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Resumo

PEDRA, Nathalia Stark Isolamento de fungo endofitico a partir de Achyrocline
sattureioides: caracterizacao fitoquimica e andlise de efeito antiglioma. 2018. N° 87f.
Dissertacdo (Mestrado) — Programa de Pdés-Graduacdo em Bioquimica e
Bioprospeccgao. Universidade Federal de Pelotas.

O Glioblastoma multiforme (GBM) é o tumor cerebral primario mais maligno
caracterizado por instabilidade genémica e infiltracdo difusa, promovendo assim, um
ambiente oxidativo, proliferacdo celular e dificil prognéstico para os pacientes. Os
fungos endofiticos residem no interior dos tecidos saudaveis de plantas e representam
uma importante fonte de compostos antitumorais. Achyrocline satureioides, uma planta
medicinal popularmente conhecida como “marcela”, possui interessantes propriedades
farmacoldgicas. Uma vez que ndo ha evidéncias a cerca da composi¢cdo de fungos
endofiticos de A. satureioides, o objetivo deste estudo foi isolar um fungo endofitico,
obter extratos brutos e fracionados, caracterizar quimicamente as fracdes mais
efetivas, investigar seu efeito antiglioma e supressdo do estresse oxidativo no
ambiente tumoral. Os metabdlitos produzidos pelo enddfito isolado foram extraidos
com os solventes organicos diclorometano e acetato de etila, resultando nos extratos
brutos eDCM e eAcoEt, os quais foram submetidos a um fracionamento guiado. O
perfil citotéxico dos extratos brutos (24-72 h) e fracionados (48 h) foi determinado
mediante ensaio de MTT e Sulforodamida B (SRB) sobre linhagens de glioma C6 e
UB7MG. Ensaio clonogénico, analise do ciclo/morte celular e parametros de estresse
oxidativo foram avaliados sobre linhagem C6 exposta aos extratos brutos, fracdo mais
efetiva de cada extrato e composto 1 por 48 h. Os dados foram analisados por ANOVA
seguido de post-hoc de Tukey e considerados significativos para P<0.05. No presente
estudo os extratos eDCM e AcoEt do fungo endofitico isolado apresentaram
citotoxicidade significativa com 1Csp de 1.23-2.66 pg/mL e 29.92-87.06 pg/mL,
respectivamente apos 48 h, com consequente aumento do sistema antioxidante, como
0 conteudo sulfidril (SH), enzimas superoxido dismutase (SOD), catalase (CAT) e
glutationa peroxidase (GPx). As fracbes Flpcm, F2pcm, F3pem € Fdpem (obtidas de
eDCM), bem como, F3acoet € F4acoer (Obtidas de eAcoEt) exibiram efeitos citotdxicos.
Observamos ainda que F3pcw € F3acoer apresentaram atividade antiproliferativa
significativa com ICso de 1.09 e 21.43 pg/mL, respectivamente. A F3acoe: induziu um
acumulo de células em apoptose tardia no estagio G2/M. Por outro lado, a F3pcwm
reduziu significativamente a formacao de colénicas em 90%, exibiu aumento da defesa
antioxidante e diminuicdo na producdo de espécies reativas de oxigénio (EROS).
Nenhuma alteragdo foi observada em cultivo primario de astrocitos expostos aos
extratos brutos e fracionados. Assim, considerando a atividade antiglioma seletiva, a
fracdo F3pcm foi caracterizada por cromatografia liquida de ultra-eficiéncia e
ressonancia nuclear magnética. Com base nestes dados, identificamos a Sch-642305,
lactona produzida por fungos endofiticos, a qual inibiu 80% da viabilidade celular das
células de glioma e promoveu parada no ciclo celular em G2/M induzindo apoptose. A
Sch-642305 aumentou a atividade das enzimas SOD e CAT, conteddo SH e suprimiu
a producdo de EROs. Além disso, foi possivel isolar um composto proveniente da
fracdo F4pcw, identificado como 5-metil-meleina, entretanto estudos séo necessarios a
fim de elucidar seus efeitos antiglioma. Estes resultados indicam que os compostos
produzidos pelo fungo endofitico isolado a partir de A. satureioides representam uma
fonte promissora para a busca por novos agentes terapéuticos contra o GBM.

Palavras-chave: Achyrocline satureioides, marcela, fungo endofitico, glioma,
apoptose, estresse oxidativo



Abstract

PEDRA, Nathalia Stark. Isolation of endophytic fungus from Achyrocline
satureioides: phytochemical characterization and analysis of antiglioma effect.
2018. N° 87f. Dissertacdo (Mestrado) — Programa de Poés-Graduacdo em
Bioquimica e Bioprospeccao. Universidade Federal de Pelotas.

Glioblastoma multiforme (GBM) is the most malignant primary brain cancer
characterized by genomic instability and diffuse infiltration, promoting an oxidative
environment, cell proliferation and poor prognosis for patients. Endophytic fungi
reside inside the healthy tissues of plants and represent an important source of
antitumor compounds. Achyrocline satureioides is a medicinal plant popularly
known as “marcela”, which has interesting pharmacological properties. Since there
are no evidences reporting of the endophytic fungi composition of A. satureioides,
the aim of this study was to isolate an endophytic fungus, obtain crude and
fractionated extracts, characterize effectiveness fractions and investigate its
antiglioma effects and suppression of oxidative stress in the tumor
microenvironment. Metabolites produced by the endophyte isolated were extracted
with the organic solvents dichloromethane and ethyl acetate yielding eDCM and
eEtAc crude extracts which were submitted to a guided fractionation. The cytotoxic
profile of the crude (24-72 h) and fractionated (48 h) extracts was determined by
MTT and Sulforodamide B (SRB) assays on C6 and U87MG glioma lines.
Clonogenic assay, cycle/cell death analysis and oxidative stress parameters were
evaluated on C6 line exposed to crude extracts, the most effective fraction of each
extract and compound 1 for 48 h. The data were analyzed by ANOVA followed by
Tukey post-hoc and considered significant for P<0.05. In the present study, the
eDCM and AcoEt extracts isolated from endophytic fungus showed significant
cytotoxicity with 1Cso of 1.23-2.66 pg/mL and 29.92-87.06 ug/mL, respectively, after
48 h, with a consequent increase in the antioxidant system, such as sulfhydryl
content (SH), superoxide dismutase (SOD), catalase (CAT) and glutathione
peroxidase (GPx) enzymes. Flpcm, F2pcm, F3pem € F4pem (obtain from eDCM) and
F3eiac € F4eac (Obtain from eEtAc) exibinhit significant antiproliferative activity with
ICs0 1.09 and 21.43 pg/mL, respectively. F3ewnc induced accumulation of cells in late
apoptosis at the G2/M stage. On the other hand, F3pcwm significantly reduced colony
formation by 90%, exhibited increased antioxidant defense and decreased
production of reactive oxygen species (ROS). No changes were observed in
primary culture of astrocytes exposed to crude and fractionated extracts. Thus,
considering the selective antiglioma activity, the F3pcm was characterized by ultra-
efficient liquid chromatography and nuclear magnetic resonance. Based on these
data, we identified Sch-642305, a lactone produced by endophytic fungi, which
inhibited 80% of the cell viability of glioma cells and promoted cell cycle arrest in
G2/M inducing apoptosis. Sch-642305 increased the SOD and CAT activity, SH
content and suppressed ROS production. In addition, it was possible to isolate a
compound from the F4pcwm fraction, identified as 5-methyl-melein, however studies
are needed to elucidate its antiglioma effects. These results indicate that the
compounds produced by the endophytic fungus isolated from A. satureioides
represent a promising source for the search for new therapeutic agents against
GBM.

Keywords: Achyrocline satureioides; Marcela, endophytic fungus, glioma,
apoptosis, oxidative stress
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1. Introducao

Gliomas sdo tumores que apresentam caracteristicas génicas e
fenotipicas similares as células gliais, sendo o tipo mais comum de tumor
cerebral primario (OSTROM et al., 2014). Conforme evidenciado por Louis e
colaboradores (2016), o sistema de classificacdo da Organizacdo Mundial da
Saude (OMS) utiliza 4 graus para descrever os gliomas de acordo com a
malignidade, caracteristicas histoldgicas, altera¢des fenotipicas e genotipicas.

Segundo a OMS, o glioblastoma multiforme (GBM) é classificado como
glioma de grau IV, de acordo com sua malignidade e morfologia (LOUIS et al.,
2016). O tratamento padrao atualmente empregado, composto por ressecgao
cirdrgica seguido de radioterapia e quimioterapia com o0 agente alquilante
temozolomida, fornece aos pacientes um periodo de sobrevida de apenas 12 a
14 meses apos o diagnostico (RAMIREZ et al., 2013).

Gliomas de alto grau apresentam mdultiplas alteracbes genéticas e
elevado estresse oxidativo, sugerindo assim que o microambiente oxidativo
favorece caracteristicas invasivas a esta neoplasia (TRACHOOTHAM,;
ALEXANDRE; HUANG, 2009). O estresse oxidativo ocorre quando ha um
desbalanco entre a producdo de espécies reativas, como as especies reativas
de oxigénio (EROs), e o sistema de defesa antioxidante (RINALDI et al., 2016).
A producéo de EROs esta envolvida com danos celulares, necrose e apoptose
celular devido a oxidacdo e nitragcdo de proteinas, lipideos e proteinas,
acarretando no mal funcionamento celular (DEL BO et al., 2015). Neste
sentido, torna-se necessaria a busca de novas modalidades terapéuticas
capazes de inibir o desenvolvimento do tumor, reduzindo danos oxidativos,
aumentando assim, a sobrevida dos pacientes.

Produtos naturais, em especial compostos provenientes de plantas, tém
desempenhado importante papel no desenvolvimento de farmacos clinicamente
uteis (CHANDRA, 2012). Popularmente conhecida como marcela, a
Achyrocline spp. apresenta diversas propriedades farmacoldgicas. O género
conta com cerca de 40 espécies distribuidas em regides tropicais e subtropicais
da América Latina (RETTA et al., 2012). Diversos aspectos farmacologicos séo
atribuidos as espécies de Achyrocline satureioides devido suas propriedades
anti-inflamatérias (DE SOUZA et al., 2007), antioxidante (SALGUEIRO et al.,

2016), entre outras. Além disso, Ruffa e colaboradores (2002) revelaram
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potente efeito citotoxico contra a linhagem de carcinoma hepatocelular humano
(Hep-G2). Demais estudos revelam interessantes efeitos anti-neoplésicos
sobre diversas linhagens tumorais exercidos por compostos provenientes de
espécies do género Achyrocline sp. (THOMAS et al., 2012, CARINI; KLAMT;
BASSANI, 2014).

Além das plantas, os micro-organismos constituem outra fonte
promissora para a busca de compostos bioativos, dos quais derivam diversos
produtos com propriedades farmacoldgicas conhecidas. Strobel e Long (1998)
revelam que micro-organismos endofiticos, em especial fungos, associados as
plantas podem oferecer mais compostos quimicos com efeitos terapéuticos do
que a prépria planta.

Os fungos endofiticos ou endofitos vivem no interior de tecidos
saudaveis dos vegetais e sdo importantes componentes do micro-ecossistema
da planta. Ao longo da evolugéo, os endofitos e suas plantas hospedeiras tém
estabelecido uma relagdo mutualistica, a qual pode ter influenciado
significativamente a formacao de produtos metabdlicos, afetando a qualidade e
a quantidade de compostos derivados a partir de plantas medicinais (JIA et al.,
2016). Desta forma, muitos fungos endofiticos sdo capazes de sintetizar uma
variedade de metabdlitos bioativos que podem ser utilizados como agentes
terapéuticos contra diversas doencas (STROBEL, 2003; KHARWAR et al.,
2011). Segundo Chen e colaboradores (2014) tais micro-organismos tém sido
reconhecidos como um importante recurso de bioativos naturais, especialmente
na terapia anticancer.

Neste contexto, considerando o arsenal terapéutico insuficiente para o
tratamento de neoplasias malignas como o GBM e o potencial terapéutico de
bioativos provenientes de espécie de A. satureioides, a busca por novos
compostos naturais e potentes metabdlitos antitumorais a partir de fontes

inexploradas como os endofitos encorajam pesquisas neste campo.
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2. Objetivos

Objetivo geral

Isolar um fungo endofitico a partir da planta medicinal Achyrocline

satureioides e avaliar seu potencial antiglioma

Objetivos especificos

Isolar e identificar fungo endofitico a partir de caules sadios de

Achyrocline satureioides

Obter extratos a partir dos metabdlitos secundéarios produzidos pelo
fungo endofitico presentes no meio de cultivo liquido, utilizando os
solventes organicos diclorometano e acetato de etila.

Realizar o fracionamento dos extratos organicos brutos e identificar
componentes quimicos

Determinar a atividade citotoxica dos extratos brutos, fracionados e
Sch-642305 sobre linhagens de glioma (C6 e U87) e cultura primaria
de astrocitos

Elucidar os mecanismos envolvidos na modulacdo redox do
microambiente tumoral de linhagem de glioma C6 exposta aos
extratos brutos e fracionados, mediante marcadores de estresse

oxidativo
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3. Reviséo bibliogréafica

Gliomas

Os gliomas consistem na forma mais comum de tumor cerebral primario
(WEN; REARDON, 2016). Tais tumores apresentam representam cerca de
40% a 60% entre os tumores do sistema nervoso central (SNC) (INCA, 2017)
com uma incidéncia anual de 0.6 a 3.7 a cada 100.000 pessoas dependendo
do pais (CHERNOV et al., 2017).

Os gliomas podem apresentar caracteristicas fenotipicas e moleculares
de diferentes tipos de células gliais, como astrécitos, oligodendrdcitos e células
ependimarias. Neste contexto, a OMS distingue estes tumores de acordo com
o0 grau de malignidade (I-1V) (ILKANIZADEH et al., 2014). Neste sentido,
gliomas de grau | (astrocitomas pilociticos) e Il (astrocitomas de baixo grau)
séo classificados como tumores de baixo grau de malignidade, uma vez que
apresentam proliferacao celular reduzida e limitada capacidade de propagar-se
para o parénquima cerebral. Enquanto que tumores de grau lll (astrocitomas
anaplasicos) e IV (GBM) possuem elevada taxa de proliferacdo, pleomorfismo
e desdiferenciacdo celular (LOUIS et al.,, 2007, 2016). Entretanto, o GBM
apresenta recursos mais avancados de malignidade, incluindo proliferacao,

invasao, angiogénese e necrose (FURNARI et al., 2007).

O Glioblastoma multiforme (GBM)

O GBM é o mais frequente e agressivo tumor primario do sistema
nervoso central (LEMEE; CLAVREUL; MENEI, 2015). Tal tumor é caracterizado
por uma populacdo heterogénea de células, altamente infiltrativa, angiogénica
e resistente a quimioterapia (WEN; KESARI, 2008; RAMIREZ et al., 2013).
Devido a estas caracteristicas, pacientes acometidos por este tipo de tumor
apresentam uma sobrevida média de um ano (STUPP; MASON; VAN DEN
BENT, 2005, HUSE; HOLLAND, 2010). De acordo com Stupp e colaboradores
(2007), h& duas razbes estabelecidas para descrever o mau prognostico
associado ao GBM. Em primeiro lugar, apesar destes tumores raramente
desencadearem mestastases, as células tumorais infiltram-se extensivamente
no parénquima cerebral circundante, limitando assim, a possibilidade de

resseccao cirargica. Em segundo lugar, a barreira hematoencefalica representa
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um obstaculo para a entrega adequada de agentes quimiotergpicos para o0s
tumores cerebrais devido o local de infiltracdo do tumor, onde as células
malignas estéo intercaladas no parénquima cerebral normal.

O GBM pode ser classificado em dois subtipos  principais com
base em diferencas bioldgicas e genéticas (FURNARI et al., 2007, OHGAKI;
KLEIHUES, 2007), o GBM primario e o secundéario. O GBM primério ocorre via
de novo, sem evidéncias de perda de malignidade do precursor, enquanto que
0 GBM secundério desenvolve-se inicialmente a partir de um tumor de grau Il
ou lll, entretanto, a maioria dos GBM (~90%) corresponde a GBM primario
(OHGAKI; KLEIHUES, 2013, WILSON; KARAJANNIS; HARTER, 2014).

Conforme revisado por Wilson, Karajannis e Harter (2014), as alteragbes
genéticas tipicas para o GBM primario consistem na super expressdo do
receptor do fator de crescimento epidermal (EGFR), mutacdes na proteina
fosfatase e homoéloga a tensina (PTEN) e perda da heterozigose do
cromossomo 10. Ainda segundo os autores, as alteracbes genéticas
comumente encontradas no GBM secundario incluem mutacdes na proteina
tumoral p53 (TP53), perda da heterozigose do cromossomo 19 e mutacdes na
isocitrato desidrogenase-1 (IDH1).

Além das alteracbes em vias que controlam a proliferacdo, morte e
diferenciacdo das células tumorais, estudos tém mostrado que a presenca de
um microambiente favoravel € elemento essencial para a progressao do cancer
(HANAHAN; WEINBERG, 2011). Neste contexto, a elevada taxa metabdlica e a
producédo aumentada de espécies reativas, desempenham um importante papel
como mediadores quimicos na regulacdo da transducéo de sinal e protegendo
as células malignas da apoptose, favorecendo a formacdo de um ambiente
oxidativo e instabilidade genética em pacientes acometidos pelo GBM
(SALAZAR-RAMIRO et al., 2016).

Sistema redox no desenvolvimento dos gliomas

Células cancerigenas séo caracterizadas por elevado estresse oxidativo
(CAIRNS; HARRIS; MAK et al., 2011). Este estresse oxidativo € caracterizado
por um aumento na producdo de radicais livres e outras espécies reativas, e
reducdo no sistema de defesa antioxidante do organismo (FOGARASI et al.,

2016). As EROs sédo frequentemente produzidas como consequéncia de
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reacfes metabdlicas (SOSA et al.,, 2013) e sdo definidas como pequenas
espécies contendo oxigénio, as quais incluem o anion superoxido (O,™), radical
hidroxil (OH") e peréxido de hidrogénio (H202) (SCHIEBER; CHANDEL, 2014).
No GBM, altas quantidades de espécies reativas de oxigénio dentro das células
podem reagir com diversas macromoléculas, incluindo DNA cromossomal e
mitocondrial, acarretando em danos e mau funcionamento de enzimas de
reparo do DNA (SALAZAR-RAMIRO, et al., 2016). Neste contexto, a
manipulacdo dos niveis de EROs mediante modulacdo do sistema redox torna-
se uma alternativa promissora para o desenvolvimento de agentes seletivos
para células tumorais, sem causar toxicidade sobre células normais
(TRACHOOTHAM; ALEXANDRE; HUANG, 2009).

Durante o estresse oxidativo prolongado ocorrem alteracdes na atividade
das enzimas superoxido dismutase (SOD), catalase (CAT) e glutationa
peroxidase (GPx). Tais enzimas atuam prevenindo ou reduzindo os danos
teciduais causados pelos radicais livres (MARTINEZ-MARTOS et al., 2014). A
SOD catalisa a dismutacdo de O,*~ formando H,O,, o0 qual pode ser convertido
a agua (H20) e oxigénio molecular pela acdo da enzima CAT, enquanto a GPx
reduz o H.O; & H.O e outros peréxido lipidicos (DEL BO et al., 2015,
IGHODARO; AKINLOYE, 2017). Deste modo, a modulagcéo do sistema redox
mostra-se uma ferramenta interessante para a busca de novos alvos

terapéuticos.

Tratamento padrdo dos gliomas

De acordo com Sathornsumetee e Rich (2008), o tratamento dos gliomas
envolve trés modalidades: a resseccdo cirdrgica, a radioterapia e a
guimioterapia. No entanto, os gliomas malignos ndo podem ser removidos
cirurgicamente devido a sua natureza infiltrativa. Desta forma, a radioterapia
consiste atualmente no pilar do tratamento para gliomas malignos (WEN;
KESARI, 2008).

O quimioterapico atualmente utilizado para o tratamento do GBM, a
temolozomida (TMZ), € um agente alquilante que ultrapassa a barreira
hematoencefdlica agindo, dessa forma, no ambiente cerebral
(SATHORNSUMETEE; RICH, 2008) provocando danos ao DNA e apoptose

celular, uma vez que é convertido em sua forma citotoxica, o 5-(3-metiltriazen-
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1-il)-imidazol-4-carboximida (MITC). O primeiro alvo citotéxico do TMZ é a O6-
metilguanina, cujo grupo metil pode ser removido pela O6-metilguanina
metiltransferase (MGMT), uma proteina de reparo do DNA responsavel pela
remocado de grupos metil na posicdo O6 da guanina (KAINA et al, 2007,
ZHANG; STEVENS; BRADSHAW, 2012). Segundo Villalva e colaboradores
(2011), em alguns pacientes a expressdo de MGMT tem sido decrescida ou
silenciada devido a metilacdo de regides promotoras do gene de MGMT,
inibindo a remocao de grupos metil na posicdo O6 da guanina. Desta forma, a
metilacdo da regido promotora de MGMT contribui para a resisténcia ao TMZ
em pacientes com GBM.

Neste sentido, o arsenal terapéutico disponivel para o tratamento da
doenca ainda apresenta resultados insatisfatérios, sendo necessaria a busca
de novas modalidades terapéuticas capazes de inibir o desenvolvimento

tumoral e, com isso, aumentar a sobrevida dos pacientes.

Achyrocline satureioides Lam. DC.

Produtos naturais, em especial compostos provenientes de plantas, tém
desempenhado importante papel no desenvolvimento de farmacos clinicamente
Uteis (CHANDRA, 2012).

O género Achyrocline compreende espécies de plantas pertencentes a
familia Asteraceae. Ha cerca de 40 espécies de Achyrocline spp. distribuidas
em regides tropicais e subtropicais das Américas Central e Sul (DEBLE, 2007;
RETTA, 2012). Na América do Sul sdo encontradas A. alata, A. tomentosa, A.
flaccidae A. satureoides (SOUZA, 2002, ZAMPIERON, 2010), as quais
apresentam elevada importancia quimica e bioldgica.

A Achyrocline satureioides Lam. DC. popularmente conhecida como
“‘macela” consiste em uma importante espécie medicinal. Nativa do sul e
sudeste da América do Sul, a A. satureioides € comum no Brasil (Minas Gerais
a Rio Grande do Sul), Uruguai e Argentina (LORENZO et al., 2000, RETTA et
al., 2012).

Aspectos farmacoldgicos de Achyrocline satureioides
Na medicina popular tém-se diversas atribuicbes as espécies

pertencentes ao género Achyrocline spp. Extratos de folhas e caules de A.
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satureioides séo utilizados para o tratamento de distirbios gastrointestinais,
epilepsia, reumatismo, irregularidades menstruais, colicas, dores articulares e
musculares (LORENZI; MATOS, 2002, BARATA et al., 2009), além de conduzir
ao alivio de sintomas de Ulceras gastricas (SANTIN et al., 2010). Demais
estudos revelam que A. satureoides detém atividades imunomodulatéria
(CONSENTINO et al., 2008), antimicrobiana (CASERO et al., 2014) e
antiherpes (BIDONE et al., 2015), bem como propriedades anti-hiperglicémicas
(HENG et al., 2010) e potentes atividades anti-inflamatéria (DE SOUZA et al.,
2007) e antioxidante (SALGUEIRO et al., 2016).

Dados da literatura revelam importantes efeitos antitumorais atribuidos
as espécies pertencentes ao género Achyrocline spp. Ruffa e colaboradores
(2002) revelaram atividade citotoxica de extratos de A. satureioides sobre o
carcinoma hepatocelular humano (Hep-G2), enquanto que Cosentino e
colaboradores (2008) demonstraram que A. satureioides ndo apresenta
atividade citotoxica para as células mononucleares do sangue periférico
humano e leucécitos polimorfonucleares, evidenciando assim seu potencial
efeito antitumoral, uma vez que apresenta baixa toxicidade para células
humanas normais. Além disso, Walker (2013) revelou potente efeito antitumoral

de Achyrocline spp. sobre a linhagem de cancer de mama BT-474.

Micro-organismos endofiticos

Fungos endofiticos compreendem micro-organismos que infectam
internamente tecidos de plantas sem causar qualquer sintoma perceptivel de
doenca, e vivem em associacdo mutualistica com plantas durante todo ou parte
todo seu ciclo de vida (PORRAS-ALFARO; BAYMAN, 2011). Neste sentido, os
micro-organismos diferenciam-se dos fitopatdgenos, que séo prejudiciais e
causadores de doencas, e dos epifitos, que habitam a superficie vegetal
(AZEVEDO, 1998, STROBEL; DAISY, 2003). Tais micro-organismos Ss&ao
encontrados em todos os tipos de plantas, como vegetais superiores,
gramineas, algas e plantas herbaceas (NISA et al., 2015).

Os fungos endofiticos evoluiram a partir de dois modos de
transmissao: vertical e horizontal. Conforme Rodriguez e colaboradores (2009),

a transferéncia vertical ocorre entre a planta materna e a sua descendente
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através de sementes, ja a transmissdo horizontal ocorre por meio de fissuras
entre plantas de um mesmo ambiente.

Os fungos endofiticos também promovem o crescimento da planta
hospedeira e a formacdo de metabdlitos secundéarios relacionados com a
defesa do vegetal (CHANDRA et al., 2010). Neste sentido, a producédo de
substancias bioativas por enddfitos esta diretamente relacionada com a
evolucdo independente destes micro-organismos, 0s quais podem ter
incorporado a informacdo genética a partir de plantas superiores, permitindo-
Ihes uma melhor adaptacdo a planta hospedeira (STROBEL, 2003, JIA et al.,
2016). Assim, uma vez que interagcbes metabdlicas entre endofitos e
hospedeiro favorecem a sintese de metabdlitos, Kusari e Spiteller (2011)
revelam que, devido ao mutualismo, plantas e fungos endofiticos podem

produzir metabolitos secundarios de interesse medicinais (Figura 1).

Ambiente

Secrecio de Crescimento
# horménios melhorado -
P T A . P T
/ N Resposta de ‘f'/ N\
Fungo | defesa  |mmmp| Resisténcia [ Plantas |
\ Endofitico /= | induzida | Medicinais |
N 7N\ 5 = 7N J
— ~ Acumulo de Froducao de / —
“:| metabdlitos |mes| compostos |
secundarios bioativos

' Droga Bruta |

Figura 1. Relacdes benéficas estabelecidas entre enddfito e planta, incluindo melhoramento no
crescimento e resisténcia a estresses bidticos e abidticos de suas plantas hospedeiras, bem
como promovendo o acumulo de metabdlitos secundarios (Fonte: JIA et al., 2016 com
modificagdes).

Potencial de compostos produzidos por fungos endofiticos
Muitos fungos endofiticos tém o potencial de sintetizar uma variedade de

metabdlitos bioativos que podem ser utilizados diretamente ou indiretamente,
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como agentes terapéuticos contra diversas doencas (STROBEL, 2003;
KHARWAR et al., 2011).

Segundo Strobel (2003), plantas medicinais que possuem, por exemplo,
uma acdo antimicrobiana poderiam ser hospedeiras de fungos endofiticos, que
por sua vez poderiam apresentar essa propriedade, sugerindo assim, que o
principio ativo antimicrobiano pode ser produzido pelo micro-organismo e néo
propriamente pelo vegetal, ou entdo que tais efeitos terapéuticos somente séo
constatados devido a associacdo existente entre a planta e o seu hospedeiro.
Neste contexto, micro-organismos associados as plantas podem oferecer mais
materiais com efeitos terapéuticos do que a propria planta (STROBEL; LONG,
1998), gerando novos compostos farmacologicamente ativos (PINTO, 2003).

Um amplo espectro de atividades biologicas tem sido atribuido aos
enddfitos devido suas propriedades antimicrobiana (GARCIA et al., 2012),
antioxidante (YADAV; YADAV; YADAV, 2014), antinociceptiva e anti-
inflamatoria (BARROS et al.,, 2011), entre outras. Além disso, tais micro-
organismos tém sido reconhecidos como um importante recurso de bioativos
naturais, especialmente na terapia anticancer (CHEN et al., 2016).

Stierle, Strobel e Stierle (1993) descreveram a producao do diterpendide
“Taxol” (ou Paclitaxel), um importante farmaco quimioterapico, pelo fungo
endofitico Taxomyces andreanae, o qual foi isolado das entrecascas da planta
Taxus brevifolia, apenas adequando-se as condi¢des de cultivo. Além do taxol,
a producao de outros bioativos naturais de interesse farmacéutico tem sido
caracterizada por fungos endofiticos obtidos a partir de diversas espécies
vegetais (WANG et al., 2014).

O alcaléide camptotecina, primeiramente isolado a partir da planta
Camptotheca cuminata, € um importante agente antineoplasico (KUSARI,
ZUHLKE; SPITELLER, 2009). Estudos demonstram que fungos endofiticos
como Entrophospora infrequens (AMNA et al. 2006) e Fusarium solani
(KUSARI; ZUHLKE; SPITELLER, 2009), isolados a partir de C. cuminata,
produzem compostos analogos a camptotecina.

A vimblastina e a vincristina sdo dois compostos amplamente utilizados
no tratamento do linfoma e da leucemia, respectivamente. Estes alcaléides séo
obtidos naturalmente a partir da planta Catharanthus roseus ou Vinca résea.
Alternaria sp (GUO; LI; ZHANG, 1998) e Fusarium oxysporum (ZHANG et al.,
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2000) representaram o0 marco inicial da producao da vimblastina e vincristina
por micro-organismos hospedeiros de C. roseus. Recentemente, Kuriakose,
Palem e Jayabaskaran (2016) reportaram o isolamento de um novo enddfito, o
fungo Eutypella spp., capaz de sintetizar a vincristina a partir C. roseus,
apresentando potente atividade citotoxica sobre a linhagem de carcinoma
escamoso humano (A431).

Tan, Qi e Ni (2015) demonstraram que extrato de fungo endofitico
isolado a partir de Prunella vulgaris L. é capaz de inibir cancer gastrico,
tanto in vitro quanto in vivo. Segundo os autores, os enddfitos isolados atuam
aumentando a expressdo da proteina pré-apoptética Bax e suprimindo a
expressdo do fator pré-angiogénico VEGF (fator de crescimento endotelial
vascular), reduzindo assim, a proliferagao celular.

Neste contexto, conforme evidenciado por Lacava, Andreote e Azevedo
(2008), devido o potencial biotecnolégico dos endofitos, muitas pesquisas tém
focado na busca por novas espécies, bem como novos produtos, como
resultado do metabolismo secundario destes micro-organismos. Os autores
revelam ainda, que “a busca por novos metabdlitos deve concentrar-se em
organismos que habitam novos ecossistemas, ou ainda nichos pouco
explorados”. Assim, estes micro-organismos servem como uma fonte
renovavel, reprodutivel e inesgotavel de novas estruturas com elevado

potencial farmacéutico.
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Abstract

Glioblastoma multiforme (GBM) is the most devastating primary brain tumor.
Endophytes represent an interesting source of natural metabolites. These
microorganisms reside in the tissues of living plants and act to improve their growth.
Evidence revealed that several medicinal plants are colonized by endophytic fungi
producer of antitumor metabolites. Achyrocline satureioides is a Brazilian traditional
medicinal plant characterized by its properties against gastrointestinal disturbances,
anticancer and antioxidant effects. However, there are no reports describing the
endophytic composition of A. satureioides. The present study proposes the isolation of
endophytic fungus from A. satureioides, extract preparation, phytochemical
caracterization and evaluation of its antiglioma potential. Our data showed that eDCM
and eEtAc crude extracts of endophyte exhibited significantly glioma cytotoxicity with
lowest ICso of 2 pg/mL and 56 pg/mL, respectively after 72 h of exposure. In addition,
both crude extracts induced cell death by apoptosis with modulation of redox status. In
order to bioprospect anticancer metabolites, endophytic fungus extracts were subjected
to guided fractionation and purification yielded five fractions of each extract. Six of ten
fractions showed selective antiproliferative activity against glioma cells after 48 h of
treatment, with 1Cso values ranged from 0.95-128.4 pg/mL. We observed that F3pcm
(from eDCM) and F3etac (from eEtAc) fractions promoted significantly cytotoxic with
ICso of 1.0 pg/mL and 27.05 pg/mL, respectively, against C6 glioma cells. F3gac
fraction induced late apoptosis and arrest in G2/M stage, while F3pcm promoted
apoptosis with arrest in Sub-G1 phase. Moreover, F3pcm increased antioxidant defense
with consequently decrease of ROS production. In addition, when tested in astrocyte
cultures, F3pcm showed no cytotoxic activity revealing selective effect. Based on
promising potential of F3pcm, we identified the production of Sch-642305, a known
lactone, which showed antiproliferative properties with lowest ICso of 1 pg/mL. Sch-
642305 promoted arrest on cell cycle in G2/M inducing apoptosis. Furthermore, this
lactone modulated redox status increasing superoxide dismutase and catalase activities
and enhancing sulfhydryl content, consequently suppressing reactive species of oxygen
generation. Taken together, these results indicate that metabolites produced by
endophytic fungus isolated from A. satureioides have therapeutic potential to become a
source of natural antiglioma agent.

Keywords: Endophytic fungus, Achyrocline satureioides, glioblastoma, lactone,
antineoplasic agent, antioxidant.
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1. Introduction

Glioblastoma multiforme (GBM), a grade IV glioma, is the most malignant type of
brain cancer characterized by high cell heterogeneity, diffuse brain infiltration, necrosis,
high rate of cell proliferation, and resistance to current treatments (Ramirez et al., 2013;
Piccirillo et al., 2015). Despite aggressive, multimodal therapy consisting of surgery,
radiation, and chemotherapy, the outcome of patients with GBM remains poor (Eder;
Kalman, 2015) with median overall survival time of approximately 15-17 months
(Gilbert et al., 2014). The maintenance of redox homeostasis is crucial for normal cell
physiology and reactive oxygen species (ROS) are known to regulate several cellular
events, including cell growth, differentiation, apoptosis, metabolism and others (Hecht
et al., 2016). Several hallmarks of cancer associated with neoplastic growth promote
increased ROS levels inducing elevated oxidative stress (Ciccarese; Ciminale, 2017).
This cellular redox imbalance has been found in GBM. High quantities of ROS into the
cells can react with several macromolecules, including chromosomal and mitochondrial
DNA, leading to damage and malfunction of DNA repair enzymes (Salazar-Ramiro et
al., 2016). Therefore, new treatments able to modulate this redox status may be a
feasible therapeutic approach against GBM.

Natural products have been exploited extensively to new pharmaceuticals development
to treat several diseases. Achyrocline satureioides Lam. (DC) (Asteraceae) popularly
known as “marcela” have received particular attention for their pharmacological
activities (Retta et al., 2012). This plant is native medicinal herb in South America, used
in Brazilian folk medicine as an analgesic, sedative, anti-inflammatory and mainly to
treat gastrointestinal disorders (Silva et al., 2016; Yamane et al., 2016). Plants are
continuously involved in crosstalk with endophytic microorganisms leading to the
selection of specific functional traits (Kusari et al., 2014). Indeed, endophytic fungi
produce a variety of bioactive metabolites that may directly or indirectly be used as
therapeutic agents (Strobel; Long. 1998; Kusari; Spiteller, 2012; Kusari et al., 2012).
These microorganisms have also been found to produce the same important natural
products synthesized by the host plant, such as alkaloids, phenols, coumarins, steroids,
terpenoids, peptides and others with anticancer properties (Chen et al., 2014). Although
the chemical constituents and the biological properties of genus Achyrocline have been
extensively studied (Carini et al., 2014; Salgueiro et al., 2016; Moresco et al., 2017),
there are no evidence about the endophytic fungi associated with this genus and the
possible therapeutic activities of these microorganisms. Additionally, considering the
role of redox status in GBM aggressiveness and how this imbalance contribute to
gliomagenesis (Salazar-Ramiro et al., 2016), it becomes important the investigation of
new therapeutic agents that modulate redox status. Therefore, in present study we
evaluated the selective antiglioma activity of crude organic and fractionated extracts of
endophytic fungus from A. satureioides and their effects in the modulation of redox
environment on GBM through evaluation of oxidative stress biomarkers. Additionally,
phytochemical characterization was performed and the lactone Sch-642305 was
identified as one of the bioactive molecules with promising antiglioma activity
produced by endophytic fungus from A. satureioides.
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2. Materials and methods
Chemicals

Dulbecco’s modified Eagle’s medium (DMEM); fungizone; penicillin/streptomycin;
0.5% trypsin/EDTA solution and fetal bovine serum (FBS) were obtained from Gibco
(Gibco BRL, Carlsbad, CA, USA). 4-(2-Hydroxyethyl)piperazine-1-ethanesulfonic
acid (HEPES); sodium bicarbonate (NaHCOs3), Dimethylsulphoxide (DMSO); 3(4, 5-
dimethyl)-2,5diphenyl tetrazolium bromide (MTT) were purchased from Sigma
Chemical Co. (St. Louis, MO, USA). Trichloroacetic acid and hydrogen peroxide were
purchased from Synth® (Brazil). All other chemicals and solvents used were of
analytical grade. Agar and dextrose was provided by Dindmica (Dindmica Quimica
Ltda, Diadema, SP, BR).

Collection of plant tissue and Isolation of endophytic fungi

Stems of Achyrocline satureioides (Lam.) D.C. were collected at Transbrasiliana
Highway (Rio Grande do Sul, Brazil; geographic coordinates: 31°44°34.7”S and
54°09°19.2”W) and it was identified by Dra. Raquel Ludke from the Botany
Department (Biology Institute, UFPel), and a voucher specimen was deposited under
the code PEL N° 21 079. Surface sterilization of healthy stems was performed
according Bertozzo and Machado (2010), with some modifications. Briefly, tissue
material was thoroughly washed using distilled water, sterilized with 70% ethanol for
30 s and 2% sodium hypochlorite for 30 min, then rinsed with sterile distilled water for
three times to accomplish surface sterilization. Next, samples were cut into 6-8 pieces
(6-10 mm in size), placed on water-agar medium and incubated at 25+2°C under
controlled light conditions (Thelga; Dom Bosco, MG, BR). Following 7 days of culture,
hyphal tips of fungi that emerged was periodically picked on petri plates containing
1.7% PDA (potato-dextrose-agar) medium for purification and maintained at same
conditions described above. Stock cultures were stored at 25+2°C and maintained in the
culture collection of NeuroCan Laboratory (UFPel).

Morphological identification of endophytic fungus

Isolated fungi were observed and identified at the genus level by culture and
microscopic characters of asexual/sexual spores. Briefly, endophytic fungus was seeded
in 500 pL. of PDA medium distributed on a slide held inside petri dish containing a filter
paper soaked in sterile distilled water to maintain the moisture of the system for 20 days
at 25°C. After that, the endophytic was stained with cotton blue to identify it
morphologically under light microscopy. The identification was based on published
descriptions.

Preparation of crude extracts

The endophytic strain was cultivated on 1.7% PDA medium at 25£2°C under controlled
light conditions. Then plugs of mycelium (about 8 mm diameter) from the edges of 7-
day-old cultures were cut and inoculated aseptically into a 250 mL Erlenmeyer flask
containing 100 mL of 1.7% potato-dextrose-broth (PDB) medium (1 plug per 100 mL
of medium), and incubated at 25°C for 25 days. Therefore, the mycelium was separated
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from the liquid culture medium by filtration and the secondary metabolism compounds
released into the liquid culture medium by the endophytic fungus were extracted by
using organic solvents dichloromethane (DCM) and ethyl acetate (EtAc) at 1:2 ratio.
After that, all extracts were evaporated in a rotary evaporator under reduced pressure
(Rota-evaporador MA120 - Marconi).

Fractionation of crude extracts

Solid phase extraction (SPE) were performed Supelclean (C18, 500 mg) reverse phase
cartridges using approximately 20 mg of sample dissolved in 200 puL of methanol
(MeOH). Cartridge use was preceded by activation of the adsorbent with 5 mL of
MeOH, followed by conditioning with 5 mL of milli-Q water. After that, the sample
was applied to the cartridge and eluted sequentially with 5 mL of the following eluents:
H.O (F1); H2O/MeOH 25% (F2), H.O/MeOH 50% (F3), H.O/MeOH 75% (F4) and
finally MeOH (F5). This procedure was repeated twice for each sample. Collected
fractions were dried in a SpeedVac (Thermo-Fisher) vacuum centrifuge at 40°C for 24
h. Fractions obtained from DCM extract (eDCM) were named as Flpcm, F2pcm, F3 pewm,
Fdpcm and F5pcwm, while fractions from EtAc extract (eEtAc) were named as Flgac,
F2etac, F3etac: F4eiac and Fogac.

Ultra-efficiency liquid chromatography- mass spectrometry (LC-MS)
Ultra-efficiency chromatographic analyzes were performed on a chromatograph coupled
to two mass spectrometers in series (UPLC-QTOF Waters Acquity / Xevo) with an
electrospray ionization interface (ESI). Separations were performed on a Waters
Acquity BEH C18 column (150 mm x 2.1 mm, 1.7 um). Mobile phase was composed
by H20 (A) and acetonitrile (B), each containing formic acid (0.1% v/v). Elution
gradient ranged from 2 - 95%, at a flow rate of 500 uL mint. Samples were pre-filtered
on 0.22 um PTFE filters. The fractions were analyzed in the positive (PI) and negative
(NI) ionization modes in a range of 100-1200 Da. ESI conditions were defined as
follows: capillary voltage 2800 V, cone voltage 40 V, source temperature 120°C,
dissolution temperature 330°C, cone gas flow of 20 L h-1, gas desolvation flow 600 L h-
1, and MCP (microchannel plate voltage)-detector at 1900 V.

The identification of compounds was done through the following parameters: (1)
molecular formula deduced from the exact mass (4 decimal places), considering a mass
error of 5 parts per million (ppm); (2) the isotopic ion pattern (i-fit) and (3) the ion
fragmentation pattern compared to literature data.

Nuclear Magnetic Resonance Spectrometry (NMR)

Hydrogen and Carbon NMR (*H and 3C), uni- and two-dimensional, were performed in
an Agilent spectrometer DD2 (14,1 T), equipped with a 5 mm reverse detection probe,
operating at the frequencies of 1H and 13C at 599.56 and 150.77 MHz, respectively.
Samples were dissolved in 0.6 mL of deuterated chloroform (CDClI3z, Cambridge Isotope
Laboratories) and analyzed in 5 mm glass tubes. The chemical displacements (5) were
expressed in ppm and referenced by the hydrogen signal of the non-deuterated residual



34

molecules of the deuterated solvent (6H 7.26 for CHClz and oH 3.31 for MeOH) and the
central carbon peak of the deuterated solvent (6C 77.23 for CHCI 3 and 6C 49.15 for
MeOH). Analyzes were performed at 26°C. In one-dimensional *H and 3C experiments
the following values were established for the acquisition parameters, respectively:
spectral widths of 16 and 252 ppm, acquisition times of 1.7 and 0.865 s, pulse widths of
45°0f 4.15 ps and 3.20 ps (58 dB), number of transients of 16 and 32K, and relaxation
time of 1 s. The one-dimensional experiments were acquired with 32768 points and
processed with 65356 points. The two-dimensional homonuclear (COSY) and
heteronuclear correlation spectra were field-graded, employing a number of transients
of 16 and 32, respectively. In the COSY, 897 x 128 points were used for the acquisition
data matrix and 4096 x 4096 points for the processing, while for the HSQC
(Heteronuclear Single Quantum Coherence) and HMBC (Heteronuclear Multiple Bond
Correlation) experiments 1142 x 256 points on acquisition and 4096 x 2048 points in
processing.

General cell culture procedures

Rat C6 and human U87MG glioblastoma cell lines were obtained from American Type
Cell Collection (Rockville, Maryland, USA). Cells were grown in culture flasks and
maintained in Dulbecco’s Modified Eagle’s Medium (DMEM) (pH 7.4) containing 1%
DMEM (Gibco BRL), 8.4 mM HEPES, 23.8 mM NaHCO3, 0.1% fungizone, 0.5 U/mL
penicillin/streptomycin and supplemented with 10% (v/v) FBS. Cells were kept at 37°C
in a humidified atmosphere with 5% CO>. Astrocyte cultures were prepared as
previously described by Da Frota Jr. et al. (2009). Briefly, cortex of newborn Wistar
rats (1-3 days old) were removed and dissociated mechanically in Ca*2and Mg*2 -free
balanced salt solution (CMF) (pH 7.4) containing 137 mM NaCl, 5.36 mM KCI, 0.27
mM NaHPOs, 1.1 mM KH2PO4, and 6.1 mM glucose. Dissociated tissue was subjected
to centrifugation at 1000 g for 5 min. Thereafter, the pellet was suspended in DMEM
(pH 7.6) supplemented with 10% FBS. Then, cells (5x104) were seeded in poly-L-
lysine-coated 96-well plates. Cultures were allowed to grow to confluence by 20-25
days and the medium was replaced every 4 days. All procedures used in the present
study followed the “Principles of Laboratory Animal Care” of the National Institutes of
Health and were approved by the Ethical Committee of UFPel (CEEA 4755).

Cell culture treatment

Dried crude organic or fractionated extracts were dissolved in DMSO at stock
concentration of 10 mg/mL and further diluted in DMEM/10% FBS to obtain a
concentration range from 0.625 pg/mL to 200 pg/mL. Glioblatoma cell lines C6 and
U87MG were seeded at 5x10° cells (96-well plates) for cytotoxicity experiments and
allowed to grown for 24h. Astrocyte cultures were prepared as described above. Cell
cultures were treated for 24, 48 or 72 h. To clonogenic assay, the C6 glioma cells were
seeded in 6-well plates (3x10? cells) and treated with crude extracts and fractions at
concentrations close to inhibitory concentration 50% (ICso) following 48 h of exposure.
To cell cycle and apoptosis/necrosis analysis, C6 glioma cells were seeded in 6-well
plates (1x10° cells/well) and treated with eDCM and eEtAc crude extracts and F3gtac



35

fraction at concentrations close to 1Cso, while compound 1 was evaluated at 1 pg/mL
after 48 h of exposure. In addition, oxidative stress biomarkers was determined in C6
glioma cells seeded in 6-well plates (3x10° cells) exposure to eDCM and eEtAc crude
extracts, F3pcm, F3eiac and compound 1 following 48 h of treatment. Cells exposed to
DMSO (0.05% final concentration) were considered control.

Cytotoxicity study
Cell viability assay

Cell viability was evaluated by determination of the soluble 3-(4.5-dimethylthiazol-2-
yl)-2.5-diphenyltetrazolium bromide (MTT) reduction by cell dehydrogenases
(Mosmman et al., 1983). This method is based on the ability of viable cells to reduce
MTT and form a blue formazan product. MTT solution (sterile stock solution of 5
mg/mL) was added to the incubation medium in the wells at a final concentration of 0.5
mg/mL. Glioma cells and astrocytes were left for 90 min at 37°C in a humidified 5%
CO; atmosphere. The medium was then removed and precipitate was eluted with
DMSO. The optical density of each well was measured at 492 nm in a microplate reader
(SpectraMAX 190). Results were expressed as percentage of control.

Cell proliferation assay

Sulforhodamine B (SRB) colorimetric assay was used for cell density and cytotoxicity
determination, based on staining of total cell protein content with SRB dye (Pauwells et
al., 2003). Briefly, cultures were washed and fixed with 50% trichloroacetic acid (w/v)
for 30 min (4°C); cells were washed 5 times with dH-O, stained with 0.4% SRB (w/v)
for 45 min (RT) and washed 5 times with 1% acetic acid (v/v). Finally, SRB complexes
were eluded in 10mM Tris buffer following by 15 min shaking. Absorbance was
measured at 540 nm in a microplate reader (SpectraMAX 190). Results were expressed
as percentage of control.

Clonogenic assay

Clonogenic assay is an in vitro cell survival method based on the capability of a single
cell to grow into a colony, which can be used to determine the effectiveness of cytotoxic
agents (Franken et al., 2006). Following 48 h treatment, C6 cells (3x102 cell/well) were
seeded in 6-well plates and cultured for additional 10 days in absence of treatment.
Then, cells were fixed with ice-cold methanol (100%) and stained with crystal violet 1%
(w/v) to visualize colonies. Colonies were counted using microscope (40x) and length
of colonies were determined by software ImageJ 1.51j8 (National Institutes of Health,
USA).

Cell cycle analyses

Following 48 h of treatment, the medium and the cells were harvested and centrifuged
(20 min; 1000 g). Supernatant was removed and cell pellet was washed once with PBS
and fixed with 70% EtOH. After 2 h, cells were washed and incubated with staining
solution (Triton X-100 1%, 2 mg/mL RNase, 2 mg/mL propidium iodide (P1) in PBS).
After 30 min, data were collected using FACS Calibur Flow Cytometer (BD



36

Bioscience, Mountain View, CA, USA). Results were expressed as percentage of
control.

Cell death analyses

Apoptotic or necrotic cells were quantified using annexin V-FITC- PI) double staining
kit. Following 48 h of treatment, the medium and the cells were harvested and
centrifuged (10 min at 2000 g). Cell pellet was washed twice with PBS and it was
incubated (5 min, RT) with a biding buffer containing FITC-conjugated annexin V and
PI, following manufacture instructions. Apoptotic and/or necrotic cells were quantified
using FACS Calibur Flow Cytometer (BD Bioscience, Mountain View, CA, USA).
Cells were classified as follows: viable cells (Annexin/PlY), early apoptotic
(Annexin*/PI), late apoptotic (Annexin*/P1*) or necrotic cells (Annexin/P1*). Results
were expressed as percentage of control.

Oxidative stress parameters
Determination of reactive oxygen species (ROS)

Intracellular generation of ROS was determined by DCFH assay as described by Dos
Santos and colleagues (2017). This method is based on the oxidation of 2’-7’-
dichlorodihydrofluorescein diacetate (DCFH-DA) to dichlorofluorescin (DCFH) by
intracellular esterases, which is trapped within the cell. Thereby, DCF-DA reacts with
ROS emitting fluorescence. In brief, following 48 h of treatment, cultures were
incubated with 1 uM DCFH-DA for 30 minand fluorescence was measured at 488/525
nm in a microplate reader (SpectraMax M3). ROS production was reported as
percentage of control.

Superoxide dismutase (SOD) activity

SOD activity was assayed as described by Misra and Fridovich (1972). This assay is
based on the inhibition of superoxide-dependent adrenaline auto-oxidation to
adenochrome. This reaction is intermediate by superoxide, which is scavenged by SOD.
The absorbance was measured at 480 nm in a microplate reader (SpectraMax M3) and
the results were expressed as percentage of control.

Catalase (CAT) activity

CAT activity was measured as described by Aebi (1984). This assay is based on the
decomposition of 30 mM hydrogen peroxide (H202) in 50mM potassium phosphate
buffer (pH 7.0) continuously monitored at 240 nm for 180 s at 37°C. CAT activity was
reported as percentage of control.

Glutathione peroxidase (GPx) activity

GPx activity was measured using a commercial kit (RANSEL®; Randox Lab, Antrim,
UK). This assay is based on oxidation of GPx catalyses glutathiose (GSH) by cumene
hydroperoxide. In presence of glutathione reductase (GR) and NADPH, the oxidized
glutathione (GSSG) is immediately converted to the reduced form with concomitant
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oxidation of NADPH to NADP*. NADPH disappearance was measured at 340 nm and
GPx activity was reported as percentage of control.

Total sulfhydryl content quantification

Total sulfhydryl content was determined according to Aksenov and Markesbery (2001).
This process is based on the reduction of 5,5'-dithio-bis(2-nitrobenzoic acid) (DTNB)
by thiols, whose reaction form an oxidized disulfide generating a yellow derivative
(TNB). The reaction was started by the addition of 5,5’-dithio-bis(2-nitrobenzoic acid)
(DTNB). The absorbance was measured at 412 nm in a microplate reader (SpectraMax
M3) and the results were expressed as percentage of control.

Statistical analysis
Statistical analysis was carried using GraphPad Prism 5 software. Data were expressed
as mean + standard error (SEM) and were subjected to analysis of variance (ANOVA)
followed by Tukey post hoc test for multiple comparisons. Differences between mean
values were considered significant when P<0.05.

3. Results
Isolation and identification of endophytic fungus

Here, endophytic fungus was isolated from stems of A. satureioides and named as
MF31b11. Endophyte exhibited filamentous colonies with cottony aspect and regular
edge, which color ranges from white to brown. Upon microculture analysis, septate
conidiophores and cylindrical phialides were observed at microscope. However,
structural characterization of the conidia and phialides difficulties did not allow
morphological identification of the endophyte.

Endophytic fungus extracts selectively decrease glioma cell proliferation and
viability

In order to evaluate whether MF31b11 exhibits antitumor activity, in the first set of
experiments the liquid culture of isolated fungus was submitted to extraction with DCM
and EtAc, which were chosen to isolate molecules with differential chemical properties.
The resultant crude extracts (eDCM and eEtAc) were used to determine the citotoxicity
of secondary metabolites produced by MF31b11l. Rat C6 and human U87MG glioma
cell lines were exposed to increasing concentrations of crude extracts for 24, 48 or 72 h.
Extract concentrations applied were determined in previous experiments (data not
shown) and ranged from 0.625-10 pug/mL and 12.5-200 pg/mL for eDCM and eEtAc,
respectively. As shown in Figure 1, eDCM and eEtAc inhibited ~90% C6 (panels A and
C) and U87MG (panels B and D) glioma cell proliferation following 72 h of treatment
and the effect was time and concentration-dependent, as determined by SRB assay.
Additionally, eDCM exhibited stronger antitumor activity when compared to eEtAc in
both glioma cell lines as indicated by ICso values, which ranged from 0.45-6.22 pg/mL
and 33.59-129.2 ug/mL for eDCM and eEtAc, respectively (Fig. 1). The effect of crude
extracts on GBM cell viability was also evaluated by MTT assay (Fig. 2). Results show
that both extracts decreased glioma viability in a time-dependent manner and eDCM
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was more cytotoxic than eEtAc (Fig. 2, panels A-D), confirming the previous data (Fig.
1). Notably, eDCM and eEtAc did not alter normal astrocyte cell culture viability (Fig.
2, panels E and F), indicating selective effect against tumor cells.

3.3 Fractionated extracts exhibit selective antiglioma effect

To better investigate which molecule(s) were involved in eDCM and eEtAc antiglioma
activity, crude extracts were fractioned as described in material and methods and its
citotoxicity was determined in C6 and U87MG glioma cells by SRB and MTT assays as
above. From 10 obtained fractions, 6 identified as Flpcm, F2pcm, F3pem, F4pcm, F3Etac
and F4ewac showed significant cytotoxic activity against both glioma cell lines (Fig. 3).
The variability of antitumor effect could be observed by ICso values, which ranged from
0.95 to 128.4 pg/mL and may be related to differential chemical properties exhibited by
these fractions, as expected. Citotoxicity analyses were also performed using MTT
assay at the same experimental conditions (Fig. 4). In a general way, cell viability
results and 1Cso values obtained were in according to antitumor potential exhibited by
these fractions. Interestingly, although the antiglioma effect exerted by fractions, no
alteration was observed in primary astrocyte cell viability after 48 h of exposure (Fig. 4;
panel G), reinforcing selective antiglioma activity.

Extracts and fractions of endophytic fungus decrease glioma cell colony formation
Clonogenic assay was employed to determine the reproductive cell death and
effectiveness of cytotoxic agents (Franken et al., 2006). C6 cells were treated with crude
extract or fractions at concentration corresponding to 1Cso and colony length and
formation was determined as described in material and methods. eDCM and eEtAc
crude extracts, F2pcm, F3pcm and F3eiac fractions decreased in 83%, 76%, 88%, 99%
and 58%, respectively, C6 glioma colony formation when compared to control (Fig. 5;
panels A-K). Colony length was also decreased by 59%, 46%, 37%, 59%, 52%, 49%
and 33% following exposure to eDCM, eEtAc, Flpcm, F3pcm , Fdpocm, F3eac and
Fdeac, respectively (Fig. 5; panels L and M). Taken together, data obtained from
clonogenic, proliferation and cell viability analyses point F3pcm as the most effective
antiglioma fraction when compared to the others. Therefore, further experiments of
phytochemical analysis of this fraction were performed.

Structural elucidation of compound 1
'H-NMR (MeOD) of molecule isolated from F3pcwm (Table 1) exhibited signals in (1H,
d, H-3) and 5.96 (1H, dd, J = 10 Hz, H-2), which were characteristics of oleofinic

hydrogens. Signals in & 5.05 (1H, m, H-11), 4.22 (1H, t, J = Hz, H-4) were related to

hydrogens of oxygenated carbon. Moreover, eight signals in the region of 0 2.83 -1.28
were attributed to alkyl hydrogen. The 13C NMR spectrum (Table 1) showed fourteen

spectral lines, of which one was consistent with ketone carbonyl (§ 202.5, C-1) and one
with ester carbonyl (§ 173.8, C-12). Signals in § 149.5 (C-12) and § 130.7 (C-2) were
associated to olefinic carbons, while signals in & 74.8 (C-11) and & 67.2 (C-4) were
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attributed to oxygenated sp®carbons. The eight remaining signals were related to alkyl
carbons (Table 1).

The edited NMR-'H-13CHSQC of compound 1revealed the correlations of the
hydrogenated carbons and allowed to differentiate the CH and CHs signals from CHoa.
Thus, 6 methylene carbons, 5 methylene carbons, 1 methyl carbon and 2 non-
hydrogenated carbons (carbonyls) were identified. The couplings observed in the COZY
(Table 1) confirmed the vicinal and geminal hydrogens of the alicyclic carbon chain.
The high resolution mass spectrum (Fig. 6) exhibited ion [M+H]* with m/z 251.1885
and [M-H] with m/z 253.1435 consistent with the molecular formula C14H120014 and
therefore corresponding to a structure with a hydrogen-deficiency index (HDI) of 5,
suggesting an hydroquinone bicyclic lactonic.

NMR-1H-13CHMBC spectrum (Table 1) allowed the -characterization of the
hydroquinone through the following correlations to two and three bonds: signals of
olefinic hydrogens in dn 7.03 and 5.96 (H-3 and 2) with the carbonyl at ic 200.3 (C-1)
and the carbinolic carbon in dc 67.2 (C-4). Lactone was characterized by the coupling of
aliphatic hydrogen in d4 2.68 (H-11) and hydrogen bonded to oxygenated carbon at 5.05
(H-11) with the carbonyl in dc 173.8 (C-12). The hydroquinone and lactone ring
junctions were confirmed by the coupling of the methinic hydrogens at 0+ 2.83 (H-5)
and 2.66 (H-6) with the methilene carbons at 0c 39.9 (C-13) and 24.3 (C-7),
respectively, as well as in the carbonylacetone at ic 200.3 (C-1). Finally, comparison of
IH and '3C NMR data with those in the literature confirmed the chemical structure of
compound 1 (Fig. 6, panel C) (Adelin et al., 2011a), which was characterized as
(4S,8aR,12S,12aR)-12-hydroxy-4-methyil-4,5,6,7,8,8a,12,12a-octahydro-1H-3-benzo-
xecine-2,9-dione (IUPAC name), known in the literature as Sch-642305.

Sch-642305 promoted antiproliferative effect and decreased cell glioma colony
formation

Sch-642305 showed antiproliferative activity against C6 glioma exhibiting 1Cso values
of 1.1 and 3.4 pg/mL (5 and 15.5 uM) following 48 h of exposure, as determined by
SRB and MTT assays, respectively (Fig. 7; panels A and B). However, Sch-642305 not
alter normal astrocyte cell culture viability (Fig. 7, panel C), suggesting selective effect
against C6 glioma cells. Additionally, Sch-642305 (1 pg/mL or 5 uM) decreased C6
glioma colony formation and length by 70% and 58%, respectively (Fig. 7, panels D-H).
Moreover, the cytotoxic activity of F3pcwm fraction without the presence of the lactone,
named as ‘supernatant F3pcm® (SN F3pcwm) was also investigated. SN F3pcm exhibited
antiproliferative effect against C6 glioma cells with ICsg of 2.0 pg/mL for SRB assay
and 5.6 pg/mL for MTT test, following 48 h of treatment. Futhermore, SN F3pcm (1
pg/mL) reduced C6 glioma colony formation and length at 45% and 37%, respectively
when compared to control. On the other hand, the exposure of C6 glioma cells to the
association of the lactone with the SN F3pcm showed values of 1Cso of 1.6 and 3.5
pg/mL when determined by SRB and MTT assays, respectively (Fig. 7, panels A and
B). In this context, these results indicate that Sch-642305 contributed significantly to
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antitumor activity exhibited by F3pcwm fraction. Therefore, it becomes interesting to
elucidate the mechanisms involved in this effect.

The effect of extracts and fractions of endophytic fungus on cell cycle distribution
and cell death

To better understand the antiproliferative effect mediated by crude extracts as well as
the most effective fraction of eEtAc (F3ewac) and Sch-642305 compound from F3pcwm,
cell cycle and cell death analyses were performed in C6 glioma following 48 h of
treatment. Analysis of cell cycle distribution evidenced that eDCM (2.5 pg/mL), eEtAc
(50 pg/mL) and F3gtac (25 pg/mL) lead to accumulation of cells in the G2/M phase of
the cell cycle (12, 1, 14%, respectively) and the formation of sub-G1 apoptotic cells (18,
34, and 10%, respectively; Fig. 8), which are in accordance to apoptosis and late
apoptosis rates observed in these cells by annexin V-PI staining (33/17%; 32/18%;
17/30%, respectively; Fig. 9). The isolated molecule, Sch-642305 (1 pg/mL) induced a
cell blockage in G2/M phase (7%; Fig. 8, panels E and F) and ~10% of apoptosis/late
apoptosis in C6 cells (Fig. 9, panels E and F). These results suggest that the induction of
C6 cell cycle blockage and apoptosis by extracts, fractions and Sch-642305 account at
least in part for its antiglioma activity.

Extracts and fractions of endophytic fungus alters oxidative stress parameters in
glioma cells

Since alterations in ROS parameters are related to cancer progression (Ciccarese;
Ciminale, 2017), redox potential of eDCM and eEtAc crude extracts and its respective
more effective fractions was further evaluated in glioma cells. Notably, crude extracts
increased in a concentration-dependent fashion antioxidant enzyme activities, namely
SOD, CAT and GPx by 155%, 200% and 55%, respectively, after treatment with eDCM
(10 pg/mL) and by 485%, 270% and 255%, respectively, following treatment with
eEtAc (200 pg/mL) when compared to control (Fig.10, panels A-F). Additionally,
eDCM and eEtAc induced an increase in total sulfhidryl (SH) content by 160% (10
pg/mL) and 80% (200 pg/mL), respectively (Fig. 10, panels G-H). In accordance to
antioxidant activity of both extracts, ROS content was also decreased in a
concentration-dependent manner when compared to control (Fig. 10, panels I-J).

F3pcwm fraction accounts for significant antioxidant activity exhibited by eDCM crude
extract. As shown in Figure 11, F3pcwm increased by 300, 500, 240 and 300% SOD,
CAT, Gpx activities and SH content, respectively, when compared to control (Fig. 11,
panels A, C, E and G). In parallel, ROS content was decreased in a concentration-
dependent manner (Fig. 11, panel I). By other hand, F3getac promoted a modest effect on
redox parameters when compared to eEtAc, increasing in 60, 270 and 86% SOD and
CAT activities and ROS content, respectively, when compared to control (Fig. 11,
panels B, D and J).

Finally, data revealed a promising redox potential of Sch-642305, which was isolated
from F3pcm and accounts for ~30, 50 and 90% of SOD, CAT and ROS scavenger
activities, respectively, exhibited by such fraction (Fig. 12, panels A, B and D).
However, no statistical difference was observed on GPx activity (Fig. 12, panel C).
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These results show that bioactive metabolites produced by endophytic fungus modulate
redox status of glioma cells which in turn, may affect cell cycle and death pathways,
resulting in inhibition of glioma progression.

4. Discussion

Natural products have played an important role in the development of therapeutic
agents. Recent scientific reports have revealed hundreds of secondary metabolites
produced from symbiotic microorganisms, especially endophytic fungi, which stand out
their pharmacologic properties, especially antitumor activity (Koul et al., 2016; Uesugi
et al., 2016; Wang et al., 2017). These microorganisms have been recognized as
promising source of bioactive compounds that may act to inhibit or regulate the
proliferation and cell cycle, being valuable in anticancer drugs discovery (Chandra,
2012; Koul et al., 2016; Fatima et al., 2016). Although several medicinal plant species
are recognize to harbor many endophytic fungi, there are no reports describing the
endophytic composition of A. satureioides.

In the present study, we described the isolation of endophytic fungus from A.
satureioides and explored the cytotoxic activity against glioma cells lines. Endophyte
isolated was named as MF31b11. Since an endophyte can produce a complex mixture of
compounds, it becomes interesting to extract bioactive compounds using organic
solvents in increasing order of polarity (Seidel, 2012; Zin et al., 2017). Overall,
microbial metabolites released into the liquid culture medium by the endophytic fungus
are often extracted with DCM and EtAc (Seidel, 2012; Yadav et al., 2014; Jinfeng et al.,
2017). In this study, DCM and EtAc were employed as solvents of lower and higher
polarity, respectively, to obtain the secondary metabolite compounds produced by
MF31b11.

Initially, we report antiglioma activity of DCM and EtAc crude extracts of endophyte
isolated. The eDCM showed very promising antitumor activity with lowest I1Cso of
4.0 png/mL against rat C6 and human U87MG glioblastoma cell lines. This effect
suggest that metabolites with antiglioma properties, produced by the endophytic fungus
isolated, present low polarity. In contrast, both extracts did not promote citotoxicity to
primary astrocyte cultures. Recently, endophytic fungi have been shown to produce a
plethora of new compounds (Li et al., 2014; Jia et al., 2016). These bioactive
metabolites are interesting to development of new medicines. Therefore, to understand
the selective antiglioma effect of both crude extracts, we performed a fractionation.
F3etac and F3pcwm fractions showed interesting cytotoxic effects with lower ICso values 2
pg/mL and 71 pg/mL, respectively. In addition, fractions induced significant inhibition
of cell growth by clonogenic test, such as crude extracts. Clonogenic cell survival assay
determines cytostatic effects of a cytotoxic agent, by measuring the proliferative ability
of a single cell to form a clone and produce a viable colony (Franken et al., 2006;
Sumantran, 2011), therefore the size and the number of colonies represent indicators of
the cell reproductive death (Miyashita et al., 2017).

Cell division, differentiation and death are controlled by several mechanisms ensuring
tissue homeostasis (Hanahan; Weinberg, 2011; Wiman; Zhivotovsky, 2017). Cell cycle
involves regulation of DNA structure checkpoints, which arrest the cell cycle at the



42

different phases in response to DNA damage or incomplete replication (Bertoli et al.,
2013). Thus, deregulation of the cell cycle induces aberrant cell proliferation
characteristic of cancer and loss of cell cycle checkpoint control promotes genetic
instability (Williams; Stoeber, 2011). In this context, the cell cycle machinery
represents an alternative target for diagnostic and therapeutic interventions (Williams;
Stoeber, 2011). In present study, the cell cycle analysis of cells treated with eDCM (I1Cso
2.5 pg/mL) and eEtAc (1Cso 50 pg/mL) crude extracts exhibited significant increase of
apoptotic cell population on sub-G1 phase and decrease of cells on G1 stage. Apoptosis
is characterized by several morphological changes, which include cell shrinkage,
chromatin condensation, and nuclear fragmentation (Walker et al., 2010). Moreover,
this process of programmed cell death has been recognized as one of the major causes
that mediate inhibition of cell proliferation and may be therapeutically exploited for
cancer treatment (Bai; Wang, 2014, Wang et al., 2017). Several studies have been
reported that accumulation of cells in sub-G1 phase indicates cell death by apoptosis
characterized by DNA fragmentation (Ahmed et al., 2013, Vessoni et al., 2016, Agrawal
et al., 2017). By other hand, F3gtac fraction induced late apoptosis on glioma cells with
increase of cells on G2/M phase and a corresponding decrease of cells in G1 stage. The
G2/M checkpoint is a known target for cell cycle inhibition (Newell et al., 2017).
Evidences suggest that numerous anticancer metabolites from endophytic fungi induce
apoptotic death and cell cycle arrest at the G2/M phase (Wang et al., 2015, Pathania et
al., 2015, Wang et al., 2017).

Based on promising activity of F3pcm fraction the molecule identified by LC-MS
analysis as Sch-642305, a 10-membered macrolide which showed anti-proliferative
properties against C6 glioma cells, with lower 1C50 of 1 pg/mL (5 uM). This molecule
induced cell death mainly by apoptosis, accumulation of cells on G2/M stage,
promoting alterations on a reproductive ability cells by inhibiting colony formation.
Sch-642305 was first isolated from Penicillium verrucosum as a bacterial DNA primase
inhibitor (Chu et al., 2003). Moreover, this lactone is described as the major compound
produced by the endophytic fungus Phomopsis sp. with interesting cytotoxic activity
against human colorectal carcinoma (HCT-116), human breast adenocarcinoma (MDA-
MB-231) and human myelogenous leukemia (K562) (Adelin et al., 2011a and 2011b).
However, there are no reports about the elucidation of its antiglioma activity and its
antiproliferative mechanisms.

Several hallmarks of cancer, such as genomic instability, resistance to apoptosis,
uncontrolled proliferation and angiogenesis are promoted by the increased ROS levels
commonly found in tumor cells (Ciccarese; Ciminale, 2017, Morry et al., 2017). GBM
is characterized by high quantities of ROS into the cells, as superoxide anion (O2") and
hydrogen peroxide (H202), favoring oxidative environment, cell damage and
invasiveness of glioma cells (Feng et al., 2016, Salazar-Ramiro et al., 2016). We found
that Sch-642305 inhibited oxidative stress, evidenced by increased SOD and CAT
enzymes activity and suppression of ROS production. High levels of antioxidant
enzymes are required to remove high levels of free radicals to protect against damage to
brain tissues (Martinez-Martos et al., 2014). SOD is the first line of enzymatic
antioxidant defense which metabolizes O, to H20. and water (Zhou et al., 2011,
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Schieber; Chandel, 2014). However, H202 when accumulated into the cells and tissue is
highly toxic. In order to prevent this phenomenon, CAT acts in the detoxification of
H>0, and consequently reducing the damage induced by free radicals (Ighodaro;
Akinloye, 2017). In addition, Sch-642305 promoted increase of sulfhydryl content on
glioma cells. This group of thiols consist an important non-enzymatic defense system
which playing a critical role in oxidative stress, apoptosis, detoxification and cellular
signal transmission, and in enzymatic activities (Ergin et al., 2016; Simsek et al., 2016).
These results suggest that antiglioma effect of lactone isolated is due to reduction of
ROS levels while increasing antioxidant defense.

Furthermore, eDCM and eEtAc also reduce oxidative damages against glioma cells due
to increase of SOD, CAT and GPx antioxidant enzymes consequently, decrease of ROS
production. GPx is an important intracellular enzyme that breakdown H>O, to water,
playing a crucial role of inhibiting lipid peroxidation process, thereby protecting cells
from oxidative stress (Ighodaro; Akinloye, 2017). Thus, these enzymes work in
conjunction and therefore could be useful to determine the antioxidant status of several
compounds (Lowe, 2014; Del B0 et al., 2015). Similar these results, F3pcm and F3etac
fractions also showed antioxidant activity against glioma cells. Our study also reveals
that the synergism between Sch-642305 and others compounds present in F3pcwm
fraction induces changes in oxidative parameters like increases enzymatic and non-
enzymatic antioxidant defense as well as suppress ROS generation. However, it is
important to highlight that the Sch-642305 played an important role to antiproliferative
activity and modulation of redox status against glioma cells exhibited by F3pcm
fraction.

5. Conclusion

The current study is the first reporting about isolation of endophytic fungus from A.
satureioides. Crude extracts showed cytotoxic activity against glioma cells by inducing
apoptosis. Furthermore, F3pcm and F3eac fractions exhibited significant selective
antiglioma activity and modulated cell redox status. In addition, our data describe
structural identification and cytotoxicity of Sch-642305 from F3pcwm fraction, which
showed promising chemotherapeutic potential. Sch-642305 promoted cell death by
apoptosis, enhanced antioxidant defense system and suppressed ROS production.
Hence, our study highlights the role of Sch-642305 as a possible therapy for gliomas as
well as the importance of endophyte in novel anti-cancer drug discovery, encouraging
research in this field.
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10. Legends to Figures

Figure 1. Comparative effect of eDCM and eEtAc on glioma cell proliferation. C6 (left
panel) and U87MG (right panel) glioma cell lines were exposed to increasing
concentrations of eDCM (A, B) and eEtAc (C, D). Cell proliferation was determined by
SRB assay following 24, 48 or 72 h of treatment, as indicated. Values represent the
mean = SEM from at least three independent experiments performed in triplicate. Data
were analyzed by ANOVA followed by post-hoc comparisons (Tukey test). *, **,
***Significantly different from control cells (P<0.05, P<0.01, and P<0.001,
respectively).
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Figure 2. Comparative effect of eDCM and eEtAc on glioma cell viability. C6 (left
panel) and U87MG (right panel) glioma cell lines were exposed to increasing
concentrations of eDCM (A, B) and eEtAc (C, D) for 24, 48 or 72 h of treatment, as
indicated. In addition, primary astrocyte cultures were exposed to higher concentrations
of crude extracts for 48 h (E) and 72 h (F). Cell viability was determined by MTT
assay. The values represent the mean + SEM from at least three independent
experiments performed in triplicate. Data were analyzed by ANOVA followed by post-
hoc comparisons (Tukey test). *, ***Significantly different from control cells (P<0.05
and P<0.001, respectively).

Figure 3. Comparative effect of fractionated extracts from eDCM and eEtAc on glioma
cell proliferation. Glioma cell lines were exposed to increasing concentrations of Flpcm,
F2bcm, F3pewm, Flpewm, F3ewac and Féenc fractions (A-F, respectively). Cell proliferation
was determined by SRB assay following 48 h of treatment. The values represent the
mean + SEM from at least three independent experiments performed in triplicate. Data
were analyzed by ANOVA followed by post-hoc comparisons (Tukey test). ab
Significantly different from C6 and U87MG control cells, respectively (P<0.001).

Figure 4. Comparative effect of fractionated extracts from eDCM and eEtAc on glioma
and astrocyte cell viability. Glioma cell lines were exposed to increasing concentrations
of Flpocm, F2pcm, F3pem, Fdocem, F3eiac and Fdeac fractions (A-F, respectively). In
addition, primary astrocyte cultures (G) were exposed to the higher concentration of
Flocm (10 pg/mL), F2oem (75 pg/mL), F3pem (10 pg/mL), F4pem (10 pg/mL), F3gac
(100 pg/mL) and F4gac (100 pg/mL) fractions. Cell viability was determined by MTT
test after 48 h of treatment. The values represent the mean £ SEM from at least three
independent experiments performed in triplicate. Data were analyzed by ANOVA
followed by post-hoc comparisons (Tukey test). 2,° Significantly different from C6 and
U87 control cells, respectively (P<0.001).

Figure 5. Analysis of crude organic and fractionated extracts effect on C6 glioma
colony formation. Glioma cells were exposed to eDCM (2.5 pg/mL), eEtAc (50 pug/mL)
crude extracts and Flpcm (7.5 pg/mL), F2pem (25 pg/mL), F3pem (1 pg/mL), F4pewm (10
pg/mL), F3etac (25 pg/mL) and F4eiac (100 pg/mL) fractions at concentrations close to
ICso value (A-1). Colony number (J, K) and colony length (L, M) were determined by
clonogenic assay following 48 h of treatment. Values represent the mean + SEM from at
least three independent experiments performed in triplicate. Data were analyzed by
ANOVA followed by post-hoc comparisons (Tukey test). **Significant different from
control cells (P<0.001).

Figure 6. High resolution mass spectrum of compound 1, obtained in negative (A) and
positive (B) ionization modes. (C) Structure of characterized molecule Sch-642305.
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Figure 7. Analysis of Sch-642305, SN F3pcm and association SN F3pcm+Sch-642305
effect cytotoxicity (C6 and astrocyte) and colony formation (C6 glioma). Cytotoxic
activity of C6 glioma cells was determined by SRB (A) and MTT assays (B). Cell
viability of primary astrocyte culture was measured by MTT (C). Colony number and
colony length were determined by clonogenic assay following 48 h of treatment (D-H).
Values represent the mean + SEM from at least three independent experiments
performed in triplicate. Data were analyzed by ANOVA followed by post-hoc
comparisons (Tukey test). ™ *Significantly different from control cells (P<0.01 and
P<0.001, respectively). 2, b, ¢ d Significantly different from F3pcm, Sch-642305, SN
F3pbcm and SN F3pem + Sch-642305 control cells, respectively (P<0.001).

Figure 8. Analysis of crude extracts, fractions and Sch-642305 effect on C6 glioma cell
cycle. C6 glioma cells exposed to eDCM (1 pg/mL), eEtAc (50 pg/mL), F3eac (25
pg/mL) and Sch-642305 (1 pg/mL). Cells were treated for 48 h and subsequently
analyzed by flow cytometry using PI staining to determine the distribution of cells on
cell cycle. The percentage of cells on sub-G1, G1, S and G2/M phases were shown on
histogram as H1, H2, H3 and H4, respectively (A-E) and in the graph (F).

Figure 9. Analysis of crude extracts, fractions and Sch-642305 effect on C6 glioma cell
death. C6 glioma was exposed to eDCM (1 pg/mL), eEtAc (50 pg/mL), F3gac (25
pg/mL) and Sch-642305 (1 pg/mL). Cells were treated for 48 h and subsequently
analyzed by flow cytometry using annexin V/PI double staining to determine cell death
by apoptosis, late apoptosis or necrosis. (A-E) The percentage of viable cells is
represented by the lower left quadrant; the percentage of apoptosis is represented by the
lower right, the percentage of late apoptosis is represented by the upper right and the
percentage of necrosis is represented by the upper left; (F) representative graph of cell
death analysis.

Figure 10. Analysis of oxidative stress parameters in C6 glioma cells exposed to eDCM
(left panel) and eEtAc (right panel) crude extracts. Analyses were performed after 48 h
of treatment. (A, B) Superoxide dismutase (SOD) activity; (C, D) catalase (CAT)
activity; (E, F) glutathione peroxidase (GPx) activity; (G, H) total sulfhydryl content
and (I, J) ROS production. Values represent mean + SEM of at least three independent
experiments. Data were analyzed by ANOVA followed by post-hoc comparisons
(Tukey test). *, ** ***Gjgnificantly different from control cells (P<0.05, P<0.01 and
P<0.001, respectively).

Figure 11. Analysis of oxidative stress parameters in C6 glioma cells exposed to F3pcm
(left panel) and F3gtac (right panel) fractions. Analyses were performed after 48 h of
treatment. (A, B) Superoxide dismutase (SOD) activity; (C, D) catalase (CAT) activity;
(E, F) glutathione peroxidase (GPx) activity; (G, H) total sulfhydryl content and (I, J)
ROS production. Values represent mean = SEM of at least three independent
experiments. Data were analyzed by ANOVA followed by post-hoc comparisons
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(Tukey test). *, **, ***Significantly different from control cells (P<0.05, P<0.01 and
P<0.001, respectively).

Figure 12. Analysis of oxidative stress parameters in C6 glioma cells exposed to Sch-
642305 after 48 h of treatment. (A) Superoxide dismutase (SOD) activity; (B) catalase
(CAT) activity; (C) glutathione peroxidase (GPx) activity (D) total sulfhydryl content
and (E) ROS production. Values represent mean + SEM of at least three independent
experiments. Data were analyzed by ANOVA followed by post-hoc comparisons
(Tukey test). *, **, ***Sjgnificantly different from control cells (P<0.05, P<0.01 and
P<0.001, respectively).
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Table 1. *H and 3C NMR data (uni and bidimensional) of Sch-642305 (MeOD).

#C ic1 H1 HMBC Cosy
C=0 202.5 7.03; 2.66
C=0 173.8 2.68;2.54
=CH 149.5 7.03 (1H. dd) 4.22 5.96; 4.22
=CH 130.7 5.96 (1H.d. 10Hz)) 4.22 7.03
CH 74.8 5.05 (1H. m) 2.54;1.84 1.28
CH 67.2 4.22 (t 7.03;5.96; 2.54, 1.28; 1.40 7.03
CH 47.8 2.66 5.96;4.22;2.68; 2.54;2.17;

1.09
CH> 39.9 2.68;2.54 2.83 2.83
CH 37.9 2.83(t 7.03; 2.68; 2.54; 2.17 2.68; 2.54
CH> 30.5 1.40 (m 1.28 2.07
CH2 24.3 2.17 (m; 1.09 (t) 2.66; 1.40; 1.09 2.16; 1.56
CH2 24.2 1.84;1.24 5.05 1.84;1.24
CH2 22.8 1.56;1.34 2.66;1.84; 1.40; 1.09 1.09

CHs 18.7 1.28 (6H. d)
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5. Concluséao

O presente estudo descreveu o efeito antiglioma de extratos brutos e

fracionados, bem como a identificacdo e atividade da lactona Sch-642305

produzida por fungo endofitico isolado a partir de A. satureioides, sendo a

primeira evidéncia a cerca da composi¢ao endofitica da Marcela.

Os extratos brutos de DCM e AcoEt apresentaram citotoxicidade sobre
linhagens de glioma C6 e U87, entretanto o eDCM exibiu efeitos anti-
proliferativos mais significativos quando comparado ao eAcoEt. Ambos
0s extratos induziram morte celular por apoptose sobre linhagem de
glioma C6.

As fracbes F3pcm € F3acoet provenientes respectivamente de eDCM e
eAcoEt, exibiram propriedades antiglioma sobre linhagem C6 induzindo
apoptose e apoptose tardia, respectivamente com acumulo de células
em Sub-Gl1 e G2/M. Sugere-se ainda, que tais efeitos estédo
relacionados com o potencial de ambas as fracdes em modular o
sistema redox do tumor. Entretanto, a F3pcm reduziu siginificativamente
a viabilidade e proliferacéo celular, bem como a habilidade formadora de
colbénias quando comparada a fragdo F3acokt.

Importante ressaltar que os extratos brutos e fracionados nao alteraram
a viabilidade celular de células n&o transformadas, exibindo efeito
antiglioma seletivo.

Baseado no superior potencial da fracdo F3pcw, mediante analises
guimicas, foi possivel identificar a presenca da lactona Sch-642305, a
gual reduziu a proliferacdo celular de linhagem de glioma C6 induzindo
morte celular por apoptose e parada no ciclo em G2/M. Além disso, esta
lactona atuou suprimindo a producdo de EROs devido ao aumento da
atividade do sistema de defesa antioxidante.

No presente traballho foi possivel isolar um composto proveniente da
fracdo F4pcwm, a qual exibiu efeitos citotdxicos in vitro sobre linhagens de
glioma C6 e U887MG. O composto foi identificado como 5-metil-meleina,
entretanto estudos s&@o necessarios a fim de elucidar seus efeitos

antiglioma.
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Com base nos dados apresentados neste estudo, pode-se inferir que a
atividade antiglioma desencadeada pela fracdo F3pcm, seja devido a
presenca da lactona Sch-642305. Este estudo corrobora com demais dados
da literatura que revelam o elevado potencial dos fungos endofiticos na
producdo de compostos farmacoldgicos, destacando o papel de Sch-
642305 como uma possivel ferramenta para terapia antiglioma,
encouranjando a busca de novos compostos bioativos com propriedades

terapéuticas.



70

Referéncias

AMNA, T.; PURI, S. C.; VERMA, V.; SHARMA, J. P.; KHAJURIA, R. K.;
MUSARRAT, J.; SPITELLER, M.; QAZI, G. N. Bioreactor studies on the
endophytic fungus Entrophospora infrequens for the production of an anticancer
alkaloid camptothecin, Canadian Journal of Microbiology, v. 52, n. 3, p. 189-
196, 2006.

AZEVEDQO, J. L. Microrganismos endofiticos. Ecologia microbiana, p. 117-
137, 1998.

BARATA, L. E. S.; ALENCAR, A. A. J.; TASCONE, M.; TAMASHIRO, J. Plantas
medicinais brasileiras — Achyrocline satureioides (Lam.) DC. (Macela). Revista
Fitos, v. 4,n. 1, p. 120-125, 2009.

BARRQOS, B. S.; DA SILVA, J. P.; FERRO, J. N. S.; AGRA, |. K. R.; BRITO, F.
A.; ALBUQUERQUE, E. D.; CAETANO, L. C.; BARRETO, E. Methanol extract
from mycelium of endophytic fungus Rhizoctonia sp. induces antinociceptive
and anti-inflammatory activities in mice. Journal of Natural Medicines, v. 65,
n. 3-4, p. 526-531, 2011.

Bi, Y. M.; Bi, X. B.; FANG, A.; Zhao, Q. R. Metabolites from the fungus
Cephalosporium sp. AL031. Archives of Pharmacal Research, v. 30, n. 3, p.
267-269, 2007.

BIDONE, J.; ARGENTA, D. F.; KRATZ, J.; PETTENUZZO, L. F.; HORN, A. P.;
KOESTER, L. S.; BASSANI, V. L.; SIMOES, C. M. O.; TEIXEIRA, H. F.
Antiherpes activity and skin/mucosa distribution of flavonoids from Achyrocline
satureioides extract incorporated into topical nanoemulsions. BioMed
Research International, v. 15, p. 1-7, 2015.

CAIRNS, R. A;; HARRIS, I. S.; MAK, T. W. Regulation of cancer cell
metabolism. Nature Reviews Cancer, v. 11, n. 2, p. 85-95, 2011.

CARINI, J. P.; KLAMT, F.; BASSANI, V. L. Flavonoids from Achyrocline
satureioides: promising biomolecules for anticancer therapy. RSC Advances, v.
4,n.7,p. 3131-3144, 2014.



71

CASERO, C.; MACHIN, F.; MENDEZ-ALVAREZ, S.; DEMO, M.: RAVELO, A.
G.: PEREZ-HERNANDEZ, N.; JOSEPH-NATHAN, P.: ESTEVEZ-BRAUM, A.
Structure and antimicrobial activity of phloroglucinol derivatives from
Achyrocline satureioides. Journal of Natural Products, v. 78, n. 1, p. 93-102,
2014.

CHANDRA, S. Endophytic fungi: novel sources of anticancer lead molecules.
Applied Microbiology and Biotechnology, v. 95, n. 1, p. 47-59, 2012.

CHANDRA, S.; BANDOPADHYAY, R.; KUMAR, V.; CHANDRA, R.
Acclimatization of tissue cultured plantlets: from laboratory to land.
Biotechnology Letters, v. 32, n. 9, p. 1191-1205, 2010.

CHEN, L.; ZHANG, Q. Y.; JIA, M.; MING, Q. L.; YUE, W.; RAHMAN, K.; QIN, L.
P.; HAN, T. Endophytic fungi with antitumor activities: Their occurrence and
anticancer compounds. Critical reviews in microbiology, v. 42, n. 3, p. 454-
473, 2016.

CLAYDON, N.; GROVE, J.F.; POPLE, M. EIm bark beetle boring and feeding
deterrents from Phomopsis oblonga. Phytochemistry, v. 24, n. 5, p. 937-943,
1985.

COSENTINO, M.; BOMBELLI, R.; CARCANO, E.; LUINI, A.; MARINO, F.;
CREMA, F.; DAJAS, F.; LECCHINI, S. Immunomodulatory properties of
Achyrocline satureioides (Lam.) D.C. infusion: A study on human leukocytes.
Journal of Ethnopharmacology, v. 116, n. 3, p. 501-507, 2008.

DAl J.; KROHN, K.; FLORKE, U.; GEHLE, D.; AUST, H. J.; DRAEGER, S;
SCHULZ, B.; RHEINHEIMER, J. Novel highly substituted biraryl ethers,
phomosines d—g, isolated from the endophytic fungus Phomopsis sp. from
Adenocarpus foliolosus. European Journal of Organic Chemistry, v. 2005, n.
23, p. 5100-5105, 2005.

DE SOUZA, K.C.B.; BASSANI, V.L.; SCHAPOVAL, E.E.S. Influence of
excipients and technological process on anti-inflammatory activity of quercetin
and Achyrocline satureioides (Lam.) D.C. extracts by oral route.
Phytomedicine, v. 14, n. 2-3, p. 102-108, 2007.

DEBLE, L. P. O género Achyrocline (Less.) DC. (Astereaceae:Gnaphalieae)
no Brasil. 134 f. 2007. Tese (Doutorado em Engenharia Florestal) — Programa
de Po6s-Graduacdo em Engenharia Florestal, Universidade Federal de Santa
Maria, Santa Maria. 2007.



72

DEL BO, C.; PORRINI, M. D.; KLIMIS-ZACAS, D.; RISO, P. Berries and
oxidative stress markers: an overview of human intervention studies. Food &
function, v. 6, n. 9, p. 2890-2917, 2015.

FOGARASI, E.; CROITORU, M. D.; FULOP, I.; MUNTEAN, D. L. Isthe
Oxidative Stress Really a Disease? Acta Medica Marisiensis, v. 62, n. 1, p.
112-120, 2016.

FURNARI, F. B.; FENTON, T.; BACHOO, R. M.; MUKASA, A.; STOMMEL, J.
M.; STEGH, A.; HAHN, W. C.; LIGON, K. L.; LOUIS, D. N.; BRENNAN, C.;
CHIN, L.; DE PINHO, R. A.; CAVENEE, W. K. Malignant astrocytic glioma:
genetics, biology, and paths to treatment. Genes and Development, v. 21, n.
21, p. 2683-2710, 2007.

GARCIA, A.; RHODEN, S. A.; BERNARDI-WENZEL, J.; ORLANDELLI, R. C;;
AZEVEDO, J. L.; PAMPHILE, J. A. Antimicrobial activity of crude extracts of
endophytic fungi isolated from medicinal plant Sapindus saponaria L. Journal
of Applied Pharmaceutical Science, v. 2, p. 35, 2012.

GUO, B.; LI, H.; ZHANG, L. Isolation of the fungus producing vimblastine.
Journal of Yunnan University (Natural Sciences), v. 20, n. 3, p. 214-215,
1998.

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

HUSE, J. T.; HOLLAND, E. C. Targeting brain cancer: advances in the
molecular pathology of malignant glioma and medulloblastoma. Nature
Reviews: Cancer, v. 10, n. 5, p. 319-331, 2010.

IGHODARO, O. M.; AKINLOYE, O. A. First line defence antioxidants-
superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase
(GPX): Their fundamental role in the entire antioxidant defence grid. Alexandria
Journal of Medicine, 2017.

ILKANIZADEH, S.; LAU, J.; HUANG, M.; FOSTER, D. J.; WONG, R.; FRANTZ,
A.; WANG, S.; WEISS, W. A.; PERSSON, A. I. Glial progenitors as targets for
transformation in glioma. Advances in cancer research, v. 121, p. 1, 2014.



73

Instituto Nacional de Cancer José Alencar Gomes da Silva. Estimativa 2018:
incidéncia de cancer no Brasil. Rio de Janeiro, p. 41, 2017. Disponivel em:
<http://www.inca.gov.br/estimativa/2018/estimativa-2018.pdf>. Acesso em: 12
de dezembro de 2017.

JIA, M.; CHEN, L.; XIN, H. L.; ZHENG, C. J.; RAHMAN, K.; HAN, T.; QIN, L. P.
Friendly relationship between endophytic fungi and medicinal plants: a
systematic review. Frontiers in Microbiology, v. 7; p. 1-14, 2016.

KAINA, B.; CHRISTMANN, M.; NAUMANN, S.; ROOS, W. P. MGMT: key
nodein the battle against genotoxicity, carcinogenicity and apoptosis induced by
alkylating agents. DNA Repair, v. 6, n. 8, p. 1079-1099, 2007.

KHARWAR, R. N.; MISHA, A.; GOND, S. K.; STIERLE, D. Anticancer
compounds derived from fungal endophytes: their importance and future
challenges. Natural Product Reports, v. 28, n. 7, p. 1208-1228, 2011.

KURIAKOSE, G. C.; PALEM, P. P. C.; JAYABASKARAN, C. Fungal vincristine
from Eutypella spp - CrP14 isolated from Catharanthus roseus induces
apoptosis in human squamous carcinoma cell line - A431. BMC
Complementary and Alternative Medicine, v. 16, n. 1, p. 1-8, 2016.

KUSARI, S.; SPITELLER, M. Are we ready for industrial production of bioactive
plant secondary metabolites utilizing endophytes? Natural Product Report, v.
28, n. 7, p. 1203-1207, 2011.

KUSARI, S.; ZUHLKE, S.; SPITELLER, M. An endophytic fungus from
Camptotheca acuminate that produces camptothecin and analogues. Journal
of Natural Products, v. 72, n. 1, p. 2-7, 2009.

LACAVA, P. T.; ANDREOTE, F. D.; AZEVEDO, J. L. Metabdlitos secundarios
produzidos por micro-organismos endofiticos. In: Marcia do Vale Barreto
Figueiredo; Helio Almeida Burity; Newton Pereira Stamford; Caroline Etienne de
Rosalia e Santos. (Org.). Micro-organismos e Agrobiodiversidade: o novo
desafio para agricultura. 1 ed. Guaiba: AgroLivros, 2008, v. 1, p. 209-228.

LEMEE, J. M.; CLAVREUL, A.; MENEI, P. Intratumoral heterogeneity in
glioblastoma: don’t forget the peritumoral brain zone. Neuro-Oncology, v. 17,
n. 10, p. 1322-1332, 2015.


http://www.inca.gov.br/estimativa/2018/estimativa-2018.pdf

74

LORENZI, H., MATOS, F. Plantas medicinais no Brasil: nativas e exdticas
cultivadas. Nova Odessa, SP. Instituto Plantarum, p. 131, 2002.

LORENZO, D.; ATTI-SERAFINI, L.; SANTOS, A. C.; FRIZZO, C. D.; PAROUL,
N.; PAZ, D.; DELLACASSA, E.; MOYNA, P. Achyrocline satureioides essential
oils from Southern Brazil and Uruguay. Planta Medica, v. 66, n. 5, p. 476-477,
2000.

LOUIS, D. N.; OHGAKI, H.; WIESTLER, O. D.; CAVENEE, W. K.; BURGER, P.
C.; JOUVET, A.; SCHEITHAUER, B. W.; KLEIHUES, P. The 2007 WHO
classification of tumours of the central nervous system. Acta
neuropathologica, v. 114, n. 2, p. 97-109, 2007.

LOUIS, D. N.; PERRY, A.; REIFENBERGER, G.; DEIMLING, A. V.;
FIGARELLA-BRANGER, D.; CAVENEE, W. K.; OHGAKI, H.; WIESTLER, O.
D.; KLEIHUES, P.; ELLISON, D. W. The 2016 World Health Organization
Classification of Tumors of the Central Nervous System: a summary. Acta
Neurophatologica, v. 131, n. 6, p. 803-820, 2016.

MARTINEZ-MARTOS, J. M.; MYAS, M. D.; CARRERA, P.; DE SAAVEDRA, J.
M. A.; SANCHEZ-AGESTA, R.; ARRAZOLA, M.; RAMIREZ-EXPOSITO, M. J.
Phenolic compounds oleuropein and hydroxytyrosol exert differential effects on
glioma development via antioxidant defense systems. Journal of Functional
Foods, v. 11, p. 221-234, 2014.

NISA, H.; KAMILI, A. N.; NAWCHOQO, I. A.; SHAFI, S.; SHAMEEM, N.; BANDH,
S. A. Fungal endophytes as prolific source of phytochemicals and other
bioactive natural products: A review. Microbial Pathogenesis, v. 82, p. 50-59,
2015.

OHGAKI, H.; KLEIHUES, P. Genetic pathways to primary and secondary
glioblastoma. The American Journal of Pathology, v. 170, n. 5, p. 45-53,
2007.

OHGAKI, H.; KLEIHUES, P. The definition of primary and secondary
glioblastoma. Clinical Cancer Research, v. 19, n. 4, p. 764-772, 2013.

OSTROM, Q. T.; GITTLEMAN, H.; STETSON, L.; VIRK, S.; BARNHOLTZ-
SLOAN, J. S. Intracranial gliomas: part | — surgery. In. CHERNOV, M. F.;
MURAGAKI, Y.; KESARI, S.; MCCUTCHEON, I. E. Progress in Neurological
Surgery. Vol. 30, New York, 2017. p. 1-11.



75

OSTROM, Q. T.; GITTLEMAN, H.; LIAO, P.; ROUSE, C.; CHEN, Y.;
DOWLING, J.; WOLINSKY, Y.; KRUCHKO, C.; BARNHOLZ-SLOAN, J.
CBTRUS statistical report: primary brain and central nervous system tumors
diagnosed in United States in 2007-2011. Neuro-Oncology, v. 16, n. suppl_4,
p. 1-63, 2014.

PINTO, L. D. Atividade antimicrobiana e caracterizacdo molecular de
microrganismos endofiticos isolados de folhas de Lonchocarpus
guilleminianus (Tul.) Malme (rabo-de-macaco). 2003. Dissertacao (Mestre
em Genética) — Centro de Ciéncias Biologicas, Universidade Federal de
Pernambuco, Recife, 2003.

PORRAS-ALFARO, A.; BAYMAN, P. Hidden fungi, emergent properties:
endophytes and microbiomes. Annual Review of Phytopathology, v. 49, p.
291-315, 2011.

RAMIREZ, Y. P.; WEATHERBEE, J. L.; WHEELHOUSE, R. T.; ROSS, A. H.
Glioblastoma multiforme therapy and mechanisms of resistance.
Pharmaceuticals, v. 6, n. 12, p. 1475-1506, 2013.

RETTA, D.; DELLACASSA, E.; VILLAMIL, J.; SUAREZ, S. A.; BANDONI, A. L.
Marcela, a promising medicinal and aromatic plant from Latin America: A
review. Industrial Crops and Products, v. 38, p. 27-38, 2012.

RINALDI, M.; CAFFO, M.; MINUTOLI, L.; MARINI, H.; ABBRITTI, R. V;
SQUADRITO, F.; TRICHILO, V.; VALENTINI, A.; BARRESI, V.; ALTAVILLA, D.;
PASSALACQUA, M.; CARUSO, G. ROS and brain gliomas: an overview of
potential and innovative therapeutic strategies. International journal of
molecular sciences, v. 17, n. 6, p. 984, 2016.

RODRIGUEZ, R. J.; WHITE JR, J. F.; ARNOLD, A. E.; REDMAN, A. R. A.
Fungal endophytes: diversity and functional roles. New Phytologist, v. 182, n.
2, p. 314-330, 2009.

RUFFA, M. J.; FERRARO, G.; WAGNER, M. L.; CALCAGNO, M. L.; CAMPOS,
R. H.; CAVALLARQO, L. Cytotoxic effect of Argentine medicinal plant extracts on
human hepatocellular carcinoma cell line. Journal of Ethnopharmacology, v.
79, n. 3, p. 335—-339, 2002.



76

SALAZAR-RAMIRO, A.; RAMIREZ-ORTEGA, D.; PEREZ DE LA CRUZ, V.;
HERNANDEZ-PEDRO, N.; GONZALEZ-ESQUIVEL, D. F.; SOTELO, J.;
PINEDA, B. Role of redox status in development of glioblastoma. Frontiers in
immunology, v. 7, p. 1-15, 2016.

SALGUEIRO, A. C. F.; FOLMER, V.; DA ROSA, H. S.; COSTA, M. T,;
BOLIGON, A. A.; PAULA, F. R.; ROOS, D. H.; PUNTEL, G. O. In vitro and in
silico antioxidant and toxicological activities of Achyrocline satureioides.
Journal of Ethnopharmacology, v.16, p. 1-27, 2016.

SANTIN, J. R.; LEMOS, M.; JUNIOR, L. C. K.; NIERO, R.; DE ANDRADE, S. F.
Antiulcer effects of Achyrocline satureoides (Lam.) DC (Asteraceae) (Marcela),
a folk medicine plant, in different experimental models. Journal of
Ethnopharmacology, v. 130, n. 2, p. 334-339, 2010.

SATHORNSUMETEE, S.; RICH, J. N. Designer therapies for glioblastoma
multiforme. Annal of the New York Academy of Sciences, v. 1142, n. 1, p.
108-132, 2008.

SCHIEBER, M.; CHANDEL, N. S. ROS function in redox signaling and oxidative
stress. Current biology, v. 24, n. 10, p. R453-R462, 2014.

SOSA, V.; MOLINE, T.; SOMOZA, R.; PACIUCCI, R.; KONDOH, H.;
LLEONART, M. E. Oxidative stress and cancer: an overview. Ageing research
reviews, v. 12, n. 1, p. 376-390, 2013.

SOUZA, K. C. B. Avaliacéo biolégica de preparacdes obtidas das
inflorescéncias de Achyrocline satureioides (Lam.) DC. (Marcela). 2002.
Porto Alegre, Tese (Doutorado) — Faculdade de Farmacia, Universidade
Federal do Rio Grande do Sul. 2002.

STIERLE, A.; STROBEL, G. STIERLE, D. Taxol and taxane production by
Taxomyces andreanae an endophytic fungus on Pacific yew. Science, v. 260,
n. 5105, p. 214-216, 1993.

STROBEL, G. A. Endophytes as sources of bioactive products. Microbes and
Infection, v.5, n. 6, p. 535-544, 2003.



77

STROBEL, G.; DAISY, B. Bioprospecting for microbial endophytes and their
natural products. Microbiology and molecular biology reviews, v. 67, n. 4, p.
491-502, 2003.

STROBEL, G. A.; LONG, D.M. Endophytic microbes embody pharmaceutical
potential. ASM News, v. 64, n. 5, p. 263-268, 1998.

STUPP, R.; MASON, W. P.; VAN DEN BENT, M. J.; WELLER, M.; FISHER, B.;
TAPHOORN, M. J. B.; BELANGER, K.; BRANDES, A. A.; MAROSI, C.;
BOGDAHN, U.; CURSCHMANN, J.; JANZER, R. C.; LUDWIN, S. K.; GORLIA,
T.; ALLGEIER, A.; LACOMBE, D.; CAIRNCROSS, J. G.; EISENHAUER, E.;
MIRIMANOFF, R. O. Radiotherapy plus concomitant and adjuvant
temozolomide for glioblastoma. The New England Journal of Medicine, v.
352, n. 10, p. 987-996, 2005.

STUPP, R.; HEGI, M. E.; GILBERT, M. R.; CHAKRAVARTI, A.
Chemoradiotherapy in malignant glioma: standard of care and future directions.
Journal of Clinical Oncology, v. 25, n. 26, p. 27-36, 2007.

TAN, J.; QI, H.; NI, J. Extracts of endophytic fungus xkc-s03 from Prunella
vulgaris L. spica inhibit gastric cancer in vitro and in vivo. Oncology Letters, v.
9, n. 2, p. 945-949, 2015.

THOMAS, C. M.; WOOD, R. C.; WYATT, J. E.; PENDLETON, M. H.;
TORRENEGRA, R. D.; RODRIGUEZ, O. E.; HARIRFOROOSH, S.;
BALLESTER, M.; LIGHTNER, J.; KRISHNAN, K.; RAMSAUER, V. P. Anti-
neoplastic activity of two flavone isomers derived from Gnaphalium elegans and
Achyrocline bogotensis. PloS one, v. 7, n. 6, p. e39806, 2012.

TRACHOOTHAM, D.; ALEXANDRE, J.; HUANG, P. Targeting cancer cells by
ROS-mediated mechanisms: a radical therapeutic approach? Nature reviews
Drug discovery, v. 8, n. 7, p. 579-591, 2009.

VILLALVA, C.; MARTIN-LANNEREE, S.; CORTES, U.; DKHISSI, F.; WAGER,
M.; LE CORF, A.; TOURANI, J. M.; DUSANTER-FOIRT, I|.; TURHAN, A. G.;
KARAYAN-TAPON, L. STAT3 is essential for the maintenance of neurosphere-
initiating tumor cells in patients with glioblastomas: a potential for targeted
therapy? International Journal Cancer, v. 128, n. 4, p. 826-838, 2012.

WANG, J.; COX, D. G.; DING, W.; HUANG, G.; LIN, Y.; LI, C. Three new
Resveratrol derivatives from the mangrove endophytic fungus Alternaria sp.
Marine Drugs, v. 12, n. 5, p. 2840-2850, 2014.



78

WALKER, J. The study of the effect of two flavone isomers derived from
Gnaphalium elegans and Achyrocline bogotensis in breast cancer. 2013.

WEN, P. Y.; KESARI, S. Malignant gliomas in adults. The New England
Journal of Medicine, v. 359, n. 5, p. 492-507, 2008.

WEN, P., Y.; REARDON, D. A. Neurology in 2015: Progress in glioma
diagnosis, classification and treatment. Nature Neurology, v. 12, n. 2, p. 69-70,
2016.

WILSON, T. A.; KARAJANNIS, M. A.; HARTER, D. H. Glioblastoma multiforme:
State of the art and future therapeutics. Surgical Neurology International, v.
5, p. 64, 2014.

YADAV, M.; YADAV, A.; YADAYV, J. P. In vitro antioxidant activity and total
phenolic content of endophytic fungi isolated from Eugenia jambolana Lam.
Asian Pacific Journal of Tropical Medicine, v. 7, p. 256-261, 2014.

ZAMPIERON, R. G. Estudo quimico e potencial antioxidante de espécies
vegetais utilizadas na medicina popular de Mato Grosso do Sul —
Achyrocline alata(Kunth) DC. e Achyrocline satureoides (Lam.) DC. —
Astereacea. 2010. 141 f. Campo Grande, Tese (Doutorado em Ciéncias da
Saude) — Programa de Pés-Graduacao em Ciéncias da Saude, Universidade
de Brasilia, Campo Grande. 2010.

ZHANG, J.; STEVENS, M. F.; BRADSHAW, T. D. Temozolomide: mechanisms
of action, repair and resistance. Current Molecular Pharmacology, v. 5, n. 1,
p. 102-114, 2012.

ZHANG, L.; GUO, B.; LI, H.; ZENG, S.; CHAO, H.; GU, S.; WEI, R. Preliminary
study on the isolation of endophytic fungus of Cathatanthus roseus and its
fermentation on produce products of therapeutic value. Chinese Traditional
and Herbal Drugs, v. 31, n. 11, p. 805-807, 2000.



ANEXOS

79



80

Anexo A — Esquema representando a produc¢ao dos extratos brutos
e fracionados

micélio (0.8 cm) inoculado
no meio hatata-dextrose
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Anexo B — Carta de aprovac&o no Comité de Etica em
Experimentacdo Animal (CEEA)

Pelotas, 04 de agosto de 2016

Certificado

Certificamos que a proposta intitulada "Caracterizagio avaliagfio das
atividades antitumoral ¢ antioxidante de extratos de fungo endofitico isolado a
partir de Achyrocline satureoides", registrada com o n°231 10.004755/2016-15, sob a
responsabilidade de Roselia Maria Spanevello- que envolve a produgdo, manutengio
ou utilizagio de animais pertencentes ao filo Chordata, subfilo Vertebrata (exceto
humanos), para fins de pesquisa cientifica (ou ensino) — encentra-se de acordo com 0s
preceitos da Lei n° 11.794, de 8 de outubro de 2008, do Decreto n°® 6.899, de 15 de jutho
de 2009, ¢ com as normas editadas pelo Conselho Nacional de Contole de
Experimentagéio Animal (CONCEA), & recebeu parecer FAV ORAVEL a sua execucio
pela Comissiio de Ftica em Experimentagdo Animal, em reunido de 04/07/2016.

| Finalidade ( X ) Pesquisa ( )Ensino

| Vigéneia da auforizagao | 15/08/2016 a 15/08/2018 ]
| Espécie/linhagem/raca Rattus norvegicus/ Wistar

{ N° de animais 12 N
| Idade 1-3 dias ]
[ Sexo Machos ¢ Fémeas o

{ Origem . Biotério Central - UFPel ]

Solicitamos, apés tomar ciéncia do parecer, reenviar o processo 3 CEEA.
Satientamos também a necessidade deste projeto ser cadastrado junto ao COIBALTO
para posterior registro no COCEPE (codigo para cadastro n® CEEA 4755-2016).

[ oot
Nt

M.V. Dra. Anelize de Oliveira Campelle Felix
Presidente da CEEA

Cieote em: O3 7 \Q 12016
4 Ok
Assinatura do Professor Responsével: - mﬁj M
r o {




82

Anexo C - Elucidacédo quimica do composto 1
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Figura 1. Espectro de RMN de 1H do composto 1 (MeOD, 600 MHz).
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Figura 2. Espectro de RMN de 3C do composto 1 (MeOD, 150 MHz).
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Figura 3. Espectro de RMN- 1H-'HCOSY do composto 1 (MeOD).
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Figura 5. Espectro de RMN- *H-3CHMBC do composto 1 (CDCls, 600 MHz).
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Anexo D - Elucidacdo quimica do composto 2 obtido a partir da fragcéo
I:4DCM

No presente estudo foi possivel ainda identificar o composto 2
proveniente de F4pcwm, fracdo menos efetiva a qual apresentou valores de ICso
variando entre 7.38 pg/mL e 15.20 pg/mL sobre linhagens de glioma C6 e U87,
apos 48 h de exposicéao.

O espectro de RMN 'H (CDCls) do composto 2 (Figura 1) apresentou um
singleto largo em 0 10,99 (1H, s, OH-8) caracteristico de hidroxila quelada,
dupletosem 0 7.28 (1H, d, H-10, J=8.5 Hz) e 6.81 (1H, d, J=10 Hz, H-7)
associados a hidrogénios aromaticos orto-posicionados, sinal em o 4.67 (1H,
m, H-3) relacionado a hidrogénio de carbono oxigenado, sinais de hidrogénios
metilénicos diasterotépicos em 0 2.94 e 2.71 (2H, dd), além dois de hidrogénios
metilicos em 0 2.19 e 1.55 (3H, s, 3-Me e 5 Me). O espectro de RMN 13C
(Figura 2) mostrou onze linhas espectrais, das quais uma em 0 170,5 (C-1) foi
associada a carbonila de éster/lactona e seis delas na regido de 0 160.6-108.3
foram atribuidas a carbonos benzénicos, sendo a ressonancia em 0 160.6 (C-8)
condizente com carbono sp? oxigenado. Além disso, a ressonancia em 0 75.3
(C-3) foi referente a carbono sp® oxigenado (Tabela 1).

Através do espectro de RMN-'H-I3CHSQC editado (Figura 3) do
composto 2 foram identificados trés carbonos metinicos, um carbono
metilénico, dois carbonos metilicos e cinco carbonos ndo hidrogenados. As
informacfes reunidas até aqui permitiram deduzir a férmula molecular do
composto 2 como sendo Ci11H1103, a qual corresponde a um IDH de 6. Entéo,
foi proposta uma estrutura de uma benzolactona.

O espectro de RMN-1H-13CHMBC (Figura 4) permitiu a caracterizacao do
anel fendlico por meio das seguintes correlacées a duas e trés ligacdes: sinais
dos hidrogénios aromaticos em (4 7.28 e 6.81 (H-6 e 7) com os carbonos
aromaticos em {c 160.6 (C-8), 137.1 (C-10), 124.8 (C-5) e 108.3 (C-9). Os
acoplamentos dos hidrogénios em {4 10.99 e 2.19 (OH-8 e CHs-5) com os
carbonos em (c 160.6 (C-8) e 124.8 (C-5) definiram as posicdes da hidroxila
fendlica e da metila nos carbonos 8 e 5, respectivamente.O anel lactdnico foi

caracterizado pelos acoplamentos J* dos hidrogénios alifaticos em 0 2.71 (H-4)



85

e 1.55 (CH3-3) com a carbonila em §c 170.5 (C-1). A juncdo dos anéis
benzénico e lactonico foi confirmada pelo acoplamento dos hidrogénios
aromaticos em 0y 6.81 (H-7) com a carbonila em {c 170.5 (C-1) bem como
através da correlacdo dos hidrogénios metilénicos com carbonos aromaticos
em 0c 137.1 (C-10),124.8 (C-13) e 108.3 (C-9) (Figura 5).

Dessa forma, o composto 2 foi determinado como sendo 5-metil-
meleina, uma dihidro-isocumarina isolada previamente de Phomopsis
(CLAYDON et al, 1985; DAI et al., 2005) e Cephalosporium (BI et al., 2007).
Além disso, os dados de RMN 'H e 13C estdo em concordancia com os da
literatura (Bl et al., 2007) (Tabela 2).

Figura 1. Estrutura quimica do composto 2.

Figura 2. Espectro de RMN de *H do composto 2 (CDCls, 600 MHz).
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Figura 3. Espectro de RMN de 3C do composto 2 (CDClz, 150 MHz).

Figura 4. Espectro de RMN- 'H-1¥3CHSQC editado do composto 2 (CDCls).

Figura 5. Espectro de RMN- *H-23CHMBC do composto 2 (CDCls, 600 MHz).
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Tabela 1. Dados de RMN de *H e 3C (uni e bidimensional) do composto 2 (CDCls).

#C iC H HMBC COSY
composto 2 composto 2

C=0 1705 - 6,81; 1,55

=C-0  160,6 - 10,99; 7,28; 6,81; 2,71; 2,19

=CH 137,9 7,28 (d, 1H, 8,5) 10,99; 2,19

=C- 137,1 - 7,28; 2,94; 2,71; 6,81; 4,67; 1,55

=C- 124,8 6,81; 2,94; 2,71; 2,19

=CH 115,7 6,81 (d, 1H, 8,5) 10,99

=C- 108,3 - 10,99; 6,81; 2,94; 2,71; 2,19

O-CH 753 4,67 (m, 1H) 2,71; 1,55

CH:2 31,8 2,94: 2,71 1,55

CHs 20,8 1,55 2,71

CHs 18,0 2,19 7,28

OH 10,99

Tabela 2. Comparacao dos dados de RMN 1H e 13C do composto 2 com os da 5-metilmeleina (Bl
et al., 2007).

#C iC Composto 2 iH Composto 2 dC 5-metil-meleina  #H 5-metil-meleina
(150 MHz, CDCls)  (600MHz, CDCls) (125 MHz, CDCls) (125 MHz, CDCls)

1 170,5 - 169,2

8 160,6 - 154,4

6 137,9 7,28 (d, 1H,8,5)  140,6 7,21 (d, 1H, 8,6)

10 137,1 - 134,6

5 124,8 126,2

7 115,7 6,81 (d, 1H,8,5)  112,8 6,75 (d, 1H, 8,6)

9 108,3 - 106,4

3 75,3 4,67 (m, 1H) 77,8 4,68 (m, 1H)

4 31,8 2,94; 2,71 (dd) 29,6 2,95; 2,80 (dd)

5-Me 20,8 1,55 (s, 3H) 20,8 1,56 (s, 3H)

3-Me 18,0 2,19 (s, 3H) 19,7 2,18 (s, 3H)

OH 10,99 (s, 1H) 10,97
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