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RESUMO 

 

Os fungos endofíticos vivem em simbiose com a planta hospedeira, sendo que muitos podem 

apresentar a capacidade de produzir os mesmos metabólitos ativos que seus hospedeiros, 

tornando-se um reservatório de uma infinidade de produtos naturais antimicrobianos ou 

anticancerígenos, dentre outros. Esta pesquisa foi dividida em três capítulos. No primeiro 

capítulo foi utilizada a planta Buchenavia tomentosa, ainda pouco estabelecida como medicinal 

na literatura, para avaliar a capacidade de inibição do crescimento de bactérias patogênicas pelo 

extrato aquoso da planta e extrato alcoólico dos fungos endofíticos isolados, e avaliar a 

atividade antagonista destes endofíticos contra o fitopatógeno Rhizopus stolonifier. Das 11 

cepas bacterianas testadas, Salmonella typhimurium, Staphylococcus epidermidis e Shigella 

flexneri apresentaram sensibilidade aos compostos ativos da planta. Obteve-se 22 isolados 

fúngicos das folhas, e destes, sete apresentaram atividade antimicrobiana contra S. 

typhimurium, S. epidermidis e S. flexneri. Dois isolados, FC12 e FC31, apresentaram atividade 

antimicrobiana contra as três bactérias, e todos os fungos apresentaram inibição de pelo menos 

uma bactéria testada na concentração de 25 µg/ml (menor concentração observada no teste). Na 

atividade antagonista, somente o isolado FC123 foi capaz de inibir 53% do crescimento de R. 

stolonifer através da difusão de substâncias, e nenhum resultado foi observado pela produção 

de compostos voláteis. Os isolados endofíticos testados constituem potenciais fontes de 

substâncias antimicrobianas, mas novos estudos deverão ser realizados para identificar as 

espécies endofíticas e as substâncias antimicrobianas por elas produzidas. No capítulo dois foi 

investigada a atividade anticancerígena da planta Eleutherina plicata. Estudos anteriores 

demonstraram que há três principais substâncias de naftoquinona envolvidos: a eleuterina, 

isoeleuterina e eleuterol, mas seu mecanismo de ação permanece indefinido. A eleuterina se 

destaca dentre as demais naftoquinonas e seus mecanismos de ação foram investigados em 

glioma C6 de rato. A citotoxicidade in vitro foi avaliada pelo ensaio MTT; as alterações 

morfológicas foram avaliadas por microscopia de contraste de fase. A apoptose foi determinada 

pela anexina A coloração de V-FITC-iodeto de propídio e os efeitos antiproliferativos foram 

avaliados pela migração da ferida e ensaios de formação de colônias. A expressão da proteína 

quinase B (AKT/pAKT) foi medida por western blot, e o mRNA da transcriptase reversa da 



 

 

telomerase foi medido por PCr em tempo real (qRT-PCR). Foi observado que a eleuterina 

reduziu a proliferação de células C6 de maneira dose-dependente, migração e invasão 

suprimidas, apoptose induzida e fosforilação reduzida de AKT e expressão da telomerase. Em 

resumo, os resultados sugerem que a eleuterina tem potencial uso clínico em tratamento de 

glioma. O capítulo três trata-se de um compilado de técnicas utilizadas para a investigação da 

produção das substâncias anticancerígenas das plantas pelos fungos endofíticos, sendo parte 

subsequente do capítulo dois a ser realizada (investigação da produção de eleuterina pelos 

endofíticos da E. plicata). De maneira geral, ambas plantas estudadas são interessantes fontes 

de produtos biotecnológicos na área de antimicrobianos e anticancerígenos. 

 

Palavras-chave: Antimicrobianos; Anticancerígenos; Mirindiba; Eleuterina. 
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ABSTRACT 

 

Endophytic fungi live in symbiosis with the host plant, and many may produce the same active 

metabolites as their hosts, thereby becoming a reservoir for an infinite number of antimicrobial 

or anticancer natural products, among others. This study was divided into three chapters. In the 

first chapter Buchenavia tomentosa, a plant not well established as medicinal in the literature, 

was used to assess the growth inhibition capacity of pathogenic bacteria by the aqueous extract 

of the plant and alcoholic extract of isolated endophytic bacteria, and evaluate the antagonistic 

activity of these endophytes against the phytopathogen Rhizopus stolonifier. Of the 11 bacterial 

strains tested, Salmonella typhimurium, Staphylococcus epidermidis and Shigella flexneri were 

sensitive to the active compounds of the plant. A total of 22 fungal isolates were obtained from 

leaves, seven of which showed antimicrobial activity against S. typhimurium, S. epidermidis 

and S. flexneri. Two isolates (FC12 and FC31) displayed antimicrobial activity against three 

bacteria, and all the fungi inhibited at least one of the bacteria tested at a concentration of 25 

µg/ml (lowest concentration obtained in the test). In antagonist activity, only FC123 inhibited 

53% of R. stolonifer growth by substance diffusion, and no result was observed with the 

production of volatile compounds. The endophytic isolates tested are potential sources of 

antimicrobial substances, but new studies should be conducted to identify the endophytic 

species and microbial substances they produce. Chapter two investigated the anticancer activity 

of the plant Eleutherina plicata. Previous studies demonstrated that there are three main 

naphthoquinone compounds involved: eleutherine, isoeleutherine and eleutherol, but their 

mechanism of action remains undefined. Eleutherine stands out among the other 

naphthoquinones and its mechanisms of action have been investigated in the rat C6 glioma cell 

line. In vivo cytotoxicity was assessed by the MTT assay, and morphological changes were 

evaluated by phase-contrast microscopy. Apoptosis was determined by annexin V-

FITC/propidium iodide staining and the antiproliferative effects were assessed by wound 

migration and colony formation assays. Protein kinase B expression B (AKT/pAKT) was 

measured by western blotting, and mRNA from telomerase reverse transcriptase by real time 

PCr (qRT-PCR). Eleutherine reduced dose-dependent C6 cell proliferation, suppressed 

migration and invasion, induced apoptosis and decreased AKT phosphorylation and telomerase 



 

 

expression. In short, the results suggest that eleutherine has clinical potential in the treatment 

of glioma. Chapter three discusses a number of techniques used to investigate the production 

of plant-derived anticancer substances by endophytic fungi, which is a subsequent part of 

chapter two to be carried out (investigation of eleutherine production by E. plicata endophytes). 

In general, both plants studied are interesting sources of biotechnological products in the area 

of antimicrobial and anticancer substances. 

 

Keywords: Antimicrobials; Anticancer; Mirindiba; Eleutherine. 
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1. INTRODUÇÃO GERAL 

 

Os micro-organismos endofíticos são cada vez mais reconhecidos como fontes 

ecologicamente seguras e viáveis no desenvolvimento industrial biotecnológico, na 

medicina e agricultura (GOUDA et al., 2016; KHAN et al., 2017). Além da influência 

que exercem em simbiose com a planta hospedeira, é de conhecimento que influenciam 

a síntese de moléculas bioativas com alto potencial medicinal (SHEN et al., 2019; 

ANDREOZZI et al., 2019; YADAV, 2018; LATZ et al., 2018).  

Nas últimas décadas, diferentes drogas foram sintetizadas a partir de plantas e 

micro-organismos, incluindo moléculas aplicáveis à atividade anticancerígena e 

antimicrobiana (GOUDA et al., 2016; CALDERANI et al.; 2016). Manganyi e Ateba 

(2020) identificaram um número significativo dessas substâncias e já foi demonstrada a 

capacidade de endofíticos sintetizarem metabólitos bioativos semelhantes às plantas 

hospedeiras (SHARMA e KUMAR, 2021).  

O taxol é um fármaco anticancerígeno amplamente utilizado na medicina e foi 

originalmente isolado da casca da planta Taxus brevifolia, sendo produzido também por 

uma série de fungos endofíticos de diferentes plantas (KASAEI et al., 2017; GILL e 

VASUNDHARA, 2019). Todos os táxons de fungos endofíticos isolados da planta 

Glycyrrhiza glabra foram capazes de produzir o hormônio promotor de crescimento de 

plantas ácido indol acético (IAA) (ARORA at el., 2019). Além destes exemplos, 

destacam-se os fungos produtores da podofilotoxina, principal composto ativo da planta 

hospedeira Dysosma versipellis (TAN et al., 2018). 

Dentre os métodos atuais de tratamento do câncer, a quimioterapia é o mais eficaz 

para o tratamento de tumores metastáticos, porém possui características de 

multirresistência das células cancerígenas e efeitos colaterais, desencadeando a 

ineficiência do tratamento (GOTTESMAN e BATES, 2002). Essa resistência pode surgir 

a partir de alterações em genes regulatórios, decorrentes da exposição ao próprio 

quimioterápico, tornando-se evidente a necessidade da introdução de novos fármacos 

para a terapia anticancerígena (WU et al., 2011; GARRAWAY e JANNE, 2012). 

O aumento da incidência de câncer e o desenvolvimento acelerado de 

superbactérias devido à resistência aos antibióticos se apresentam como um dos principais 

desafios para os pesquisadores nos últimos tempos (KATOCH et al., 2017). Estima-se 

que a mortalidade por bactérias resistentes será de aproximadamente 10 milhões por ano 

https://www-sciencedirect.ez6.periodicos.capes.gov.br/topics/engineering/bioactive-molecule
https://www-sciencedirect.ez6.periodicos.capes.gov.br/science/article/pii/S0960852421009305?via%3Dihub#b0015


12 
 

 

em todo o mundo até 2050, superando, inclusive, o câncer como a principal causa de 

morte (VAN HOUTEN et al., 2018). 

Eventos pandêmicos, como os ocasionados pelo novo coronavírus Sars-Cov-2 em 

2019, também geram uma busca desordenada e desenfreada por tratamentos e profilaxias, 

aumentando consideravelmente a utilização de tratamentos que não apresentam 

efetividade comprovada cientificamente ou possuem indicação farmacológica descrita 

(MARINHO e PAZ, 2021). A automedicação e o uso excessivo e/ou uso de antibióticos 

de espectro equivocado contribuem significativamente para o fenômeno da resistência 

bacteriana, impulsionando novos estudos (FERREIRA et al., 2021).   

Sabendo que o uso de endofíticos são a forma mais viável e ecologicamente segura 

de obtenção de compostos ativos provenientes de plantas, o objetivo desta pesquisa foi 

investigar as atividades antimicrobiana e anticancerígena das plantas Buchenavia 

tomentosa (Mirindiba) e Eleutherine plicata (Marupazinho) e verificar o potencial 

bioativo de fungos endofíticos à elas associados (RODRIGUEZ e REDMAN, 2008). 

 

 

1.1. Objetivo geral 

 

Investigar a atividade antimicrobiana da Buchenavia tomentosa e dos fungos 

endofíticos isolados. Verificar a antividade anticancerígena da Eleutherina plicata 

(mecanismos de ação da eleuterina). 

 

1.2. Objetivos específicos 

 

Capítulo I 

 Isolar e preservar os micro-organismos endofíticos da B. tomentosa;  

 Verificar a atividade antimicrobiana do extrato aquoso de B. tomentosa e do 

extrato fúngico contra os micro-organismos patogênicos Bacillus cereus, 

Enterococcus faecalis, Escherichia coli, Klebsiella pneumoniae, Listeria 

monocytogenes, Pseudomonas aeruginosa, Salmonella typhimurium, 

Staphylococcus aureus, Staphylococcus epidermidis, Shigella flexneri e 

Streptococcus pneumoniae;  
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 Verificar a produção de substâncias difusíveis e voláteis dos fungos endofíticos 

isolados da B. tomentosa contra Rhizopus stolonifer; 

 

Capítulo II 

 Avaliar a atividade anticancerígena da E. plicata em modelo experimental de 

neoplasia cerebral in vitro; 

 Investigar a atividade anticancerígena da eleuterina obtida de E. plicata contra as 

propriedades proliferativas, migratórias e invasivas, apoptose e mecanismo 

relacionado da linhagem celular de glioma C6 in vitro; 

 

Capítulo III 

 Verificar a produção de substâncias anticancerígenas pelos fungos endofíticos da 

E. plicata. 
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2. REVISÃO BIBLIOGRÁFICA 

 

2.1. Potencialidades biotecnológicas das plantas estudadas  

 

2.1.1.  Buchenavia tomentosa 

 

A espécie Buchenavia tomentosa Eichler é presente no Cerradão (ou Catanduva), 

floresta semidecídua, mata ciliar, mata de galeria, floresta seca e cerrado, medindo em 

média 5 a 12 m (LORENZI, 2008). Conhecida popularmente como mirindiba, embiridiba, 

tarumarana ou tonimbuca, essa planta é utilizada na medicina popular na forma de chá 

para tratamento de tosse, colesterol alto e diabetes (COSTA et al., 2011; SILVA et al., 

2010a, RIBEIRO et al., 2017). A madeira proveniente desta espécie é utilizada na 

construção civil, produção de lenha e carvão, além de apresentar potencial apícola 

(AZEVEDO et al., 2014).  

O crescimento dos frutos ocorre entre junho e setembro, e são caracterizados por 

polpa carnuda, de sabor doce (maduro), contendo uma única semente (LORENZI, 2008). 

Além do uso medicinal, os frutos são consumidos na forma de suco ou doces, apesar de 

relatos de toxicidade aguda causando alterações digestivas e abortos em caprinos, ovinos 

e bovinos (FERREIRA et al., 2016; MELLO et al., 2010). No entanto, em estudo sobre 

toxicidade, o extrato aquoso dos frutos não apresentou atividade androgênica ou 

antiandrogênica, além de não ter apresentado alterações degenerativas e inflamatórias nos 

animais testados (FERREIRA et al., 2016). 

Girondi et al. (2017) comprovaram a atividade antimicrobiana com extratos das 

folhas (Figura 1) desta planta, observando a inibição do crescimento de Escherichia coli, 

Pseudomonas aeroginosa, Staphylococcus aureus e Staphylococcus epidermidis. Outras 

pesquisas demonstraram atividade antifúngica contra Candida albicans e redução dos 

fatores de virulência (TEODORO et al., 2015; TEODORO et al., 2018).  

A planta apresenta compostos fenólicos, como ácido elágico e gálico, além de 

elevado teor de vitamina C (BRIGHENTI et al., 2017). Os extratos metanólicos da casca 

conferem alta atividade antioxidante a esta planta (TEIXEIRA et al., 2017). Os compostos 

fenólicos contribuem para a redução da incidência de doenças crônicas e degenerativas, 

além de ação anti-inflamatória, antimicrobiana e antitumoral (MOJZER et al., 2016; 

MENA e LLORACH, 2017).  
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Figura 1 – Folhas de B. tomentosa utilizadas nesta pesquisa. 

 

 

 

2.1.2.  Eleutherine plicata  

 

Eleutherine plicata Herb é uma Iridaceae, amplamente utilizada na região 

amazônica, caracterizada por bulbos avermelhados (purpúreos), formados por camadas 

de folhas modificadas sobrepostas, denominadas catafilos, folhas plissadas, flores branca 

ou rosa, e exsudam látex branco quando cortadas (Figura 2) (MALHEIROS et al., 2015). 

É conhecida popularmente como marupazinho, lírio folha de palmeira, lagrimas de La 

Virgen (Cuba), marupá-miri, marupai, marupá-piranga, alho do mato, tong-krai-choi 

(Bangladesh), chikra-choi (Bangladesh), guanyincao (China), nambu-tutano, anajai, 

coquinho, marupa-ú, marupari, marupa e palmeirinha (RAHMATULLAH et al. 2009; 

COELHO-FERREIRA, 2009; OLIVEIRA NETO et al. 2007; LEE et al., 2008; COSTA 

et al. 2010). 

Essa espécie é utilizada popularmente para o tratamento da malária, úlceras 

gástricas, infecção por ameba, infecção parasitária, disenteria, diarréia, distúrbios 

intestinais, hemorróidas e distúrbios menstruais (RAHMATULLAH et al. 2012; COUTO 

et al. 2016). Em 2009, foi inserida na Relação Nacional de Plantas Medicinais de interesse 

ao SUS (RENISUS), juntamente com outras 70 espécies de plantas medicinais (BRASIL, 

2009). 

Dos bulbos de E. plicata foram isoladas várias naftoquinonas, naftaleno, 

antraquinona e compostos de terpenos, sendo os principais constituintes do extrato o 

eleuterol, eleuterina e isoleuterina (VALE et al., 2020). Essas substâncias compõem os 

vacúolos celulares na forma de glicosídeos e contém atividade antimicrobiana, 
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antifúngica, antiviral, propriedades anticancerígenas, antioxidantes e antiparasitárias 

(DAI et al., 2013). 

 Pesquisas anteriores demonstraram o efeito antiproliferativo de glioma (U251) e 

câncer de mama (MCF-7) da eleuterina e isoeleuterina isolados de um extrato metanólico 

de bulbos de Cipura paludosa (CAMPOS et al., 2016). Segundo os resultados, a 

substância eleuterina é mais citotóxica do que a isoeleuterina. Esses compostos tratam-se 

de isômeros epiméricos e possuem uma porção 1,4-naftoquinona com apenas uma 

diferença estrutural, o grupo β-metil da eleuterina e o grupo α-metil da isoeleuterina. 

Dessa forma, conclui-se que a maior atividade da eleuterina está relacionada à quiralidade 

de seu anel pirano com o grupo β-metil (CAMPOS et al., 2016). 

 

 

Figura 2 – Especimes de E. plicata utilizados nesta pesquisa. 

 

 

2.2. Fungos endofíticos e potencialidades biotecnológicas 

 

Fungos endofíticos são micro-organismos colonizadores de tecidos internos de 

espécies vegetais como raízes, caule, frutos, folhas e sementes, sem causar efeitos 

negativos imediatos, podendo trazer vários benefícios para a planta hospedeira como 

proteção e promoção de crescimento (JIA et al., 2016). A transmissão à planta pode 

ocorrer de forma horizontal, através de esporos aéreos, ou verticalmente, pelas sementes. 

Dada a instalação no interior da planta, estes fungos podem permanecer em estado de 

latência por toda a vida útil da planta, ou por períodos longos enquanto não houver fatores 

que desfavoreçam a condição de simbiose (ALY et al., 2011). 
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Acredita-se que os micro-organismos endofíticos incorporam parte do DNA do 

hospedeiro em seu próprio genoma, possibilitando a adaptação ao microambiente 

(GERMAINE et al., 2004). Apesar de pouco compreendida, observa-se a transferência de 

material genético, apresentando em alguns casos uma uniformidade filogenética, 

sugerindo uma co-evolução (AGOSTINI, 2016; HERRE et al., 1999). Esta co-evolução 

também é sugerida pela falta de reação de defesa da planta contra a presença de micro-

organismos endofíticos (CHRISTENSEN et al., 2002) e pela capacidade de alguns fungos 

de produzir os mesmos metabólitos ativos que seus hospedeiros (STIERLE et al., 1993). 

A relação de simbiose entre o endofítico e o hospedeiro é caracterizada pela 

proteção e abrigo fornecidos pela planta e a produção de substâncias antibacterianas, 

herbicidas e fungicidas pelos fungos, fornecendo a defesa necessária conta insetos, pragas 

e patógenos (CALDERANI et al., 2016). Dessa maneira, os metabólitos secundários 

fúngicos contribuem significativamente para a descoberta de novos medicamentos, sendo 

fonte rica de substâncias medicinalmente importantes (GOUDA et al., 2016; 

SCHUEFFLER et al., 2014; EVIDENTE et al., 2014).  

Há vários estudos clínicos envolvendo metabólitos secundários de fungos 

endofíticos, baseados na atividade seletiva destes micro-organismos contra alvos 

moleculares relacionados ao câncer (CRAGG e NEWMAN, 2005). Alguns compostos 

vegetais sintetizados por fungos endofíticos de importância terapêutica são a 

camptotecina (anticâncer), tricodermina (antifúngico), podofilotoxina (antimitótico) e 

ácido helvólico (antimicrobiano) (EYBERGER et al., 2006; RAN et al., 2017; YANG et 

al.; 2017; LEYLAIE e ZAFARI, 2018). 

Apesar de reconhecidos como importante fonte de produtos bioativos naturais, 

estima-se que grande quantidade dos compostos procedentes de fungos endofíticos está 

por identificar (HIGGINBOTHAM et al., 2013). Além disso, o aumento da percepção 

pública negativa sobre o uso de medicamentos sintéticos, principalmente por 

preocupações ambientais, impulsiona a comunidade científica a explorar o potencial de 

produtos naturais como fontes de novas drogas (ALVIN et al., 2014). Dessa forma, 

pesquisas que visam a bioprospecção de novas substâncias bioativas promovem não 

somente o conhecimento da diversidade fúngica, como contribui para a obtenção de novos 

fármacos naturais, com menos impacto à saúde e meio ambiente. 
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2.3. Tratamento e substâncias bioativas em uso na prática clínica  

 

O tratamento do câncer envolve uma ou várias modalidades e técnicas de 

tratamento combinadas, sendo a principal a cirurgia oncológica. Esta pode ser 

empregada em conjunto com radioterapia, quimioterapia ou transplante de medula 

óssea, conforme a localização, o tipo do câncer, a condição clínica do paciente e a 

extensão da doença (MINISTÉRIO DA SAÚDE, 2020). Outras terapias no tratamento 

do câncer envolvem a hipertermia, uso de lasers, transfusão e doação de sangue, 

hormonioterapia, terapia alvo, imunoterapia e medicina personalizada (AMERICAN 

CANCER SOCIETY, 2020; INSTITUTO ONCOGUIA, 2018). 

A cirurgia e radioterapia são considerados tratamentos “locais”, empregados no 

tratamento de tumores em área específica do corpo. Já os tratamentos medicamentosos 

como quimioterapia, imunoterapia ou terapia direcionada são chamados de tratamentos 

"sistêmicos" porque podem afetar o corpo inteiro (AMERICAN CANCER SOCIETY, 

2020). Essa falta de especificidade afeta as células normais de crescimento rápido 

(capilares, gastrointestinais e do sistema imunológico), ocasionando efeitos colaterais, 

como náuseas, perda de cabelo e maior passividade a infecções (INCA, 2019).  

Os fármacos anticancerígenos disponíveis possuem diferentes mecanismos de 

ação, agindo em diferentes etapas do ciclo celular. Há os que atuam diretamente no DNA, 

por meio de alquilação (transferência de um grupo alquila de uma molécula para outra), 

os que atuam direta ou indiretamente na síntese de DNA (antimetabólitos), os 

intercalantes de DNA e os inibidores de mitose e tirosina-quinase (DE ALMEIDA et al., 

2005).  

Muitos pacientes exibem ou desenvolvem resistência intrínseca ou adquirida aos 

agentes quimioterápicos anticancerígenos, sendo a maioria destes agentes altamente 

tóxicos, principalmente em células de rápida divisão celular (GARRAWAY e JANNE, 

2012; ROCHE, 2013). De forma geral, células tumorais podem adquirir resistência a 

partir de alterações em genes regulatórios, resultante da exposição ao próprio 

quimioterápico (WU et al., 2011; GARRAWAY e JANNE, 2012).  

Em torno de 60% das substâncias utilizadas na terapia anticancerígena são 

provenientes de fontes naturais, sendo o reino vegetal a maior fonte dessas substâncias 

naturais (BHANOT et al., 2011; COSTA-LOTUFO et al., 2010). As principais classes de 

compostos já testadas são os terpenos (sesquiterpenos, diterpenos e triterpenos), 
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alcalóides, cumarinas, lignanas, flavonóides, taninos, stilbenos, curcuminóides e 

polissacarídeos (CAI et al., 2004).  

O paclitaxel, de nome comercial Taxol, é um flavonóide extraído da casca do teixo 

(Taxus brevifolia) e um dos medicamentos anticancerígenos mais bem-sucedidos 

utilizados nos últimos anos (CROTEAU et al., 2006). Os alcalóides vinblastina e 

vincristina, encontrados principalmente nas folhas de Catharanthus roseus, são outros 

exemplos de compostos naturais com atividade anticancerígena, e são comercializados 

sob os nomes Velban e Oncovin ou Vincovin (SHARMA et al., 2016). A partir da 

podofilotoxina (lignana ariltetralínica isolada da Podophyllum peltatum e Podophyllum 

emodii), também obteve-se o etoposídeo e o teniposídeo, utilizados no retardamento de 

tumores mediante inibição da enzima topoisomerase II ou DNA-girase (BRANDÃO et 

al., 2010). 

Algumas linhagens tumorais já não respondem à farmacoterapia disponível e 

muitos tratamentos são ineficientes, impulsionando a pesquisa de novos fármacos 

anticancerígenos (AVENDAÑO e MENÉNDEZ, 2008). Nesse sentido, pesquisas 

avançam na identificação de compostos bioativos com atividade anticancerígena, como o 

lupeol (terpeno supressor de células cancerígenas da cabeça e pescoço), isolado de folhas 

de Hedera nepalensis (JAFRI et al., 2015); diarthronchas A - D e daphnauranol B 

(sesquiterpenóides) isolados das raízes de Diarthron tianschanica (SUN et al., 2018); L- 

asparaginase (indutora de apoptose em células tumorais), encontrada em vários tecidos 

vegetais e microbianos (ABDELRAZEK et al., 2020), entre outros. 

 

 

2.4.  A multirresistência bacteriana 

 

Os antimicrobianos são produtos do metabolismo microbiano capazes de inibir 

parcial ou totalmente o crescimento e multiplicação de micro-organismos, e podem ser 

classificados como antibióticos (substâncias químicas produzidas por micro-organismos) 

ou quimioterápicos (substâncias sintetizadas ou produtos microbianos modificados 

estruturalmente em laboratório) (NAKANO et al., 2022).  

O uso destas substâncias foi revolucionário no campo da prevenção e tratamento 

de processos infecciosos, no entanto, a prescrição nem sempre criteriosa ou racional 

desses antimicrobianos promoveu uma progressiva resistência bacteriana, tornando-se 
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uma ameaça crescente e um desafio global (MONTELLI e SADATSUNE, 2001; HU et 

al., 2019). 

A penicilina foi o primeiro fármaco antimicrobiano aplicado ao tratamento de 

infecções causadas por Staphylococcus aureus. Descoberta em 1928 pelo médico escocês 

Alexander Fleming, contribuiu drasticamente no controle de infecções e doenças 

bacterianas, no entanto, os efeitos e mecanismos de ação desse fármaco só foram 

compreendidos posteriormente (NAKANO et al., 2022; GARCIA e COMARELLA, 

2021). 

Em menos de um ano de uso da penicilina, foi relatado um gene plasmidial que 

codifica a enzima β-lactamase, destruindo o anel β-lactâmico e inativando suas moléculas 

(KONEMAN et al., 2018). Porém, a detecção de β-lactamases em bactérias Gram-

positivas e Gram-negativas remonta-se aos inícios dos anos 40, antes mesmo do uso 

generalizado da penicilina no mundo (ABRAAM e CHAIN, 1940; KIRBY, 1944). 

A resistência antimicrobiana é caracterizada pela capacidade da bactéria evadir os 

mecanismos de ação de compostos antimicrobianos, mantendo-se viável, após serem 

expostas à eles (CHRISTAKI et al., 2020). A resistência surge naturalmente, como uma 

resposta evolutiva da exposição bacteriana à estes agentes antimicrobianos (MEDINA et 

al., 2020). Os principais mecanismos de ação envolvem os mecanismos 

farmacodinâmicos de produção de enzimas que destroem ou modificam a ação dos 

antibióticos; redução da permeabilidade da membrana externa; sistemas de efluxo 

hiperexpressos (excreção de substâncias tóxicas); alteração, bloqueio ou proteção do sítio 

alvo do antibiótico; e formação de biofilme (FARIA et al., 2021). Na Figura 3 encontram-

se os mecanismos de ação envolvidos nas principais classes de antimicrobianos. 
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Figura 3 – Os principais alvos de ação de antimicrobianos. 

(Fonte: https://farmaceuticodigital.com/2018/06/como-os-antimicrobianos-sao-classificados.html) 

 

 

 

Em 2017, a Organização Mundial da Saúde publicou a primeira lista de agentes 

patogênicos prioritários resistentes aos antibióticos com 12 famílias de bactérias que 

representam a maior ameaça para a saúde humana (WORLD HEALTH 

ORGANIZATION, 2017). A lista classificou a necessidade de novos antibióticos em 

prioridade crítica, alta ou média (Quadro 1). Observa-se que o grupo em nível crítico é 

predominantemente de β-lactâmicos, seguido das Quinolonas, Glicopeptídeos e 

Macrolídeos/cetolídeos. 

 

 

 

 

 

 

https://farmaceuticodigital.com/2018/06/como-os-antimicrobianos-sao-classificados.html
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Quadro 1 - Lista de agentes patogênicos prioritários da WHO para a produção e 

desenvolvimento de novos antibióticos. 

Prioridade Micro-organismo Resistência Classificação 

 Acinetobacter baumannii Carbapenema β-lactâmicos 

 Pseudomonas aeruginosa Carbapenema β-lactâmicos 

CRÍTICA  

Enterobacteriaceae 

Carbapenema, 

produtoras de 

ESBL* 

 

β-lactâmicos 

 Enterococcus faecium Vancomicina Glicopeptídeos 

  

Staphylococcus aureus 

Meticilina 

(sensibilidade 

intermediária) 

Vancomicina 

β-lactâmicos 

 

 

Glicopeptídeos 

ALTA Helicobacter pylori Claritromicina Macrolídeos/cetolídeos 

 Campylobacter spp. Fluoroquinolonas Quinolonas 

 Salmonellae Fluoroquinolonas Quinolonas 

 Neisseria gonorrhoeae Cefalosporina 

Fluoroquinolonas 

β-lactâmicos 

Quinolonas 

 Streptococcus 

pneumoniae 

Penicilina β-lactâmicos 

 

MÉDIA Haemophilus influenzae Ampicilina β-lactâmicos 

 Shigella spp. Fluoroquinolonas Quinolonas 

 

*ESBL - β-lactâmicos de espectro estendido. 

 

Nos β-lactâmicos a atividade bactericida ocorre através da inibição da parede 

celular bacteriana e é conferida pelo anel β-lactâmico de seu núcleo estrutural. A 

característica da cadeia lateral define o seu espectro e propriedades farmacológicas. 

Pertencem à esse grupo as penicilinas, cefalosporinas, carbapenens e monobactans 

(AGÊNCIA NACIONAL DE VIGILÂNCIA SANITÁRIA, 2007). As alterações 

químicas em cada grupo modificam as características de afinidade por receptores dos 

antibióticos, espectro de ação, e diferentes formas de resistência desenvolvidas pelas 

bactérias. Na figura 4 pode ser observada a estrutura química de cada classe da subfamília 

dos β-lactâmicos (ARRUDA et al., 2019). 
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Figura 4 - Estrutura dos antibióticos β-lactâmicos (WILLIAMS, 1999). 

 

 

 As quinolonas são antimicrobianos de espectro estendido usados no tratamento de 

infecções causadas por bactérias gram-positivas e gram-negativas (DROLET, 2018). O 

ácido nalidíxico foi o membro inicial da classe, identificado como subproduto da síntese 

da cloroquina em 1962, com uso clínico limitado para o tratamento de infecções do trato 

urinário e pelo surgimento precoce de resistência (LESHER et al., 1962). Modificações 

químicas do núcleo quinolona foram realizadas acrescentando um átomo de flúor na 

posição 6 do anel quinolônico, criando as fluorquinolonas, aumentando o espectro 

antimicrobiano, melhorando a farmacocinética e menor frequência de desenvolvimento 

de resistência (Figura 5) (DOMAGALA e HAGEN, 2003).  

 

 

Figura 5 - Modificações químicas do núcleo quinolona acrescentando um átomo de flúor na 

posição 6 do anel quinolônico. (Fonte: https://farmaceuticodigital.com/2018/06/como-os-

antimicrobianos-sao-classificados.html). 

 

 

https://farmaceuticodigital.com/2018/06/como-os-antimicrobianos-sao-classificados.html
https://farmaceuticodigital.com/2018/06/como-os-antimicrobianos-sao-classificados.html
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O mecanismo de resistência às quinolonas mais frequente envolve mutações 

cromossômicas em regiões conhecidas como determinantes de resistência às quinolonas 

(QRDR, sigla do inglês quinolone resistance determining region) representadas pelas 

enzimas DNA girase e topoisomerase IV, compostas por duas unidades promotoras, gyrA 

e gyrB, e parC e parE, respectivamente (ALDRED et al., 2013; DROLET et al., 2018). 

 Os glicopeptídeos inibem a síntese do peptidoglicano da parede celular, em função 

da sua ligação com resíduos L-aa-aa-D-D-aa presentes somente na parede celular de 

bactérias, conferindo a sua seletividade (Figura 6). Também estabelecem pontes de 

hidrogênio com os peptideoglicanos formando complexos estáveis que inibem a formação 

das cadeias de glicano devido o impedimento estérico para a peptidoglicano polimerase 

e, consequentemente, a transpeptidação que dá rigidez à parede celular (LIMA, 2013). 

 

 

Figura 6 -  Estrutura química dos fármacos glicopeptídeos (A) vancomicina hidrocloridrico, (B) 

telavancina e (C) teicoplanina (LIMA, 2013). 

 

 

Os macrolídeos são caracterizados pela estrutura lactona macrocíclica a qual estão 

ligados um ou mais açúcares desoxi. São agentes bacteriostáticos, que inibem a síntese 
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de proteínas através de sua ligação às subunidades ribossômicas 50S, particularmente na 

molécula 23S do RNA, impedindo as reações de transpeptidação e translocação 

(ANVISA, 2007). 

Para que a eficácia dos agentes antimicrobianos seja mantida a longo prazo, é 

necessário monitoramento da suscetibilidade antimicrobiana, atrelada à escolha 

antibioticoterapia adequada, tanto em medicina humana quanto em veterinária 

(MOYAERT et al., 2019). Ademais, o número de novos antimicrobianos desenvolvidos 

nos últimos anos foi muito limitado, levando a uma diminuição considerável das opções 

terapêuticas para o tratamento de infecções mais graves, evidenciando a importância de 

estudos no âmbito de novos compostos ativos contra bactérias (ALVARADO et al., 

2020). 

 

2.5. Câncer 

 

O câncer, também conhecido por neoplasia, é uma doença ocasionada pelo 

crescimento desordenado de células que invadem tecidos e órgãos de forma agressiva e 

incontrolável, formado os tumores que podem se espalhar por outros locais do corpo 

(INSTITUTO NACIONAL DO CÂNCER – INCA, 2019).  

Os vários tipos de células do corpo definem os diferentes tipos de câncer, que de 

acordo com a Classificação Internacional de Doenças (CID-10, versão 2010) podem ser: 

lábio, cavidade oral e faringe; esôfago; estômago; colorretal (incluindo ânus); fígado; 

vesícula biliar (incluindo extra-hepática ducto biliar e ampola de Vater); pâncreas; 

laringe; pulmão (incluindo traquéia); melanoma da pele; mama feminina; colo uterino; 

corpo uterino;  ovário; próstata; rim (incluindo pelve renal); bexiga; cérebro e sistema 

nervoso central; tireóide; linfoma de Hodgkin; linfoma não-Hodgkin; mieloma múltiplo 

(incluindo doenças imunoproliferativas; leucemia e todos os cânceres combinados, 

excluindo o câncer de pele não melanoma (WORLD HEALTH ORGANIZATION, 

2013). 

Existem categorias mais abrangentes para o câncer, que se distinguem de acordo 

com o local em que se originaram, como os carcinomas (pele), sarcomas (ossos), 

leucemias (tecido produtor de sangue), linfomas e mielomas (células do sistema 

imunológico), e cânceres do sistema nervoso central (cérebro e medula espinhal) 

(INSTITUTO ONCOGUIA, 2017). Outra classificação é conhecida como metástase, que 

se refere a velocidade de multiplicação das células e capacidade em invadir tecidos e 
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órgãos próximos ou distantes, como por exemplo, um câncer de próstata que se 

disseminou para os ossos, será definido como câncer de próstata metastático, e não tumor 

ósseo (INCA, 2019; INSTITUTO ONCOGUIA, 2017). 

A doença pode ser causada por fatores internos (inerente ao indivíduo) como ação 

hormonal, condição imunológica e mutações genéticas, e por fatores externos, como 

vírus, substâncias químicas e radiação (PETIT et al., 2013; INCA 2019). Estes fatores 

podem agir em conjunto ou em sequência para iniciar ou promover o processo de 

formação do câncer, podendo levar anos entre mutações e/ou exposições a fatores de 

risco e o diagnóstico/detecção da doença (INCA, 2019).   

Considerado uma das quatro causas principais de morte prematura (antes dos 70 

anos de idade) na maioria dos países, o câncer tem como fatores de incidência e 

mortalidade o envelhecimento, o crescimento populacional e a mudança na distribuição 

e prevalência dos fatores de risco, especialmente os associados ao desenvolvimento 

socioeconômico (INCA, 2019). Nos países em desenvolvimento, observa-se um declínio 

dos tipos de câncer associados a infecções e o aumento dos associados a condições 

socioeconômicas (sedentarismo, alimentação inadequada, entre outros) (BRAY et al., 

2018).  

A estimativa mundial mais recente (ano 2018), revela que no mundo ocorreram 

mais de 18 milhões de casos novos de câncer e que em 2040 esse número poderá atingir 

29 milhões (aumento de 63%). O câncer de pulmão é o mais incidente no mundo (2,1 

milhões) seguido pelo câncer de mama (2,1 milhões), cólon e reto (1,8 milhão) e próstata 

(1,3 milhão) (BRAY et al., 2018). De 2023 a 2025, o Brasil terá cerca de 704 mil novos 

casos de cânceres a cada ano, resultando em mais de 2 milhões de novos diagnósticos da 

doença no próximo triênio (INSTITUTO ONCOGUIA, 2022). 
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Capítulo I - Atividade antimicrobiana de fungos endofíticos 

associados à Mirindiba, Buchenavia tomentosa (Combretaceae) 

 

 

 

 

 

 

 

 

 

 

 

 

 

(Publicado na Revista Interdisciplinar da Universidade Federal do Tocantins – 

A4 em Biotecnologia) 
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INTRODUÇÃO 

 

Desde a antiguidade as plantas despertam interesse como fontes viáveis e 

promissoras de frações terapêuticas (RAO e HARIPRASAD, 2021). É de conhecimento 

que o início do seu uso ou de seus extratos foi instintivo, através da manipulação pelas 

pessoas em seu meio ambiente para curar doenças ou desconfortos (ALAMGIR, 2017). 

No entanto, muitas plantas ainda são desconhecidas ou seu uso medicinal não está 

estabelecido, como as plantas do gênero Buchenavia (LOPES e MARUO, 2015). 

Com o aumento alarmante da resistência microbiana aos medicamentos 

convencionais em todo o mundo, o uso de novas fontes de substâncias antimicrobianas 

como alternativa aos medicamentos convencionais tem aumentado (AYUKEKBONG et 

al., 2017; VASAN et al., 2019; MANGANYI e ATEBA, 2020). Além disso, o 

desenvolvimento da resistência microbiana contra agentes quimioterápicos, como os 

antibióticos, torna essencial e urgente o rastreamento de novas terapêuticas eficazes, 

seguras, baratas e disponíveis para a população (ATEF et al., 2019). 

A microbiota fúngica endofítica possui alta capacidade metabólica e pode estar 

relacionada com a produção de uma infinidade de metabólicos secundários que podem 

ser explorados, como antimicrobianos, anti-inflamatórios, agentes antitumorais, 

antioxidantes e mesmo como promotores de crescimento vegetal. O uso de fungos 

endofíticos ao invés de plantas é muito interessante, pois reduz o tempo, custo e área de 

produção e são, desta forma, uma alternativa ecologicamente sustentável e 

economicamente viável de obtenção destas substâncias (RODRIGUEZ e REDMAN, 

2008). 

As características químicas e os metabólitos secundários produzidos pelas plantas 

do gênero Buchenavia têm sido associados a atividades biológicas importantes, como 

antibacteriana, antifúngica e anti-HIV (LOPES e MARUO, 2015; TEODORO et al., 

2015; CAVALCANTI et al., 2017; BEUTLER et al., 1992). As propriedades 

antimicrobianas de extratos de Buchenavia tomentosa já foram observadas anteriormente, 

mas a comunidade fúngica endofítica ainda não foi examinada quanto ao seu potencial 

bioativo (BRIGHENTI et al., 2014; TEODORO et al., 2015). Dessa forma, o objetivo 

desse estudo foi avaliar a produção de substâncias antimicrobianas produzidas por fungos 

endofíticos associados à Mirindiba (B. tomentosa). 
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METODOLOGIA 

 

Coleta do espécime vegetal Buchenavia tomentosa Eichler 

 

O material vegetal foi coletado de 5 árvores, situadas no Centro de Pesquisa 

Canguçu, no município de Pium, sudoeste do Estado do Tocantins, às margens da Ilha do 

Bananal, sob as coordenadas S 9° 58' 40" W 50° 02' 01.2"; S 9° 58' 40.3" W 50° 02' 00.9"; 

S 9° 58' 44.4" W 50° 02' 13.7"; S 9° 58' 46.7" W 50° 02' 09.3" e S 9° 58' 48.2" W 50° 02' 

16.4". A exsicata encontra-se depositada no Herbário da Universidade Estadual do 

Tocantins sob o código 8215. 

 

Elaboração do extrato de B. tomentosa e avaliação da atividade bacteriana 

 

O extrato aquoso de B. tomentosa foi obtido a partir da trituração de 12 folhas de 

tamanho médio em 500 ml de água mineral estéril. Em seguida a solução obtida foi 

acrescida de mais 500 ml de água mineral e, então, submetida a decocção por 2 min., 

totalizando 1L de extrato (chá). 

O extrato foi avaliado contra os patógenos Bacillus cereus (ATCC 11778), 

Enterococcus faecalis (ATCC 4083), Escherichia coli (ATCC 25922), Klebsiella 

pneumoniae (NEWP 0083), Listeria monocytogenes (ATCC 7644), Pseudomonas 

aeruginosa (ATCC 27853), Salmonella Typhimurium (ATCC 14028), Staphylococcus 

aureus (ATCC 6538), Staphylococcus epidermidis (NEWP 0128), Shigella flexneri 

(ATCC 12022) e Streptococcus pneumoniae, obtidos da coleção de culturas Carlos Rosa 

do Laboratório de Microbiologia Geral e Aplicada da Universidade Federal do Tocantins. 

Os micro-organismos estavam armazenados a –80 ºC em caldo Brain Heart Infusion 

(BHI) com 20% de glicerol. Para reativação foram repicados em caldo Mueller Hinton e 

incubados por 24 h a 36 ºC em estufa bacteriológica. Posteriormente, foram repicados 

para tubos de ensaio contendo ágar Nutriente inclinado e incubadas por 24 h a 36ºC, e 

armazenadas em geladeira a temperatura de 4 ºC até o momento de preparo para os testes. 

Os ensaios foram realizados de acordo com a técnica de micro diluição em caldo, 

em placas de 96 poços. Em cada cavidade da microplaca foram adicionados 100 µL de 

caldo Muller Hinton (CMH), 5 µL de suspensão de bactérias contendo 107 UFC/mL e 

100 µL do extrato aquoso. Como controle positivo foi utilizado 100 µL CMH, 5 µL de 
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suspensão de bactérias contendo 107 UFC/mL e 2 mg/mL de cloranfenicol e a suspensão 

de bacteriana. O controle negativo foi realizado com a inoculação de CMH, solvente 

DMSO 10% e inóculo. Para controle de crescimento foi utilizada 5 µL de suspensão de 

bactérias 107 UFC/mL. As placas foram incubadas a 37 °C por 24 h (OLIVEIRA et al., 

2016). Posteriormente, 30 μL de resazurina a 0,03% (m/v) estéril foi adicionada em cada 

cavidade para verificação do crescimento microbiano, sendo que a visualização de cor 

azul indicava de ausência de crescimento e cor rosa crescimento microbiano 

(PALOMINO et al., 2002 - modificado). O experimento foi qualitativo, realizado em 

triplicata.  

 

Isolamento dos fungos endofíticos 

 

Foram selecionadas 15 folhas de 5 árvores (3 folhas por árvore) para o isolamento 

dos fungos endofíticos. As folhas foram submetidas ao processo de desinfecção 

superficial para a eliminação de micro-organismos epifíticos, por meio de lavagens 

seriadas em etanol a 70% (v/v) (1 min.), hipoclorito de sódio 2 % (3 min.) e H2O mQ 

estéril (2 min.). Após a desinfecção, três fragmentos de aproximadamente 0,5 cm2 de cada 

material vegetal coletado foram transferidos para placas de Petri contendo Ágar Batata 

Dextrose (BDA) suplementadas com 100 μg/mL de cloranfenicol. 

As placas foram incubadas a 25 °C por até 20 dias. Os isolados foram transferidos 

para novas placas de Petri contendo BDA para purificação. Os micélios obtidos foram 

preservados em frascos estéreis contendo água destilada estéril, em duplicata e 

temperatura ambiente (CASTELLANI, 1967). 

 

Preparação dos extratos fúngicos e avaliação da atividade antimicrobiana 

(concentração inibitória mínima – CIM) 

 

Os fungos endofíticos foram reativados inoculando um disco de ágar BDA 

contendo o micélio de cada amostra em nova placa contendo BDA e incubando à 25 °C 

por 5 dias. Após esse período, foi realizada a fragmentação do micélio fúngico juntamente 

com o meio de cultivo, utilizando como líquido extrator o álcool etílico absoluto. Após 

10 dias os macerados foram filtrados e os extratos brutos submetidos à remoção do 

solvente com auxílio de evaporador rotativo. 
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Os extratos obtidos foram solubilizados em solução de dimetilsulfóxido (DMSO) 

a 10% e homogeneizados até completa dissolução (OLIVEIRA et al., 2016 - modificado). 

Os testes de concentração inibitória mínima (CIM) foram realizados pela metodologia 

padronizada de microdiluição em caldo, em microplacas de 96 poços tipo Elisa, em 

triplicata (OLIVEIRA et al., 2016a). Em cada cavidade da microplaca foram adicionados 

100 µL de caldo Muller Hinton (CMH). Em seguida adicionaram-se os extratos 

realizando diluição seriada. Foram realizadas 8 diluições de cada amostra obtendo-se 

concentrações finais de extrato de 100; 50; 25; 12,5; 6,25; 3,125; 1,6; 0,78 mg/mL. Foram 

avaliadas como alvo de inibição as seguintes espécies de bactérias: Salmonella 

Typhimurium, Staphylococcus epidermidis e Shigella flexneri, nas concentrações de 107 

UFC/mL. Como controle positivo foi utilizado CMH, 2 mg/mL de cloranfenicol e as 

culturas bacterianas, como controle negativo foi utilizado CMH, solvente DMSO 10% e 

inóculo bacteriano. Para controle de crescimento foi utilizada 5 µL de suspensão de 

bactérias 107 UFC/mL. As placas foram incubadas a 37 °C por 24 h (OLIVEIRA et al., 

2016). 

Posteriormente, em cada cavidade da microplaca foi adicionada 30 μL de 

resazurina a 0,03% (m/v) estéril para verificação visual do crescimento microbiano, sendo 

a presença de cor azul representativa de ausência de crescimento e cor rosa, presença de 

crescimento microbiano (PALOMINO et al., 2002 - modificado). Foi considerada como 

CIM a menor concentração do extrato capaz de inibir o crescimento microbiano. 

 

Avaliação da atividade antifúngica dos extratos aquosos dos fungos endofíticos de 

B. tomentosa 

 

Os fungos endofíticos isolados foram testados pelo método da cultura pareada 

quanto à produção de substâncias difusíveis e voláteis frente ao fitopatógeno Rhizopus 

stolonifer. Os isolados endofíticos foram previamente cultivados em BDA por 5 dias. Em 

seguida, um disco de ágar de 0,5 cm de diâmetro contendo micélio de cada fungo 

endofítico foi inoculado em um lado de uma placa de Petri contendo BDA e incubado por 

3 dias a 25 ºC. Posteriormente, um disco similar contendo uma cultura do fitopatógeno 

foi inoculado na outra extremidade da placa (4 cm de distância). O diâmetro da colônia 

do patógeno foi estimado após incubação por dois dias a 25 °C, com auxílio de um 

paquímetro digital (Starret® 799), e comparado com o diâmetro observado na cultura 

controle (PINTO et al., 2011). 
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Para a verificação da produção de substâncias voláteis foram utilizadas placas de 

Petri com uma divisória a fim de evitar o efeito da difusão. As placas foram seladas com 

parafilme para evitar possível dissipação das substâncias presentes. O padrão de 

crescimento do fitopatógeno (cultura controle) foi obtido por meio da inoculação de um 

disco de ágar de 0,5 cm de diâmetro contendo micélio do fitopatógeno sozinho em Placas 

de Petri contendo BDA. Todos os ensaios foram realizados em triplicata. 

 

RESULTADOS E DISCUSSÃO 

 

Na tabela 1 encontram-se os resultados da atividade antimicrobiana do extrato 

aquoso de B. tomentosa. Três, das 11 cepas bacterianas testadas, apresentaram 

sensibilidade aos compostos ativos da planta (Salmonella Typhimurium, Staphylococcus 

epidermidis e Shigella flexneri), demonstrando um possível potencial de utilização desta 

espécie vegetal para obtenção de substâncias antibacterianas contra patógenos resistentes 

a antimicrobianos comerciais utilizados na atualidade. Estudos anteriores demonstraram 

que extratos de B. tomentosa obtidos por outros métodos exerceram inibição sobre S. 

aureus (acetato de etila), E. faecalis (fração hexânica) e P. aeruginosa (extrato etanólico) 

(BATISTA et al., 2011; GIRONDI et al., 2017). 

 

Tabela 1 – Atividade antibacteriana do extrato aquoso da Mirindiba (Buchenavia 

tomentos) contra cepas de: Bacillus cereus, Enterococcus faecalis, Escherichia coli, 

Klebsiella pneumoniae, Listeria monocytogenes, Pseudomonas aeruginosa, Salmonella 

Typhimurium, Staphylococcus aureus, Staphylococcus epidermidis, Shigella flexneri, 

Streptococcus pneumoniae. 

Patógenos Inibição 

Bacillus cereus  - 

Enterococcus faecalis - 

Escherichia coli  - 

Klebsiella pneumoniae  - 

Listeria monocytogenes  - 

Pseudomonas aeruginosa  - 

Salmonella Typhimurium  + 

Staphylococcus aureus  - 
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Staphylococcus epidermidis + 

Shigella flexneri  + 

Streptococcus pneumoniae - 

+ inibição do crescimento, - ausência de inibição do crescimento. 

 

Esse resultado contrastante possivelmente ocorreu pela diferença de polaridade 

dos compostos extraídos por cada método. Enquanto a ação inibitória dos extratos 

aquosos envolve as substâncias hidrofílicas (aminoácidos, açúcares, alcaloides na forma 

de sal, saponinas, heterosídeos, flavanóides e as mucilagens), os extratos alcoólicos e 

hexânicos fornecem uma extração mais ampla, incluindo compostos menos polares, e 

consequentemente mais propriedades antifúngicas e antimicrobianas (SIMÕES, 2001). 

No entanto, o extrato aquoso é um método mais simples, mais próximo do uso pelas 

comunidades tradicionais e da população de um modo geral. 

As plantas da família Combretaceae têm sido utilizadas como medicinais em todo 

o mundo, especialmente na Ásia e África (FYHRQUIST et al., 2002). Dentre os 20 

gêneros pertencentes à esta família, o gênero Buchenavia apresenta atividades biológicas 

promissoras, como os observados por OLIVEIRA et al.(2012): ampla atividade 

antimicrobiana (inibição de crescimento de Micrococcus luteus (CIM: 0,10 mg/mL), 

Pseudomonas aeruginosa (CIM: 0,20 mg/mL), Mycobacterium smegmatis (CIM: 0,39 

mg/mL), Proteus vulgaris e Staphylococcus aureus (CIM: 0,78 mg /mL para ambos)), 

além da presença de flavonóides, triterpeno, carboidrato e tanino. 

Os frutos de B. tomentosa foram relatados como tóxicos para ovinos, caprinos e 

bovinos, mas um estudo fitoquímico realizado por Batista (2011) identificou 7 

substâncias de caráter antimicrobiano e antiradicalar (radicais livres) em B. tomentosa, 

sendo eles os ácidos fenólicos galato etila (1) e galato de metila (2), ácido gálico (3), os 

taninos hidrolisáveis corilagina (4) e buchenavina (5), e as lignanas pinoresinol (6) e o 

epipinoresinol (7) (MELO et al., 2010). 

Sabendo-se da capacidade de endofíticos sintetizarem metabólitos bioativos 

semelhantes às plantas hospedeiras (SHARMA e KUMAR, 2021), o isolamento realizado 

nesta pesquisa resultou na obtenção de 22 isolados de fungos endofíticos, obtidos a partir 

das folhas de B. tomentosa. Estes isolados foram testados contra as bactérias Salmonella 

Typhimurium, Staphylococcus epidermidis e Shigella flexneri, que foram as espécies 

sensíveis ao extrato aquoso da planta. Estas bactérias foram selecionadas para 



34 
 

 

determinação da concentração inibitória mínima (CIM) dos extratos fúngicos. Destes 22 

fungos, 7 apresentaram atividade antimicrobiana (Tabela 2). 

 

Tabela 2 – Concentração inibitória mínima (CIM) de fungos endofíticos isolados de B. 

tomentosa contra as bactérias Salmonella typhimurium, Staphylococcus epidermidis e 

Shigella flexneri. 

 

  CIM (µg/ml)  

Fungo 

endofítico 
 Bactéria  

 
Salmonella 

Typhimurium 

Staphylococcus 

epidermidis. 

Shigella 

flexneri 

FC12 25 25 50 

FC13 100 100 - 

FC31 50 25 100 

FC49 50 50 - 

FC53 50 50 - 

FC81 25 50 - 

FC93 - - 25 

* (-) Não houve inibição nas concentrações testadas: 100; 50; 25; 12,5; 6,25; 3,125; 1,6; 0,78 mg/mL. 

** CIM – Concentração Inibitória Mínima.  

 

 

O uso de isolados fúngicos de folhas de B. tomentosa na literatura é inexistente, sendo 

este o primeiro trabalho a testar seu efeito antimicrobiano e, portanto, não há dados 

comparativos. Os extratos fúngicos que apresentaram atividade antimicrobiana mais 

abrangentes foram os obtidos dos isolados FC12 e FC31 (inibiram as três bactérias avaliadas, 

S. typhimurium, S. epidermidis e S. flexneri). Em todos os extratos fúngicos avaliados, pelo 

menos um foi capaz de inibir as bactérias na concentração de 25 µg/ml, sendo a menor 

concentração inibitória de extrato fúngico observada. Ressalta-se que as Salmonella spp. 

e Shigella spp. compõem a lista de agentes patogênicos prioritários da Organização 

Mundial da Saúde para a produção e desenvolvimento de novos antibióticos, reforçando 

a importância desses resultados (WORLD HEALTH ORGANIZATION, 2017). 
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A atividade antimicrobiana das famílias químicas contra bactérias é classificada 

na ordem: fenóis > aldeídos > cetonas > álcoois > éteres > hidrocarbonetos (NOWAK et 

al., 2012; FADIL et al., 2018). Além dos compostos químicos já mencionados 

identificados nos frutos da B. tomentosa, Girondi et al., (2017) identificaram os 

compostos: ácido gálico, ácido quínico, kaempferol, epicatequina, ácido elágico e 

vitexina e Eschweilenol C nas folhas, com atividade antimicrobiana contra 

Staphylococcus aureus, Staphylococcus epidermidis, Escherichia coli e Pseudomonas 

aeruginosa.  

Os resultados encontrados na atual pesquisa correspondem ao padrão mencionado, 

reforçando a potência dos ácidos fenólicos predominantes nessa planta. Possivelmente, 

os fungos endofíticos presentes nas folhas sintetizam partes destes compostos através de 

suas vias metabólicas secundárias, inibindo os mesmos micro-organismos sensíveis ao 

extrato aquoso das folhas utilizado como triagem de patógenos neste estudo. Ressalta-se 

que questões como localização geográfica, clima, pragas e condições variadas na 

rizosfera podem causar variação dos constituintes químicos de plantas do mesmo gênero 

e espécie (JAYATILAKE e MUNASINGHE, 2020). 

Brighenti et al. (2017) testaram a atividade antifúngica de extratos de B. tomentosa 

contra fungos leveduriformes e observaram atividade antibiofilme em Candida albicans 

a partir de ação dos ácidos elágico e gálico. 

Nesta pesquisa foi identificado controle de crescimento do fungo filamentoso R. 

stolonifer, demonstrando uma potencial utilização destes fungos como agentes de 

controle biológico. O isolado FC123 foi capaz de inibir 53% o crescimento de R. 

stolonifer através da difusão de substâncias. Apesar de outros métodos químicos e 

térmicos serem comuns no controle de R. stolonifer em alimentos, a busca de novos 

agentes antimicrobianos à base de plantas e micro-organismos tem sido intensa devido à 

resistência do fungo aos fungicidas sintéticos (ELIZEI et al., 2016). 

O fungo Rhizopus stolonifer é o agente causador da podridão mole em frutos, 

considerado um dos principais causadores de doenças pós-colheita, responsável por cerca 

de 50% de perda de frutos que seriam comercializados (BASSETTO et al., 2007). 

 Seu controle é de grande interesse comercial, biotecnológico, social e ambiental, sendo 

o controle biológico um método alternativo e eficiente na prevenção da deterioração pós-

colheita de frutos, e consequentemente redutor da quantidade de resíduos químicos 

aplicados nesses alimentos (BONILLA, 2019). 
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CONCLUSÕES 

 

Este é o primeiro estudo a explorar fungos endofíticos de Buchenavia tomentosa 

e avaliar suas potenciais atividades antimicrobianas in vitro. Os isolados FC12 e FC31 

foram eficazes em inibir o crescimento dos três patógenos bacterianos avaliados. A 

concentração inibitória mínima observada de 25 μg/ml por pelo menos um endofítico 

contra os patógenos avaliados. Os isolados endofíticos testados constituem potenciais 

fontes de substâncias antimicrobianas. As confirmações poderão ser feitas após a 

verificação dos níveis de citotoxicidade e das caracterizações químicas. O isolado FC123 

produziu substâncias difusíveis capazes de inibir o fungo fitopatogênico R. stolonifer. 

Novos estudos deverão ser realizados para identificar as espécies endofíticas e as 

substâncias antimicrobianas por elas produzidas 
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Capítulo II - In Vitro Cytotoxic Effects and Mechanisms of Action 

of Eleutherine Isolated from Eleutherine plicata Bulb in Rat 

Glioma C6 Cells 
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1. Introduction  

 

Glioma is a fatal malignancy derived from the glial cell lineage with a high 

recurrence rate. Although less prevalent than other neoplasms, 60% are aggressive high-

grade gliomas (grade IV), which migrate and strongly infiltrate the brain parenchyma [1–

5]. Gliomas, in general, are responsible for approximately 38% of primary brain tumors, 

and represent more than 70% of all central nervous system (CNS) tumors, the most 

frequent and malignant being glioblastoma multiforme [6,7]. Glioblastomas have the 

highest proportion of malignancy and the worst prognosis of CNS tumors. Only 5.5% of 

patients usually survive for 5 years after diagnosis [8] and have a 1-year survival rate 

because of the limitations of treatment’s approaches [9].  

Treatment strategies for glioma differ, depending on tumor size, location, and 

distinct tumor subtype, and involve a combination of surgery, radiotherapy, and 

chemotherapy. Typically, glioma chemotherapy includes the antibody nimotuzumab and 

temozolomide, but their efficacy is low, and these tumors have poor prognosis [10–14]. 

In addition, gliomas develop resistance to numerous drugs [15–19]. Therefore, there is a 

real need for new antitumor agents to treat this deadly cancer, and efforts are ongoing to 

identify more efficient and active molecules to regulate the tumor’s progression.  

Several plants, such as Eleutherine plicata, Eleutherine americana, and Cipura 

paludosa, are important sources of chemicals and contain high levels of naphthoquinones, 

a class of natural products with diverse biological activities. Aqueous extracts of the dried 

bulbs of these herbs have been described to generate oxidative stress by inducing the 

deleterious endogenous formation of a bioactive oxygen-derived species that inhibits 

inflammation, promotes apoptosis, and exhibits important anticancer properties in 

different cancer cell lines, such as glioma (U-251), breast (MCF-7), ovary (NCI/ADR-

RES), kidney (786-0), lung non-small cell (NCI-H460), colon (HT-29), HepG2 cells, and 

leukemia (K562) [20,21].  

These effects are mainly related to the presence of naphthoquinones, more 

specifically eleutherine, isoeleutherine, and eleutherol (Figure 1) [20,22]. Previous works 

have demonstrated the antiproliferative effect of eleutherine and isoeleutherine isolated 

from a methanolic extract of Cipura paludosa bulbs in glioma (U251) and breast cancer 

(MCF-7) lines [20]. The results indicate that eleutherine is more cytotoxic than 

isoeleutherine. These compounds are epimeric isomers and have a 1,4-naphthoquinone 

moiety with only one structural difference, the β-methyl group of eleutherine and the α-
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methyl group of isoeleutherine. Thus, it follows that the higher activity of eleutherine is 

related to the chirality of its pyran ring with the β-methyl group [20]. 

 

 

 

Some studies suggest that naphthoquinones may exert their regulatory activities in 

cancer cells by acting on different signal transduction pathway family proteins, such as 

phosphatidylinositol-3-kinase/AKT and MAP kinase (MAPK) [23–25]. In addition, it is 

known that eleutherine reversibly inhibits the catalytic activity of human topoisomerase 

II by stabilizing the DNA–enzyme complex in the presence of ATP [26]. Thus, by 

inhibiting the activity of this enzyme, eleutherine can cause transient double-strand 

breakage in DNA and contribute to biological oxidative processes [27,28].  

These activities open new opportunities for pharmacotherapy, especially for cancer 

[20,29,30]. However, eleutherine’s mechanism of action remains elusive. Thus, isolated 

eleutherine was used in this work to elucidate a possible mechanism of its action on C6 

glioma cells. 

 

2. Results  

2.1. Characterization of the Compound Isolate  

 

The compound isolated from Eleutherine plicata bulbs was obtained as a brownish 

yellow crystal. Starting from 3 g of the lyophilized ethanolic extract yielded over 49 mg 

of the pure compound, with 95% relative concentration (Figure 2, see Supplementary 

Figures S1 and S2), with MS (70 eV, EI) 272 (42), 257 (100), 243 (52), 214 (32),157 

(10), and 121 (25), and the probable molecular formula was deduced as C14H12O4. The 

melting point was of 144–146 ◦C. The IR spectrum showed the presence of characteristic 

peaks, such as -C-Hsp2 (2974 cm−1 ), -C-Hsp3 (2913), -C=O (1777 cm−1 ), of benzene 

ring (1582cm−1 ) absorptions. The molecular characterization data were compared with 

those in the literature [31]. 
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2.2. Cytotoxic Effect of Eleutherine Treatment on C6 Cells  

 

Eleutherine presented a cytotoxic effect on C6 cells. After 6 and 12 h of treatment, 

cell death was observed at 1 µM with IC50 of 32.33 µM (±1.25) and 28.46 µM (±1.85), 

respectively (Figure 3A,B). During 24 h of treatment, a cytotoxic effect was observed at 

a concentration range of 0.05–100 µM, with an IC50 of 4.98 µM (±0.22) (Figure 3C). 

Thus, eleutherine reduced cell viability in a concentration- and time-dependent manner 

(Figure 3D).  

 

2.3. Morphological Changes in C6 Cells after Eleutherine Treatment  

 

No structural changes were observed in the control, which was characterized by 

the presence of fusiform cells and monolayer cells. Cells treated with eleutherine at 1 µM 

presented small morphological changes. However, cells treated at 20 and 40 µM showed 

structural changes characteristic of apoptosis, such as large and round cells and irregularly 

shaped cells with cytoplasmic shrinkage (white arrow). Treatment with eleutherine at 100 

µM resulted in cell death (black arrow) (Figure 4).  
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2.4. Eleutherine Reduces Colony Formation by C6 Cells  

 

Treatment with eleutherine at 20, 40, and 100 µM for 12 h resulted in decreases in 

colony formation (52.44%, 94.52%, and 99.18%, respectively) compared with that 

observed in the untreated group. No reduction in colony formation was observed at 1 µM 

eleutherine (Figure 5). 
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2.5 Eleutherine Induces C6 Cell Apoptosis 

 

  The annexin V–PI assay was used to confirm apoptotic cell death caused by 

eleutherine. TheThe C6 cells were treated with different concentrations of eleutherine (1 
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μM, 20 μM, and 40 μM) and displayed increased numbers of apoptotic cells, mainly in 

the late stages of apoptosis, as follows: at 1 µM, 57%; at 20 µM, 44.4%; and, at 40 µM, 

77%, compared with the control and positive control (camptothecin), as shown in Figure 

6. Our results demonstrate that eleutherine induces apoptosis in a dose-dependent manner 

to a level higher than that observed in the positive control. 

 

 

 

2.6 Eleutherine Reduces the Expression of pAKT in C6 Cells 

 

The expression of phosphorylated AKT was reduced after treatment with 

eleutherine by 48.84% at 20 µM and by 39.27% at 40 µM (Figure 7). Thus, the PI3K/AKT 

pathway in the glioma cells must be inhibited by the action of eleutherine. 
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2.7 Eleutherine Reduces Telomerase (TERT) mRNA Expression  

 

Eleutherine treatment reduced TERT expression in a dose-dependent manner at 1 

µM (17.1%), 20 µM (37.3%), and 40 µM (45.8%). The results suggest that after treatment 

of glioma cells with eleutherine there was a loss of telomerase activity that may have 

induced cell death (Figure 8). 
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3. Discussion  

 

Naphthoquinones are significantly cytotoxic to different types of tumor cell lines. 

Recent evidence indicates that the antiproliferative activity of Eleutherine plicata is due 

the presence of the three main naphthoquinones, namely eleutherine, isoeleutherine, and 

eleutherol [21]. Treatment of C6 cells with eleutherine resulted in a dose- and 

timedependent change in cell viability. As expected, the IC50 decreased with the treatment 

time, reaching 4.98 µM in cells exposed up to 24 h, demonstrating the effectiveness and 

potency of eleutherine. These findings are similar to those obtained with other 

naphthoquinone derivatives in primary cultures of cancer cells [30]. Eleutherine and 

isoeleutherine isolated from the bulbs of C. paludosa exhibited promising cytotoxicity 

against glioma (U-251), with IC50 values between 2.6 and 13.8 mg/mL [20].  

The IC50 value obtained in our experiment is comparable to those reported in the 

literature. In addition, it was possible to verify that eleutherine does not have cytotoxic 

effects on normal glial cells (see Supplementary Figure S3), thus, proving its therapeutic 

potential and its safety in regard to healthy cells. From these results, we highlight the 

significant cytotoxic effect of eleutherine on C6 cells reported here.  

Cancer cells, such as glioma cells, cause the failure of efficient cellular response 

and disable the inhibition of apoptosis. Our data indicate that eleutherine was able to 

induce apoptosis in C6 cells. Treatment resulted in increases in the apoptosis rates when 

analyzed by FITC-Annexin V/PI staining. The C6 cells treated with 40 µM eleutherine 

showed an increased rate of apoptosis, similar to a previous study with another 

naphthoquinone [32,33]. These data support the hypothesis that there is a correspondence 

between the IC50 and the inhibition of proliferation and a high apoptosis rate.  

Phase-contrast microscopy revealed structural changes produced by eleutherine. 

Cells treated with 20 µM, 40 µM, and 100 µM eleutherine retracted, decreased in size, 

and underwent significant cytoplasmic shrinkage, similar to cells undergoing apoptosis. 

These results clearly indicate that decreased cell size and cytoplasmic shrinkage may be 

related to cell death [34].  

Moreover, through the colony formation assay, it was possible to observe the 

antiproliferative effect of eleutherine on cultured cells. The cells treated with 20 µM 

eleutherine formed significantly fewer colonies, and treatment with 40 µM and 100 µM 

eleutherine almost completely inhibited the formation of colonies. Interestingly, the 

ability to form colonies is a sensitive indicator of undifferentiated cancer stem cells 
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[35,36]. These results indicate that eleutherine can act on stem cells, a therapeutic strategy 

which prevents cancer from relapsing.  

Treatment with eleutherine inhibited the migration of glioblastoma cells in 

comparison with the untreated control group and the vehicle group. With 1 µM 

eleutherine, it was possible to observe a reduction in the proliferation of cells and, at 20 

µM, the cells showed changes in morphology, suggesting apoptosis. The morphology was 

totally altered in a dose-dependent way at 12, 24, and 48 h. These findings corroborate 

the results of the cell viability assay, highlighting the considerable antitumor potential of 

eleutherine, similar to other naphthoquinones, in an in vitro model of glioblastoma [23–

25,32,33,37,38].  

The AKT pathway is important in the genesis of several types of cancer, being 

overexpressed and playing critical roles in the survival, proliferation, invasion, and 

migration of cancer cells. This pathway is vital in the development of glioma cells and 

related to metabolism, epithelial–mesenchymal transition, and angiogenesis, allowing the 

glioma to acquire a high degree of invasiveness and malignancy by bypassing the 

mechanisms of apoptosis [37,39–41]. In our study, we found that eleutherine decreased 

the expression of p-Akt and inhibited the PI3K/AKT pathway, resulting in glioblastoma 

cell death.  

It is known that TERT is a component of telomerase, a reverse transcriptase 

ribonucleoprotein complex that maintains telomere length in cells with high proliferative 

ability, and that it plays a key role in cancer formation. Telomere maintenance is affected 

by TERT gene amplification and epigenetic changes, such as DNA methylation, TERT 

promoter germ line and somatic mutations, and TERT structural variants [42,43]. 

Catalytic inhibitors of topoisomerases act either by inhibiting the binding of the enzyme 

to DNA or by preventing it from cleaving the DNA, compromising its cellular repair 

capacity [44,45]. Our results suggest that eleutherine, as with other naphthoquinones, 

reduces the telomerase activity that is critical to glioma cells growth [38].  

More recent studies confirm the interaction of the telomerase with various 

intracellular signaling pathways including the PI3K/AKT/mTOR pathway, which mainly 

participates in inflammation, the epithelial-to-mesenchymal transition, and tumor cell 

invasion and metastasis [46,47]. Thus, a decrease in phosphorylated AKT expression 

inhibits hTERT expression, thereby reducing proliferative capacity, altering the cell 

cycle, and promoting apoptosis in glioma cells.  
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The results indicate that eleutherine treatment reduced the expression of 

phosphorylated AKT and TERT in a dose-dependent manner. These mechanisms directly 

influence the cell cycle and cells’ ability to undergo apoptosis, which are of great interest 

in research on new antineoplastic therapies.  

 

4. Materials and Methods  

4.1. Plant Material  

 

The specimens of Eleutherine plicata used in this study were obtained from a 

private medicinal plant plot in the city of Palmas, Tocantins, Brazil. The exicata is 

deposited in the Herbarium of the Federal University of Tocantins under the code number 

8214.  

 

4.2. Production of Raw Extract  

 

For the preparation of extracts, Eleutherine plicata of an average size of 5 cm were 

ground in a blender with 2 mL of distillated water and subjected to decoction for 2 min, 

under agitation, according to Baliza et al. (2022) [48]. The mixture was distributed in 

extraction funnels, and hexane was added to the desired final volume. The funnel mixture 

was homogenized and allowed to sit until phase separation occurred. The hexane fraction 

was subjected to rotary evaporation to concentrate the extract in the flask. The flask was 

washed with hexane to loosen the evaporate that had stuck to the flask wall, and the 

concentrated extract was distributed among smaller flasks, which were left open in an 

exhaust hood for final evaporation and further concentration of the extract. After cooling, 

the material was filtered through No. 4 Whatman filter paper.  

 

4.3. Extraction and Isolation  

 

Initially, the ethanol extract was fractionated according to Tewierik et al. (2006) 

[30]. It was resuspended in 50 mL of a methanol/water solution (1:1) for 24 h, and was 

then subjected to a liquid/liquid partition, using solvents of increasing polarities in the 

order hexane, chloroform, and ethyl acetate. Sequentially, the fractions were analyzed by 

gas chromatography coupled to a mass spectrometer (GC–MS). Considering the results 

of this analysis, the isolation of the main compounds was carried out through separation 
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by column chromatography, using silica gel as a stationary phase and hexane/ethyl acetate 

(90:10, 90:20, 85:15, and 80:20) as the mobile phase.  

Next, the isolated compounds were characterized by gas chromatography coupled 

to a mass spectrometer (GC-MS), in a Shimadzu/GC 2010 device with a 

Shimadzu/AOC500 auto-injector and a MS2010 plus mass detector with electronic 

impact ionization (IE, 70 and V), equipped with a DB-5MS fused silica column (Agilent 

J&W Advances 30 m × 0.25 mm × 0.25 µm), with helium at 65 kPa as the carrier gas. 

The conditions were as follows: oven temperature started at 100 ◦C for 2 min, increased 

to 290 ◦C at 4 ◦C min−1 and held for 6 min; injector and interface temperature was 

maintained at 250 ◦C; splitless 1 µL injection; helium was used as the carrier gas at a 

constant flow 0.75 mL min−1 , and the run time was 30 min. The scan range was m/z 80–

400. Retention times was 33 min. The final characterization was performed by infrared 

spectroscopy, using a Shimadzu IRAffinity-1 spectrometer operating with Fourier 

transform. 

 

4.4. Cell Culture  

 

Rat C6 glioblastoma cells (CCL-107™, ATCC) were cultured in DMEM 

supplemented with 10% fetal bovine serum and maintained in an incubator at 37 ◦C with 

5% CO2, with the medium changed every 2 days. To perform the experiments, cells were 

washed with PBS and dissociated with 0.05% trypsin-EDTA, followed by centrifugation 

(1500 rpm for 3 min). After counting, cells were resuspended in culture medium and used 

to carry out the proposed assays.  

Primary cultures of Müller cells were obtained from 9-day-old embryos. Retinal 

tissue was collected, and cells were distributed in 24-well plates (1 × 106 cells/well). 

Cultures were grown for 10 days in DMEM supplemented with 10% fetal bovine serum 

and kept in an incubator at 37 ◦C with 5% CO2. 

 

4.5. Cell Cytotoxicity Assay  

 

Cells were plated (2 × 104 cells/well) in 96-well plates and treated with eleutherine 

at different times and concentrations (0.5–50 µM for 6 h and 12 h, and 0.025–50 µM for 

24 h). After the treatment period, the cells were incubated for 2 h with 0.5 mg/mL MTT 

solution (thiazolyl blue tetrazolium bromide—M2128, Sigma-Aldrich, St. Louis, MO, 
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USA) in serumfree DMEM. Absorbance was measured with a microplate reader (BioRad, 

Hercules, CA, USA) at 570 nm. The results obtained were plotted with the mean and 

standard deviation of samples expressed as a percentage of the control value. We used 

GraphPad Prism 9 software to calculate the IC50. 

 

4.6. Morphological Analysis of Eleutherine-Treated C6 Glioma Cells  

 

Morphological alterations of C6 glioma cells were examined with a phase-contrast 

microscope (Leica DMI6000B). Cells were seeded in 12-well plate and incubated for 12 

h with eleutherine at different concentrations (1 µM, 20 µM, 40 µM, 100 µM). Images 

were taken using a 63× objective.  

 

4.7. Wound Healing/Scratch Migration Assay  

 

A 12-well plate cell migration assay was performed to estimate the effect of 

eleutherine on C6 migration capacity. After 12 h of cell culture, a transverse lesion was 

made in the central surface of each well. Cells were treated with eleutherine at different 

concentrations (1 µM, 20 µM, 40 µM, and 100 µM). Cell migration to the injured area 

was followed by image capture using a digital camera coupled to an inverted microscope 

(Leica DMI6000B), using a 10× objective, at 0, 12, 24, and 48 h of treatment.  

 

4.8. Colony Formation Assay  

 

A colony formation assay was performed to evaluate the effect of eleutherine on 

cell proliferation. The C6 cells were used to seed a 12-well plate. After 24 h of culture, 

they were treated with eleutherine (1, 20, 40, and 100 µM) for 12 h. Cells were washed 

with PBS and dissociated with trypsin–EDTA (700 µL, 5 min). Quantification was made 

in a Neubauer chamber (1:1) in a 0.4% trypan blue solution. An aliquot of 1000 viable 

cells from each group was used to seed a 6-well plate and cultured for 7 days, with the 

medium changed every 2 days. Cultures were then washed with PBS and stained with 

0.25% crystal violet/50% ethanol for 30 min.  
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4.9. Annexin V-FITC–Propidium Iodide (PI) Assay  

 

Apoptosis/necrosis analysis was performed with the annexin V–FITC kit 

(Invitrogen). Cells were cultivated in a 12-well plate and treated with eleutherine (1, 20, 

and 40 µM) for 12 h. After that, cells were treated according to the manufacturer’s 

protocol. In each sample, 1 µL of annexin V–FITC and 2.5 µL of PI (250 µg/mL) were 

added and incubated for 10 min in an ice bath protected from light. The volume was made 

up to 250 µL with binding buffer and analyzed using a flow cytometer (BD FACSCanto 

II). Camptothecin (Sigma-Aldrich) was used as positive control (5 µM). The samples 

were analyzed using the flow cytometer with BD FACSDiva software, and a total of 

10,000 events were collected for each sample and analyzed using the Flowing Software 

2.5.1 (Turku, Finland). The final results were analyzed by cell percentage in each 

quadrant. 

 

4.10. Western Blotting  

 

The C6 cells were treated with eleutherine (1, 20, and 40 µM) for 12 h, after which 

cell lysates were prepared. Each lysate (60 µg of protein) was submitted to 10% SDS-

PAGE gel electrophoresis. Gels were electrotransferred to nitrocellulose membranes 

(Hybond ECL, GE Healthcare, Uppsala, Sweden) by use of a membrane transfer system 

(Bio-Rad). Membranes were blocked with 5% skim milk at room temperature for 1 h, 

followed by overnight incubation with primary antibodies anti-AKT (cat.no.9272, Cell 

Signaling Technology) and anti-phospho-AKT (Ser473) (cat.no.9271, Cell Signaling 

Technology, Danvers, MA, USA) in 1:1000 dilution, and anti-GAPDH (C terminus) 

(SAB2500450, Sigma-Aldrich), dilution 1:500. After washing, the membranes were 

incubated with the secondary antibodies goat anti-mouse IgG, peroxidase conjugated in 

1:2500 dilution, and horseradish peroxidase (HRP)-conjugated goat anti-rabbit IgG 

antibody used at 1:2500 (NIF824, GE Healthcare) for 1 h. Protein expression was detected 

using a chemiluminescent substrate kit (Merck Millipore, Burlington, MA, USA), and the 

images were captured by a ChemiDoc system (Bio-Rad, Hercules, CA, USA).  
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4.11. Real-Time Quantitative PCR Assay  

 

Total RNA was extracted with TRI reagent (Applied Biosystems, Waltham, MA, 

USA), following the manufacturer’s instructions. The RNA concentration and quality 

were determined using a NanoDrop spectrophotometer (Kisker Biotech, Steinfurt, 

Germany) and 1% agarose gels. Complementary DNA was synthesized using high-

capacity cDNA archive (Applied Biosystems, Waltham, MA, USA). The TERT mRNA 

expression (Rn01409457_m1) was evaluated by quantitative reverse transcription PCR 

(qRT-PCR) with primers and TaqMan probes purchased as Assays-on-Demand Products 

for Gene Expression (Applied Biosystems, Waltham, MA, USA). The GAPDH gene 

(Rn01462662_g1) was selected as an internal control for RNA input and reverse 

transcription efficiency. All real-time qRTPCR reactions were performed in triplicate for 

the hTERT and GAPDH genes. Data were previously analyzed with the 2−∆Ct method 

and subsequently by relative quantification of the genes’ expression, which was 

calculated according to Livak and Schmittgen (2001) and Arocho et al. (2006) [49,50].  

 

4.12. Ethics Statement  

 

This study was approved by the Committee of Ethics of Animal Experiments of the 

Federal University of Pará (CEUA/UFPA 9381260919). We followed the guidelines 

found in the NIH Guide for the Care and Use of Laboratory Animals, and the experiments 

were carried out in compliance with the National Council for the Control of Animal 

Experimentation (CONCEA, Brazil).  

 

4.13. Statistical Analysis  

The data are expressed as the means ± SEM. The ANOVA followed by Tukey’s post hoc 

method using the statistical program GraphPad Prism 9. The significance levels are 

indicated as * p < 0.05, *** p < 0.01, and **** p < 0.0001. 
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4. Conclusions  

 

In conclusion, our results suggest that eleutherine has cytotoxic and antiproliferative 

activity in glioma cells and induces their death by inhibiting the PI3K/AKT/telomerase 

pathway. This opens the important possibility that eleutherine is a viable cancer treatment, 

which should be further tested and studied in an in vivo model. 

 

Supplementary Materials: The following supporting information can be downloaded 

at: https: //www.mdpi.com/article/10.3390/molecules27248850/s1, Figure S1: Spectrum 

of mass (70 eV) of eleutherine isolated from the bulbs of Eleutherine plicata; Figure S2: 

Spectrum of FT-IR (KBr) of eleutherine isolated from the bulbs of Eleutherine plicata; 

Figure S3: Eleutherine is nontoxic to nonneoplastic (glial) cells as analyzed by MTT 

assay. 
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1. Introduction 

 

Endophytic microorganisms colonize the internal tissues of plant species (roots, 

stem, fruits, leaves and seeds) without causing immediate negative effects, which can 

bring several benefits to the host plant, such as protection and growth promotion [1]. 

Within medicinal plants, they influence the formation of secondary metabolites, being 

reported the ability to produce distinctly aliphatic compounds, alkaloids, benzopyranones, 

chinones, phenolic acids, phytohormones, quinones, steroids, saponins, tannins, 

terpenoids, tetralones, xanthones and others compounds of biotechnological interest [2; 

3; 4; 5; 6]. 

Among the current methods of cancer treatment, chemotherapy is the most 

effective for the treatment of metastatic tumors, but it has characteristics of multi-

resistance of cancer cells and side effects, triggering treatment inefficiency [7]. Hartwell 

[8] listed more than 3000 species of plants used in the treatment of cancer and there are 

several anticancer drugs with active ingredients of plant origin, but for the preparation of 

these drugs there are some difficulties such as extremely low amounts of active 

ingredients, severe deforestation and the difficulty in re-isolation of active ingredients 

due to changes in environment, season and geography [9]. 

In some cases, the difficulty with isolation of bioactive compounds from plants 

has made the extraction of new chemical compounds from endophytic derivatives an 

important object of study in recent years [10]. Thus, several studies involving higher 

plants have shown the association between endophytes and active metabolites, as well as 

their potential for medicinal use [11]. These potential endophytic microorganisms are 

favorable alternative sources for the synthesis of mimetic metabolites of interest to the 

host and prevent the overexploitation of host plants [12; 13]. 

The evolution of different morphological, biochemical and molecular techniques 

provides insight capable of targeting biological activity of novel secundary metabolites 

from endophytes monitoring the progression of cell death in any conditions. These 

techniques resulted in an enormous advantage in knowledge on the regulatory network it 

takes the cell to die. In addition, in vitro methods are important to show how these 

secondary metabolites work [14]. 
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2. Materials 

 

Obtaining active fungal colonies  

 Endophytic fungi in Castellani, glycerol or other stok culture  

 Petri dishes with Potato Dextrose Agar (PDA) 

 Inoculation loop 

 B.O.D. 

 

Obtaining fungal colonies in liquid medium 

 Petri plate with pure colonies of endophytic fungi 

 YM broth (0.3% yeast extract, 0.3% malt extract, 0.5% peptone, 1% glucose) 

 250 mL Erlenmeyer 

 Plastic straw (4 mm in diameter) 

 Toothpicks 

 Shaker incubator 

 

Extraction of metabolites from endophytic fungi 

 Extraction funnel 

 Fungus grown in YM broth 

 Dichloromethane P. A. ACS 

 Rotary evaporator 

 Small glass bottles 

 Exhaust fume hood 

 Flat bottom balloon 

 

Processing of extracts and verification of metabolites 

 Gas Chromatography - Mass Spectrometry (GC-MS) 

 Methanol/water solution (1:1) 

 Hexane 

 Chloroform 

 Ethyl acetate 

 Magnesium sulfate 

 Helium gas 
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Cancer Cell Lines culture, reagent and Equipaments 

 Cancer cell lines can be obtained from purchased from a cell bank 

 Appropriated culture media, sera and reagents 

 Cell Culture Plates ( Multiwell plates) 

 PEN STREP - Penicillin Streptomycin solution 

 CMF – Calcium Medium free 

 TRYPSIN/ EDTA solution 

 Wash bath 

 pHmeter 

 automatic pipetters 

 Centrifuge 

 Refrigerates and freeze (-20 °C) 

 Liquid Nirogen (N2) containers 

 Sterilizer 

 CO2 incubator 

 Lamina Flow 

 Inverted microscope 

 

 

Cytotoxicity Assays in Cancer Cell Lines 

Trypan Blue protocol 

 Cancer cell lines 

 Pasteur Pipette 

 PBS (Phosphate buffered saline) 

 Trypan blue solution 

 Hemocytometer chamber 

 Optical Microscope 

 

MTT colorimetric assay  

 Cancer cell lines 

 MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide)   

 Dimethyl sulfoxide (DMSO) 

 Acid Isopropanol 

 HCl 
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 Microplate Reader 

 

LDH 

 Cancer cells lines 

 96 well flat-bottom plate 

 Sodium Pyruvate 

 NADH (Nicotinamide adenine dinucleotide hydrogen) 

 KPO4 (Potassium phosphate buffer) 

 Microplate Reader 

 

Alamar Blue 

 Cancer cell lines 

 10% Alamar blue solution 

 Medium free-serum 

 Excitation wavelenght 530nm 

 Emission Wavelenght  590nm  

 Fluorimeter 

 

Colony formation assay 

 Cancer cell lines 

 Trypsin solution 

 Dimethyl sulfoxide (DMSO)  

 Ethanol 

 Crystal violet 

 Optical Microscope 

 

Electron microscopic analysis 

 Cancer cell lines 

 PHEM buffer (MgCl2-5mM; KCL-70mM; EGTA-10mM; HEPES-20mM; PIPES-

60mM) 

 Glutaraldehyde 

 Formadehyde 

 OsO4 (Osmium tetroxide) 



65 
 

 

 PBS (Phosphate saline buffer) 

 K4Fe(CN)6 · 3H2O (Potassium Ferrocyanide) 

 CaCl2 (Calcium Chloride) 

 Epon Resin  

 Uranyl acetate 

 Lead citrate 

 Ultramicrotome 

 Nickel Grids 300 mesh 

 Fume hood 

 Transmission Electron Microscopy 

 

Colony formation assay 

 Cancer cell lines 

 Trypsin solution 

 Dimethyl sulfoxide (DMSO) 

 Ethanol 

 Crystal violet 

 Optical  microscope 

 

Annexin V-FITC-propidium iodide (PI) assay 

 Cancer cell lines  

 Annexin V FITC Apoptosis KIT 

 Propidium Iodide (PI) 

 Binding Buffer (50mM HEPES, 700mM NaCl, 12,5 mM CaCl2 , pH = 7.4) 

 FACS Tubes 

Flow Cytometer 

 

Analysis of mitochondrial transmembrane potential (ΔΨm) 

 Cancer cell lines 

 JC1 - fluorescent carbocyanine dye 

 12, 24 or 96 well plates 

 Dimethyl sulfoxide (DMSO)  

 PBS 

 Flow Cytometer 
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Cell cycle analysis 

 Cancer cell lines  

 Dimethyl sulfoxide (DMSO)  

 PBS (Phosphate saline buffer) 

 Ethanol  

 CO2 Incubator 

 RNaseA 

 Propide Iodide 

 Flow Cytometer 

 

Western blotting 

 Cellular lysates 

 Eletrophoresis SDS PAGE gel 

 Nitrocelulose membranes  

 Primary and secondary antibody 

 Nonfat milk  

 Semidry transfer system 

 Chemiluminescent substrate Kit 

 Images captured by chemiDoc system 

 

Caspase - 3 activity 

 Cell-culture 96-well, flat-bottom microplate 

 CHAPS buffer 

 Chromogenic substrates acetyl-Asp-Glu-Val-Asp p-nitroanilide (Ac-DEVD-pNA) 

 p-nitroaniline (pNA) 

 Phosphate buffer 

 Tris-HCl 

 Microplate reader 

 

 

 

 

 

 



67 
 

 

Castel

lani 

3. Methods 

 

Obtaining active fungal colonies 

 With the aid of a sterile microbiological loop, remove one or two discs (1 cm in 

diameter) of the fungus (depending on the size of the colony grown), stored in 

Castellani, glycerol, or other storage method. 

 Insert the disc in the center of the plate containing previously sterilized solid culture 

medium (Potato Dextrose Agar) and incubate at 25 ° C in B.O.D. for five days, or 

until pattern growth of the inserted colony is observed, as shown in Figure 1. 

 

 

    
 

Figure 1 – Obtaining a fungal colony from stored endophytes. 

 

 

 

Obtaining fungal colonies in liquid medium 

 

 With the plates with the purified fungi, remove five discs with the aid of a straw 

and toothpick, previously sterilized, and transfer them to an Erlenmeyer 

containing 200 mL of previously autoclaved YM broth, as shown in Figure 2. 

 Incubate at 25 °C in Shaker, at a rotation of 120 rpm, for 14 days. 

 

 
Figure 2 – Obtaining fungal colonies in liquid medium. 
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Extraction of metabolites from endophytic fungi 

 

 Pour the YM broth with the fungal growth into the extraction funnel and top up 

with 1:1 dichloromethane. Shake to homogenize. 

 Allow to decant until the water/dichloromethane separation, as shown in Figure 

3. 

 Remove the fraction of dichloromethane, which is at the bottom of the bottle, and 

put it to rotaevaporate. 

 The rotating process evaporates the solvent, concentrating only the extract in the 

flask. Wash the flask with dichloromethane to loosen the evaporated and distribute 

in smaller flasks. 

 Place the flasks to evaporate again in the exhaust hood. 

 

 
 

Figure 3 – Scheme for extracting metabolites from endophytic fungi. 

 

 

Processing of extracts and verification of metabolites 

 

 Resuspend approximately 2.7 g of the lyophilized material in 50 mL of a 

methanol/water (1:1) solution and then submit to a liquid/liquid partition (2 x 50 

mL) using the solvents hexane, chloroform and ethyl acetate, respectively. 

 In each fraction add anhydrous magnesium sulfate and filter again. 

 Rotaevaporate excess solvent at reduced pressure and analyze by Gas 

Chromatography - Mass Spectrometry (GC-MS): Shimadzu/CGMS-PQ2010SE 

apparatus, coupled to Shimadzu/AOC-5000 autoinjector and a mass detector 
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(Shimadzu MS2010 Plus) with electron impact (70 eV) equipped with a 30 meter 

long RTX-5MS fused silica column, 0.25 mm outside diameter and 0.25 µm 

inside diameter, as shown in Figure 4, using helium as a carrier gas, supporting a 

flow 1.03 ml/min. 

 Soluble the sample in 2 µL of hexane and 1 µL must be subjected to experimental 

conditions, for example, as follows: 

  Injector temperature at 210 °C 

  Detector temperature at 250 °C 

  Helium gas as a drag in a flow of 3 ml / min 

  Injection divided in the proportion of 1/15 

  Set the column temperature from 90 °C, with an increase of 6 °C/min to 250 °C, 

ending with 5 minutes isothermal at this temperature. 

 The substances identified in the fraction will show predominance peaks, as 

shown in figure 5. 

 

 

 
 

Figure 4 – Scheme of Gas Chromatograph coupled to Mass Spectrometer (GC-MS). 
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Figure 5 – Example of chromatogram of the hexane fraction from the ethanol extract of the roots of 

the medicinal plant Eleutherine plicata. 

 

 

 

 

Anticancer analysis of bioactive compounds from endophytes 

Cancer cells lines 

 Maintain cancer cell line at 37°C, 5% CO2 in 95% relative humidity in multiwell 

plates. 

 Use media and sera appropriated for cancer cell line growth.  

 View the cultures under a phase contrast inverted microscope. 

 Remove a small aliquots of the cells for determination of cell numbers. 

 Add the appropriate cell density for each experiment. 

 Change the medium every third day for 14 days to obtain well differentiated 

monolayers of cancer cell line.  

 

Perform bioactive compounds treatment   

 Remove the existing culture medium from the cells and replace with new medium. 

 Incubate cancer cell line culture with different concentrations of bioactive 

compounds. 

 Untreated cells as control. 

 Discard media from cell cultures after treatment with bioactive compounds. 

 Incubate cancer cell line cultures in the presence of bioactive compounds for 6, 

12, 24, 48 and 72 h. 
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 At the end of the incubation period, determine the cell number by cytotoxicity 

methods and methods to detect apoptotic cell death. 

 

Trypan Blue Assay Protocol 

 Determine the cell density using a hemocytometer. 

 Prepare a 0.4% solution of trypan blue in buffered isotonic salt solution, pH 7.4 

phosphate-buffered saline. 

 Add 0.1 mL of trypan blue stock solution to 0.1 mL of cells. 

 Load a hemocytometer and examine immediately under a microscope at low 

magnification. 

 Count the number of blue staining cells and the number of total cells. Cell viability 

should be at least 95% for healthy log-phase culture. 

 Take images with an optical microscope. 

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide ) Assay  

 106 cancer cells line in culture. 

 Remove the existing culture medium from the cells and replace with new medium. 

 Incubate the cells according to the standard treatment protocol. 

 Discard media from cell cultures after treatment with bioactive compounds. 

 Add 100 μL of serum -free media and 20µL of MTT solution (5mg/ml) into each 

well. 

 Incubate for 2 hours at room temperature in the dark until purple precipitate. 

 Add 20 μL DMSO or acid-isopropanol (100 μL 0,04 N HCl in Isopropanolol) to 

dissolve the purple crystals. 

 Measure the absorbance at 570 nm using a microplate reader. 

 

LDH assay 

 106 cancer cell lines in culture. 

 Remove the existing culture medium from the cells and replace with new medium. 

 Incubate the cells according to the standard treatment protocol. 

  Discard media from cell cultures after treatment with bioactive compounds. 

 Add 200 μL of serum -free media. 

 2,3 μMol of sodium pyruvate. 

 0,2 mg NADH in 0,1M KPO4 into each well PH 7,0. 

 Recorded automatically at 2s interval. 

https://pubmed.ncbi.nlm.nih.gov/28035493/
https://pubmed.ncbi.nlm.nih.gov/28035493/
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 Measure absorbance at 340 nm using a microplate reader. 

 Enzyme activity expressed in (LDH U/ml). 

 

Alamar blue Assay method 

 106 cancer cell in culture. 

 Remove the existing culture medium from the cells and replace with new medium. 

 Incubate the cells according to the standard treatment protocol. 

 Discard media from cell cultures after treatment with bioactive compounds. 

  Dilute Alamar blue stock solution to 1:1 with serum free- medium. 

 Volume of 50 μL/well. 

 Final assay volume of 250 μL. 

 Final concentration of 10% alamar blue. 

 Read fluorescence at excitation 530 nm, emission at 590 nm. 

 

Colony formation assay 

 2.5 X 105 cancer cell in culture. 

 Remove the existing culture medium from the cells and replace with new medium. 

 Incubate the cells according to the standard treatment protocol. 

 Trypsinize cells and plate 1×103 of viable cells. 

 After 14 days, stain at least 50% of the cells during 30 min with 0.25% crystal 

violet. 

 Take images with phase contrast microscope. 

 

Annexin V-FITC-propidium iodide (PI) assay 

 100ul of cell suspension containing 104 cells culture. 

 Remove the existing culture medium from the cells and replace with new medium. 

 Incubate the cells according to the standard treatment protocol. 

 Add 5 μl of Annexin V-FITC. 

 Add 5 μl of PI. 

 15 min at room temperature in the darkness. 

 400 ul of binding buffer. 

 Annexin V-FITC. 

 Measure 100,000 events using the green channel FL1 for Annexin V-FITC and red 

channel FL3 for PI. 
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 Analyze by Flow Cytometer. 

 

Analysis of mitochondrial transmembrane potential (ΔΨm) 

 Seed 104 or 105 cells/mL in 12, 24 or 96 well-plates. 

 Washing with cold PBS. 

 Incubate the cells according to the standard treatment protocol. 

 After incubation, centrifuge cells for 3-4 minutes at 400× g at 4 °C and aspirate the 

supernant. 

 Add 500 μL PBS to suspend cells. 

 Add 20 μM JC-1 (250 μl) for 15 min at room temperature. 

 Measure a total of 100,000 events with the capture emissions set to 590 nm (red) 

and 530 nm (green). 

 Analysis by Flow Cytometer. 

 

Transmission electron microscopy (TEM) analysis 

 Seed line cells (2×106) in 75 cm2 flasks. 

 Incubate cells with different concentration of the bioactive compounds. 

 After 24 h, wash cells with PBS and fix them with 1% glutaraldehyde 4% freshly 

prepared formaldehyde, and 2.5% sucrose in 0,1 M PHEM buffer, at pH 7.2. 

 Postfix in a 1% osmium tetroxide, 0.8% ferrocyanide potassium and 5 mM calcium 

chloride solution for 1 hour. 

 Wash cells with 0.1 PHEM buffer. 

 Dehydrate cells in graded acetone solutions (50, 70, 90, and two changes in 100% 

for 10 minutes). 

 After dehydration, embedd cells in Epon® resin. 

 Cut thin sections on a ultramicrotome. 

 Stain ultrathin sections with a saturated solution of uranyl acetate and lead citrate. 

 Examine samples at 80 kV accelerating Voltage on a TEM. 

 

Cell cycle analysis 

 1. 5 × 105 cancer cells in culture. 

 Remove the existing culture medium from the cells and replace with new medium. 

 Incubate the cells according to the standard treatment protocol. 
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 Fix cells in 5 ml of cold 70% ethanol and stored at 4 °C for subsequent cell cycle 

analysis. 

 Wash cells with PBS twice, incubate with 50 μl of RNase A/PBS (100 μg/ml) at 37 

°C for 30 min and stain with 200 μl of PI (50 μg/ml) at room temperature in the 

dark for 15 min. 

 Analysis by Flow cytometer. 

 

 

Western blotting  

 Remove the existing culture medium from the cells and replace with new medium. 

 Incubate cancer cell line with control or different concentration of bioactive 

compounds.  

 After the induction of apoptosis, scrape cells and collect in 15-ml tube. 

 Spin at 250 g for 10 min at 4°C. 

 Re-suspend pellet in 6 ml 1× PBS and spin again at 250 g for 10 min at 4 °C to 

wash. 

 Remove as much PBS as possible without disrupting pellet and then add 100 µL 

lysis buffer with appropriate protease inhibitor. 

 Vortex and keep on ice for 20 min vortexing periodically. 

 Spin at 1100 g for 15 min at 4 °C and collect supernatant. 

 Keep lysates at –40 °C until further use. 

 Cell lysates (30 μg/sample) were subjected to electrophoresis on a 10% SDS-PAGE 

gel. 

 Electrotransfer gels onto nitrocelulose membranes. 

 Semidry transfer system. 

 Block the membranes with 5% nonfat milk at room temperature for 1 h. 

 Incubate with primary antibody used at different dilution at 4 °C overnight and after 

use a horseradish peroxidase (HRP) - conjugated secondary antibody at 1:5000 for 

1 h. 

 Detect immunoblotting using a chemiluminescent substrate kit. 

 Capture the images by a ChemiDoc system. 
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Caspase activity Assay 

 After the induction of apoptosis with bioactive compounds or control, scrape cells 

and collect in 15-ml tube. 

 Spin at 250 g for 10 min at 4 °C. 

 Re-suspend pellet in 6 ml 1× PBS and spin again at 250 g for 10 min at 4 °C. 

 Homogenized in Buffer containing 25 mM Hepes, 5 mM MgCl2, 5 mM EDTA, 2 

mM DTT and 0.1% CHAPS (pH 7.5). 

 Centrifuges at 12,000 xg for 10 min (4 °C). 

 Total protein (100 µg) from the supernatants. 

 Determine activities of caspase-3 using the chromogenic substrates, namely 200 

µM Ac-DEVD-pNA, PH 7.5. 

 Absorbance at 405 nm determined in a microplate reader after incubation at 37 °C 

for 1 h. 

 Specific activities of caspase-3 (nmol of pNA formed/min/mg) calculated using 

standard curve of p-nitroaniline (pNA), using 100 µl volume in a 96 well plate using 

an ELISA reader. 
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3. CONSIDERAÇÕES FINAIS 

 

Este é o primeiro estudo a explorar fungos endofíticos das folhas de Buchenavia 

tomentosa e avaliar suas potenciais atividades antimicrobianas in vitro. Os resultados 

demonstraram que o endofítico FC12 e FC31 mostraram-se eficazes contra todos os três 

patógenos bacterianos em estudo, sendo a concentração inibitória mínima observada de 

25 µg/ml por pelo menos um endofítico em todos os patógenos. O fungo FC123 foi capaz 

de inibir o crescimento do fitopatógeno Rhizopus stolonifer em mais de 50% pela difusão 

de substâncias. Portanto, os isolados endofíticos descritos constituem potenciais fontes 

atrativas de fármacos. As confirmações poderão ser feitas após a verificação dos níveis 

de citotoxicidade e das caracterizações químicas. 

O tratamento com o extrato liofilizado de E. plicata mostrou efeito citotóxico e 

atividade antiproliferativa em células de glioma e induziu a morte celular por mecanismo 

de produção de EROS, sem causar hemólise. As frações derivadas deste extrato também 

influenciaram a viabilidade celular de C6, com destaque para a fração hexânica. Assim, 

a molécula de eleuterina foi identificada como o principal composto relacionado à 

indução de morte celular observada nesta linhagem tumoral. 

Portanto, os resultados sugerem que o extrato de E. plicata pode conter um 

potencial inibidor de células de glioma. Vários estudos apontam para o papel essencial da 

investigação de compostos e derivados naturais como fármacos e adjuvantes na 

abordagem farmacológica de diferentes tipos de tumores. Assim, abre-se a possibilidade 

da molécula de eleuterina como uma opção viável de tratamento do câncer, em que novos 

estudos e testes em modelo in vivo são de extrema importância clínica e científica. 
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4. PERSPECTIVAS FUTURAS 

 

A planta Buchenavia tomentosa (Capítulo I) possui poucas informações na 

literatura científica, sendo este o primeiro trabalho desenvolvido com fungos endofíticos 

isolados de suas folhas. Dada a relevância na área de antimicrobianos, pois inibiu duas 

bactérias consideradas emergentes pela OMS quanto à resistência bacteriana, e o 

desenvolvimento de novos antimicrobianos, aponta-se algumas possibilidades de 

desenvolvimento futuro: 

 Caracterização química dos extratos vegetais e fúngicos, para investigação da (s) 

substâncias químicas envolvidas; 

 Verificação dos níveis de citotoxicidade dessas substâncias; 

 Isolamento da (s) substâncias inibidoras envolvidas; 

 Verificação da produção dessas substâncias pelos endofíticos; 

 Identificação molecular dos micro-organismos isolados. 

Os resultados do Capítulo II, envolvendo a planta Eleutherine plicata, demonstram 

a possibilidade da molécula eleuterina como uma opção viável de tratamento do câncer. 

Tratando-se de testes in vitro, sugere-se a experimentação em modelo in vivo para uma 

investigação clínica e científica mais aprofundada. Outra possibilidade de 

desenvolvimento futuro seria como esta molécula poderia ser apresentada como 

medicamento. 

No Capítulo III é sugerido um método para verificação das substâncias 

anticancerígenas pelos fungos endofíticos conforme identificação na planta hospedeira. 

Já foram isolados 39 fungos endofíticos da Eleutherina plicata e os extratos fúngicos 

foram obtidos após crescimento em caldo BDA por 14 dias, utilizando hexano como 

extrator. Os extratos estão prontos para processamento em aparelhos de cromatografia e 

a perspectiva é que se encontrada a molécula eleuterina por algum fungo, o mesmo seja 

identificado molecularmente. 
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ANEXO I – Certificado de apresentação em evento. 
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ANEXO II – Certificado de premiação.  
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ANEXO III – Certificado de apresentação em evento. 
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ANEXO IV – Artigo “Atividade antimicrobiana de fungos endofíticos associados à 

Mirindiba, Buchenavia tomentosa (Combretaceae)” publicado na Revista interdisciplinar 

da Universidade Federal do Tocantins. 
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RESUMO 

Os fungos endofíticos vivem em simbiose com a planta hospedeira, sendo que muitos podem 

apresentar a capacidade de produzir os mesmos metabólitos ativos que seus hospedeiros, tornando-se 

um reservatório de uma infinidade de produtos naturais. Esta pesquisa investigou a planta Mirindiba 

(Buchenavia tomentosa) e a atividade antimicrobiana exercida pela planta e por fungos endofíticos 

isolados de suas folhas. Extratos aquosos da Planta e dos fungos foram testados contra bactérias e um 

fungo filamentoso, sendo que os extratos do vegetal e dos fungos apresentaram inibição das seguintes 

bactérias patogênicas: Salmonella Typhimurium, Staphylococcus epidermidis e Shigella flexneri e do 

fungo fitopatogênico Rhizopus stolonifer, demonstrando seu potencial biotecnológico como produtores 

de substâncias antimicrobianas. As concentrações inibitórias mínimas (CIMs) dos fungos que 

apresentaram propriedades antimicrobianas foram determinadas. Dois fungos (FC12 e FC31) inibiram 

as 3 bactérias testadas. Todas as bactérias foram inibidas por pelo menos um fungo na concentração de 

25 µg/ml. Uma atividade antifúngica também foi observada pela difusão de substâncias produzidas 

pelo isolado (FC123), que inibiu em 53% o crescimento de Rhizopus stolonifer, causador da podridão 

Artigo recebido em 21/02/222 aprovado em 30/09/2022 publicado em 28/02/2023. 
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mole em frutos. Este é o primeiro relato de isolamento e avaliação das propriedades antimicrobianas 

de fungos endofíticos da B. tomentosa. 

Palavras-chave: Antimicrobiano, endofíticos, mirindiba. 

 

ABSTRACT 

Endophytic fungi live in symbiosis with the host plant, and many can produce the same active 

metabolites as their hosts, becoming a reservoir for a multitude of natural products. The present study 

investigated the plant Mirindiba (Buchenavia tomentosa) and the antimicrobial activity exerted by the 

plant and endophytic fungi isolated from its leaves. Aqueous extracts of the plant and fungi, which 

were tested against bacteria and a filamentous fungus, inhibited the following pathogenic bacteria: 

Salmonella Typhimurium, Staphylococcus epidermidis and Shigella flexneri and the phytopathogenic 

fungus Rhizopus stolonifer, demonstrating their biotechnological potential as producers of 

antimicrobial substances. The minimum inhibitory concentrations (MICs) of the fungi displaying 

antimicrobial properties were determined. Two fungi (FC12 and FC31) inhibited the 3 bacteria tested. 

All the bacteria were inhibited by at least one fungus at a concentration of 25 µg/ml. Antifungal 

activity was also observed by the diffusion of substances produced by the isolate (FC123), which 

resulted in 53% growth inhibition of Rhizopus stolonifer, the causative agent of soft rot in fruits. This 

is the first report on the isolation and assessment of the antimicrobial properties of endophytic fungi 

from B. tomentosa. 

Keywords: Antimicrobial, endophytic, mirindiba. 

 

RESUMEN 

Los hongos endófitos viven en simbiosis con la planta hospedante, y muchos tienen la capacidad de 

producir los mismos metabolitos activos que sus hospedantes, convirtiéndose en reservorio de una 

multitud de productos naturales. Este estudio investigó la planta Mirindiba (Buchenavia tomentosa) y 

la actividad antimicrobiana ejercida por la planta y hongos endófitos aislados de sus hojas. Extractos 

acuosos de la planta y de los hongos fueron probados contra bacterias y un hongo filamentoso, y los 

extractos de la planta y de los hongos mostraron inhibición de las siguientes bacterias patógenas: 

Salmonella Typhimurium, Staphylococcus epidermidis y Shigella flexneri y del hongo fitopatógeno 

Rhizopus stolonifer, demostrando su potencial biotecnológico como productores de sustancias 

antimicrobianas. Las concentraciones inhibitorias mínimas (CIMs) de los hongos que mostraron 

propiedades antimicrobianas fueron determinadas. Dos hongos (FC12 y FC31) inhibieron las 3 

bacterias probadas. Todas las bacterias fueron inhibidas por al menos un hongo a una concentración 

de 25 µg/ml. Actividad antifúngica también fue observada por la difusión de sustancias producidas 

por el aislado (FC123), que inhibió en un 53% el crecimiento de Rhizopus stolonifer, causante de la 

pudrición blanda en frutos. Este es el primer reporte de aislamiento y evaluación de las propiedades 

antimicrobianas de hongos endófitos de B. tomentosa. 

Descriptores: Antimicrobiano, endófito, mirindiba. 

 

 

 

INTRODUÇÃO 

Desde a antiguidade as plantas despertam interesse como fontes viáveis e promissoras de 

frações terapêuticas (RAO e HARIPRASAD, 2021). É de conhecimento que o início do seu uso ou de 
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seus extratos foi instintivo, através da manipulação pelas pessoas em seu meio ambiente para curar 

doenças ou desconfortos (ALAMGIR, 2017). No entanto, muitas plantas ainda são desconhecidas ou 

seu uso medicinal não está estabelecido, como as plantas do gênero Buchenavia (LOPES e MARUO, 

2015). 

Com o aumento alarmante da resistência microbiana aos medicamentos convencionais em 

todo o mundo, o uso de novas fontes de substâncias antimicrobianas como alternativa aos 

medicamentos convencionais tem aumentado (AYUKEKBONG et al., 2017; VASAN et al., 2019; 

MANGANYI e ATEBA, 2020). Além disso, o desenvolvimento da resistência microbiana contra 

agentes quimioterápicos, como os antibióticos, torna essencial e urgente o rastreamento de novas 

terapêuticas eficazes, seguras, baratas e disponíveis para a população (ATEF et al., 2019). 

A microbiota fúngica endofítica possui alta capacidade metabólica e pode estar relacionada 

com a produção de uma infinidade de metabólicos secundários que podem ser explorados, como 

antimicrobianos, anti-inflamatórios, agentes antitumorais, antioxidantes e mesmo como promotores de 

crescimento vegetal. O uso de fungos endofíticos ao invés de plantas é muito interessante, pois reduz o 

tempo, custo e área de produção e são, desta forma, uma alternativa ecologicamente sustentável e 

economicamente viável de obtenção destas substâncias (RODRIGUEZ e REDMAN, 2008). 

As características químicas e os metabólitos secundários produzidos pelas plantas do gênero 

Buchenavia têm sido associados a atividades biológicas importantes, como antibacteriana, antifúngica 

e anti-HIV (LOPES e MARUO, 2015; TEODORO et al., 2015; CAVALCANTI et al., 2017; 

BEUTLER et al., 1992). As propriedades antimicrobianas de extratos de Buchenavia tomentosa já 

foram observadas anteriormente, mas a comunidade fúngica endofítica ainda não foi examinada 

quanto ao seu potencial bioativo (BRIGHENTI et al., 2014; TEODORO et al., 2015). Dessa forma, o 

objetivo desse estudo foi avaliar a produção de substâncias antimicrobianas produzidas por fungos 

endofíticos associados à Mirindiba (B. tomentosa). 

 

MATERIAIS E MÉTODOS 

Coleta do espécime vegetal Buchenavia tomentosa Eichler 

O material vegetal foi coletado de 5 árvores, situadas no Centro de Pesquisa Canguçu, no 

município de Pium, sudoeste do Estado do Tocantins, às margens da Ilha do Bananal, sob as 

coordenadas S 9° 58' 40" W 50° 02' 01.2"; S 9° 58' 40.3" W 50° 02' 00.9"; S 9° 58' 44.4" W 50° 02' 

13.7"; S 9° 58' 46.7" W 50° 02' 09.3" e S 9° 58' 48.2" W 50° 02' 16.4". A exsicata encontra-se 

depositada no Herbário da Universidade Estadual do Tocantins sob o código 8215. 
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Elaboração do extrato de B. tomentosa e avaliação da atividade bacteriana 

O extrato aquoso de B. tomentosa foi obtido a partir da trituração de 12 folhas de tamanho 

médio em 500 ml de água mineral estéril. Em seguida a solução obtida foi acrescida de mais 500 ml de 

água mineral e, então, submetida a decocção por 2 min., totalizando 1L de extrato (chá). 

O extrato foi avaliado contra os patógenos Bacillus cereus (ATCC 11778), Enterococcus 

faecalis (ATCC 4083), Escherichia coli (ATCC 25922), Klebsiella pneumoniae (NEWP 0083), 

Listeria monocytogenes (ATCC 7644), Pseudomonas aeruginosa (ATCC 27853), Salmonella 

Typhimurium (ATCC 14028), Staphylococcus aureus (ATCC 6538), Staphylococcus epidermidis 

(NEWP 0128), Shigella flexneri (ATCC 12022) e Streptococcus pneumoniae, obtidos da coleção de 

culturas Carlos Rosa do Laboratório de Microbiologia Geral e Aplicada da Universidade Federal do 

Tocantins. Os micro-organismos estavam armazenados a –80 ºC em caldo Brain Heart Infusion (BHI) 

com 20% de glicerol. Para reativação foram repicados em caldo Mueller Hinton e incubados por 24 h 

a 36 ºC em estufa bacteriológica. Posteriormente, foram repicados para tubos de ensaio contendo ágar 

Nutriente inclinado e incubadas por 24 h a 36ºC, e armazenadas em geladeira a temperatura de 4 ºC 

até o momento de preparo para os testes. 

Os ensaios foram realizados de acordo com a técnica de micro diluição em caldo, em placas de 

96 poços. Em cada cavidade da microplaca foram adicionados 100 µL de caldo Muller Hinton (CMH), 

5 µL de suspensão de bactérias contendo 107 UFC/mL e 100 µL do extrato aquoso. Como controle 

positivo foi utilizado 100 µL CMH, 5 µL de suspensão de bactérias contendo 107 UFC/mL e 2 mg/mL 

de cloranfenicol e a suspensão de bacteriana. O controle negativo foi realizado com a inoculação de 

CMH, solvente DMSO 10% e inóculo. Para controle de crescimento foi utilizada 5 µL de suspensão 

de bactérias 107 UFC/mL. As placas foram incubadas a 37 °C por 24 h (OLIVEIRA et al., 2016). 

Posteriormente, 30 μL de resazurina a 0,03% (m/v) estéril foi adicionada em cada cavidade para 

verificação do crescimento microbiano, sendo que a visualização de cor azul indicava de ausência de 

crescimento e cor rosa crescimento microbiano (PALOMINO et al., 2002 - modificado). O 

experimento foi qualitativo, realizado em triplicata.  

 

Isolamento dos fungos endofíticos 

Foram selecionadas 15 folhas de 5 árvores (3 folhas por árvore) para o isolamento dos fungos 

endofíticos. As folhas foram submetidas ao processo de desinfecção superficial para a eliminação de 

micro-organismos epifíticos, por meio de lavagens seriadas em etanol a 70% (v/v) (1 min.), 

hipoclorito de sódio 2 % (3 min.) e H2O mQ estéril (2 min.). Após a desinfecção, três fragmentos de 

aproximadamente 0,5 cm2 de cada material vegetal coletado foram transferidos para placas de Petri 

contendo Ágar Batata Dextrose (BDA) suplementadas com 100 μg/mL de cloranfenicol. 
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As placas foram incubadas a 25 °C por até 20 dias. Os isolados foram transferidos para novas 

placas de Petri contendo BDA para purificação. Os micélios obtidos foram preservados em frascos 

estéreis contendo água destilada estéril, em duplicata e temperatura ambiente (CASTELLANI, 1967). 

 

 

Preparação dos extratos fúngicos e avaliação da atividade antimicrobiana (concentração 

inibitória mínima – CIM) 

Os fungos endofíticos foram reativados inoculando um disco de ágar BDA contendo o micélio 

de cada amostra em nova placa contendo BDA e incubando à 25 °C por 5 dias. Após esse período, foi 

realizada a fragmentação do micélio fúngico juntamente com o meio de cultivo, utilizando como 

líquido extrator o álcool etílico absoluto. Após 10 dias os macerados foram filtrados e os extratos 

brutos submetidos à remoção do solvente com auxílio de evaporador rotativo. 

Os extratos obtidos foram solubilizados em solução de dimetilsulfóxido (DMSO) a 10% e 

homogeneizados até completa dissolução (OLIVEIRA et al., 2016 - modificado). Os testes de 

concentração inibitória mínima (CIM) foram realizados pela metodologia padronizada de 

microdiluição em caldo, em microplacas de 96 poços tipo Elisa, em triplicata (OLIVEIRA et al., 

2016a). Em cada cavidade da microplaca foram adicionados 100 µL de caldo Muller Hinton (CMH). 

Em seguida adicionaram-se os extratos realizando diluição seriada. Foram realizadas 8 diluições de 

cada amostra obtendo-se concentrações finais de extrato de 100; 50; 25; 12,5; 6,25; 3,125; 1,6; 0,78 

mg/mL. Foram avaliadas como alvo de inibição as seguintes espécies de bactérias: Salmonella 

Typhimurium, Staphylococcus epidermidis e Shigella flexneri, nas concentrações de 107 UFC/mL. 

Como controle positivo foi utilizado CMH, 2 mg/mL de cloranfenicol e as culturas bacterianas, como 

controle negativo foi utilizado CMH, solvente DMSO 10% e inóculo bacteriano. Para controle de 

crescimento foi utilizada 5 µL de suspensão de bactérias 107 UFC/mL. As placas foram incubadas a 37 

°C por 24 h (OLIVEIRA et al., 2016). 

Posteriormente, em cada cavidade da microplaca foi adicionada 30 μL de resazurina a 0,03% 

(m/v) estéril para verificação visual do crescimento microbiano, sendo a presença de cor azul 

representativa de ausência de crescimento e cor rosa, presença de crescimento microbiano 

(PALOMINO et al., 2002 - modificado). Foi considerada como CIM a menor concentração do extrato 

capaz de inibir o crescimento microbiano. 

 

Avaliação da atividade antifúngica dos extratos aquosos dos fungos endofíticos de B. tomentosa 

Os fungos endofíticos isolados foram testados pelo método da cultura pareada quanto à 

produção de substâncias difusíveis e voláteis frente ao fitopatógeno Rhizopus stolonifer. Os isolados 
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endofíticos foram previamente cultivados em BDA por 5 dias. Em seguida, um disco de ágar de 0,5 

cm de diâmetro contendo micélio de cada fungo endofítico foi inoculado em um lado de uma placa de 

Petri contendo BDA e incubado por 3 dias a 25 ºC. Posteriormente, um disco similar contendo uma 

cultura do fitopatógeno foi inoculado na outra extremidade da placa (4 cm de distância). O diâmetro 

da colônia do patógeno foi estimado após incubação por dois dias a 25 °C, com auxílio de um 

paquímetro digital (Starret® 799), e comparado com o diâmetro observado na cultura controle (PINTO 

et al., 2011). 

Para a verificação da produção de substâncias voláteis foram utilizadas placas de Petri com 

uma divisória a fim de evitar o efeito da difusão. As placas foram seladas com parafilme para evitar 

possível dissipação das substâncias presentes. 

O padrão de crescimento do fitopatógeno (cultura controle) foi obtido por meio da inoculação 

de um disco de ágar de 0,5 cm de diâmetro contendo micélio do fitopatógeno sozinho em Placas de 

Petri contendo BDA. Todos os ensaios foram realizados em triplicata. 

 

RESULTADOS E DISCUSSÃO 

Na tabela 1 encontram-se os resultados da atividade antimicrobiana do extrato aquoso de B. 

tomentosa. Três, das 11 cepas bacterianas testadas, apresentaram sensibilidade aos compostos ativos 

da planta (Salmonella Typhimurium, Staphylococcus epidermidis e Shigella flexneri), demonstrando 

um possível potencial de utilização desta espécie vegetal para obtenção de substâncias antibacterianas 

contra patógenos resistentes a antimicrobianos comerciais utilizados na atualidade. Estudos anteriores 

demonstraram que extratos de B. tomentosa obtidos por outros métodos exerceram inibição sobre S. 

aureus (acetato de etila), E. faecalis (fração hexânica) e P. aeruginosa (extrato etanólico) (BATISTA 

et al., 2011; GIRONDI et al., 2017). 
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Tabela 1 – Atividade antibacteriana do extrato aquoso da Mirindiba (Buchenavia tomentos) contra 

cepas de: Bacillus cereus, Enterococcus faecalis, Escherichia coli, Klebsiella pneumoniae, Listeria 

monocytogenes, Pseudomonas aeruginosa, Salmonella Typhimurium, Staphylococcus aureus, 

Staphylococcus epidermidis, Shigella flexneri, Streptococcus pneumoniae. 

Patógenos Inibição 

Bacillus cereus  - 

Enterococcus faecalis - 

Escherichia coli  - 

Klebsiella pneumoniae  - 

Listeria monocytogenes  - 

Pseudomonas aeruginosa  - 

Salmonella Typhimurium  + 

Staphylococcus aureus  - 

Staphylococcus epidermidis + 

Shigella flexneri  + 

Streptococcus pneumoniae - 

+ inibição do crescimento, - ausência de inibição do crescimento. 

 

Esse resultado contrastante possivelmente ocorreu pela diferença de polaridade dos compostos 

extraídos por cada método. Enquanto a ação inibitória dos extratos aquosos envolve as substâncias 

hidrofílicas (aminoácidos, açúcares, alcaloides na forma de sal, saponinas, heterosídeos, flavanóides e 

as mucilagens), os extratos alcoólicos e hexânicos fornecem uma extração mais ampla, incluindo 

compostos menos polares, e consequentemente mais propriedades antifúngicas e antimicrobianas 

(SIMÕES, 2001). No entanto, o extrato aquoso é um método mais simples, mais próximo do uso pelas 

comunidades tradicionais e da população de um modo geral. 

As plantas da família Combretaceae têm sido utilizadas como medicinais em todo o mundo, 

especialmente na Ásia e África (FYHRQUIST et al., 2002). Dentre os 20 gêneros pertencentes à esta 

família, o gênero Buchenavia apresenta atividades biológicas promissoras, como os observados por 

OLIVEIRA et al.(2012): ampla atividade antimicrobiana (inibição de crescimento de Micrococcus 

luteus (CIM: 0,10 mg/mL), Pseudomonas aeruginosa (CIM: 0,20 mg/mL), Mycobacterium smegmatis 

(CIM: 0,39 mg/mL), Proteus vulgaris e Staphylococcus aureus (CIM: 0,78 mg /mL para ambos)), 

além da presença de flavonóides, triterpeno, carboidrato e tanino. 

Os frutos de B. tomentosa foram relatados como tóxicos para ovinos, caprinos e bovinos, mas 

um estudo fitoquímico realizado por Batista (2011) identificou 7 substâncias de caráter antimicrobiano 
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e antiradicalar (radicais livres) em B. tomentosa, sendo eles os ácidos fenólicos galato etila (1) e galato 

de metila (2), ácido gálico (3), os taninos hidrolisáveis corilagina (4) e buchenavina (5), e as lignanas 

pinoresinol (6) e o epipinoresinol (7) (MELO et al., 2010). 

Sabendo-se da capacidade de endofíticos sintetizarem metabólitos bioativos semelhantes às 

plantas hospedeiras (SHARMA e KUMAR, 2021), o isolamento realizado nesta pesquisa resultou na 

obtenção de 22 isolados de fungos endofíticos, obtidos a partir das folhas de B. tomentosa. Estes 

isolados foram testados contra as bactérias Salmonella Typhimurium, Staphylococcus epidermidis e 

Shigella flexneri, que foram as espécies sensíveis ao extrato aquoso da planta. Estas bactérias foram 

selecionadas para determinação da concentração inibitória mínima (CIM) dos extratos fúngicos. 

Destes 22 fungos, 7 apresentaram atividade antimicrobiana (Tabela 2). 

 

Tabela 2 – Concentração inibitória mínima (CIM) de fungos endofíticos isolados de B. tomentosa 

contra as bactérias Salmonella typhimurium, Staphylococcus epidermidis e Shigella flexneri. 

  CIM (µg/ml)  

Fungo endofítico  Bactéria  

 S. Typhimurium S. epidermidis. S. flexneri 

FC12 25 25 50 

FC13 100 100 - 

FC31 50 25 100 

FC49 50 50 - 

FC53 50 50 - 

FC81 25 50 - 

FC93 - - 25 

* (-) Não houve inibição nas concentrações testadas: 100; 50; 25; 12,5; 6,25; 3,125; 1,6; 0,78 mg/mL. 

 

O uso de isolados fúngicos de folhas de B. tomentosa na literatura é inexistente, sendo este o 

primeiro trabalho a testar seu efeito antimicrobiano e, portanto, não há dados comparativos. Os 

extratos fúngicos que apresentaram atividade antimicrobiana mais abrangentes foram os obtidos dos 

isolados FC12 e FC31 (inibiram as três bactérias avaliadas, S. typhimurium, S. epidermidis e S. 

flexneri). Em todos os extratos fúngicos avaliados, pelo menos um foi capaz de inibir as bactérias na 

concentração de 25 µg/ml, sendo esta a menor concentração inibitória de extrato fúngico observada. 

Ressalta-se que as Salmonella spp. e Shigella spp. compõem a lista de agentes patogênicos prioritários 

da Organização Mundial da Saúde para a produção e desenvolvimento de novos antibióticos, 

reforçando a importância desses resultados (WORLD HEALTH ORGANIZATION, 2017). 
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A atividade antimicrobiana das famílias químicas contra bactérias é classificada na ordem: 

fenóis > aldeídos > cetonas > álcoois > éteres > hidrocarbonetos (NOWAK et al., 2012; FADIL et al., 

2018). Além dos compostos químicos já mencionados identificados nos frutos da B. tomentosa, 

Girondi et al., (2017) identificaram os compostos: ácido gálico, ácido quínico, kaempferol, 

epicatequina, ácido elágico e vitexina e Eschweilenol C nas folhas, com atividade antimicrobiana 

contra Staphylococcus aureus, Staphylococcus epidermidis, Escherichia coli e Pseudomonas 

aeruginosa.  

Os resultados encontrados na atual pesquisa correspondem ao padrão mencionado, reforçando 

a potência dos ácidos fenólicos predominantes nessa planta. Possivelmente, os fungos endofíticos 

presentes nas folhas sintetizam partes destes compostos através de suas vias metabólicas secundárias, 

inibindo os mesmos micro-organismos sensíveis ao extrato aquoso das folhas utilizado como triagem 

de patógenos neste estudo. Ressalta-se que questões como localização geográfica, clima, pragas e 

condições variadas na rizosfera podem causar variação dos constituintes químicos de plantas do 

mesmo gênero e espécie (JAYATILAKE e MUNASINGHE, 2020). 

Brighenti et. al (2017) testaram a atividade antifúngica de extratos de B. tomentosa contra 

fungos leveduriformes e observaram atividade antibiofilme em Candida albicans a partir de ação dos 

ácidos elágico e gálico. 

Nesta pesquisa foi identificado controle de crescimento do fungo filamentoso R. stolonifer, 

demonstrando uma potencial utilização na destes fungos como agentes de controle biológico. O 

isolado FC123 foi capaz de inibir 53% o crescimento de R. stolonifer através da difusão de 

substâncias. Apesar de outros métodos químicos e térmicos serem comuns no controle de R. stolonifer 

em alimentos, a busca de novos agentes antimicrobianos à base de plantas e micro-organismos tem 

sido intensa devido à resistência do fungo aos fungicidas sintéticos (ELIZEI et al., 2016). 

O fungo Rhizopus stolonifer é o agente causador da podridão mole em frutos, considerado um 

dos principais causadores de doenças pós-colheita, responsável por cerca de 50% de perda de frutos 

que seriam comercializados (BASSETTO et al., 2007). 

 Seu controle é de grande interesse comercial, biotecnológico, social e ambiental, sendo o controle 

biológico um método alternativo e eficiente na prevenção da deterioração pós-colheita de frutos, e 

consequentemente redutor da quantidade de resíduos químicos aplicados nesses alimentos 

(BONILLA, 2019). 

 

CONCLUSÃO 

Este é o primeiro estudo a explorar fungos endofíticos de Buchenavia tomentosa e avaliar suas 

potenciais atividades antimicrobianas in vitro. Os isolados FC12 e FC31 foram eficazes em inibir o 

crescimento dos três patógenos bacterianos avaliados. A concentração inibitória mínima observada de 
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25 μg/ml por pelo menos um endofítico contra os patógenos avaliados. Os isolados endofíticos 

testados constituem potenciais fontes de substâncias antimicrobianas. As confirmações poderão ser 

feitas após a verificação dos níveis de citotoxicidade e das caracterizações químicas.  

O isolado FC123 produziu substâncias difusíveis capazes de inibir o fungo fitopatogênico R. 

stolonifer. 

Novos estudos deverão ser realizados para identificar as espécies endofíticas e as substâncias 

antimicrobianas por elas produzidas 
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Abstract: Gliomas are the most common primary malignant brain tumors in adults, and have a
poor prognosis, despite the different types of treatment available. There is growing demand for
new therapies to treat this life-threatening tumor. Quinone derivatives from plants have received
increased interest as potential anti-glioma drugs, due to their diverse pharmacologic activities, such
as inhibiting cell growth, inflammation, tumor invasion, and promoting tumor regression. Previous
studies have demonstrated the anti-glioma activity of Eleutherine plicata, which is related to three main
naphthoquinone compounds—eleutherine, isoeleutherine, and eleutherol—but their mechanism
of action remains elusive. Thus, the aim of this study was to investigate the mechanism of action
of eleutherine on rat C6 glioma. In vitro cytotoxicity was evaluated by MTT assay; morphological
changes were evaluated by phase-contrast microscopy. Apoptosis was determined by annexin
V–FITC–propidium iodide staining, and antiproliferative effects were assessed by wound migration
and colony formation assays. Protein kinase B (AKT/pAKT) expression was measured by western
blot, and telomerase reverse transcriptase mRNA was measured by quantitative real-time polymerase
chain reaction (qRT-PCR). Eleutherine reduced C6 cell proliferation in a dose-dependent manner,
suppressed migration and invasion, induced apoptosis, and reduced AKT phosphorylation and
telomerase expression. In summary, our results suggest that eleutherine has potential clinical use in
treating glioma.
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1. Introduction

Glioma is a fatal malignancy derived from the glial cell lineage with a high recurrence
rate. Although less prevalent than other neoplasms, 60% are aggressive high-grade gliomas
(grade IV), which migrate and strongly infiltrate the brain parenchyma [1–5]. Gliomas, in
general, are responsible for approximately 38% of primary brain tumors, and represent
more than 70% of all central nervous system (CNS) tumors, the most frequent and malig-
nant being glioblastoma multiforme [6,7]. Glioblastomas have the highest proportion of
malignancy and the worst prognosis of CNS tumors. Only 5.5% of patients usually survive
for 5 years after diagnosis [8] and have a 1-year survival rate because of the limitations of
treatment’s approaches [9].

Treatment strategies for glioma differ, depending on tumor size, location, and distinct
tumor subtype, and involve a combination of surgery, radiotherapy, and chemotherapy.
Typically, glioma chemotherapy includes the antibody nimotuzumab and temozolomide,
but their efficacy is low, and these tumors have poor prognosis [10–14]. In addition,
gliomas develop resistance to numerous drugs [15–19]. Therefore, there is a real need for
new antitumor agents to treat this deadly cancer, and efforts are ongoing to identify more
efficient and active molecules to regulate the tumor’s progression.

Several plants, such as Eleutherine plicata, Eleutherine americana, and Cipura paludosa,
are important sources of chemicals and contain high levels of naphthoquinones, a class of
natural products with diverse biological activities. Aqueous extracts of the dried bulbs of
these herbs have been described to generate oxidative stress by inducing the deleterious
endogenous formation of a bioactive oxygen-derived species that inhibits inflammation,
promotes apoptosis, and exhibits important anticancer properties in different cancer cell
lines, such as glioma (U-251), breast (MCF-7), ovary (NCI/ADR-RES), kidney (786-0), lung
non-small cell (NCI-H460), colon (HT-29), HepG2 cells, and leukemia (K562) [20,21].

These effects are mainly related to the presence of naphthoquinones, more specifi-
cally eleutherine, isoeleutherine, and eleutherol (Figure 1) [20,22]. Previous works have
demonstrated the antiproliferative effect of eleutherine and isoeleutherine isolated from
a methanolic extract of Cipura paludosa bulbs in glioma (U251) and breast cancer (MCF-7)
lines [20]. The results indicate that eleutherine is more cytotoxic than isoeleutherine.
These compounds are epimeric isomers and have a 1,4-naphthoquinone moiety with only
one structural difference, the β-methyl group of eleutherine and the α-methyl group of
isoeleutherine. Thus, it follows that the higher activity of eleutherine is related to the
chirality of its pyran ring with the β-methyl group [20].
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Figure 1. Chemical structures of eleutherol, eleutherine, and isoeleutherine.

Some studies suggest that naphthoquinones may exert their regulatory activities in
cancer cells by acting on different signal transduction pathway family proteins, such as
phosphatidylinositol-3-kinase/AKT and MAP kinase (MAPK) [23–25]. In addition, it is
known that eleutherine reversibly inhibits the catalytic activity of human topoisomerase II
by stabilizing the DNA–enzyme complex in the presence of ATP [26]. Thus, by inhibiting
the activity of this enzyme, eleutherine can cause transient double-strand breakage in DNA
and contribute to biological oxidative processes [27,28].

These activities open new opportunities for pharmacotherapy, especially for cancer [20,29,30].
However, eleutherine’s mechanism of action remains elusive. Thus, isolated eleutherine
was used in this work to elucidate a possible mechanism of its action on C6 glioma cells.
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2. Results
2.1. Characterization of the Compound Isolate

The compound isolated from Eleutherine plicata bulbs was obtained as a brownish
yellow crystal. Starting from 3 g of the lyophilized ethanolic extract yielded over 49 mg of
the pure compound, with 95% relative concentration (Figure 2, see Supplementary Figures
S1 and S2), with MS (70 eV, EI) 272 (42), 257 (100), 243 (52), 214 (32),157 (10), and 121 (25),
and the probable molecular formula was deduced as C14H12O4. The melting point was of
144–146 ◦C. The IR spectrum showed the presence of characteristic peaks, such as -C-Hsp2

(2974 cm−1), -C-Hsp3 (2913), -C=O (1777 cm−1), of benzene ring (1582cm−1) absorptions.
The molecular characterization data were compared with those in the literature [31].
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(95.03%) and retention time at 33.10 min.

2.2. Cytotoxic Effect of Eleutherine Treatment on C6 Cells

Eleutherine presented a cytotoxic effect on C6 cells. After 6 and 12 h of treatment,
cell death was observed at 1 µM with IC50 of 32.33 µM (±1.25) and 28.46 µM (±1.85),
respectively (Figure 3A,B). During 24 h of treatment, a cytotoxic effect was observed
at a concentration range of 0.05–100 µM, with an IC50 of 4.98 µM (±0.22) (Figure 3C).
Thus, eleutherine reduced cell viability in a concentration- and time-dependent manner
(Figure 3D).

2.3. Morphological Changes in C6 Cells after Eleutherine Treatment

No structural changes were observed in the control, which was characterized by the
presence of fusiform cells and monolayer cells. Cells treated with eleutherine at 1 µM
presented small morphological changes. However, cells treated at 20 and 40 µM showed
structural changes characteristic of apoptosis, such as large and round cells and irregularly
shaped cells with cytoplasmic shrinkage (white arrow). Treatment with eleutherine at
100 µM resulted in cell death (black arrow) (Figure 4).

2.4. Eleutherine Reduces Colony Formation by C6 Cells

Treatment with eleutherine at 20, 40, and 100 µM for 12 h resulted in decreases in
colony formation (52.44%, 94.52%, and 99.18%, respectively) compared with that observed
in the untreated group. No reduction in colony formation was observed at 1 µM eleutherine
(Figure 5).
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Figure 3. Eleutherine reduced the viability of glioblastoma cells as measured by the MTT assay.
Cells were treated with different concentrations of eleutherine for 6 h (A), 12 h (B), and 24 h (C).
(D) Cell viability curve showing the concentration and time-dependence of eleutherine’s effect. Data
are presented as the mean ± SEM of three independent trials. Here, * p < 0.05, *** p < 0.001, and
**** p < 0.0001 vs. untreated control (ANOVA, Tukey’s post hoc test); C, control; V, vehicle.
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Figure 4. Morphological alterations in untreated C6 cells and after treatment with eleutherine at
different concentrations (1, 20, 40, and 100 µM) for 12 h. Cells were examined using a phase-contrast
microscope (Leica DMI6000B). White arrow indicates irregularly shaped cells with cytoplasmic
shrinkage and black arrow indicates cell death. Images were taken using a 63× objective; C, control;
V, vehicle.
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Figure 5. Eleutherine reduces colony formation in C6 cells. (A) C6 cells stained with crystal violet
after eleutherine treatment for 12 h. (B) Graphic quantification of the colony numbers. Data are
presented as the mean ± SEM of three independent trials. Here, **** p < 0.0001 vs. untreated control
(ANOVA, Tukey’s post hoc test).

2.5. Eleutherine Induces C6 Cell Apoptosis

The annexin V–PI assay was used to confirm apoptotic cell death caused by eleutherine.
The C6 cells were treated with different concentrations of eleutherine (1 µM, 20 µM, and
40 µM) and displayed increased numbers of apoptotic cells, mainly in the late stages of
apoptosis, as follows: at 1 µM, 57%; at 20 µM, 44.4%; and, at 40 µM, 77%, compared with the
control and positive control (camptothecin), as shown in Figure 6. Our results demonstrate
that eleutherine induces apoptosis in a dose-dependent manner to a level higher than that
observed in the positive control.

Molecules 2022, 27, x FOR PEER REVIEW 6 of 14 
 

 

 

Figure 6. Eleutherine induces apoptosis in C6 cells. The cells were treated with eleutherine (1, 20, 

and 40 µM) for 24 h. (A) Cells were stained with annexin V–FITC and propidium iodide (PI) and 

subjected to flow cytometry analyses. Early apoptotic cells were in the Q4 quadrant and late apop-

totic cells were in the Q2 quadrant. (B) Quantification of the percentage of early and late apoptotic 

C6 cells. (C) Quantification of the percentage of total apoptotic C6 cells. Here, * p < 0.05, *** p < 0.01, 

**** p < 0.0001 compared with untreated control (ANOVA, Tukey’s post hoc test); C, control; C+, 

positive control (camptothecin at 5 µM). 

2.6. Eleutherine Reduces the Expression of pAKT in C6 Cells 

The expression of phosphorylated AKT was reduced after treatment with eleutherine 

by 48.84% at 20 μM and by 39.27% at 40 μM (Figure 7). Thus, the PI3K/AKT pathway in 

the glioma cells must be inhibited by the action of eleutherine. 

 

Figure 7. Eleutherine treatment reduced AKT phosphorylation in C6 cells. The expression of pAKT 

and AKT, and of GAPDH as the control protein, was detected by western blotting. The pAKT:AKT 

ratio is expressed as a percentage. The eleutherine treatment groups (20 and 40 µM) showed a 

Figure 6. Eleutherine induces apoptosis in C6 cells. The cells were treated with eleutherine (1, 20,
and 40 µM) for 24 h. (A) Cells were stained with annexin V–FITC and propidium iodide (PI) and
subjected to flow cytometry analyses. Early apoptotic cells were in the Q4 quadrant and late apoptotic
cells were in the Q2 quadrant. (B) Quantification of the percentage of early and late apoptotic C6
cells. (C) Quantification of the percentage of total apoptotic C6 cells. Here, * p < 0.05, *** p < 0.01,
**** p < 0.0001 compared with untreated control (ANOVA, Tukey’s post hoc test); C, control; C+,
positive control (camptothecin at 5 µM).
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2.6. Eleutherine Reduces the Expression of pAKT in C6 Cells

The expression of phosphorylated AKT was reduced after treatment with eleutherine
by 48.84% at 20 µM and by 39.27% at 40 µM (Figure 7). Thus, the PI3K/AKT pathway in
the glioma cells must be inhibited by the action of eleutherine.
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Figure 7. Eleutherine treatment reduced AKT phosphorylation in C6 cells. The expression of pAKT
and AKT, and of GAPDH as the control protein, was detected by western blotting. The pAKT:AKT
ratio is expressed as a percentage. The eleutherine treatment groups (20 and 40 µM) showed a greater
reduction in AKT phosphorylation than was observed in the untreated group. Data are presented as
the mean ± SEM of three independent trials. Here, **** p < 0.0001 vs. untreated control (ANOVA,
Tukey’s post hoc test); C, control; V, vehicle.

2.7. Eleutherine Reduces Telomerase (TERT) mRNA Expression

Eleutherine treatment reduced TERT expression in a dose-dependent manner at 1 µM
(17.1%), 20 µM (37.3%), and 40 µM (45.8%). The results suggest that after treatment of
glioma cells with eleutherine there was a loss of telomerase activity that may have induced
cell death (Figure 8).

Molecules 2022, 27, x FOR PEER REVIEW 7 of 14 
 

 

greater reduction in AKT phosphorylation than was observed in the untreated group. Data are pre-

sented as the mean ± SEM of three independent trials. Here, **** p < 0.0001 vs. untreated control 

(ANOVA, Tukey’s post hoc test); C, control; V, vehicle. 

2.7. Eleutherine Reduces Telomerase (TERT) mRNA Expression 

Eleutherine treatment reduced TERT expression in a dose-dependent manner at 1 

μM (17.1%), 20 μM (37.3%), and 40 μM (45.8%). The results suggest that after treatment of 

glioma cells with eleutherine there was a loss of telomerase activity that may have induced 

cell death (Figure 8). 

 

Figure 8. Heat map correlating eleutherine treatment with TERT mRNA expression in glioma cells. 

The color of each rectangle indicates the value of the Pearson correlation coefficient (ρ) between the 

eleutherine-treated groups and TERT mRNA expression. 

3. Discussion 

Naphthoquinones are significantly cytotoxic to different types of tumor cell lines. 

Recent evidence indicates that the antiproliferative activity of Eleutherine plicata is due the 

presence of the three main naphthoquinones, namely eleutherine, isoeleutherine, and 

eleutherol [21]. Treatment of C6 cells with eleutherine resulted in a dose- and time-de-

pendent change in cell viability. As expected, the IC50 decreased with the treatment time, 

reaching 4.98 μM in cells exposed up to 24 h, demonstrating the effectiveness and potency 

of eleutherine. These findings are similar to those obtained with other naphthoquinone 

derivatives in primary cultures of cancer cells [30]. Eleutherine and isoeleutherine isolated 

from the bulbs of C. paludosa exhibited promising cytotoxicity against glioma (U-251), with 

IC50 values between 2.6 and 13.8 mg/mL [20]. 

The IC50 value obtained in our experiment is comparable to those reported in the lit-

erature. In addition, it was possible to verify that eleutherine does not have cytotoxic ef-

fects on normal glial cells (see Supplementary Figure S3), thus, proving its therapeutic 

potential and its safety in regard to healthy cells. From these results, we highlight the 

significant cytotoxic effect of eleutherine on C6 cells reported here. 

Cancer cells, such as glioma cells, cause the failure of efficient cellular response and 

disable the inhibition of apoptosis. Our data indicate that eleutherine was able to induce 

apoptosis in C6 cells. Treatment resulted in increases in the apoptosis rates when analyzed 

by FITC-Annexin V/PI staining. The C6 cells treated with 40 μM eleutherine showed an 

Figure 8. Heat map correlating eleutherine treatment with TERT mRNA expression in glioma cells.
The color of each rectangle indicates the value of the Pearson correlation coefficient (ρ) between the
eleutherine-treated groups and TERT mRNA expression.



Molecules 2022, 27, 8850 7 of 13

3. Discussion

Naphthoquinones are significantly cytotoxic to different types of tumor cell lines.
Recent evidence indicates that the antiproliferative activity of Eleutherine plicata is due
the presence of the three main naphthoquinones, namely eleutherine, isoeleutherine,
and eleutherol [21]. Treatment of C6 cells with eleutherine resulted in a dose- and time-
dependent change in cell viability. As expected, the IC50 decreased with the treatment time,
reaching 4.98 µM in cells exposed up to 24 h, demonstrating the effectiveness and potency
of eleutherine. These findings are similar to those obtained with other naphthoquinone
derivatives in primary cultures of cancer cells [30]. Eleutherine and isoeleutherine isolated
from the bulbs of C. paludosa exhibited promising cytotoxicity against glioma (U-251), with
IC50 values between 2.6 and 13.8 mg/mL [20].

The IC50 value obtained in our experiment is comparable to those reported in the
literature. In addition, it was possible to verify that eleutherine does not have cytotoxic
effects on normal glial cells (see Supplementary Figure S3), thus, proving its therapeutic
potential and its safety in regard to healthy cells. From these results, we highlight the
significant cytotoxic effect of eleutherine on C6 cells reported here.

Cancer cells, such as glioma cells, cause the failure of efficient cellular response and
disable the inhibition of apoptosis. Our data indicate that eleutherine was able to induce
apoptosis in C6 cells. Treatment resulted in increases in the apoptosis rates when analyzed
by FITC-Annexin V/PI staining. The C6 cells treated with 40 µM eleutherine showed an in-
creased rate of apoptosis, similar to a previous study with another naphthoquinone [32,33].
These data support the hypothesis that there is a correspondence between the IC50 and the
inhibition of proliferation and a high apoptosis rate.

Phase-contrast microscopy revealed structural changes produced by eleutherine. Cells
treated with 20 µM, 40 µM, and 100 µM eleutherine retracted, decreased in size, and
underwent significant cytoplasmic shrinkage, similar to cells undergoing apoptosis. These
results clearly indicate that decreased cell size and cytoplasmic shrinkage may be related to
cell death [34].

Moreover, through the colony formation assay, it was possible to observe the antipro-
liferative effect of eleutherine on cultured cells. The cells treated with 20 µM eleutherine
formed significantly fewer colonies, and treatment with 40 µM and 100 µM eleutherine
almost completely inhibited the formation of colonies. Interestingly, the ability to form
colonies is a sensitive indicator of undifferentiated cancer stem cells [35,36]. These results
indicate that eleutherine can act on stem cells, a therapeutic strategy which prevents cancer
from relapsing.

Treatment with eleutherine inhibited the migration of glioblastoma cells in comparison
with the untreated control group and the vehicle group. With 1 µM eleutherine, it was
possible to observe a reduction in the proliferation of cells and, at 20 µM, the cells showed
changes in morphology, suggesting apoptosis. The morphology was totally altered in a
dose-dependent way at 12, 24, and 48 h. These findings corroborate the results of the cell
viability assay, highlighting the considerable antitumor potential of eleutherine, similar to
other naphthoquinones, in an in vitro model of glioblastoma [23–25,32,33,37,38].

The AKT pathway is important in the genesis of several types of cancer, being over-
expressed and playing critical roles in the survival, proliferation, invasion, and migration
of cancer cells. This pathway is vital in the development of glioma cells and related to
metabolism, epithelial–mesenchymal transition, and angiogenesis, allowing the glioma to
acquire a high degree of invasiveness and malignancy by bypassing the mechanisms of
apoptosis [37,39–41]. In our study, we found that eleutherine decreased the expression of
p-Akt and inhibited the PI3K/AKT pathway, resulting in glioblastoma cell death.

It is known that TERT is a component of telomerase, a reverse transcriptase ribonucle-
oprotein complex that maintains telomere length in cells with high proliferative ability, and
that it plays a key role in cancer formation. Telomere maintenance is affected by TERT gene
amplification and epigenetic changes, such as DNA methylation, TERT promoter germ
line and somatic mutations, and TERT structural variants [42,43]. Catalytic inhibitors of
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topoisomerases act either by inhibiting the binding of the enzyme to DNA or by preventing
it from cleaving the DNA, compromising its cellular repair capacity [44,45]. Our results
suggest that eleutherine, as with other naphthoquinones, reduces the telomerase activity
that is critical to glioma cells growth [38].

More recent studies confirm the interaction of the telomerase with various intracellular
signaling pathways including the PI3K/AKT/mTOR pathway, which mainly participates
in inflammation, the epithelial-to-mesenchymal transition, and tumor cell invasion and
metastasis [46,47]. Thus, a decrease in phosphorylated AKT expression inhibits hTERT
expression, thereby reducing proliferative capacity, altering the cell cycle, and promoting
apoptosis in glioma cells.

The results indicate that eleutherine treatment reduced the expression of phosphory-
lated AKT and TERT in a dose-dependent manner. These mechanisms directly influence
the cell cycle and cells’ ability to undergo apoptosis, which are of great interest in research
on new antineoplastic therapies.

4. Materials and Methods
4.1. Plant Material

The specimens of Eleutherine plicata used in this study were obtained from a private
medicinal plant plot in the city of Palmas, Tocantins, Brazil. The exicata is deposited in the
Herbarium of the Federal University of Tocantins under the code number 8214.

4.2. Production of Raw Extract

For the preparation of extracts, Eleutherine plicata of an average size of 5 cm were
ground in a blender with 2 mL of distillated water and subjected to decoction for 2 min,
under agitation, according to Baliza et al. (2022) [48]. The mixture was distributed in
extraction funnels, and hexane was added to the desired final volume. The funnel mixture
was homogenized and allowed to sit until phase separation occurred. The hexane fraction
was subjected to rotary evaporation to concentrate the extract in the flask. The flask was
washed with hexane to loosen the evaporate that had stuck to the flask wall, and the
concentrated extract was distributed among smaller flasks, which were left open in an
exhaust hood for final evaporation and further concentration of the extract. After cooling,
the material was filtered through No. 4 Whatman filter paper.

4.3. Extraction and Isolation

Initially, the ethanol extract was fractionated according to Tewierik et al. (2006) [30].
It was resuspended in 50 mL of a methanol/water solution (1:1) for 24 h, and was then
subjected to a liquid/liquid partition, using solvents of increasing polarities in the order
hexane, chloroform, and ethyl acetate. Sequentially, the fractions were analyzed by gas
chromatography coupled to a mass spectrometer (GC–MS). Considering the results of
this analysis, the isolation of the main compounds was carried out through separation by
column chromatography, using silica gel as a stationary phase and hexane/ethyl acetate
(90:10, 90:20, 85:15, and 80:20) as the mobile phase.

Next, the isolated compounds were characterized by gas chromatography coupled to a
mass spectrometer (GC-MS), in a Shimadzu/GC 2010 device with a Shimadzu/AOC-
500 auto-injector and a MS2010 plus mass detector with electronic impact ionization
(IE, 70 and V), equipped with a DB-5MS fused silica column (Agilent J&W Advances
30 m × 0.25 mm × 0.25 µm), with helium at 65 kPa as the carrier gas. The conditions were
as follows: oven temperature started at 100 ◦C for 2 min, increased to 290 ◦C at 4 ◦C min−1

and held for 6 min; injector and interface temperature was maintained at 250 ◦C; splitless
1 µL injection; helium was used as the carrier gas at a constant flow 0.75 mL min−1, and
the run time was 30 min. The scan range was m/z 80–400. Retention times was 33 min.
The final characterization was performed by infrared spectroscopy, using a Shimadzu
IRAffinity-1 spectrometer operating with Fourier transform.
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4.4. Cell Culture

Rat C6 glioblastoma cells (CCL-107™, ATCC) were cultured in DMEM supplemented
with 10% fetal bovine serum and maintained in an incubator at 37 ◦C with 5% CO2, with
the medium changed every 2 days. To perform the experiments, cells were washed with
PBS and dissociated with 0.05% trypsin-EDTA, followed by centrifugation (1500 rpm for
3 min). After counting, cells were resuspended in culture medium and used to carry out
the proposed assays.

Primary cultures of Müller cells were obtained from 9-day-old embryos. Retinal tissue
was collected, and cells were distributed in 24-well plates (1 × 106 cells/well). Cultures
were grown for 10 days in DMEM supplemented with 10% fetal bovine serum and kept in
an incubator at 37 ◦C with 5% CO2.

4.5. Cell Cytotoxicity Assay

Cells were plated (2 × 104 cells/well) in 96-well plates and treated with eleutherine at
different times and concentrations (0.5–50 µM for 6 h and 12 h, and 0.025–50 µM for 24 h).
After the treatment period, the cells were incubated for 2 h with 0.5 mg/mL MTT solution
(thiazolyl blue tetrazolium bromide—M2128, Sigma-Aldrich, St. Louis, MO, USA) in serum-
free DMEM. Absorbance was measured with a microplate reader (BioRad, Hercules, CA,
USA) at 570 nm. The results obtained were plotted with the mean and standard deviation
of samples expressed as a percentage of the control value. We used GraphPad Prism
9 software to calculate the IC50.

4.6. Morphological Analysis of Eleutherine-Treated C6 Glioma Cells

Morphological alterations of C6 glioma cells were examined with a phase-contrast
microscope (Leica DMI6000B). Cells were seeded in 12-well plate and incubated for 12 h
with eleutherine at different concentrations (1 µM, 20 µM, 40 µM, 100 µM). Images were
taken using a 63× objective.

4.7. Wound Healing/Scratch Migration Assay

A 12-well plate cell migration assay was performed to estimate the effect of eleutherine
on C6 migration capacity. After 12 h of cell culture, a transverse lesion was made in the
central surface of each well. Cells were treated with eleutherine at different concentrations
(1 µM, 20 µM, 40 µM, and 100 µM). Cell migration to the injured area was followed by
image capture using a digital camera coupled to an inverted microscope (Leica DMI6000B),
using a 10× objective, at 0, 12, 24, and 48 h of treatment.

4.8. Colony Formation Assay

A colony formation assay was performed to evaluate the effect of eleutherine on cell
proliferation. The C6 cells were used to seed a 12-well plate. After 24 h of culture, they
were treated with eleutherine (1, 20, 40, and 100 µM) for 12 h. Cells were washed with
PBS and dissociated with trypsin–EDTA (700 µL, 5 min). Quantification was made in a
Neubauer chamber (1:1) in a 0.4% trypan blue solution. An aliquot of 1000 viable cells
from each group was used to seed a 6-well plate and cultured for 7 days, with the medium
changed every 2 days. Cultures were then washed with PBS and stained with 0.25% crystal
violet/50% ethanol for 30 min.

4.9. Annexin V-FITC–Propidium Iodide (PI) Assay

Apoptosis/necrosis analysis was performed with the annexin V–FITC kit (Invitrogen).
Cells were cultivated in a 12-well plate and treated with eleutherine (1, 20, and 40 µM)
for 12 h. After that, cells were treated according to the manufacturer’s protocol. In each
sample, 1 µL of annexin V–FITC and 2.5 µL of PI (250 µg/mL) were added and incubated
for 10 min in an ice bath protected from light. The volume was made up to 250 µL with
binding buffer and analyzed using a flow cytometer (BD FACSCanto II). Camptothecin
(Sigma-Aldrich) was used as positive control (5 µM). The samples were analyzed using the
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flow cytometer with BD FACSDiva software, and a total of 10,000 events were collected
for each sample and analyzed using the Flowing Software 2.5.1 (Turku, Finland). The final
results were analyzed by cell percentage in each quadrant.

4.10. Western Blotting

The C6 cells were treated with eleutherine (1, 20, and 40 µM) for 12 h, after which cell
lysates were prepared. Each lysate (60 µg of protein) was submitted to 10% SDS-PAGE gel
electrophoresis. Gels were electrotransferred to nitrocellulose membranes (Hybond ECL,
GE Healthcare, Uppsala, Sweden) by use of a membrane transfer system (Bio-Rad). Mem-
branes were blocked with 5% skim milk at room temperature for 1 h, followed by overnight
incubation with primary antibodies anti-AKT (cat.no.9272, Cell Signaling Technology) and
anti-phospho-AKT (Ser473) (cat.no.9271, Cell Signaling Technology, Danvers, MA, USA)
in 1:1000 dilution, and anti-GAPDH (C terminus) (SAB2500450, Sigma-Aldrich), dilution
1:500. After washing, the membranes were incubated with the secondary antibodies goat
anti-mouse IgG, peroxidase conjugated in 1:2500 dilution, and horseradish peroxidase
(HRP)-conjugated goat anti-rabbit IgG antibody used at 1:2500 (NIF824, GE Healthcare)
for 1 h. Protein expression was detected using a chemiluminescent substrate kit (Merck
Millipore, Burlington, MA, USA), and the images were captured by a ChemiDoc system
(Bio-Rad, Hercules, CA, USA).

4.11. Real-Time Quantitative PCR Assay

Total RNA was extracted with TRI reagent (Applied Biosystems, Waltham, MA, USA),
following the manufacturer’s instructions. The RNA concentration and quality were
determined using a NanoDrop spectrophotometer (Kisker Biotech, Steinfurt, Germany) and
1% agarose gels. Complementary DNA was synthesized using high-capacity cDNA archive
(Applied Biosystems, Waltham, MA, USA). The TERT mRNA expression (Rn01409457_m1)
was evaluated by quantitative reverse transcription PCR (qRT-PCR) with primers and
TaqMan probes purchased as Assays-on-Demand Products for Gene Expression (Applied
Biosystems, Waltham, MA, USA). The GAPDH gene (Rn01462662_g1) was selected as
an internal control for RNA input and reverse transcription efficiency. All real-time qRT-
PCR reactions were performed in triplicate for the hTERT and GAPDH genes. Data were
previously analyzed with the 2−∆Ct method and subsequently by relative quantification
of the genes’ expression, which was calculated according to Livak and Schmittgen (2001)
and Arocho et al. (2006) [49,50].

4.12. Ethics Statement

This study was approved by the Committee of Ethics of Animal Experiments of the
Federal University of Pará (CEUA/UFPA 9381260919). We followed the guidelines found
in the NIH Guide for the Care and Use of Laboratory Animals, and the experiments
were carried out in compliance with the National Council for the Control of Animal
Experimentation (CONCEA, Brazil).

4.13. Statistical Analysis

The data are expressed as the means ± SEM. The ANOVA followed by Tukey’s post
hoc method using the statistical program GraphPad Prism 9. The significance levels are
indicated as * p < 0.05, *** p < 0.01, and **** p < 0.0001.

5. Conclusions

In conclusion, our results suggest that eleutherine has cytotoxic and antiproliferative
activity in glioma cells and induces their death by inhibiting the PI3K/AKT/telomerase
pathway. This opens the important possibility that eleutherine is a viable cancer treatment,
which should be further tested and studied in an in vivo model.
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Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/molecules27248850/s1, Figure S1: Spectrum of mass (70 eV)
of eleutherine isolated from the bulbs of Eleutherine plicata; Figure S2: Spectrum of FT-IR (KBr)
of eleutherine isolated from the bulbs of Eleutherine plicata; Figure S3: Eleutherine is nontoxic to
nonneoplastic (glial) cells as analyzed by MTT assay.
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Figure S1. Spectrum of mass (70 eV) of eleutherine isolated from the bulbs of Eleutherine 
plicata. 

 

 

Figure S2. Spectrum of FT-IR (KBr) of eleutherine isolated from the bulbs of Eleutherine 
plicata. 
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Figure S3: Eleutherine is nontoxic to nonneoplastic (glial) cells as analyzed by MTT assay. 
Cells were treated with different concentrations of eleutherine for 24 h. Data are presented 
as the mean ± SEM of three independent trials (ANOVA, Tukey post test). C, control; V, 
vehicle. 
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Chapter 27

Screening of Endophytes for Anticancer Compounds

Drielly Dayanne Monteiro dos Santos Baliza,
Juliana Fonseca Moreira da Silva, Eskálath Morganna Silva Ferreira,
Irlon M. Ferreira, Edilene Oliveira da Silva,
José Luiz Martins do Nascimento, and Raphael Sanzio Pimenta

Abstract

Endophytes are microorganisms that colonize plant tissues and participate in the production of several
compounds with biotechnological interest. Available treatments against cancer have inefficiencies, prompt-
ing studies on potential alternative sources to the synthesis of metabolites, such as those from fungi.
Isolation and study of endophytes is an alternative method to extremely low amounts of active principles
extracted from plants, deforestation and difficulty in re-isolation of active ingredients due to changes in
environment, season, and geography. The evolution of different morphological, biochemical, and molecu-
lar techniques provides a vision capable of directing the biological activity of new secondary metabolites of
endophytes, monitoring the progression of cell death under any conditions, demonstrating how these
metabolites work.

Key words Endophytic, Bioactive compounds, Cancer cell lines, Cytotoxicity, In vitro techniques

1 Introduction

Endophytes are microorganisms that colonize internal tissues of
plants (roots, stem, fruits, leaves, and seeds) without causing imme-
diate negative effects, which can bring several benefits to the host
plant, such as protection and growth promotion [1]. Within medic-
inal plants, they influence the formation of secondary metabolites,
being reported the ability to produce distinctly aliphatic com-
pounds, alkaloids, benzopyranones, chinones, phenolic acids, phy-
tohormones, quinones, steroids, saponins, tannins, terpenoids,
tetralones, xanthones, and others compounds with biotechnologi-
cal interest [2–6].

Among the current methods of cancer treatment, chemother-
apy is the most effective for the treatment of metastatic tumors, but
it has characteristics of multi-resistance of cancer cells and side
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effects, triggering treatment inefficiency [7]. Hartwell [8] listed
more than 3000 species of plants used in the treatment of cancer
and there are several anticancer drugs with active ingredients of
plant origin, but for the preparation of these drugs there are some
difficulties such as extremely low amounts of active ingredients,
severe deforestation and the difficulty in re-isolation of active ingre-
dients due to changes in environment, season, and geography [9].
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In some cases, the difficulty with isolation of bioactive com-
pounds from plants has made the extraction of new chemical com-
pounds from endophytic derivatives an important object of study in
recent years [10]. Thus, several studies involving higher plants have
shown the association between endophytes and active metabolites,
as well as their potential for medicinal use [11]. These potential
endophytic microorganisms are favorable alternative sources for the
synthesis of mimetic metabolites of interest to the host and prevent
the overexploitation of host plants [12, 13].

The evolution of different morphological, biochemical, and
molecular techniques provides insight capable of targeting
biological activity of novel secondary metabolites from endophytes
monitoring the progression of cell death in any conditions. These
techniques resulted in an enormous advantage in knowledge on the
regulatory network it takes for the cell to die [14–19]. In addition,
in vitro methods are important to show how these secondary
metabolites work [20].

2 Materials

2.1 Obtaining Active

Fungal Colonies

• Endophytic fungi in Castellani, glycerol, or other stock culture.

• Petri dishes with Potato Dextrose Agar (PDA).

• Inoculation loop.

• B.O.D. incubator.

2.2 Obtaining Fungal

Colonies in Liquid

Medium

• Petri plate (90 mm) with pure colonies of endophytic fungi.

• YM broth (0.3% yeast extract, 0.3% malt extract, 0.5% peptone,
1% glucose).

• Flask Erlenmeyer (250 mL).

• Plastic straw (4 mm in diameter).

• Toothpicks.

• Shaker incubator.

2.3 Extraction of

Metabolites from

Endophytic Fungi

• Extraction funnel.

• Fungus grown in YM broth.

• Dichloromethane P. A. ACS.
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• Rotary evaporator.

• Small glass bottles.

• Exhaust fume hood.

• Flat bottom balloon.

2.4 Processing of

Extracts and

Verification of

Metabolites

• Gas Chromatography – Mass Spectrometry (GC-MS).

• Methanol/water solution (1:1).

• Hexane.

• Chloroform.

• Ethyl acetate.

• Magnesium sulfate anhydrous.

• Helium gas.

2.5 Cancer Cell Lines

Culture, Reagent, and

Equipment

• Cancer cell lines can be obtained from purchased from a
cell bank.

• Appropriated culture media, sera, and reagents.

• Cell Culture Plates (multiwell plates).

• PEN STREP - Penicillin Streptomycin solution.

• CMF – Calcium medium free.

• TRYPSIN/EDTA solution.

• Wash bath.

• pH meter.

• Automatic pipettes.

• Centrifuge.

• Refrigerate and freeze (-20 °C).

• Liquid Nitrogen (N2) containers.

• Sterilizer.

• CO2 incubator.

• Laminar flow.

• Inverted microscope.

2.6 Cytotoxicity

Assays in Cancer Cell

Lines

• Cancer cell lines.

• Pasteur pipette.

• PBS (Phosphate buffered saline).

2.6.1 Trypan Blue

Protocol
• Trypan blue solution.

• Hemocytometer chamber.

• Optical microscope.
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2.6.2 MTT Colorimetric

Assay

• Cancer cell lines.

• MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide).

• Dimethyl sulfoxide (DMSO).

• Isopropanol.

• HCl.

• Microplate Reader.

2.6.3 LDH • Cancer cells lines.

• 96 well flat-bottom plate.

• Sodium Pyruvate.

• NADH (Nicotinamide adenine dinucleotide hydrogen).

• KPO4 (Potassium phosphate buffer).

• Microplate Reader.

2.6.4 Alamar Blue • Cancer cell lines.

• Alamar blue solution (10%).

• Medium free-serum.

• Excitation wavelength 530 nm.

• Emission wavelength 590 nm.

• Fluorimeter of microplates.

2.6.5 Colony Formation

Assay

• Cancer cell lines.

• Trypsin solution.

• Dimethyl sulfoxide (DMSO).

• Ethanol.

• Crystal violet.

• Optical Microscope.

2.6.6 Electron

Microscopic Analysis

• Cancer cell lines.

• PHEM buffer (MgCl2-5 mM; KCl-70 mM; EDTA-10 mM;
HEPES-20 mM; PIPES-60 mM).

• Glutaraldehyde.

• Formaldehyde.

• OsO4 (Osmium tetroxide).

• PBS (Phosphate saline buffer).

• K4Fe(CN)6 3H2O (Potassium ferrocyanide).

• CaCl2 (Calcium chloride).
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• EponResin.

• Uranyl acetate.

• Lead citrate.

• Ultramicrotome.

• Nickel Grids 300 mesh.

• Fume hood.

• Transmission Electron Microscopy.

2.6.7 Colony Formation

Assay

• Cancer cell lines.

• Trypsin solution.

• Dimethyl sulfoxide (DMSO).

• Ethanol.

• Crystal violet.

• Optical microscope.

2.6.8 Annexin V-FITC-

propidium Iodide (PI) Assay

• Cancer cell lines.

• Annexin VFITC Apoptosis KIT.

• Propidium Iodide (PI).

• Binding Buffer (50 mM HEPES, 700 mM NaCl, 12,5 mM
CaCl2, pH = 7.4).

• FACS Tubes.

• Flow Cytometer.

2.6.9 Analysis of

Mitochondrial

Transmembrane Potential

(ΔΨm)

• Cancer cell lines.

• JC1 – fluorescent carbocyanine dye.

• 12, 24, or 96-well plates.

• Dimethyl sulfoxide (DMSO).

• PBS.

• Flow Cytometer.

2.6.10 Cell Cycle

Analysis

• Cancer cell lines.

• Dimethyl sulfoxide (DMSO).

• PBS (Phosphate saline buffer).

• Ethanol.

• CO2 Incubator.

• RNaseA.

• Propide Iodide.

• Flow Cytometer.
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2.6.11 Western Blotting • Cellular lysates.

• Electrophoresis SDS PAGE gel.

• Nitrocellulose membranes.

• Primary and secondary antibody.

• Nonfat milk.

• Semidry transfer system.

• Chemiluminescent substrate Kit.

• Images captured by chemiDoc system.

2.6.12 Caspase-3

Activity

• Cell-culture 96-well, flat-bottom microplate.

• CHAPS buffer.

• Chromogenic substrates acetyl-Asp-Glu-Val-Asp p-nitroanilide
(Ac-DEVD-pNA).

• p-nitroaniline (pNA).

• Phosphate buffer.

• Tris–HCl.

• Microplate reader.

3 Methods

3.1 Obtaining Active

Fungal Colonies

• With the aid of a sterile microbiological loop, remove one or two
disks (1 cm diameter) of the fungus (depending on the size of
the colony grown), stored in Castellani, glycerol, or other stor-
age methods.

• Insert the disk in the center of the plate containing previously
sterilized solid culture medium (Potato Dextrose Agar) and
incubate at 25 °C in B.O.D. for 5 days, or until pattern growth
of the inserted colony is observed, as shown in Fig. 1.

Fig. 1 Obtaining a fungal colony from stored endophytes
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3.2 Obtaining Fungal

Colonies in Liquid

Medium

• With the plates with the purified fungi, remove five disks with
the aid of a straw and toothpick, previously sterilized, and trans-
fer them to an Erlenmeyer containing 200 mL of previously
autoclaved YM broth, as shown in Fig. 2.

• Incubate at 25 °C in Shaker, at a rotation of 120 rpm, for
14 days.

3.3 Extraction of

Metabolites from

Endophytic Fungi

• Pour the YM broth with the fungal growth into the extraction
funnel and top up with 1:1 dichloromethane. Shake to
homogenize.

• Allow to decant until the water/dichloromethane separation, as
shown in Fig. 3.

Fig. 2 Obtaining fungal colonies in liquid medium

Fig. 3 Scheme for extracting metabolites from endophytic fungi
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• Remove the fraction of dichloromethane, which is at the bottom
of the bottle, and put it to rotaevaporate.

• The rotating process evaporates the solvent, concentrating only
the extract in the flask. Wash the flask with dichloromethane to
loosen the evaporated and distribute in smaller flasks.

• Place the flasks to evaporate again in the exhaust hood.

3.4 Processing of

Extracts and

Verification of

Metabolites

• Resuspend approximately 2.7 g of the lyophilized material in
50 mL of a methanol/water (1:1) solution and then submit to a
liquid/liquid partition (2 × 50 mL) using the solvents hexane,
chloroform, and ethyl acetate, respectively.

• In each fraction add anhydrous magnesium sulfate and filter
again.

• Rotaevaporate excess solvent at reduced pressure and analyze by
Gas Chromatography – Mass Spectrometry (GC-MS):
Shimadzu/CGMS-PQ2010SE apparatus, coupled to
Shimadzu/AOC-5000 autoinjector and a mass detector (Shi-
madzu MS2010 Plus) with electron impact (70 eV) equipped
with a 30 m long RTX-5MS fused silica column, 0.25 mm
outside diameter and 0.25 μm inside diameter, as shown in
Fig. 4, using helium as a carrier gas, supporting a flow
1.03 mL/min.

• Soluble the sample in 2 μL of hexane and 1 μLmust be subjected
to experimental conditions, for example, as follows:

• Injector temperature at 210 °C.

• Detector temperature at 250 °C.

• Helium gas as a drag in a flow of 3 mL/min.

Fig. 4 Scheme of Gas Chromatograph coupled to Mass Spectrometer (GC-MS)
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Fig. 5 Example of chromatogram of the hexane fraction from the ethanol extract of the roots of an Amazonian
medicinal plant

• Injection divided in the proportion of 1/15.

• Set the column temperature from 90 °C, with an increase of
6 °C/min to 250 °C, ending with 5 min isothermal at this
temperature.

• The substances identified in the fraction will show predomi-
nance peaks, as shown in Fig. 5.

3.5 Anticancer

Analysis of Bioactive

Compounds from

Endophytes

• Maintain cancer cell line at 37 °C, 5% CO2 in 95% relative
humidity in multiwell plates.

• Use media and sera appropriated for cancer cell line growth.

• View the cultures under a phase contrast inverted microscope.

3.5.1 Cancer Cell Lines • Remove small aliquots of the cells for determination of cell
numbers.

• Add the appropriate cell density for each experiment.

• Change the medium every third day for 14 days to obtain well-
differentiated monolayers of cancer cell line.

3.5.2 Perform Bioactive

Compounds Treatment

• Remove the existing culture medium from the cells and replace
with new medium.

• Incubate cancer cell line culture with different concentrations of
bioactive compounds.

• Untreated cells as control.

• Discard media from cell cultures after treatment with bioactive
compounds.
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• Incubate cancer cell line cultures in the presence of bioactive
compounds for 6, 12, 24, 48, and 72 h.

• At the end of the incubation period, determine the cell number
by cytotoxicity methods and methods to detect apoptotic cell
death.

3.5.3 Trypan Blue Assay

Protocol

• Determine the cell density using a hemocytometer.

• Prepare a 0.4% solution of trypan blue in buffered isotonic salt
solution, pH 7.4 phosphate-buffered saline.

• Add 0.1 mL of trypan blue stock solution to 0.1 mL of cells.

• Load a hemocytometer and examine immediately under a micro-
scope at low magnification.

• Count the number of blue staining cells and the number of total
cells. Cell viability should be at least 95% for healthy log-phase
culture.

• Take images with an optical microscope.

3.5.4 MTT (3-(4,5-

Dimethylthiazol-2-yl)-2,5-

Diphenyltetrazolium

Bromide) Assay

• 106 cancer cells line in culture.

• Remove the existing culture medium from the cells and replace
with new medium.

• Incubate the cells according to the standard treatment protocol.

• Discard media from cell cultures after treatment with bioactive
compounds.

• Add 100 μL of serum-free media and 20 μL of MTT solution
(5 mg/mL) into each well.

• Incubate for 2 h at room temperature in the dark until purple
precipitate.

• Add 20 μL DMSO or acid-isopropanol (100 μL 0,04 N HCl in
Isopropanolol) to dissolve the purple crystals.

• Measure the absorbance at 570 nm using a microplate reader.

3.5.5 LDH Assay • 106 cancer cell lines in culture.

• Remove the existing culture medium from the cells and replace
with new medium.

• Incubate the cells according to the standard treatment protocol.

• Discard media from cell cultures after treatment with bioactive
compounds.

• Add 200 μL of serum-free media.

• 2,3 μMol of sodium pyruvate.

• 0,2 mg NADH in 0,1 M KPO4 into each well pH 7,0.
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• Recorded automatically at 2 s interval.

• Measure absorbance at 340 nm using a microplate reader.

• Enzyme activity expressed in (LDH U/mL).

3.5.6 Alamar Blue Assay

Method

• 106 cancer cell in culture.

• Remove the existing culture medium from the cells and replace
with new medium.

• Incubate the cells according to the standard treatment protocol.

• Discard media from cell cultures after treatment with bioactive
compounds.

• Dilute Alamar blue stock solution to 1:1 with serum-free
medium.

• Volume of 50 μL/well.
• Final assay volume of 250 μL.
• Final concentration of 10% alamar blue.

• Read fluorescence at excitation 530 nm, emission at 590 nm.

3.5.7 Colony Formation

Assay

• 2.5 × 105 cancer cell in culture.

• Remove the existing culture medium from the cells and replace
with new medium.

• Incubate the cells according to the standard treatment protocol.

• Trypsinize cells and plate 1 × 103 of viable cells.

• After 14 days, stain at least 50% of the cells during 30 min with
0.25% crystal violet.

• Take images with phase contrast microscope.

3.5.8 Annexin V-FITC-

Propidium Iodide (PI) Assay

• 100 uL of cell suspension containing 104 cells culture.

• Remove the existing culture medium from the cells and replace
with new medium.

• Incubate the cells according to the standard treatment protocol.

• Add 5 μL of Annexin V-FITC.

• Add 5 μL of PI.

• 15 min at room temperature in the darkness.

• 400 uL of binding buffer.

• Annexin V-FITC.

• Measure 100,000 events using the green channel FL1 for
Annexin V-FITC and red channel FL3 for PI.

• Analyze by Flow Cytometer.
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3.5.9 Analysis of

Mitochondrial

Transmembrane Potential

(ΔΨm)

• Seed 104 or 105 cells/mL in 12, 24 or 96-well plates.

• Washing with cold PBS.

• Incubate the cells according to the standard treatment protocol.

• After incubation, centrifuge cells for 3–4 min at 400× g at 4 °
Cand aspirate the supernatant.

• Add 500 μL PBS to suspend cells.

• Add 20 μM JC-1 (250 μL) for 15 min at room temperature.

• Measure a total of 100,000 events with the capture emissions set
to 590 nm (red) and 530 nm (green).

• Analysis by Flow Cytometer.

3.5.10 Transmission

Electron Microscopy (TEM)

Analysis

• Seed line cells (2 × 106) in 75 cm2 flasks.

• Incubate cells with different concentration of the bioactive
compounds.

• After 24 h, wash cells with PBS and fix them with 1% glutaralde-
hyde, 4% freshly prepared formaldehyde, and 2.5% sucrose in
0,1 M PHEM buffer, at pH 7.2.

• Postfix in a 1% osmium tetroxide, 0.8% ferrocyanide potassium,
and 5 mM calcium chloride solution for 1 h.

• Wash cells with 0.1 PHEM buffer.

• Dehydrate cells in graded acetone solutions (50, 70, 90, and two
changes in 100% for 10 min).

• After dehydration, embed cells in Epon® resin.

• Cut thin sections on a ultramicrotome.

• Stain ultrathin sections with a saturated solution of uranyl ace-
tate and lead citrate.

• Examine samples at 80 kV accelerating Voltage on a TEM.

3.5.11 Cell Cycle

Analysis

• 1. 5 × 105 cancer cells in culture.

• Remove the existing culture medium from the cells and replace
with new medium.

• Incubate the cells according to the standard treatment protocol.

• Fix cells in 5 mL of cold 70% ethanol and stored at 4 °C for
subsequent cell cycle analysis.

• Wash cells with PBS twice, incubate with 50 μL of RNase A/PBS
(100 μg/mL) at 37 °C for 30 min and stain with 200 μL of PI
(50 μg/mL) at room temperature in the dark for 15 min.

• Analysis by Flow cytometer.
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3.5.12 Western Blotting • Remove the existing culture medium from the cells and replace
with new medium.

• Incubate cancer cell line with control or different concentration
of bioactive compounds.

• After the induction of apoptosis, scrape cells and collect in
15 mL tube.

• Spin at 250 g for 10 min at 4 °C.

• Resuspend pellet in 6 mL 1× PBS and spin again at 250 g for
10 min at 4 °C to wash.

• Remove as much PBS as possible without disrupting pellet and
then add 100 μLlysis buffer with appropriate protease inhibitor.

• Vortex and keep on ice for 20 min vortexing periodically.

• Spin at 1100 g for 15 min at 4 °C and collect supernatant.

• Keep lysates at -40 °C until further use.

• Cell lysates (30 μg/sample) were subjected to electrophoresis on
a 10% SDS-PAGE gel.

• Electrotransfer gels onto nitrocellulose membranes.

• Semidry transfer system.

• Block the membranes with 5% nonfat milk at room temperature
for 1 h.

• Incubate with primary antibody used at different dilution at 4 °C
overnight and after use a horseradish peroxidase (HRP)-
conjugated secondary antibody at 1:5000 for 1 h.

• Detect immunoblotting using a chemiluminescent substrate kit.

• Capture the images by a ChemiDoc system.

3.5.13 Caspase Activity

Assay

• After the induction of apoptosis with bioactive compounds or
control, scrape cells and collect in 15 mL tube.

• Spin at 250 g for 10 min at 4 °C.

• Resuspend pellet in 6 mL 1× PBS and spin again at 250 g for
10 min at 4 °C.

• Homogenized in Buffer containing 25 mM Hepes, 5 mM
MgCl2, 5 mM EDTA, 2 mM DTT and 0.1% CHAPS (pH 7.5).

• Centrifuges at 12,000 × g for 10 min (4 °C).

• Total protein (100 μg) from the supernatants.

• Determine activities of caspase-3 using the chromogenic sub-
strates, namely 200 μM Ac-DEVD-pNA, PH 7.5.

• Absorbance at 405 nm determined in a microplate reader after
incubation at 37 °C for 1 h.

• Specific activities of caspase-3 (nmol of pNA formed/min/mg)
calculated using standard curve of p-nitroaniline ( pNA), using
100 μL volume in a 96-well plate using an ELISA reader.
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