in comparison
to carboplatin, palmatine was shown to be more selective for ovarian carcinoma cells where it
showed higher cytotoxicity than in human ovarian epithelial cells [62].

Piperlongumine (27) induced, in vitro, depletion of survivin protein levels through
proteasome-dependent pathway mediated by reactive oxygen species and inhibited ovarian
cancer cell xenograft tumor growth by downregulating survivin in vivo, without exhibiting
systemic toxicity [63]. Survivin is an anti-apoptosis protein and its overexpression in ovarian
cancer increases resistance to apoptosis and chemotherapy [27]. Thus, piperlongumine may be
a safe alternative, since it presents low toxicity, to overcome resistance to apoptosis triggered
by survivin overexpression.

Piperine (28) exhibited selective cytotoxic effect on A2780 ovarian cancer cells by
inducing apoptosis through the activation pathway of caspases-3 and -9 as well as cleaved
PARP and decreased phosphorylation of JNK and p38 MAPK [65]. The synergistic effect of
piperine with paclitaxel was also verified, where cell cycle arrest in sub-G1 phase was
observed in SKOV3 cells, increased Bax/Bcl-2 ratio and positive regulation of cyt-c, Bax and
caspase-3 modulating pro- and antiapoptotic genes [64].

Neferine (29) induced G1 cell cycle arrest, apoptosis, and autophagy of human ovarian
cancer cells via activation of p38 MAPK / JNK [66]. The signaling pathway involving JNK
(c-Jun N-terminal kinase) and p38 MAPK (mitogen-activated protein kinase) play important
roles in proliferation, differentiation, and apoptosis by activating intrinsic apoptotic pathway
[119].

Songorine (30) exerted its antitumor effect through GSK3f / B-catenin and Bcl-2 / Bax
signaling pathways. These results highlight the potential use of songorine as a novel

therapeutic agent for ovarian cancer, since the increased stability of GSK3f protein can
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accelerate the degradation of B-catenin resulting in negative regulation of MMP secretion
inhibiting tumor invasion and migration [67].

Berbamine (31) inhibited, in vitro and in vivo, cell proliferation and tumor growth by
inducing cell cycle arrest in GO/G1 phase and signaling of Wnt/B-catenin pathway inducing
apoptosis with increased expression of cleaved caspase-3, cleaved caspase-9, Bax and
decreased protein level of Bcl-2 [69].

Harmine (32) inhibited SKOV3 cell proliferation and migration mediated by the
ERK/CREB pathway and suppressed vascular endothelial growth factor (VEGF) and matrix
metalloproteinase (MMP) family MMP-2 and MMP-9 expression [68].

In this context, it is possible to realize that the alkaloids have antitumor effects by
different mechanisms of action and can be used as a therapeutic alternative in isolation or in

combination, since the synergistic effect potentiates the antitumor response.

3.2 Association of phytochemicals with antineoplasic drugs to overcome chemoreristense

and/or increase chemosensitivity to ovarian cancer treatment.

Increased knowledge of the molecular mechanisms underlying cancer progression has
led to the development of many antineoplastic drugs. However, ovarian cancer still presents a
limiting factor to treatment, since the tumor presents chemoresistance, especially to cisplatin
and paclitaxel, which correspond to the standard treatment in ovarian cancer, resulting in
cancer progression [3].

The main factors involved in the development of drug resistance are the multidrug
resistance gene (MDRI1), nuclear factor-xB (NF-xB) and serine/threonine protein kinase Akt
[14]. In addition, molecular mechanisms associated with increased P- glycoprotein-mediated
drug efflux pump activity, increased DNA damage repair capacity and decreased apoptosis
are associated with resistance in ovarian cancer chemotherapy [15].

Acquired resistance to cisplatin in ovarian cancer has been shown to be linked to NF-
kB activation, while the chemosensitization of ovarian cancer cells due to the combination of
cisplatin with phytochemicals such as genistein, curcumin and resveratrol is related to NF-kB
inactivation with increased sensitivity to cisplatin as the concentration is increased [25].

He et al. [20] found that curcumin increased sensitivity to cisplatin with progressively

increasing concentration in SKOV3 and OVCAR3 cell lines with inhibition of NF-kB and



113

activation of apoptosis through Akt/mTOR/ERK signaling pathway. It was also possible to
observe that curcumin showed synergistic effect combined with paclitaxel [31].

Association of gallic acid with paclitaxel decreased proliferation of A2780 and
A2780AD cells and led to G2/M cycle arrest with sensitization of paclitaxel-resistant ovarian
carcinoma cells through ERK-mediated inactivation of reactive oxygen species [21].

Hirsutenone induces apoptosis in cisplatin-resistant strains through negative regulation
of PI3K/Akt function, leading to XIAP degradation, via proteasome-ubiquitin, and AIF-
dependent apoptosis [36].

Resveratrol reversed ovarian cancer cell resistance to cisplatin through modulation of
molecular targets, including the receptor tyrosine kinase family EGFR or VEGFR [120].

Thymoquinone, enhances cisplatin-mediated cytotoxicity in ovarian cancer cells
associated with NF-kB inhibition [25].

Berberine sensitizes human ovarian cancer cells to cisplatin by inhibiting the miR- 93/
PTEN / Akt signaling pathway [14].

Theaflavin-3,3'-digalate enhanced the growth inhibitory effect of cisplatin in ovarian
cancer cells through negative regulation of glutathione (GSH) and positive regulation of
copper transporter 1 (CTR1) [37].

Betulinic acid and ursolic acid showed synergistic effect combined with platinum
drugs with inhibition of NF-KB activation and increasing apoptosis [25].

Emetine and piperine showed synergistic effect with cisplatin and paclitaxel,
respectively. For emetine, eight proteins (VIME, ENPL, GRP78, CARL, NACA, COF1, PPIA
and RSSA) were considered for the combined actions with cisplatin [61]. The synergistic
effect of piperine with paclitaxel interrupted cell cycle in sub-G1 phase, increased Bax / Bcl-2
ratio and induced positive regulation of cyt-c Bax, caspase- 3 genes leading to modulation of
pro- and antiapoptotic genes [64]. It has also been shown that piperine can enhance anticancer
drug activity in various drug- resistant cancer cells [121].

Therefore, phytochemicals combined with platinum derivatives (cisplatin and
oxaliplatin) or taxane derivatives (paclitaxel) can increase antitumor activity by inducing
apoptosis through pro-apoptotic signaling, such as MAPKSs, p53 and anti-apoptotic Bcl- 2
pathway, NF-kB, Nrf2, since defects in apoptotic signaling are closely related to resistance to
cisplatin and paclitaxel, and this synergism is responsible for decreasing chemoresistance and

increasing sensitization.
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4. CONCLUSION AND FUTURE PERSPECTIVES

In this review article, we demonstrate that phytochemicals have antitumor effects on
ovarian cancer (Figure 7) by several mechanisms of action and increase the chemosensitivity
to platinum derivatives and taxanes. The main phytochemicals include phenolic acids,
flavonoids, diterpenes, triterpenes, saponins and alkaloids presenting as molecular targets NF-
kB, PARP, Akt, ERK, MAPKSs, p53, VEGF, MMP, Wnt/B-catenin, autophagy, and apoptotic
pathways. Moreover, several phytochemicals showed synergistic effect with cisplatin and
paclitaxel decreasing chemoresistance and toxicity induced by chemotherapeutic agents.
Therefore, phytochemicals can be isolated or adjuvant therapeutic alternatives in the treatment

of ovarian cancer.
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6. CONCLUSOES

O presente estudo demonstrou que os extratos hidroetandlicos da geoprépolis de
Melipona fasciculata Smith da regido da Baixada maranhense (municipios Viana e Pinheiro)
apresentaram atividade antioxidante, anti-inflamatéria e antitumoral sobre as linhagens
celulares de cancer de ovario (A2780 e ES2) e pulmao (A549 e H460) mostrando baixa
toxicidade contra linhagem de células HUVEC ndo malignas e baixa toxicidade aguda frente
ao Danio rerio.

Quanto ao perfil quimico os extratos hidroetandlicos da geopropolis de M.
fasciculata demonstraram a presencga de substincias pertencentes as classes dos flavonoides
glicosilados, dos taninos hidrolisdveis, dos triterpenos, das antraquinonas, das saponinas
triterpénicas e das catequinas. Estudos in silico demonstram que a coralagina (tanino
hidrolisdvel), tifanosideo (flavonol glicosilado), B-amirina, taraxarona e marsformosanona
(triterpenos) podem estar associados as atividades anti-inflamatdria e antitumoral.

Relata-se pela primeira vez o mecanismo molecular envolvido na acgdo
antitumoral do extrato hidroetandlico da geoprépolis produzida por M. fasciculata em células
de cancer de ovario (A2780) demonstrando efeito apoptdtico mediado por ativacdo da
caspase-3 e clivagem da enzima poli (ADP-ribose) polimerase (PARP).

Neste trabalho, também obtemos como resultado uma revisao integrativa, onde foi
abordada os principais fitoquimicos, os alvos moleculares e como a associacdo com o0s
fitoquimicos podem contribuir na diminui¢do da quimiorresisténcia no tratamento do cancer
de ovdrio. Além disso, essa revisdo contribuiu para melhor entendimento das vias de
sinalizacdo e mecanismo de acdo envolvidos no tratamento de cancer de ovario podendo ser
utilizada de subsidio para melhor discussdo dos mecanismos envolvidos na geoprdpolis de M.
fasciculata no cancer de ovario.

Portanto, com os resultados encontrados neste estudo que demonstram a
bioatividade da geopropolis de M. fasciculata, abre perspectivas futuras para aproveitamento
como matéria-prima para desenvolvimento de novos agentes terapéuticos, evidenciando seu

potencial biotecnolégico.



125

REFERENCIAS BIBLIOGRAFICAS

ABOTALEB, M.; SAMUEL, S. M.; VARGHESE, E.; VARGHESE, S.; KUBATKA, P;
LISKOVA, A.; BUSSELBERG, D. Flavonoids in cancer and apoptosis. Cancers. v. 11, n. 1,
p-1-39, 2018.

ABREU, B. V. B; DUTRA, R. P.; BATISTA, M. C. A; AZEVEDO, C. C.; NOGUEIRA, A.
M. C; COSTA, M. C. P; RIBEIRO, M. N. S. Polifenéis de geopropolis de Melipona
fasciculata Smith coletado no Cerrado maranhense. Revista de Ciéncias da Saide, v.8, n.1,
p-18-24, 2006.

ABUKHDEIR, A. M.; PARK, B. H. P21 and P27: Roles in carcinogenesis and drug
resistance. Expert Reviews Molecular Medicine, v.10, p.e19, 2008.

AGUIAR, N. N. Avaliacao de parametros fisico-quimicos dos méis de Melipona
Jasciculata e de Apis melifera da regiao do semi-arido maranhense, municipio de Brejo.
Monografia (Curso de Quimica) — Universidade Estadual do Maranhdo, Sao Luis, 2007.

ALBUQUERQUE, P. M. C.; GOSTINSKI, L. F.; REGO, M. M. C; CARREIRA, L. M. M.
Flores e Abelhas: a interacdo da tiiba (Melipona fasciculata, Meliponini) com suas fontes
florais na Baixada Maranhense. Sao Luis: Edufma, 163p. 2013.

ALMEIDA, V. L.; LEITAO, A.; REINA, L. C. B.; MONTANARI, C. A.; DONNICI, C. L.;
LOPES, M. T. P. Cancer e agentes antineoplasicos ciclo-celular especificos e ciclo-celular
ndo especificos que interagem com o DNA: uma introdu¢do. Quimica Nova, v.28, n.1, p.118-
129, 2005.

AL-HATAMLEH, M. A. L,; BOER, J. C.; WILSON, K. L.; PLEBANSKI, M.; ROHIMAH,
M.; MUSTAFA, M. Z. Antioxidant-based medicinal properties of stingless bee products:
recent progress and future directions Biomolecules, v.10, n.1, p.923-951, 2020.

ALVARENGA, E. C.; CAIRES, A.; LADEIRA, L. O.; GAMERO, E. J. P., ANDRADE, L.
M.; PAZ, M. T. L.; LEITE, M. F. Potenciais alvos terapéuticos contra o cancer. Ciéncia e
Cultura, v.66, n.1, p.43-48, 2014.

ALVES, R.M.O. Production and Marketing of Pot-Honey. In Vit, P., Pedro, S.R.M., Roubik,
D.W. (Eds.) Pot- Honey: A legacy of stingless bees. Springer, 2013.

AMARAL, R. G.; DOS SANTOS, S. A.; ANDRADE, L.N.; SEVERINO, P.; CARVALHO,
A. A. Natural products as treatment against cancer: A historical and current vision. Clinics in
Oncology, v.4, n.1562, p.1-5, 2019.

AMERICAN CANCER SOCIETY. Global Cancer Facts & Figures 4th Edition. Atlanta:
American Cancer Society, 2018.

ARAUJO, M. J. A. M.; BUFALO, M. C.; CONTI, B. J.; FERNANDES JUNIOR, A.;
TRUSHEVA, B.; BANKOVA, V.; SFORCIN, J.M. The chemical composition and
pharmacological activities of geopropolis produced by Melipona fasciculata Smith in
Northeast Brazil. Journal of Molecular Pathophysiology, v.4, n.1, p.12-20, 2015.



126

ARAUJO, K. S. D. S.; SANTOS JUNIOR, J. F. D.; SATO, M. O.; FINCO, F. D. B. A;
SOARES, I. M., BARBOSA, R. D. S.; ALVIM, T. C.; ASCENCIO, S. D.; MARIANO, S. M.
B. Physicochemical properties and antioxidant capacity of propolis of stingless bees

(Meliponinae) and Apis from two regions of Tocantins, Brazil. Acta Amazonica, v.46, n.1,
p.61-68, 2016.

AZEVEDO, S. G.; DE MOURA, L.; CURADO, M. P.; GOMES, FE.S.; OTERO, U
REZENDE, L. F. M. The fraction of cancer attributable to ways of life, infections,

occupation, and environmental agents in Brazil in 2020. PLoS One, v.11, n.2, p. e0148761,
2016.

BAJRAMI, I.; FRANKUM, J. R.; KONDE, A.; MILLER, R. E.; REHMAN, F. L
BROUGH, R.; CAMPBELL, J.; SIMS, D.; RAFIQ, R.; HOOPER, S.; CHEN, L.;
KOZAREWA, 1.; ASSIOTIS, I.; FENWICK, K., NATRAJAN, R.; LORD, C. J;
ASHWORTH, A. Genome-wide profiling of genetic synthetic lethality identifies CDK12 as a
novel determinant of PARP1/2 inhibitor sensitivity. Cancer Research, v.74, n.1, p.287-297,
2014.

BANKOVA, V; POPOVA, M. Propolis of stingless bees: a promising source of biologically
active compounds. Pharmacognosy Reviews, v.1, n.1, p.88-92, 2007.

BANKOVA, V.; BOUDOUROVA-KRASTEVA, G.; POPOV, S.; SFORCIN, J. M,
FUNARI, S. R. C. Seasonal variations of the chemical composition of brazilian propolis.
Apidologie, v.29, n.1, p.361-367, 1998.

BARTH, O. M. Palynological analysis of geopropolis samples obtained from six species of
Meliponinae in the Campus of the Universidade de Ribeirdo Preto, USP, Brazil. Apacta, v.41,
n.1, p.71-85, 2006.

BARREIRO, E. What is hidden in the biodiversity? The role of natural products and
medicinal chemistry in the drug discovery process. Anais da Academia Brasileira de
Ciéncias, v. 91, supl. 3, p. 1- 6, 2019.

BATISTA, M. C. A. Perfil farmacoldgico de geopropolis de Melipona fasciculata (tiiba)
cultivados em municipios do Cerrado maranhense. Monografia (Curso de Farmdcia) —
Universidade Federal do Maranhao, 2008.

BATISTA, M. C. A.; ABREU, B. V. B.; DUTRA, R. P.; CUNHA, M. S.; AMARAL, F. M.
M.; TORRES, L. M. B.; RIBEIRO, M. N. S. Chemical composition and antioxidant activity
of geopropolis produced by Melipona fasciculata (Meliponinae) in flooded fields and cerrado
areas of Maranhdo State, northeastern Brazil. Acta Amazonica, v.46, n.3, p.1-27, 2016.

BATISTA, M. C. A. Bioprospeccao anti-helmintica da geopropolis de Melipona
Jasciculata smith em testes in vitro com ovos e larvas de Haemochus contortus de
pequenos ruminantes. Tese (Doutorado- Programa de P6s-Graduagdo em Biodiversidade e
Biotecnologia da Rede BIONORTE) - Universidade Federal do Maranhido, Sao Luis, 2016.

BATISTA, M. C. A RIBEIRO, M. N. S.; COSTA JUNIOR, L. M. Formulacao


http://lattes.cnpq.br/7775556248972778

127

farmacéutica anti-helmintica com o extrato seco da geoproépolis. BRPI110201600246.
04/02/2016.

BARTOLOMELU, A. R.; FRION-HERRERA, Y.; DA SILVA, L. M.; ROMAGNOLLI G. G.;
DE OLIVEIRA, D. E.; SFORCIN, J. M. Combinatorial effects of geopropolis produced by
Melipona fasciculata Smith with anticancer drugs against human laryngeal epidermoid
carcinoma (HEp-2) cells. Biomedicine & Pharmacotherapy, v.81, n.1, p.48-55, 2016.

BAYER, V.; AMAYA, B.; BANIEWICZ, D.; CALLAHAN, C.; MARSH, L.; MCCOQOY, A. S.
Cancer immunotherapy: an evidence-based overview and implications for practice. Clinical
Journal of Oncology Nursing, v.21, n.2, p.13-21, 2017.

BENAOUDIA, M. M. F.; TORRE, L. A.; BRAY, F.; FERLAY, J.; JEMAL, A. Lung cancer
incidence in young women vs. young men: A systematic analysis in 40 countries. Cancer
Epidemiology, v.1, p.142-151, 2020.

BEZERRA, A. L. D.; DE SOUSA, M. N. A.; MEDEIROS, A. C; LIMA, D. C;
MARACAIJA, P. B. Pharmacological actions of geopropolis: an integrative review of the
literature. Temas em Saude, v.1, n.1, p. 555-570, 2018.

BONAMIGO, T.; CAMPOS, J. F.; ALFREDO, T. M.; BALESTIER], J. B. P.; CARDOSO,
C. A. L.;; PAREDES-GAMERO, E. J.; SOUZA, P.K.; DOS SANTOS, E. L. Antioxidant,
cytotoxic, and toxic activities of propolis from two native bees in Brazil: Scaptotrigona

depilis and Melipona quadrifasciata anthidioides. Oxidative Medicine and Cellular
Longevity, v.2017, n.1, p.1-12, 2017.

BONSUCESSO, J. S.; GLOAGUEN, T. V.; NASCIMENTO, A. S.; CARVALHO, C. A. L;
DIAS, F. S. Metals in geopropolis from beehive of Melipona scutellaris in urban
environments. Science of the Total Environment, v.634, n.1, p.687-694, 2018.

BORGES, K. S.; BRASSESCO, M. S.; SCRIDELLI, C. A.; SOARES, A. E. E.; TONE, L. G.
Antiproliferative effects of Tubi-bee propolis in glioblastoma cell lines. Genetics and
Molecular Biology, v.34, n.2, p.310-314, 2011.

BRANDAO, H. N.; DAVID, J. P.; COUTO, R. D.; NASCIMENTO, J. A. P.; DAVID, J. M.
Quimica e farmacologia de quimioterdpicos antineopldsicos derivados de plantas. Quimica
Nova. v.33, n.6, p.1359-69, 2010.

BRASIL, Ministério da Satde. Secretaria de Atencao a Saude. Instituto Nacional de Cancer.
Coordenacdo de Prevencdo e Vigilancia de Cancer. Estimativa 2018. Rio de Janeiro: INCA,
2018.

BRASIL, Ministério da Saude. Instituto Nacional de Cancer José Alencar Gomes da Silva.
Estimativa 2020: incidéncia de cancer no Brasil. Rio de Janeiro: INCA, 2019.

BRAY, F.; FERLAY, J.; SOERJOMATARAM, L; SIEGEL, R.L.; TORRE, L.A.; JEMAL, A.
Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries. Cancer Journal for Clinicians, v.68, n.1, p.394— 424, 2018.


https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Fidler-Benaoudia%2C+Miranda+M
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Torre%2C+Lindsey+A
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Bray%2C+Freddie
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Ferlay%2C+Jacques
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Jemal%2C+Ahmedin

128

BRAY, F.; COLOMBET, M.; MERY, L.; PINEROS, M.; ZNAOR, A.; ZANETTI, R.;
FERLAY, J. Cancer Incidence in Five Continents, Vol. XI (electronic version). Lyon:
International Agency for Research on Cancer. 2019. Available from: http://ci5.iarc.fr,
acessado [17 jan, 2020].

CAIRNS, R. A.; MAK, T. W. The current state of cancer metabolism. Nature Reviews
Cancer, v.16, n.10, p.613-614, 2016.

CAMARGQO, J. M. F. Ninhos e biologia de algumas espécies de Meliponideos (Hymenoptera:
Apidae) da regido de Porto Velho, Territério de Rondonia, Brasil. Revista de Biologia
Tropical, v.16, n.2, p.207-239, 1970.

CAMARGO, J. M. F.; PEDRO, S. R. M. Meliponini Lepeletier, 1836. In: MOURE, J. S.,
URBAN, D.; MELO, G. A. R. (Orgs). Catalogue of Bees (Hymenoptera, Apoidea) in the
Neotropical Region - online version, 2013. Disponivel em:
<http://www.moure.cria.org.br/catalogue>. Acesso em: 19 de janeiro de 2020.

CAMARGO, R. C. R; OLIVEIRA, K. L; BERTO, M. 1. Stingless bee honey: technical
regulation proposal. Brazilian Journal Food Technology, v.20, e2016157, 2017.

CAMPOS, J. F.; SANTOS, U. P.; MACORINI, L. F. B.; MELO, A. M. M. F.; JOSE
BALESTIERI, B. P.; PAREDES-GAMERO, E. J.; CARDOSO, C. A. L.; SOUZA, K. P;
SANTOS, E. L. Antimicrobial, antioxidant and cytotoxic activities of propolis from Melipona
orbignyi (Hymenoptera, Apidae). Food and Chemical Toxicology, v.65, n.1, p.374-380,
2014.

CAMPOS, J. F.; DOS SANTOS, H. F.; BONAMIGO, T.; DOMINGUES, N. L. C.; SOUZA,
K. P.; DOS SANTOS, E. L. Stingless Bee Propolis: New Insights for Anticancer Drugs.
Oxidative Medicine and Cellular Longevity, v.2021, n. 1, p. 1-18, 2021.

CANTANHEDE, D. C.; MASCENA, Z. U.; BEZERRA, J. L.; DUTRA, R. P.; COUTINHO,
D. F.; COSTA, M. C. P.; RIBEIRO, M. N. S. Bioatividade de Artemia salina em extratos de
geopropolis de Melipona fasciculata Smith. Jornal Brasileiro de Fitomedicina, v.5, n.1, p.1-
15, 2007.

CHIU, Y. H.; HSU, S. H.; HSU, H. W.; HUANG, K. C.; LIU, W.; WU, C. Y.; WEI, P. H.;
CHEN; J. Y. F.; CHEN, B. H. CHIU, C.C. Human non-small cell lung cancer cells can be
sensitized to camptothecin by modulating autophagy. International Journal of Oncology,
v.53, p.1967-1979, 2018.

CINEGAGLIA, N. C.; BERSANO, P. R. O.; ARAUJO, M. J. A. M.; BUFALO, M. C.;
SFORCIN, J. M. Anticancer effects of geopropolis produced by stingless bees on canine
osteosarcoma cells in Vitro. Evidence-Based Complementary and Alternative Medicine,
v.2013, p.1-6, 2013.

COELHO, G. R.; MENDONCA, R. Z.; VILAR, K. D. S.; FIGUEIREDO, C. A.; BADARI, J.
C.; TANIWAKI, N.; NAMIYAMA, G.; OLIVEIRA, M. I; CURTI, S. P.; SILVA, P.;
NEGRI, G. Antiviral action of hydromethanolic extract of geopropolis from Scaptotrigona
postica against antiherpes simplex virus (HSV-1). Evidence-Based Complementary and



129

Alternative Medicine, v.2015, p.1-10, 2015.

COSTA, M. C. P.; CAMARA, A. L.; RIBEIRO, M. N. S.; SANTOS, D. M. S.; BORGES, M.
0. DA R.; DUTRA, R. P.; OLIVEIRA, A. R.; MACHADO, J. L.; ARAUJO, O. C.; MELO
W. Processo de obtencdo do extrato hidroalcodlico de geoproépolis de Melipona
fasciculata Smith (tidba) para preparacao de formulacoes farmacéuticas de acao
analgésica, antiinflamatoéria e cicatrizante. BRPI 1102701-0 A2. 15/06/2011.

CUNHA, M. S.; DUTRA, R. P.; BATISTA, M. C. A.; ABREU, B. V. B.; SANTOS, J. R;
NEIVA, V. A,; AMARAL, F. M. M.; RIBEIRO, M. N. S. Padronizacdo de extrativos de

geopropolis de Melipona fasciculata Smith (titiba). Cadernos de Pesquisa, v.16, n.3, p.31-
38, 2009.

CUNHA, M. G.; FRANCHIN, M.; GALVAO, L. C. C.; RUIZ, A. L. T. G.; CARVALHO, J.
E.; IKEGAKI, M., ALENCAR, S. M.; KOO, H.; ROSALEN, P. L. Antimicrobial and
antiproliferative activities of stingless bee Melipona scutellaris geopropolis. BMC
Complementary and Alternative Medicine, v.1, p.13-23, 2013.

CUNHA, M. S. Biosprospeccio antitumoral de geopropolis de Melipona fasciculata
Smith. Dissertacdo (Mestrado em Ciéncias da Sadde) - Universidade Federal do Maranhao,
Sao Luis, MA; 2013.

CUNHA, M. S. Composicao quimica e atividade antitumoral da geoprépolis de Melipona
Jasciculata Smith. Tese (Doutorado - Programa de P6s Graduagdo em Ciéncias da Saude) -
Universidade Federal do Maranhao, Sao Luis, MA; 2017.

DA CUNHA, M.G.; ROSALEN, P.L.; FRANCHIN, M.; ALENCAR, S. M.; IKEGAKI, M.;
RANSOM, T.; BEUTLER, J.A. Antiproliferative constituents of geopropolis from the bee
Melipona scutellaris. Planta Medica. v.82, n.3, p.190-194. 2016.

DE GROOT, P. M.; WU, C. C.; CARTER, B. W.; MUNDEN, R. F. The epidemiology of
lung cancer. Translational Lung Cancer Research, v.7, n.1, p.220- 233, 2018.

DOS SANTOS, J. R. Bioprospecciao de geopropolis de Melipona fasciculata Smith.
Dissertagdao (Mestrado em Ciéncias da Saude) - Universidade Federal do Maranhao, Sao Luis,
MA; 2010.

DOS SANTOS, T. L. D.; QUEIROZ, R. F.; SAWAYA. C. A.; LOPEZ, B. G.; SOARES, M.
B. P.; BEZERRA, D. P.; RODRIGUES, A. C. B. C.; PAULA, V. F.; WALDSCHMIDT, A.
M. Melipona mondury produces a geopropolis with antioxidant, antibacterial and
antiproliferative activities. Anais da Academia Brasileira de Ciéncias, v.89, n.3, p.2247-
2259, 2017.

DUAILIBE, S. A. C.; GONCALVES, A. G.; AHID, F. J. M. Effect of a propolis extract on
Streptococcus mutans counts in vivo. Journal of Applied Oral Science, v.15, n.5, p.420-
423, 2007.

DUTRA, R. P.; NOGUEIRA, A. M. C.; MARQUES, R. R. O.; COSTA, M. C. P.; RIBEIRO,
M. N. S. Avaliagdo farmacognédstica de geopropolis de Melipona fasciculata Smith da


https://www.ncbi.nlm.nih.gov/pubmed/?term=Munden%20RF%5BAuthor%5D&cauthor=true&cauthor_uid=30050761

130

Baixada maranhense, Brasil. Revista Brasileira de Farmacognosia. v.18, n.4, p.557-562,
2008.

DUTRA, R. P.; GUERRA, R. N. M.; RIBEIRO, M. N. S. Processo de obtencao, formulacao
de extratos padronizados, fracdo e substancias isoladas da geopropolis brasileira de
abelha sem ferrao e seu uso como agente leishmanicida. BRPI1103291-0 A2. 05/07/2011

DUTRA, R. P. Bioprospeccao da geopropolis de Melipona fasciculata Smith como insumo
na geracao de produtos leishmanicidas. Tese (Doutorado em Biotecnologia) - Universidade
Federal do Maranhdo, Sao Luis, 2012.

DUTRA, R. P.; ABREU, B. V. B.; CUNHA, M. S.; BATISTA, M. C. A.; TORRES, L. M. B;
NASCIMENTO, F. R. F;. RIBEIRO. M. N. S.; GUERRA, R. N. M. Phenolic acids,
hydrolyzable tannins, and antioxidant activity of geopropolis from the stingless bee Melipona
fasciculata Smith. Journal of Agricultural and Food Chemistry, v.62, n.1, p.2549-2557,
2014.

DUTRA, R. P.; BEZERRA, J. L.; SILVA, M. C. P.; BATISTA, M. C. A.; PATRICIO, F. J.
B.; NASCIMENTO, F. R. F.; RIBEIRO, M. N. S.; GUERRA, R. N. M. Antileishmanial
activity and chemical composition from Brazilian geopropolis produced by stingless bee
Melipona fasciculata. Revista Brasileira de Farmacognosia, v.29, n.3, p.287-293, 2019.

EID, S. Y.; EL-READIN, M. Z.; FATANI S. H.; ELDIN, E. E. M. N.; WINK, M. Natural
products modulate the multifactorial multidrug resistance of cancer. Pharmacology &
Pharmacy, v.6, p.146-176, 2015.

FABICHAK, I. Abelhas indigenas sem ferrao Jatai. Sdo Paulo: Nobel, 1989.

FARNESI, A. P.; AQUINO-FERREIRA, R.; JONG, D. D.; BASTOS, J. K.; SOARES, A. E.
E. Effects of stingless bee and honey bee propolis on four species of bacteria. Genetics and
Molecular Research, v.8, n.2, p.635-640, 2009.

FARES, J.; FARES, M. Y.; KHACHFE, H. SALHAB, H. A. FARES, Y. Molecular principles
of metastasis: a hallmark of cancer revisited. Signal Transduction and Targeted Therapy ,
v.5,n.28, p.1-17, 2020.

FERREIRA, D.M. Comparacao das fracoes polinicas de méis produzidos por abelhas do
género Apis melifera e Meliponas da regiao Tocantina. Monografia (Curso de Ciencias
Biologicas) — Universidade Estadual do Maranhao, 2006.

FERREIRA, J. M; FERNANDES-SILVA, C. C; SALATINO, A.; MESSAGE, D.; NEGRI,
G. Antioxidant activity of a geopropolis from Northeast Brazil: Chemical characterization and
likely botanical origin. Evidence-Based Complementary and Alternative Medicine, v.
2017, p.1-7, 2017.

FRANCHIN, M.; CUNHA, M. G.; DENNY, C.; NAPIMOGA, M. H.; CUNHA, T. M.; KOO,
H.; ALENCAR, S. M.; IKEGAKI, M.; ROSALEN, P. L. Geopropolis from Melipona
scutellaris decreases the mechanical inflammatory hypernociception by inhibiting the
production of IL-1f and TNF-a. Journal of Ethnopharmacology, v.143, n.1, p.709-715,


http://lattes.cnpq.br/3540029577221469
http://lattes.cnpq.br/2316192786452127
http://lattes.cnpq.br/0082580537370493
https://www.nature.com/articles/s41392-020-0134-x#auth-4
https://www.nature.com/sigtrans

131

2012.

FRANCHIN, M.; CUNHA, M. G.; DENNY, C.; NAPIMOGA, M. H.; CUNHA, T. M,;
BUENO-SILVA, B.; ALENCAR, S. M.; IKEGAKI, M; ROSALEN, P. L. Bioactive fraction
of geopropolis from Melipona scutellaris decreases neutrophils migration in the inflammatory

process: Involvement of nitric oxide pathway. Evidence-Based Complementary and
Alternative Medicine, v.2013, n.1, p.1-9, 2013.

FRANCA, H. H. S.; COSTA, D. O.; CARVALHO, F. R.; NUNES, L. S.; SOUZA, A. F. F;
FREITAS, G. G.; BARRETO, M. C.; CAJAZEIRO, J.; FAKHOURI, S.F. Carcinoma

epitelial ovariano: aspectos progndsticos. Revista Médica de Minas Gerais, v.21, p.42-44,
2011.

FREITAS, B. M. Meliponineos. In: A vida das abelhas. Fortaleza: Craveiro e Craveiro,
1999. (Livro em CD-ROM.).

GHANTE, M. H.; JAMKHANDE, P. G. Role of pentacyclic triterpenoids in chemoprevention
and anticancer treatment: an overview on targets and underling mechanisms. Journal of
Pharmacopuncture, v.22, n.2, p.55-67, 2019.

GHARIBVAND, L.; BEESON, W. L.; SHAVLIK, D.; KNUTSEN, R.; GHAMSARY,
M.; SORET, S.; KNUTSEN, S. F. The association between ambient fine particulate matter
and incident adenocarcinoma subtype of lung cancer. Environmental Health, v.16, n.1, p.71,
2017.

GLOBAL CANCER OBSERVATORY. International Agency on Cancer (IARC). World
Health Organization (WHO). (Lyon, France, 2020). Disponivel em: <http://gco.iarc.fr/>.
Acesso em: 05 de fevereiro de 2020.

GREENAWAY, W.; MAY, J.; SCAYSBROOK, T.; WHATLEY, F. R. Identifcation by gas
chromatography-mass spectrometry of 150 compounds in propolis. Zeitschrift fiir
Naturforschung, v.46, p.111- 121, 1990.

GOSTINSKI, L. F.; ALBUQUERQUE, P. M. C.; CONTRERA, F. A. L. Effect of honey
harvest on the activities of Melipona (Melikerria) fasciculata Smith, 1854 workers. Journal
of Apicultural Research, v.56, n.4, p.319-327, 2017.

GOTTESMAN, M. M.; LAVI, O.; HALL, M. D.; GILLET, J. P. Toward a better
understanding of the complexity of cancer drug resistance. Annual Review
of Pharmacology and Toxicology, v.56, p.85-102, 2016.

HASAN, A.E.Z.; MANGUNWIDJAIJA, D.; SUNARTI, T.C.; SUPARNO, O.; SETTYONO,
A. Investigating the antioxidant and anticytotoxic activities of propolis collected from five
regions of Indonesia and their abilities to induce apoptosis. Journal of Agricultural and
Food Chemistry, v.26, n.5, p.390-398, 2014.

HANAHAN, D.; WEINBERG, R. A. Hallmarks of Cancer: The Next Generation. Cell, v.
144, n. 5, p.646-674, 2011.


https://pubmed.ncbi.nlm.nih.gov/?term=Shavlik+D&cauthor_id=28646928
https://pubmed.ncbi.nlm.nih.gov/?term=Knutsen+R&cauthor_id=28646928
https://pubmed.ncbi.nlm.nih.gov/?term=Ghamsary+M&cauthor_id=28646928
https://pubmed.ncbi.nlm.nih.gov/?term=Soret+S&cauthor_id=28646928
https://pubmed.ncbi.nlm.nih.gov/?term=Knutsen+SF&cauthor_id=28646928

132

HEITZ, A. E.; BAUMGARTNER, R. N.; BAUMGARTNER, K. B.; BOONE, S.D. Healthy
lifestyle impact on breast cancer-specific and all-cause mortality. Breast Cancer Research
and Treatment, v.167, n.1, p.171-181, 2018.

HENLEY, S. J.; WARD, E. M.; SCOTT, S. M. A. J.; ANDERSON, R. N.; FIRTH, A. U,
THOMAS, C. C.; ISLAMI, F.; WEIR, H. K.; LEWIS, D. R.; SHERMAN, R. L.; WU, M.;
BENARD, V.B.; RICHARDSON, L. C.; JEMAL, A.; CRONIN, K.; KOHLER, B. A. Annual
report to the nation on the status of cancer, part I: National cancer statistics. Cancer. V.126;
n.10, p.2225-2249, 2020.

HOLANDA, C. A.; OLIVEIRA, A. R.; COSTA, M. C. P.; RIBEIRO, M. N. S.; SOUZA, J.
L.; ARAUJO, M. J. A. M. Qualidade dos méis produzidos por Melipona fasciculata Smith da
regido do cerrado maranhense. Quimica Nova, v.35, p.55-8, 2012.

JAYSON, G. C.; KOHN, E. C.; KITCHENER, H. C.; LEDERMANN, J. A. Ovarian cancer.
Lancet, v.384, n.9951, p.1376-1388, 2014.

KASHFI, K. Anti-inflammatory agents as cancer therapeutics. Advances in Pharmacology,
v.57,n. 1, p.31-89, 2009.

KEHM, R. D., HOPPER, J. L., JOHN, E. M.; PHILLIPS, K. A.; MACINNIS, R. J.; DITE, G.
S.; MILNE, R. L.; LIAO, Y.; ZEINOMAR, N.; KNIGHT, J. A.; SOUTHEY, M. C;
VAHDAT, L.; KORNHAUSER, N.; CIGLER, T.; CHUNG, W. K.; GILES, G. G;
MCLACHLAN, S. A.; FRIEDLANDER, M. L.; WEIDEMAN, P. C.; GLENDON, G
NESCI, S.; ANDRULIS, I. L.; BUYS, S. S.; DALY, M. B.; TERRY, M. B. Regular use of
aspirin and other non-steroidal anti-inflammatory drugs and breast cancer risk for women at
familial or genetic risk: a cohort study. Breast Cancer Research, v.21, n.52, p.1-13, 2019.

KERR, W. Abelhas indigenas brasileiras (meliponineos) na poliniza¢do e na producao de mel,
pdlen, geoprdpolis e cera. Informe Agropecuario. v.13, p.15-27, 1987.

KERR, W. E.; CARVALHO, G. A.; NASCIMENTO, V. A. A abelha urucu: biologia,
manejo e conservacao. Belo Horizonte: Acangad. 144p, 1996.

KUMAR D, RAHMAN H, TYAGI E; LIU, T.; LI, C.; LU, R.; LUM, D.; HOLMEN, S.;
MASCHEK, J.A. COX, J.; VANBROCKLIN, M. W.; GROSSMAN, D. Aspirin suppresses
PGE: and sctivates AMP kinase to inhibit melanoma cell motility, pigmentation, and selective
tumor growth in vivo. Cancer Prevention Reseach. v.11, n.10, p.629-642, 2018.

KUSTIAWAN, P. M.; PUTHONG, S.; ARUNG, E. T.; CHANCHAQO, C. In vitro cytotoxicity
of Indonesian stingless bee products against human cancer cell lines. Asian Pacific Journal
of Tropical Biomedicine, v.4, n.7, p.549-556, 2014.

KUJUMGIEV, A.; TSVETKOVA, I.; SERKEDJIEVA, Y. U; BANKOVA, V.; CHRISTOV,
R. Antibacterial, antifungial and antiviral activity of propolis of different geographic origin.

Journal Ethonopharmacology, v.64, p.235-240, 1999.

LAVINAS, F. C.; MACEDO, E. H. B.C.; SA, G. B.L.; AMARAL, A. C. F.; SILVA, . R. A ;



133

AZEVEDO, M. M. B.; VIEIRA, B. A.; DOMINGOS, T. F. S.; VERMELHO, A. B.;
CARNEIRO, C. S.; RODRIGUES, 1. A. Brazilian stingless bee propolis and geopropolis:
promising sources of biologically active compounds. Revista Brasileira de Farmacognosia,
v.29, n.2019, p.389-399, 2019.

LAURINO, M. C.; IMPERATRIZ-FONSECA, V. L.; ROUBIK, D. W.; DOLLIN, A.;
AGUILAR, I. B.; VENTURIERI, G. C.; EARDLEY, C.; NOGUEIRA NETO, P. Global
Meliponiculture: Challenges and opportunities. Apidologie, v.37, p.275-292, 2006.

LEVY, I. Abelhas sem ferrao podem proteger Mata Atlantica. Ciéncia Hoje online, 2004.

LEE Y. T.; TAN, Y. J.; OON, C. E. Molecular targeted therapy: Treating cancer with
specificity. Europen Journal Pharmacology, v. 834, n.1, p.188-196, 2018.

LI F.; WU, T.; XU, Y.; DONG, Q.; XIAO, J.; XU, Y.; LI, Q.; ZHANG, C.; GAO, J.; LIU, L.;
HU, X.; HUANG, J.; LI, X.; ZHANG, Y. A comprehensive overview of oncogenic pathways
in human cancer. Briefings in Bioinformatics, v.21, n.3, p.957-969, 2020.

LIBERIO, S. A.; PEREIRA, A. L. A., DUTRA, R. P.; ARAMYS, S. R.; ARAUJO, M. J. A.
M.; MATTAR, N. S.; SILVA, L. A.,; RIBEIRO, M. N. S.; NASCIMENTO, F. R. F;
GUERRA, R. N. M.; MONTEIRO-NETO, V. Antimicrobial activity against oral pathogens
and immunomodulatory effects and toxicity of geopropolis produced by the stingless bee
Melipona fasciculata Smith. BMC Complementary and Alternative Medicine, v.11, p.1-
10, 2011.

LIBERIO, S. A.; RIBEIRO, M. N. S.; MONTEIRO-NETO, V.; GUERRA, R. N. M.
Composigoes farmacéuticas e odontologicas a base de geoprdpolis € uso dessas composicoes.
Revista de Propriedade Industrial (RPI), v. 2120, BRPI0905583-5, 2009.

LIMA FILHO, F. V. P. Zoneamento apibotanico e sobreposicao de nicho tréfico entre
abelhas africanizadas Apis melifera e abelhas indigenas Melipona fasciculata. Monografia
(Curso de Agronomia) — Universidade Estadual do Maranhao, 2011.

LIU, B.; QU, L.; YAN, S. Cyclooxygenase-2 promotes tumor growth and suppresses tumor
immunity. Cancer Cell International. v.15, n.106, p.1-13, 2015.

LOPES, M. T. R.; SILVA, J. O.; PEREIRA, F. M.; ARAUJO, R. S.; CAMARGO, R. C. R
VIEIRA-NETO, J. M.; RIBEIRO, V. Q. Atividade de vdo de abelhas jandaira (Melipona
subnitida Ducke, 1910) instaladas em dois modelos de colméia. Boletim de Pesquisa e
Desenvolvimento. Embrapa Meio-Norte, p.20, 2007.

MALUMBRES, M. Control of the cell cycle. Abeloff's Clinical Oncology, v.1, p.56-73,
2020.

MASOOQOD, I; KIANI, M. H.; AHMAD, M.; MASOOD, M. L; SADAQUAT, H. Major
contributions towards finding a cure for cancer through chemotherapy: a historical review.

Tumori Journal, v.102, n.1, p.6-17, 2016.

MARTINS, A. C. L.; REGO, M. M. C; CARREIRA, L. M. M.; ALBUQUERQUE, P. M. C.


https://www.sciencedirect.com/science/book/9780323476744
https://www.ncbi.nlm.nih.gov/pubmed/?term=Masood%20I%5BAuthor%5D&cauthor=true&cauthor_uid=26350183
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kiani%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=26350183
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ahmad%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26350183
https://www.ncbi.nlm.nih.gov/pubmed/?term=Masood%20MI%5BAuthor%5D&cauthor=true&cauthor_uid=26350183
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sadaquat%20H%5BAuthor%5D&cauthor=true&cauthor_uid=26350183

134

Espectro polinico de mel de tiiba (Melipona fasciculata Smith, 1854, Hymenoptera, Apidae).
Acta Amazonica, v.41, n.2, p.183-190, 2011.

MATEO, J.; LORD, C. J.; SERRA, V.. TUTT, A.; BALMANA, J.. CASTROVIEJO-
BERMEJO, M.; CRUZ, C.; OAKNIN, A.; KAYE. S. B.; BONO, J. S. A decade of clinical
development of PARP inhibitors in perspective. Annals of Oncology, v.30, n.9, p.1437-1447,
2019.

MATZ, M.; COLEMAN, M. P.; SANT, M.; CHIRLAQUE, M. D.; VISSER, O.; GORE,
M.; ALLEMANI, C. The histology of ovarian cancer: worldwide distribution and

implications for international survival comparisons (CONCORD-2). Gynecologic Oncology,
v.144, n.2, p.405-413, 2017.

MCCREERY, M.Q.; BALMAIN, A. Chemical carcinogenesis models of cancer: back to the
future. Annual Review of Cancer Biology, v.2017, n.1, p.295-312, 2017.

MICHENER, C. D. The bees of the world. 2nd edition. The Johns Hopkins University Press,
Baltimore. 2007.

MICHENER, C. D. Origin, Biodiversity and behaviorof the stingless bees (Meliponini). In
Vit, P., Pedro, S.R.M., Roubik, D.W. (Eds.) Pot- Honey: A legacy of stingless bees. Springer,
2013.

MITRA, A. K.;AGRAHARI, V.; MANDAL, A.;CHOLKAR, K.;NATARAJAN,
C.; SHAH, S.;JOSEPH, M.; TRINH, H. M., VAISHYA, R.; YANG, X.HAO,
Y.; KHURANA, V.; PAL, D. Novel delivery approaches for cancer therapeutics. Journal of
Control Release, v.219, p. 248-268, 2015.

MORAES, D. F. C.; MESQUITA, L. S. S.; AMARAL, F. M. M.; RIBEIRO, M. N. S
MALIK, S. Anticancer drugs from plants. In: Malik S. (Org.). Biotechnology and

production of anti-cancer compounds. led.: Springer -Verlag, Germany, v.1, p. 121-142,
2017.

MUNIZ, F. H. A vegetagdo da regido de transi¢do entre a Amazonia e o Nordeste, diversidade
e estrutura. In: Moura, E. G. (Org.). Agroambiente de Transicao entre o Trépico Umido e
0 Semi-arido: Atributos, Alteracdes e Uso na Produgdo Familiar. Sdo Luis: UEMA, p.44-60,
2004.

MUSTAFA, M. A. R.; JAMALULAZIZI, E. L.; IlIZAM, A.; NAZIRAH, A. M.; SHARIFA,
S. A.; ABBAS, S. Lung Cancer: Risk Factors, Management, and Prognosis. Journal of
Dental and Medical Sciences, v.15, p.94-101, 2016.

NAINU, F.; MASYITA, A.; BAHAR, M. A.; RAIHAN, M.; PROVA, S. R.; MITRA, S;
EMRAN, T. B.; SIMAL-GANDARA, J. Pharmaceutical prospects of bee products: special
focus on anticancer, antibacterial, antiviral, and antiparasitic properties. Antibiotics, v.10;
n.7, p. 822- 859, 2021.

NEWMAN, D. J.; CRAGG, G. M. Natural products as sources of new drugs from 1981 to
2014. Journal of Natural Products, v.79, n. 3, p.629-661, 2016.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Coleman%20MP%5BAuthor%5D&cauthor=true&cauthor_uid=27931752
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sant%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27931752
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chirlaque%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=27931752
https://www.ncbi.nlm.nih.gov/pubmed/?term=Visser%20O%5BAuthor%5D&cauthor=true&cauthor_uid=27931752
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gore%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27931752
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gore%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27931752
https://www.ncbi.nlm.nih.gov/pubmed/?term=Allemani%20C%5BAuthor%5D&cauthor=true&cauthor_uid=27931752
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mitra%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=26456750
https://www.ncbi.nlm.nih.gov/pubmed/?term=Agrahari%20V%5BAuthor%5D&cauthor=true&cauthor_uid=26456750
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mandal%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26456750
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cholkar%20K%5BAuthor%5D&cauthor=true&cauthor_uid=26456750
https://www.ncbi.nlm.nih.gov/pubmed/?term=Natarajan%20C%5BAuthor%5D&cauthor=true&cauthor_uid=26456750
https://www.ncbi.nlm.nih.gov/pubmed/?term=Natarajan%20C%5BAuthor%5D&cauthor=true&cauthor_uid=26456750
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shah%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26456750
https://www.ncbi.nlm.nih.gov/pubmed/?term=Joseph%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26456750
https://www.ncbi.nlm.nih.gov/pubmed/?term=Trinh%20HM%5BAuthor%5D&cauthor=true&cauthor_uid=26456750
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vaishya%20R%5BAuthor%5D&cauthor=true&cauthor_uid=26456750
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=26456750
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hao%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=26456750
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hao%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=26456750
https://www.ncbi.nlm.nih.gov/pubmed/?term=Khurana%20V%5BAuthor%5D&cauthor=true&cauthor_uid=26456750
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pal%20D%5BAuthor%5D&cauthor=true&cauthor_uid=26456750
http://lattes.cnpq.br/9334507801916334

135

NEWMAN, D. J, CRAGG, G. M. Natural products as sources of new drugs over the nearly
four decades from 01/1981 to 09/2019. Journal of Natural Products, v. 83, n. 3, p. 770-803,
2020.

NOGUEIRA-NETO, P. Vida e Criacao de Abelhas Indigenas sem ferrao. Sao Paulo:
Editora Nogueirapis. 446p., 1997.

OLIVEIRA, F. F.; RICHERS, B. T. T.; SILVA, J. R.; FARIAS, R. C.; MATOS, T. A. L.
Guia Ilustrado das Abelhas "Sem-Ferrdo"das Reservas Amana e Mamiraua, Amazonas, Brasil
(Hymenoptera, Apidae, Meliponini). Instituto de Desenvolvimento Sustentavel Mamiraua,
MCT/IDSM, 2671, 2013.

OLIVEIRA, L. P. G.; CONTEA, F. L.; CARDOSO, E. O.; CONTI, B. J.; SANTIAGO, K. B.;
GOLIM, M. A.; CRUZ, M. T.; SFORCIN, J. M. Immunomodulatory/inflammatory effects of
geopropolis produced by Melipona fasciculata Smith in combination with doxorubicin on
THP-1 cells. Journal Pharm. Pharmacol, v.68, p.1551-1558, 2016.

OLIVEIRA, L. P. G; CONTE, F. L.; CARDOSO, E. O; CONTI, B. J.; SANTIAGO, K. B;
GOLIM, M. A; FELTRAN, G. S; ZAMBUZZ, W. F; SFORCIN, J. M. A new
chemotherapeutic approach using doxorubicin simultaneously with geopropolis favoring
monocyte functions. Life Sciences. v.217, p. 81-90, 2019.

OLIVEIRA, F. A arte de manejar abelhas indigenas sem ferrao na regiio Amazonica,
2004. Disponivel em: <htpp://www.projetoiraquara.com.br>. Acesso em: 19 agosto 2019.

OLIVEIRA, P. P.; SANTOS, V. E. P.; BEZERRIL, M. S.; ANDRADE, F. B.; PAIVA, R. M_;
SILVEIRA, E. A. A. Seguranca do paciente na administracdo de quimioterapia antineoplésica
e imunoterdpicos para tratamento oncoldgico. Texto e Contexto — enfermagem, v.28, p.1-18,
2019.

PAIER, C. R. K.; MARANHAO, S. S.; CARNEIRO, T. R.; LIMA, L. M.; ROCHA, D. D.;
SANTOS, R. D. S.; FARIAS, K. M.; MORAES-FILHO, M. O.; PESSOA, C. Natural
products as new antimitotic compounds for anticancer drug development. Clinics, vol.73,
supl. 1 Sdo Paulo, 2018.

PATIERNO, S. R. Environmental Factors. Abeloff's Clinical Oncology, v.1, p.139-153,
2020.

POPOVA, M; TRUSHEVA, B; BANKOVA, V. Propolis of stingless bees: A phytochemist's
guide through the jungle of tropical biodiversity Phytomedicine. Available online 27
September, 153098, 2019.

POVEDA, A.; FLOQUET, A.; LEDERMANN, J. A.; ASHER, R.; PENSON, R. T.; OZA, A.
M.; KORACH, J.; HUZARSKI, T.; PIGNATA, S.; FRIEDLANDER, M.; BALDONI, A.;
PARK-SIMON, T. W.; TAMURA, K.; SONKE, G. S.; LISYANSKAYA, A.; KIM, J. H;
FILHO, E. A.; MILENKOVA, T.; LOWE, E. S.; ROWE, P.; VERGOTE, I.; PUJADE-
LAURAINE, E. Olaparib tablets as maintenance therapy in patients with platinum-sensitive
relapsed ovarian cancer and a BRCA1/2 mutation (SOLO2/ENGOT-Ov21): a final analysis of


https://www.sciencedirect.com/science/book/9780323476744
https://www.sciencedirect.com/science/article/abs/pii/S094471131930340X#!
https://www.sciencedirect.com/science/article/abs/pii/S094471131930340X#!
https://www.sciencedirect.com/science/article/abs/pii/S094471131930340X#!
https://www.sciencedirect.com/science/journal/09447113

136

a double-blind, randomised, placebo-controlled, phase 3 trial. Lancet Oncology, v.22, n.5,
p.620-631, 2021.

REID, B. M.; PERMUTH, J. B.; SELLERS, T. A. Epidemiology of ovarian cancer: a review.
Cancer Biology and Medicine, v.14, n.1, p.9-32, 2017.

REID, M. A.; SANDERSON, S. M.; LOCASALE, J. W. Cancer Metabolism. Abeloff's
Clinical Oncology, v.1, n.1, p.127-138, 2020.

REGO, M. C.; ALBUQUERQUE, P. M. C.; VENTURIERI, G. C. Menos locais para ninhos.
Ciéncia Hoje, Rio de Janeiro, v.42, p.50-51, 2008.

RIBEIRO-JUNIOR, J. A., FRANCHIN, M., CAVALLINI, M. E., DENNY, C., ALENCAR,
S. M., IKEGAKI, M., ROSALEN, P. L. Gastroprotective effect of geopropolis from Melipona
scutellaris is dependent on production of nitric oxide and prostaglandin. Evidence-Based
Complementary and Alternative Medicine, v. 2015, p. 1-5, 2015.

ROCHA, A. O. Caracterizacao de extratos da geopropolis de Melipona fasciculata Smith
de biomas maranhenses. Dissertacio (Mestrado em Saide e Ambiente) - Universidade
Federal do Maranhdo, Sao Luis, MA; 2013.

SAWADOGO, W. R.; SCHUMACHER, M.; TEITEN, M. H.; CERELLA, C.; DICATO, M.;
DIEDERICH, M. A. Survey of marine natural compounds and their derivatives with anti-
cancer activity reported in 2011. Molecules, v.18, p.3641-3673, 2013.

SAEED, M. E.; ABDELGADIR, H.; SUGIMOTO, Y.; KHALID, H. E.; EFFERTH, T.
Cytotoxicity of 35 medicinal plants from Sudan towards sensitive and multidrug- resistant
cancer cells. Journal of Ethnopharmacology, v.174, p.644-58, 2015.

SANTOS, H. F. D.; CAMPOS, J. F.; SANTOS, C. M. D.; BALESTIERL, J. B. P.; SILVA,
D. B.; CAROLLO, C. A.; SOUZA, K. P.; ESTEVINHO, L. M.; SANTOS, E. L. Chemical
profile and antioxidant, anti-inflammatory, antimutagenic and antimicrobial activities of

geopropolis from the stingless bee Melipona orbignyi. International Journal of Molecular
Sciences, v.18, n.5, p.1-18, 2017.

SCHIRRMACHER, V. From chemotherapy to biological therapy: A review of novel concepts
to reduce the side effects of systemic cancer treatment. International Journal of Oncology,
v.54,n.2, p.407-419, 2019.

SFORCIN, J. M. Prépolis e geopropolis: uma heranca das abelhas. Sio Paulo: Editora
Unesp Digital, 84p., 2017

SIEGEL, R. L.; MILLER, K. D.; AHMEDIN, A. Cancer Statistics, 2019. CA: Cancer
Journal for Clinicians, v.69, n.1, p.7-34, 2019.

SILVA, E. C. C.; MAGNO, P. M.; NUNOMURA, R. C. S.; NUNOMURA, S. M.; ZILSE, G.
A. C. Constituintes fendlicos e atividade antioxidante da geoprépolis de duas espécies de
abelhas sem ferrao amazonicas. Quimica Nova. v.36, n.5, p.628-633, 2013.


https://www.sciencedirect.com/science/article/pii/B9780323476744000098#!
https://www.sciencedirect.com/science/article/pii/B9780323476744000098#!
https://www.sciencedirect.com/science/article/pii/B9780323476744000098#!
https://www.sciencedirect.com/science/book/9780323476744
https://www.sciencedirect.com/science/book/9780323476744
https://pubmed.ncbi.nlm.nih.gov/?term=Balestieri+JBP&cauthor_id=28467350
https://pubmed.ncbi.nlm.nih.gov/?term=Silva+DB&cauthor_id=28467350
https://pubmed.ncbi.nlm.nih.gov/?term=Carollo+CA&cauthor_id=28467350
https://pubmed.ncbi.nlm.nih.gov/?term=de+Picoli+Souza+K&cauthor_id=28467350
https://pubmed.ncbi.nlm.nih.gov/?term=Estevinho+LM&cauthor_id=28467350
https://pubmed.ncbi.nlm.nih.gov/?term=Dos+Santos+EL&cauthor_id=28467350
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schirrmacher%20V%5BAuthor%5D&cauthor=true&cauthor_uid=30570109
https://www.ncbi.nlm.nih.gov/pubmed/30570109

137

SIQUEIRA, J. S.; MESOCOUTO, C. S. T.; LEMOS, M. S.; PEREIRA-JUNIOR, J. B
VENTURIERI, G. C.; DANTAS FILHO, H. A. DANTAS, K. G. F Determination of
inorganic elements in geopropolis samples by inductively coupled plasma optical emission
spectrometry Journal of Apicultural Research. v.1, p.1-9, 2020.

SOUSA, D. M. N.; OLINDA, R. G.; MARTINS, C. G.; ABRANTES, M. R.; COELHO, W.
W.C.; SILVA, J.B.A.; MORALIS, S. M.; BATISTA, J. S. Prospeccao fitoquimica, toxicidade
in vitro e avaliacdo das atividades anti-radicalar e antibacteriana da geoprépolis da abelha
jandaira. Acta Veterinaria Brasilica, v.9, n.2, p.134-140, 2015.

SOUZA, B. A.; CARVALHO, C. A.; ALVES, R. M. O.; DIAS, C. S.; CLARTON, L.
Munduri (Melipona asilvai): a abelha sestrosa. Série Meliponicultura, Cruz das Almas:
Universidade Federal do Reconcavo da Bahia, 46 p. 2009.

SOUZA, S. A.; CAMARA, C. A.; SILVA, E. M. S;; SILVA, T. M. S. Composition and
antioxidant activity of geopropolis collected by Melipona subnitida (Jandaira) Bees.
Evidence-Based Complementary and Alternative Medicine, v.2013, p.1-5, 2013.

SOUZA, S. A.; DIAS, T. L. M. F.; SILVA, T. M. G.; FALCAO, R. A.; ALEXANDRE-
MOREIRA, M. S.; SILVA, E. M. S.; CAMARA, C. A.; SILVA, T. M. S. Chemical
composition, antinociceptive and free radical-scavenging activities of geopropolis from
Melipona subnitida Ducke (Hymenoptera: Apidae: Meliponini). Sociobiology, v.61, n.4, p.
560-565, 2014.

SOUZA, S. A.; SILVA, T. M. G.; SILVA, E. M. S.; CAMARA, C. A. SILVA, T. M. S.
Characterisation of phenolic compounds by UPLC-QTOF-MS/MS of geopropolis from the

stingless bee Melipona subnitida (jandaira). Phytochemical Analysis. v.29, n.6, p.549-558,
2018.

SPECIESLINK REDE. Collaborative databasing of North American bee collections
within a global informatics network project (AMNH-Bee), Colecao Entomoldgica Paulo
Nogueira-Neto - IB/USP (CEPANN), Fototeca Cristiano Menezes (FCM), Colecao de
Hymenoptera INPA (INPA-Hymenoptera), Snow Entomological Museum Collection
(KU-SEMC), Colecao Camargo - FFCLRP/USP (RPSP), 2020. Disponivel em:
<http://www.splink.cria.org.br>. Acesso em: 02 de janeiro de 2020.

SHUH, M.; BOHORQUEZ, H.; LOSS, G. E. J. R; COHEN, A. J. Tumor necrosis factor-
alpha: life and death of hepatocytes during liver ischemia/reperfusion injury. Ochsner
Journal, v.13 p.119-30, 2013.

STEWART, C. J. R. STEWART, L. M.; HOLMAN, C. D. J.; JORDAN, S.; SEMMENS, J.;
SPILSBURY, K.; THRELFALL, T. Value of pathology review in a population-based series

of ovarian tumors. International Journal of Gynecological Pathology, v.36, n. 4, p. 377-
385, 2017.

SUN, C.Y; ZHANG, Q. Y.; ZHENG, G. J.; FENG, B. Phytochemicals: Current strategy to
sensitize cancer cells to cisplatin. Biomed Pharmacother, v.110, p. 518-527, 2019.

SUNG, H.; FERLAY, J.; SIEGEL, R. L.; LAVERSANNE, M.; SOERJOMATARAM, 1;


http://www.splink.cria.org.br/
https://pubmed.ncbi.nlm.nih.gov/?term=Jordan+S&cauthor_id=27801762
https://pubmed.ncbi.nlm.nih.gov/?term=Semmens+J&cauthor_id=27801762
https://pubmed.ncbi.nlm.nih.gov/?term=Spilsbury+K&cauthor_id=27801762
https://pubmed.ncbi.nlm.nih.gov/?term=Spilsbury+K&cauthor_id=27801762
https://pubmed.ncbi.nlm.nih.gov/?term=Threlfall+T&cauthor_id=27801762

138

JEMAL, A.; BRAY, F. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence
and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin., v.71, n.3,
p.209-249, 2021.

TENORIO, E. G.; BARROS, J. R. S.; PACHECO, C. C. M. (org.) 25 anos de pesquisas com
abelha tiaba (Melipona fasciculata) no Maranhao. led. Sdo Luis: UEMA, 2012.

TOMAS-BARBERAN, F. A.; GARCIA-VIGUERA, C.; VIT-OLIVIER, P.; FERRERES, F.;
TOMAS-LORENTE, F. Phytochemical evidence for the botanical origin of tropical from
Venezuela. Phytochemistry, v.34, p.191-196, 1993.

TORRES-GONZALEZ, A.; LOPEZ-RIVERA, P.; DUARTE-LISCI, G.; LOPEZ-RAMIREZ,
A.; CORREA—BENfTEZ, A.; RIVERO-CRUZ, J. F. Analysis of volatile components from
Melipona beecheii geopropolis from Southeast Mexico by headspace solid-phase
microextraction. Natural Product Research, v.30, n.2, p.237-240, 2016.

TORRE, L. A.; TRABERT, B.; DESANTIS, C. E.; MILLER, K. D.; RUNOWICZ, C.D.;
GAUDET, M. M.; JEMAL, A.; SIEGAL, R. L. Ovarian cancer statistics, 2018. CA Cancer
Journal for Clinicians, v.68, n.4, p.284-296, 2018.

TRENDOWSK, M. Recent advances in the development of antineoplastic agents derived
from natural products. Drugs, v.75, p.1993-2016, 2015.

UMTHONG, S.; PUTHONG, S.; CHANCHAO, C. Trigona laeviceps propolis from
Thailand: antimicrobial, antiproliferative and cytotoxic activities. The American Journal of
Chinese Medicine, v.37, n.5, p.855-865, 2009.

UMTHONG, S.; PHUWAPRAISIRISAN, P.; PUTHONG, S.; CHANCHAO, C. In vitro
antiproliferative activity of partially purified Trigona laeviceps propolis from Thailand on

human cancer cell lines. BMC Complementary and Alternative Medicine, v.11, p.37,
2011.

VARSHOSAZ, J.; GHASSAMI, E.; NOORBAKHSH, A.; JAHANIAN-NAJAFABADI, A.;
MINAIYAN, M.; BEHZADI, R. Poly (Butylene Adipate-Co-Butylene Terephthalate)
Nanoparticles prepared by electrospraying technique for docetaxel delivery in ovarian cancer
induced mice. Drug Development and Industrial Pharmacy, v.44, n.6, p.1012-1022, 2018.

VELTHUS, H. H. W.; CORTOPASSI-LAURINO, M; PEREBOM, Z.; IMPERATRIZ-
FONSECA, V. L. The conservative egg of the genus Melipona and its consequence for
speciation. In: MELO, G.A.R.; do SANTOS, 1. A. Apoidea Neotropical: Homenagem aos
90 anos de Jesus Santiago Moure. Criciima: UNESC, v.1, p.171-176, 2003.

VENTURIERI, G. C.; RAIOL, V. F. O.; PEREIRA, C. A. B. Avaliacdo da introducdo da
criacdo racional de Melipona fasciculata (Apidae: Meliponina), entre os agricultores
familiares de Braganca - PA, Brasil. Biota Neotropica, v.3, n.2, p.1-7, 2003.

VENTURIERI, G. C., ALVES, D. A., VILLAS-BOAS, J. K., CARVALHO, C. A. L.,
MENEZES, C., VOLLET-NETO, A., CONTRERA, F. A. L., CORTOPASSILAURINO, M.,
NOGUEIRA-NETO, P., IMPERATRIZ-FONSECA, V. L. Meliponicultura no Brasil:



139

situacdo atual e perspectivas futuras para o uso na poliniza¢do agricola. In: Polinizadores no
Brasil - contribui¢do e perspectivas para a biodiversidade, uso sustentdvel, conservacio e
servicos ambientais. Sdo Paulo: EDUSP, p.213-236, 2012.

VILLAS-BOAS, J. Manual Tecnolégico de Aproveitamento Integral dos Produtos das
Abelhas Nativas Sem Ferrao. Brasilia — DF. Instituto Sociedade, Populacdo e Natureza
(ISPN). 2. ed. Brasil, 2018.

VELIKOVA, M.; BANKOVA, V.; MARCUCCI, M. C.; TSVETKOVA, 1.; KUIJUMGIEV,
A. Chemical composition and biological activity of propolis from brazilian meliponinae.
Zeitschrift fiir Naturforschung, v. 55, p.785-789, 2000.

WEBB, P. M.; JORDAN, S. J. Epidemiology of epithelial ovarian cancer. Best Practice &
Research Clinical Obstetrics & Gynaecology, v.41, p.3-14, 2017.

WHO, WORLD HEALTH ORGANIZATION. Cancer. Disponivel em: http:/
https://www.who.int/news-room/fact-sheets/detail/cancer. Acessado em: 20 jan de 2020.

WILEY, K.; LEFEBVRE, K. B.; WALL, L.; BALDWIN-MEDSKER, A.; NGUYEN, K.;
MARSH, L.; BANIEWICZ. D. Immunotherapy administration: Oncology Nursing Society
recommendations. Clinical Journal of Oncology Nursing, v.1, n.21, p.5-7, 2017.

WONG, R. S. Y. Role of nonsteroidal anti-inflammatory drugs (NSAIDs) in cancer
prevention and cancer promotion. Advances in Pharmacological and Pharmaceutical
Sciences. v.2019, p.1-10., 2019.

ZHAO, L.; YU, M.; SUN, M.; XUE, X.; WANG, T.; CAO, W.; SUN, L. Rapid determination
of major compounds in the ethanol extract of geopropolis from Malaysian stingless bees,
Heterotrigona itama, by UHPLC-Q-TOF/MS and NMR. Molecules, v.22, n. 11, p.1935,
2017.


https://www.who.int/news-room/fact-sheets/detail/cancer
https://www.hindawi.com/journals/aps/
https://www.hindawi.com/journals/aps/

140

ANEXOS



SUBMISSAO DE ARTIGO CIENTIFICO

Pharmacological Research

Mmummdmmannmmumdwmmm

cancer by
—Nanuscript Draft--

Feview Article

owarian cancer, phyiochemicals; molecular mechanisms: chemosansitivity;
chemoresistance

Joslanne da Rocha Barboza, PhD
UFMA; Universidade Federal do Maranhao
BRAZIL

Josianne da Rocha Barboza, PhiD
Jostanne da Rocha Barboza, Phi
Francisoo Assls Nasdments Pereira, PhD
Alberto Jorge Olivelra Lopes, PhD

Maria Milce de Sousa Ribeiro, PhD

Owarlan cancer is the second leading cause of mortality among women with cancer of
the genital tract. Currently. platinum-derived drugs and taxanes are the standard
treatments for ovarian cancer. Howeyer, patients receiving this chemotherapy often
develop cumulative toxic effects and are prone to chematherapy resistance. Therefore,
it Iz necessary to determing treatment options that are more effective and befter
tolerated by patients. In this contes, phytochemicals are chemicals naturally produced
in plants in their secondary metabolism with antifumar acthity that can reprasent
therapeutic or adjuvant alternatives in the treatment of ovarian cancer. The present
review focusad on the antitumor effects of the main phytochemicals. including phenolic
acids. flavonoids, diterpenas, triterpenes. saponins and alkaloids that are being
increasingly investigatad as therapeutic options In ovarian cancer. Moreaver, the
rolecular mechanisms imvolved in inhibition of cell proliferation and metastasis, in
induction of apoptosis and increase of the chemosensitivity to platinum and taxanes
derivatives with these phytochemicals were prasented.

Francisco Lima, PhD
Full Professor, UESPI: Universidade Estadual do Plaui
fdcalimai@gmail.com

Andrela Melo, FhD
Full Researcher, INCA- Instiluto Macional de Cancer
andrela_melsiTinca. gov. b

141



142
COLABORACOES CIENTIFICAS NO PERIODO DE DESENVOVIMENTO DA
TESE.
Trabalhos publicados:
- Use of Stingless Bee Propolis and Geopropolis against Cancer - A Literature Review of
Preclinical Studies.
- Cancer de Mama e os Cuidados da Enfermagem.

Capitulo de livro aceito:

- Cancer do Colo do Utero, Virus (HPV) e a Participacio da Enfermagem no Tratamento e

Prevencdo da Doenca.



pharmaceuticals

Review

Use of Stingless Bee Propolis and Geopropolis againstCancer—
A Literature Review of Preclinical Studies

Francisco Assis Nascimento Pereira *, Josianne Rocha Barboza
Alberto Jorge Oliveira Lopes *

check ror

updates
Citation: Pereira, F.A.N,; Barboza,
J.R,; Vasconcelos, C.C.; Lopes, A.J.O.;
Ribeiro, M.N.d.S. Use of Stingless Bee
Propolis and Geopropolis against
Cancer—A Literature Review of
Preclinical Studies. Pharmaceuticals
2021, 14, 1161. https://doi.org/
10.3390/ph14111161

Academic Editor: Daniela De Vita

Received: 8 October 2021
Accepted: 11 November 2021
Published: 14 November 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses/by/

4.0/).

Pharmaceuticals 2021, 14, 1161. https://doi.org/10.3390/ph14111161

, Cleydlenne Costa Vasconcelos,
and Maria Nilce de Sousa Ribeiro *

Laboratorio de Farmacognosia, Departamento de Farmacia, Campus Bacanga, Universidade Federal do

Maranhao, Av. dos Portugueses, 1966, Sao Luis 65080-805, Maranhao, Brazil; josi.anne.r@hotmail.com (J.R.B.);

cleydlenne@yahoo.com.br (C.C.V.)

* Correspondence: franciscopho2015@gmail.com (F.A.N.P.); lopesajo@gmail.com (A.J.0.L.);
mnsousaribeiro@gmail.com (M.N.d.S.R)

Abstract: Cancer is one of the major maladies affecting humankind and remains one of the leading
causes of death worldwide. The investigation of the biological activities of stingless bee products,
especially propolis and geopropolis, has revealed promising therapeutic properties, especially in
the research on new antineoplastic agents. This literature review of preclinical trials, involving
biological assays of antitumor activity and identification of the chemical composition of propolis
and geopropolis of stingless bee species, describes the cytotoxicity in tumor lineages (breast, lung,
ovarian, liver, mouth, pharynx, larynx, colon, stomach, colorectal, cervix, kidney, prostate, melanoma,
human glioblastoma, canine osteosarcoma, erythroleukemia, human chronic myelocytic leukemia,
and human promyelocytic leukemia) of propolis and geopropolis of 33 species of stingless bees.
The chemical composition of propolis and geopropolis was identified, indicating that these belong
to the chemical classes of phenolic acids, flavonoids, coumarins, benzophenones, anthraquinones,
alkaloids, terpenes, steroids, saponins, fatty acids, and carbohydrates and are possibly responsible for
the cytotoxicity in tumor cells. Apoptosis was one of the main mechanisms of cytotoxicity of extracts
and substances isolated from stingless bee products. Although the results found are encouraging,
other preclinical studies and clinical trials are essential for the discovery of new anticancer agents.

Keywords: stingless bee products; new anticancer agents; propolis; geopropolis

1. Introduction

Stingless bees, also known as meliponines, live in colonies and are characterized by
having atrophied stingers [1]. They are social insects of great diversity and wide geographic
distribution, occupying almost all of Latin America and Africa, besides southeast Asia and
northern Australia [2-4]. There are more than 600 described species, and they are spread
across all tropical and subtropical areas of the globe [5]. Among the genera with the largest
number of known species are Plebeia, Trigona, Melipona, Scaptotrigona, and Trigonisca [6].

Meliponines make great contribution to environmental conservation, as they perform
pollination of native plant species and contribute to a reduction in deforestation and
environmental damage [4,7]. In addition, they are commercially known for their role in the
production of natural products, such as honey, wax, royal jelly, propolis, and geopropolis
and accumulation of pollen [3,4,8,9].

Propolis is a mixture of salivary secretions and plant resins collected by bees and is
produced to seal the hive and prevent the entry of air and invading insects, besides having
antimicrobial activity, protecting the colony from diseases [10,11].

Some meliponin species mix propolis with clay or soil. The result of this mixture is
a resinous material more rigid than propolis. Despite the differences in the formation of
both products, geopropolis has similar functions to propolis regarding the protection of the
hive [12].
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RESUMO

O aumento da incidéncia de doengas cronico-degenerativas no mundo e consequentemente no Brasil tem
gerado uma série de estudos, inclusive sobre o cancer. Devido ao grande nimero de casos novos da
patologia, ¢ comum nos depararmos com estes pacientes durante a nossa pratica clinica. Dentre estes,
encontramos o cancer de mamaque, no Brasil e no mundo, tem aumentado e aparecido cada vez mais cedo
na vida da mulher. Este foi o fator relevante para a realizag¢ao desta pesquisa bibliografica, sendo os dados
coletados por meio de livros, artigos, revistas e sites, com o objetivo de conhecer em profundidade as
especificidades do cincer de mama, suas implicacdes e as consideracdes de enfermagem. E de extrema
importancia a valorizag¢do do referencial tedrico parao aprimoramento de uma assisténcia mais integral e
abrangente, uma vez que este tipo de neoplasia traz consigo uma diversidade de fatores. A revisdo
demonstrou a importancia da equipe de enfermagem na atuacdo dessa patologia devendo ter com um
conhecimento técnico cientifico suficiente para lidar com o tratamento das mulheresportadoras de cancer
de mama.

Palavras-chave: Cuidados da enfermagem. Neoplasia mamadria. Cancer de mama.

1 INTRODUCAO

O cancer de mama € uma doenga heterogénea e complexa, que se apresenta
de mudltiplas formas clinicas e morfoldgicas, com diferentes graus de agressividade
tumoral e potencial metastatico, atingindo frequentemente mulheres apds os quarenta
anos de idade, embora se tenha observado um fendmeno, em nivel mundial, do aumento

de sua incidéncia emfaixas etdrias mais jovens. (PINHO et al., 2017).
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