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RESUMO

Myracrodruon urundeuva (Aroeira do sertdo) e Apodanthera congestiflora sdo amplamente
utilizadas pela populacdo do nordeste do Brasil. Este trabalho teve como objetivo investigar
atividades biologicas de preparacdes e metabdlitos destas plantas. Extratos organicos da raiz de
A. congestiflora foram avaliados quanto a constituicdo quimica, atividades antioxidante,
citotoxica, hemolitica e antimicrobiana. As fracdes foram avaliadas quanto a constituicao,
citotoxicidade e atividade antimicrobiana. A cucurbitacina isolada foi investigada quanto a
citotoxicidade. Valores de Clsg para células cancerigenas variaram de 3,7 a 15,5 pg/mL (extrato
hexanico) e¢ de 18,02 a 32,0 ug/mL (acetato de etila). Na atividade hemolitica valores de CEs
variaram de 594,1 a 1.087 pg/mL. As fragdes exibiram Clsy entre 0,54 a 24,35 ug/mL. A
cucurbitacina foi citotoxica para células cancerigenas e normais, promovendo em HL-60
apoptose, necrose secundaria e despolarizacdo da membrana mitocondrial. A concentracao
minima inibitéria (CMI) e a concentracdo minima microbicida (CMM) dos extratos variaram
de 0,23 a 15 mg/mL e 1,87 a 15 mg/mL, respectivamente. Valores de CMI e CMM para as
fragbes variaram de 0,125 a 2,5 mg/mL e de 0,5 a 5 mg/mL, respectivamente. O extrato
hidroalcodlico de A. congestiflora foi avaliado quanto a constitui¢do, atividades antioxidante,
hemolitica, citotoxica, toxicidade aguda, genotoxicidade e mutagenicidade. Identificou-se
terpenos, alcaldides e baixa quantidade de compostos fendlicos. O extrato hidroalcoolico
apresentou atividade antioxidante (Clso de 81,29 pg/mL- teste do ABTS e de 64,79 pg/mL-
teste do DPPH), ndo apresentou atividade hemolitica e foi potencialmente citotoxico sobre
células normais. Na toxicidade, o extrato ndo promoveu alteraces em parametros fisioldgicos,
bioquimicos e hematoldgicos. Adicionalmente, ndo foi genotoxico ou mutagénico. Extratos,
fracbes proteicas e lectinas de cerne (MuHL), entrecasca (MuBL) e folha (MuLL) de M.
urundeuva foram avaliados quanto as atividades citotoxica, hemolitica, genotoxica e
mutagénica in vitro. Estes extratos e fragGes inibiram de 2,6 a 55% e de 3,8 a 63,3% a
viabilidade de células cancerigenas, respectivamente. Extratos e fracdes proteicas apresentaram
fraca citotoxicidade sobre linfocitos (inibicdo entre 3,81% e 17,58%). MuBL, MuHL e MuLL
reduziram a viabilidade de células cancerigenas variando de 10,51% a 42,36%, 6,35% a
62,56% e 26,8% a 68,2%, respectivamente. MuBL, MuHL e MuLL mostraram Clsq sobre
linfocitos de 58,41, 43,19 e 62,28 pg/mL, respectivamente, e percentual de hemélise variando
de 0 a 11,6. No ensaio cometa a frequéncia de danos promovida por MuBL, MuHL e MuLL na
maior concentragdo foi 33,5%, 35,67% e 65,2%, respectivamente. O nimero de microndcleos
na maior concentracao foi 7,91, 7,41 e 8,91 para MuBL, MuHL e MuLL, respectivamente. O
trabalho revelou que 1) extratos da raiz de A. congestiflora sdo agentes antimicrobianos e
extratos, fracdes organicas bem como a cucurbitacina isolada sdo citotoxicos sobre células
cancerigenas; 2) o extrato hidroalcodlico da raiz de A. congestiflora é fonte de compostos
antioxidantes sem efeitos sistémicos toxicos ou dano ao DNA,; 3) lectinas de M. urundeuva néao
promovem danos a eritrdcitos, sdo potencialmente citotoxicas a linfécitos humanos, com fraca
genotoxicidade e auséncia de mutagenicidade. Também foi definido que extratos, fragdes
proteicas e lectinas de M. urundeuva apresentaram fraca ou moderada citotoxicidade para
celulas cancerigenas.

Palavras-chave: Apodanthera. Aroeira do sertdo. citotoxicidade.



ABSTRACT

Myracrodruon urundeuva (Aroeira do sertdo) and Apodanthera congestiflora are used by the
population of northeastern Brazil. This work aimed to investigate biological activities of
preparations and metabolites from these plants. Organic extracts from A. congestiflora root
were evaluated for chemical composition, antioxidant activity, cytotoxicity, hemolytic and
antimicrobial activities. Fractions were evaluated for their constituents, cytoxicity and
antimicrobial activity. Cucurbitacin isolated was investigated for cytotoxicity. 1Cso values on
cancer cell lines ranged from 3.7 to 15.5 ug/mL (hexane extract) and from 18.02 to 32.0 ug/mL
(ethyl acetate extract). On hemolytic assay, ECsy values ranged from 594.1 to 1087 pg/mL.
Fractions showed ICso values ranging from 0.54 to 24.35 pg/mL. The cucurbitacin was
cytotoxic to cancer and normal cells, promoting on HL-60 apoptosis, secondary necrosis and
mitochondrial membrane depolarization. The Minimum inhibitory concentration (MIC) and the
Minimum microbicidal concentration (MMC) of the extracts ranged from 0.23 mg/mL to 15
mg/mL and from 1.87 to 15 mg/mL, respectively. MIC and MMC values for fractions ranged
from 0.125 to 2.5 mg/mL and from 0.5 to 5 mg/mL, respectively. The hydroalcoholic extract of
A. congestiflora was evaluated for composition, antioxidant, hemolytic and cytotoxic activities,
acute toxicity, genotoxicity and mutagenicity. Were identified terpenes, alkaloids and low
amount of phenolic compounds. Hydroalcoholic extract presented antioxidant activity (IC50 of
81.29 ug/mL- ABTS test and 64.79 ug/mL- DPPH test), showed no hemolytic activity and was
potentially cytotoxic to normal cells. On acute toxicity, the extract did not promote changes in
physiological, biochemical and hematological parameters. Additionally, the hydroalcoholic
extract was not genotoxic or mutagenic. Extracts, protein fractions and lectins from heartwood
(MuHL), bark (MuBL) and leaf (MuLL) from M. urundeuva were evaluated for cytotoxic,
hemolytic and in vitro genotoxic and mutagenic activities. These extracts and fractions
inhibited from 2.6 to 55% and from 3.8 to 63.3% the viability of cancer cells, respectively.
Extracts and protein fractions showed weak cytotoxicity on lymphocytes, with inhibition
percentage varying between 3.81% and 17.58%. MuBL and MuHL promoted reduction of the
viability of the cancer cells ranging from 10.51% to 42.36%, 6.35% to 62.56% and 26.8% to
68.2%, respectively. MuBL, MuHL and MuLL showed 1Cso lymphocytes of 58.41, 43.19 and
62.28 pug/mL, respectively and percentage of hemolysis ranged from 0 to 11.6. On comet assay,
frequency of damage promoted by MuBL, MuHL and MuLL at highest concentration was
33.5%, 35.67% and 65.2%, respectively. The number of micronuclei to the highest
concentration tested was 7.91, 7.41 and 8.91 to MuBL, MuHL and MuLL, respectively. This
work revealed that 1) A. congestiflora extracts are antimicrobial agents and extracts, fractions
and the cucurbitacin isolated are cytotoxic against cancer cells; 2) hydroalcoholic extract from
A. congestiflora is a source of antioxidant compounds without systemic toxic effects or
deleterious action on DNA,; 3) M. urundeuva lectins did not promote damage to erythrocytes,
showed to be potentially cytotoxic to human lymphocytes with weak genotoxicity and absence
of mutagenicity. Also, was defined that extracts, protein fractions and lectins from M.
urundeuva presented weak or moderately cytotoxicity on the cancer cell lines tested.

Keywords: Apodanthera. Aroeira do Sertdo. cytotoxicity.
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1 INTRODUCAO

As plantas sdo fontes de inUmeras substancias bioativas, que podem ser
empregadas diretamente ou atuar como protétipos para o desenvolvimento de novos
produtos, merecendo destaque entre estas substancias os metabdlitos secundarios, que
possuem inumeras aplicagdes, sobretudo para a industria farmacéutica (TAUR; PATIL,
2011; WANG et al., 2012). Tais substancias englobam uma ampla gama de moléculas
com imensa diversidade estrutural, cuja producdo estd atrelada a fatores como
temperatura, composicdo atmosférica, radiacao ultravioleta (UV), ataque de patdgenos,
idade do vegetal, agua e nutrientes disponiveis (GLOBO-NETO; LOPES, 2007;
CHAVES et al., 2013; SCHREINER et al., 2014).

Durante muito tempo 0s vegetais constituiram a Unica fonte de substancias
bioativas (KORNBERG, 1997). E apesar do grande numero de produtos sintéticos
disponiveis atualmente, a natureza permanece como a maior fonte de diversidade
estrutural, fornecendo novas substancias constantemente (CRAGG, GROTHAUS,
NEWMAN 2009). De fato, a busca continua por substancias bioativas tem
impulsionado a realizacdo de pesquisas visando isolar novos produtos ativos no
combate as doencas ou com potencial de impedir o desenvolvimento de doencas,
associados a baixos danos as estruturas normais.

Dessa forma, em virtude do aumento do nimero de casos de cancer e dos efeitos
deletérios a células normais associados & terapéutica atual, existe uma intensa busca por
produtos com atividade anticancer (TIKOO; SANE; GUPTA, 2010; SENGUPTA et al.,
2012; HOLOHAN et al., 2013). Substancias com atividade antimicrobiana também vém
sendo estudadas, uma vez que a imensa capacidade de adaptagdo dos microrganismos
provoca resisténcia aos antibidticos (SPELLBERG et al., 2008; GUZMAN-
RODRIGUEZ et al., 2014; VENUGOPAL; YARLA; UMADEYV, 2014). De fato, a
descoberta de moléculas bioativas obtidas a partir de plantas agrega valor a
biodiversidade.

Neste cenario, merece destaque Apodanthera congestiflora (Cucurbitaceae),
conhecida como batata de teill ou cabega-de-negro, que € uma planta endémica do
Brasil amplamente distribuida na regido nordeste do pais (LIMA, 2010). A raiz tuberosa
de A. congestiflora é utilizada pela populagdo como depurativo do sangue, para tratar
manchas de pele e para coceira e no combate a dores de coluna (ROQUE; ROCHA,
LOIOLA, 2010; SILVA et al., 2015). A auséncia de informaces cientificas sobre esta
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espécie justifica a necessidade de estudos que visem elucidar a composi¢do quimica e
propriedades bioldgicas de seus tecidos.

Outra espécie encontrada no bioma Caatinga € a Myracrodruon urundeuva
(Anacardiaceae), conhecida como aroeira do sertdo, uma planta endémica da América
do sul, e assim como a A. congestiflora, € amplamente distribuida na regido nordeste do
pais e utilizada pela populagdo para tratar inGmeras desordens, como doengas
dermatoldgicas e ginecologicas e do trato digestério (MATOS, 2002).

O uso de A. congestiflora na medicina tradicional justifica a investigacdo dessa
espécie quanto a presenca de moléculas com atividades bioldgicas de interesse para a
salide humana e os possiveis efeitos deletérios associados. Ainda, 0 uso popular e a
presenca de proteinas (lectinas) dotadas de acdo inseticida e antimicrobiana em M.
urundeuva, denotam a importancia da avaliacdo da seguranca do uso de preparacdes

bioativas em humanos, justificando a investigacdo do efeito das mesmas em células.
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2 OBJETIVOS
2.1 OBJETIVO GERAL

Avaliar propriedades bioldgicas de preparacdes brutas e produtos isolados de tecidos
das espécies Apodanthera congestiflora e Myracrodruon urundeuva.

2.2 OBJETIVOS ESPECIFICOS

e Determinar o perfil fitoquimico, atividade antioxidante, citotoxicidade e
atividade hemolitica dos extratos em hexano, acetato de etila e metanol da raiz
tuberosa de A. congestiflora, bem como das fragdes orgénicas obtidas a partir do

extrato mais ativo.

e Auvaliar a atividade antimicrobiana dos extratos em hexano, acetato de etila e
metanol da raiz tuberosa de A. congestiflora sobre bactérias gram-negativas,

gram-positivas, acido-alcool resistente e levedura;

e Analisar a agdo antimicrobiana das fraces obtidas a partir do extrato mais ativo
sobre linhagens de S. aureus provenientes de isolados clinicos;

e Investigar o principio ativo isolado a partir da fracdo mais ativa da raiz de A.
congestiflora quanto a citotoxicidade em células cancerigenas e normais, bem
como analisar as alteracdes morfoldgicas promovidas na linhagem leucémica
HL-60, através de microscopia éptica, e bioguimicas por citometria de fluxo

(externalizacdo da fosfatidilserina e potencial de membrana mitocondrial).

e Investigar o extrato hidroalcodlico da raiz tuberosa de A. congestiflora quanto a
constituicdo fitoquimica, atividade antioxidante, citotoxicidade in vitro sobre
células normais, atividade hemolitica e toxicidade aguda, genotoxicidade e

mutagenicidade in vivo.

e Determinar a toxicidade in vitro, atividade hemolitica e atividades genotoxica e
mutagénica in vitro, dos extratos salinos, fracdes protéicas e lectinas isoladas do
cerne (MuHL), entrecasca (MuBL) e folha (MuLL) de Myracrodruon

urundeuva.
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3 REFERENCIAL TEORICO

3.1 CICLO CELULAR

Uma nova célula surge a partir da duplicacdo de uma célula existente, dando
origem a duas células-filhas geneticamente idénticas a original, uma vez que neste
processo 0s cromossomos devem ser duplicados, sendo cada cOpia enviada para uma
célula filha diferente (YANG; HERRUP, 2007).

O ciclo celular (Figura 1) corresponde a todo o processo que envolve um periodo
de crescimento seguido por um periodo de divisdo da célula, podendo, portanto, ser
dividido em duas etapas, a intérfase e a mitose (fase M). Na intérfase a célula estad com
metabolismo elevado, se preparando para a etapa seguinte (a mitose). Esta etapa de
intenso metabolismo é dividida em trés fases: G1, S e G2. Na fase G1 ha sintese de
RNA e proteinas, com aumento do citoplasma. Essa fase € a que apresenta maior
duracdo. Ainda em G1, em um ponto de checagem, a célula pode entrar em um estado
quiescente (GO) e ndo prosseguir a divisdo, ou continuar e seguir para a fase S. Na fase
S ocorre a replicacdo do DNA e a célula segue para a fase G2, na qual se prepara para a
mitose através da sintese de proteinas e de crescimento celular. Posteriormente, na
mitose, a cromatina se condensa progressivamente e 0os cromossomos duplicados sdo
separados, através das fibras do fuso, em pdlos opostos em dois conjuntos e sao
divididos de forma equitativa nas duas células formadas. Em seguida, ocorre a
citocinese, que € o processo de divisdo do citoplasma da célula original, para formacéo
das duas novas células filhas (ALBERTS, 2010).
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Figura 1. llustracdo esquematica do ciclo celular

Célulaclone

Mitose |

Inicio

2° ponto de restrigdo |
| Produgdo de
novas proteinas

Preparagdo |
paraa divisdo

| Estad t
Sintese de DNA T stado quiescente

1° ponto de restrigdo

Fonte: ROBINSON; OSORIO (2001).

Ao longo do ciclo ha alguns pontos de checagem que controlam a progressédo da
célula, permitindo ou ndo o seu avanco no ciclo. Em cada ponto de checagem héa a
verificagdo da integridade do DNA, com a ativagdo da parada do ciclo e acionamento de
mecanismos de reparo no caso de identificacdo de alteracdes. Estes pontos ocorrem na
transicdo G1/S e G2/M. Ainda, durante a anafase também ha um ponto de checagem,
com blogueio do ciclo caso as cromatides ndo estejam corretamente montadas no fuso
mitdtico. Essa checagem acontece normalmente em células normais, mas em células
cancerigenas essa capacidade é perdida, fazendo com que a célula prolifere de forma
descontrolada (HANAHAN; WEINBERG, 2011, BERTOLI, SKOTHEIM; BRUIN,
2013).

Quando a célula é exposta a um agente genotoxico, que cause, por exemplo,
quebras na dupla fita do DNA, antes que a mitose seja iniciada, € essencial que no ponto
de checagem G2/M haja desligamento do ciclo celular. Caso contrario, durante a mitose
ocorrerdo rearranjos cromossdémicos errados e separacdo ndo equitativa dos

cromossomos entre as células filhas. Muitas vezes ndo ha reparo de todas
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as quebras, mas a célula continua no ciclo e entra em mitose. Nesse caso, apds a divisao
celular, a maioria das células morre, mas outras podem sobreviver com alteracdes em
seu genoma, como indica a Figura 2 (SWIFT; GOLSTEYN, 2014).

Figura 2. Proliferacdo celular apos exposicao a eventos genotdxicos

Célulasem @ @
proliferagao @

l Evento genotoxico

Ativacaodo ponto de
checagem G2/M e saida ® ®
dociclo ®

Permanéncia de algumas
célulasno ciclo

Mitose em células Q Q
com DNA lesado
O
/ \ [ @)
- - 7

ld

-
Célula sobrevivente @ \ ] ,
< Célulasmortas

Fonte: SWIFT; GOLSTEYN (2014).

Esses pontos de checagem sdo controlados por proteinas quinase dependentes de
ciclina (CDKSs) e seus inibidores (inibidores de quinase dependente de ciclina — CDIs).
Ha um complexo constituido por uma subunidade catalitica (CDK) e uma subunidade
reguladora (ciclina), que atua permitindo a progressao do ciclo celular. No entanto, na
presenca de danos as CDI atuam se ligando a este complexo, inativando as CDKs, de
modo a promover a parada no ciclo celular. H& duas familias de CDIs: a INK4, onde se
inserem as proteinas p15, pl16, p18 e pl19 e a familia CIP/KIP, onde estdo incluidas as
proteinas p21, p27 e p57. O gene 53 também possui papel primordial na regulacdo do
ciclo celular da seguinte maneira: na presenca de dano DNA, a proteina codificada por
este gene, a p53 atua como fator de transcricdo, levando a sintese da proteina p21, que
ao se ligar ao complexo CDK2-ciclina, promove a parada do ciclo celular em G1. O
gene p53 e outros genes associados a inibicdo do ciclo celular, quando mutados
permitem que células danificadas prossigam no ciclo celular. Em virtude disso, 0 p53

estd mutado na maioria dos tipos de cancer, indicando sua marcante atuagao no processo
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de proliferacdo descontrolada das células cancerigenas (PUCCI; KASTEN;
GIORDANO, 2000; CHIM et al., 2006).

3.2 CANCER

O cancer, segundo a Organizacdo Mundial de Saude (OMS), é um problema de
salde publica global, associado a elevados indices de mortalidade, morbidade e altos
custos econdmicos. Além disso, estima-se que a partir de 2020, cerca de 20 milhdes de
pessoas, a cada ano, serdo vitimas desta doencga e em 2030 haverd 17 milhdes de mortes
anuais em sua decorréncia.

Dados da OMS indicam que os tipos mais incidentes e responsaveis pelo maior
nimero de mortes sdo os canceres de pulmao, mama, célon, figado e estémago. O
cancer de mama é o mais prevalente entre mulheres, sendo responsavel pelo maior
namero de ébitos por esta doenca para o sexo feminino. Enquanto entre 0os homens, a
maior taxa de mortalidade é provocada pelo cancer de pulmao.

No Brasil, espera-se para o biénio 2016-2017 a ocorréncia de cerca de 600 mil
novos casos da doenca, em que 0s tipos mais incidentes para homens serdo os de
prostata (28,6% dos casos), pulmdo (8,1% dos casos), intestino (5% dos casos),
estdmago (6,0 % dos casos) e cavidade oral (5,2% dos casos) enquanto para mulheres
0s tipos mais incidentes serdo mama (28,1% dos casos), intestino (8,6% dos casos), colo
do atero (7,9% dos casos), pulmédo (5,3% dos casos) e estdmago (3,7% dos casos)
(INCA, 2016). Para o estado de Pernambuco, segundo a estimativa realizada pelo
Instituto Nacional do Céancer (INCA) (2016), espera-se mais de 2000 novos casos de
cancer de prostata e de cancer de mama feminina, seguidos de 970 novos casos de

cancer de colo do utero e 970 novos casos de cancer de traqueia, bronquio e pulméo.

O cancer caracteriza-se como uma doenca genética, decorrente do acumulo de
alteracdes no DNA, como inativacdo de genes supressores de tumor, ativacdo de
oncogenes, inativacao de genes responsaveis pela apoptose (morte celular programada),
bem como mutacgdes ocasionadas por agentes quimicos, fisicos ou bioldgicos, com a
consequente perda de controle da proliferacdo celular e dos mecanismos de homeostase
da célula (DRAKE et al., 2012; LEE et al., 2012).

Entre os agentes fisicos capazes de desencadear o processo de carcinogénese

esté a radiacdo ultravioleta (UV), cuja acéo direta sobre a pele promove a formacéo de
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dimeros entre bases pirimidinas, interacfes cruzadas entre DNA e proteinas, danos
oxidativos a bases e quebras de fita simples (BRASH et al., 1991; GRUIJL; KRANEN;
MULLENDERS, 2001). A radiacdo UVB (280-320 nm) € amplamente responsavel pela
formacgdo desses dimeros e pela promocao de delecbes e aberragfes cromossomais
(EMRI et al., 2000; HORIGUSHI et al., 2001 RASTOGI et al., 2010; KIM; HE, 2014).
Além disso, esta radiagdo promove a producdo de espécies reativas de oxigénio (ROS),
que estdo associadas ao desenvolvimento de cancer (WARIS; AHSAN, 2006; HOU et
al., 2012).

Entre os agentes biologicos associados a carcinogénese, é possivel destacar
alguns virus, como o Epstein-Barr, que estd associado ao desenvolvimento de linfoma
de Burkitt e linfoma de Hodgkin, os virus de hepatite B e C, associados a carcinoma
hepatocelular, o virus HIV 1, associado a sarcoma de Kaposi, linfoma de Hodgkin e
cancer cervical e o papilomavirus humano tipo 16 (HPV-16), associado a carcinoma
cervical, de vulva, vagina, pénis, anus e da cavidade oral (BOUVARD et al., 2009).
Bactérias e platelmintos também tém sido descritos como agentes associados a
carcinogénese, como por exemplo, a bactéria Helicobacter pylori, que esta relacionada
ao desenvolvimento de cancer de estdmago, enquanto os platelmintos Clonorchis
sinensis e Schistosoma haematobium estdo associados a carcinomas de vias biliares e
cancer de bexiga, respectivamente (WROBLEWSKI; PEEK, JR; WILSON, 2010;
ZAGHLOUL, 2012; QUIAN et al., 2012).

Os agentes quimicos associados a promocdo de alteragdes no DNA sédo
encontrados em grande nimero e podem ser de origem sintética ou natural. Entre os de
origem natural, destaca-se a aflatoxina, produzida pelos fungos Aspergillus flavus e
Aspergillus parasiticus, que estd associada ao desenvolvimento de carcinoma
hepatocelular (LIU; WU, 2010). Um dos agentes quimicos sintéticos mais comuns e que
estd relacionado ao desenvolvimento de céncer e pulmdo é o benzopireno, um
hidrocarboneto aromatico policiclico encontrado na fumaca de cigarros (LOEB,;
HARRIS, 2009).

Para que ocorra o desenvolvimento do cancer € necessario que ocorra uma série
de alteracdes na fisiologia celular, cujos efeitos se somam, resultando na progressdo

tumoral. Tais alteragBes proporcionam o surgimento de caracteristicas como capacidade
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replicativa ilimitada, perda de sensibilidade a sinais de inibi¢cdo do crescimento, evasio
da apoptose, capacidade de realizar invasao tecidual, metastase (capacidade de colonizar
novas areas) e angiogénese (formacdo de novos vasos para levar oxigénio e nutrientes
ao tumor). Todas estas alteragdes ocorrem devido a expressao de inumeras proteinas
como, por exemplo, o fator de crescimento endotelial vascular (VEGF), que consiste no
principal indutor da angiogénese (processo essencial para o crescimento do tumor e
metastase), survivina e C-MYC (HANAHAN; WEINBERG, 2000).

As caracteristicas citadas anteriormente, deve-se adicionar a) reprogramacéo do
metabolismo celular, que permite a célula cancerosa seu desenvolvimento pleno; b)
capacidade de fuga ao ataque do sistema imune, proporcionando as células cancerigenas
a capacidade de sairem ilesas ao ataque de células de defesa como linfocitos e
macrofagos; c) instabilidade gendmica que permite que o acimulo de mutacgdes leve a
progressdo tumoral e d) resposta inflamatdria associada ao tumor, que permite que
células do sistema imune produzam moléculas que induzem a imunidade tumoral e o
crescimento do tumor. As alteragfes envolvidas com o processo de progressao tumoral
descritas estdo apresentadas na Figura 3 (HANAHAN; WEINBERG, 2011).

Como mencionado na secdo anterior, uma das proteinas chave para a
manutencdo adequada do processo de proliferacdo celular é a proteina p53, que na
normalidade, atua como fator de transcricdo de genes que impedem a proliferacdo de
células com danos genéticos, como por exemplo, aquele da proteina p21, que promove a
saida do ciclo celular na fase G1/S. A relevancia da p53 é evidente ao se observar que
entre 50 a 55% dos canceres em humanos ocorre mutacdo no gene p53 e consequente
proliferacdo das células com dano no material genético (MENDOZA-RODRIGUEZ;
CERBON, 2001; ZILFOU; LOWE, 2009). A proteina p53 também esta relacionada a
apoptose e atua como fator de transcricdo do gene pro-apoptético bax, podendo a sua
mutacdo ser associada a fuga da apoptose (FRIDMAN; LOWE, 2003).


http://www.ncbi.nlm.nih.gov/pubmed/?term=Mendoza-Rodr%C3%ADguez%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=11496714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mendoza-Rodr%C3%ADguez%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=11496714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cerb%C3%B3n%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=11496714
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Figura 3. Alteragdes necessarias para a progressao tumoral.
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Fonte: HANAHAN; WEINBERG, 2011.

As alteracGes observadas na Figura 3 representam possiveis alvos terapéuticos
no combate ao cancer. Assim, inimeras pesquisas visando a obtencdo de produtos
naturais ou sintéticos com atividade anticancer tém empregado diferentes abordagens.
Em virtude da manutencdo da sinalizacdo proliferativa e da evasdo da apoptose
observadas para as células transformadas, diversos trabalhos tem buscado por produtos
que inibam a proliferacdo celular através da saida da célula cancerigena do ciclo celular,
bem como através da ativacdo de vias pré-apoptoticas (HO et al., 2005; CHOI et al.,
2011; RUSSO et al., 2012). Além disso, a investigacdo da capacidade de inibir a
migracdo das células cancerigenas e de atuar na inibicdo da angiogénese, tem se
mostrado cruciais para a descoberta de produtos com agdo anti-metastatica (LOPEZ-
MARURE; CONTRERAS; DILLON, 2011; EL-KENAWI; EL-REMESSY, 2013).

A quimioterapia € amplamente empregada na terapia do cancer por ser um
tratamento sistémico. O seu surgimento se deu com a descoberta de que a mostarda
nitrogenada, um agente alquilante do DNA, era capaz de destruir as células de um tumor
linfoide (CHABNER; ROBERTS, 2005). A partir deste momento, 0 nimero de novas
drogas quimioterapicas tem crescido constantemente, de modo que 0s quimioterapicos

podem ser agrupados de acordo com seu modo de acdo. Os agentes alquilantes, como
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ciclofosfamida e cisplatina, inserem um grupamento alquil no lugar antes ocupado por
um hidrogénio, se ligando a molécula de DNA de modo a impedir a separacdo das
cadeias. Os agentes antimetabodlitos, como o metotrexato e o fluoracil, impedem a
formacdo de componentes do DNA ou RNA. Os antibidticos antitumorais, como
doxorrubicina e bleomicina, inibem a sintese do DNA ou de proteinas. Os inibidores da
topoisomerase, como o etoposideo, inibem a acdo da enzima topoisomerase, relacionada
ao relaxamento da molécula de DNA, que é essencial para a replicacdo. Ainda, 0s
inibidores mitoticos, como o paclitacel e o docetacel, atuam sobre a proteina tubulina,
impedindo que a célula complete a metafase (BRANDAO et al., 2010; PALUMBO et
al., 2013).

Apesar do elevado nimero de quimioterdpicos disponiveis, é preciso destacar
algumas limitacdes relacionadas a este tipo de tratamento, que estd associado a
promocdo de danos as células normais, com toxicidade aguda, mas reversivel (WANG
et al.,, 2004; PALUMBO et al., 2013). Ainda, o desenvolvimento de resisténcia a
quimioterapia por parte das celulas cancerigenas e a ocorréncia de recidivas sdo fatores
limitantes (REBUCCI; MICHIELS, 2013; WANG et al., 2013).

A busca por novas substancias que promovam danos minimos as estruturas
normais é imprescindivel, assim como a realizacdo de investimentos em tratamento e
diagnostico, capacitacdo de recursos humanos e educagdo. Entre os estudos realizados,
existem aqueles que promovem modificagdes estruturais nos compostos ativos de
origem vegetal para obter derivados mais potentes e com menor toxicidade. Sagar et al.
(2014) avaliaram quatro derivados da substancia isolada das raizes de uma planta da
familia Plumbaginaceae conhecida como Plumbagina (5-hidroxi-2-methil-1,4-
naftoquinona), e observaram que um dos derivados apresentou menor toxicidade para

celulas normais em comparacgéo com a plumbagina.

Os derivados semi-sintéticos de um produto isolado das raizes de Podophyllum
peltatum e Podophyllum emodii, 0 etoposideo e o tenoposideo, atuam inibindo a a¢do da
enzima topoisomerase e efetuam bloqueio do ciclo celular nas fases S e G2, sendo
empregados para linfomas, cancer nos brénquios e testiculos (ROWINSKY et al., 1992;
HARVEY, 1999; CRAGG; NEWMAN, 2005). A substancia 4-hidroxiderricina, isolada

das raizes de Angelica keiskei, promoveu inibi¢do do crescimento do tumor, bem como
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a metéastase do carcinoma pulmonar de Lewis em camundongos, atuando como inibidor
da angiogénese e modulador do sistema imune (KIMURA, TANIQUCHI, BABA,
2004).

3.2.1 Vias de morte celular no cancer

Um rigoroso sistema de regulacdo genética permite que as células do corpo
continuem se dividindo ou morram, com a finalidade de evitar que células danificadas
ou que tenham sofrido mutacgdes se multipliguem, de modo a garantir a homeostasia.
Caso a divisdo celular seja superior & quantidade de células que morrem, devido a mau
funcionamento dos genes envolvidos no controle, instaura-se um processo de
proliferacdo descontrolada (ZIMMERMAN et al., 2013).

Na busca de melhor compreensao acerca das patologias, alguns tipos de morte
celular ja foram descritos, a saber: apoptose, necrose, autofagia, catastrofe mitotica e
senescéncia (Figura 4), levando em consideracdo aspectos morfoldgicos, bioquimicos
imunolégicos e funcionais (BLANK; SHILOH, 2007). A Tabela 1 mostra as principais
alteracdes morfoldgicas que ocorrem na membrana, no citoplasma e no nucleo das

células em cada tipo de morte descrito.

Figura 4. Tipos de morte celular
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Tabela 1. Caracteristicas morfoldgicas de cada via de morte celular.
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Tipo de morte

Alteracdes Apoptose Autofagia Necrose Senescéncia Catastrofe
mitotica
Membrana Blebbing, Blebbing Perda de Aplanamento; -
integridade integridade ~ Aumento no
de membrana de tamanho da
membrana célula
Nucleo Condensacdo  Condensacdo  Degradacdo  Acumulo de Segregacao
da cromatina, parcial da aleatoria do focos de incorreta
frgmentcao cromatina, DNA heterocromatina  durante a
nuclear, auséncia de citocinese;
fragmentacdo  fragmentacao micronucleos
do DNA de DNA
Citoplasma  Fragmentos Aumento do Inchaco de  Granularidade -
celulares namero de organelas
condensados vesiculas celulares
ligados a autofagicas,
membrana degradacédo de
Golgi,
polirribossomas
e RE

Fonte: Ricci; Zong (2006).

A apoptose € uma morte celular programada, com as seguintes caracteristicas

morfolégicas: encolhimento da célula, formacdo de blebbing de membrana
(prolongamentos da membrana plasmatica), condensacdo do ndcleo, fragmentacdo do
DNA, fragmentacdo e destrui¢do celular. Pode ocorrer através de duas vias distintas,
dependendo do agente desencadeador deste tipo de morte (GOC et al., 2012). Ha a via
intrinseca e a via extrinseca (Figura 5). Ambas séo finalizadas através da acdo de
proteases denominadas caspases efetoras. As caspases envolvidas na apoptose sao
divididas em duas categorias: caspases iniciadoras (2, 8, 9 e 10) e caspases efetoras (3, 6

e 7) (BLANK; SHILOH, 2007).

Na via intrinseca, inicialmente ha aumento da permeabilidade da membrana
mitocondrial, havendo perda do potencial de membrana e a liberacdo de proteinas

encontradas no espaco intermembranar da mitocéndria, como citocromo c, que se liga a
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Apaf-1 (fator de ativacdo de apoptose 1) no citosol. Este complexo ativa a pro-caspase 9
em caspase 9, ao se ligar a ela e forma o apoptossomo. A caspase 9, por sua vez, cliva
as caspases efetoras -3, -6 e -7, que uma vez ativadas, irdo atuar na fragmentagdo do
DNA (MINAFRA; BRAVATA, 2014).

Na via extinseca, por outro lado, ha a ativacdo de receptores de membrana
pertencentes a familia de receptores de fatores de necrose tumoral (TNF), também
chamados de receptores de morte, entre os quais estdo FAS (CD 95) e TRAIL. Estes
receptores possuem um dominio extracelular rico em cisteina, no qual seus ligantes se
unem, de modo a desencadear a via. Tais receptores apresentam no citoplasma um
dominio distinto conhecido como dominio de morte (DD, do inglés Death Domain).
Apo6s o receptor ser ativado por um ligante, ocorre sua associacdo com seu DD
correspondente, havendo uma mudanca conformacional no receptor e o recrutamento de
uma proteina adptadora, que se associa ao dominio de morte formando o FADD. O
FADD liga-se a pré-caspase 8, transformando-a em caspase 8, que ativa as caspases
efetoras -3, -6 e -7 (McILWAIN; BERGER; MAK, 2013).

Figura 5. Representacdo esquematica da via intrinseca e da via extrinseca da

apoptose.
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A catéstrofe mitética ocorre durante a mitose em decorréncia de segregacao
cromossdmica anormal ou de dano no DNA, levando a formacédo de micronucleos. Este

tipo de morte estd associado a atuacdo de agentes genotoxicos. Pode ser definida como



26

o tipo de morte que ocorre durante a mitose, como resultado da combinacdo de danos ao
material genético e da auséncia de verificacdo adequada nos pontos de controle do ciclo
celular (VITALI et al.,, 2011). As ceélulas apresentam-se aumentadas e com
microndcleos ou dois ndcleos, além de exibirem durante a mitose defeito no
alinhamento dos cromossomos e condensagdo nuclear incompleta (RICCI; ZONG,
2006).

Alguns autores definem a catastrofe mitética como um sinal irreversivel de
morte, e ndo como uma via de morte. Embora a catastrofe mitdtica apresente
caracteristicas presentes na apoptose, como permeabilizacdo da membrana mitocondrial

e ativacdo de caspases, ela pode ser caspase independente (BLANK; SHILOH, 2007).

A senescéncia foi inicialmente descrita para células normais como um processo
de alteracBes associado ao envelhecimento. As células senescentes mantém a
integridade da membrana celular, mas o seu crescimento para de forma permanente.
Elas apresentam-se aumentadas, achatadas e ha presenca frequente de vacuolos
(GOSSELIN et al., 2009). Um dos mecanismos associados a senescéncia ocorre devido
ao encurtamento gradual dos telébmeros ao término de cada divisdo celular. Quando esse
encurtamento chega a um limite minimo, ocorre uma resposta em virtude ao dano no
DNA, promovendo parada no ciclo celular. A enzima telomerase, responsavel pela
adicdo de unidades teloméricas no cromossomo, estd associada a manutencdo da
imortalidade das células cancerigenas, permitindo que a célula cancerigena drible a
senescéncia (SHAY; WRIGHT, 2011).

A autofagia esta relacionada a estresse metabdlico, como privacao de nutrientes,
bem como desenvolvimento e diferenciacdo. Ela pode atuar como via de resposta
adaptativa, buscando a sobrevivéncia da célula ou como via de promocdo de morte
celular independente da acdo de caspases. Neste processo, inicialmente porcbes do
citoplasma contendo proteinas ou organelas sdo englobadas por membranas, dando
origem a uma estrutura denominada autofagossomo, que se funde com os lisossomos
para a degradacgdo do contetido englobado por proteases lisossomais. Na autofagia ndo é
observada fragmentacdo do DNA e ha condensagdo parcial da cromatina (GLICK;
BARTH; MACLEOD, 2010).
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Tem sido demonstrada a interacdo entre vias de controle da autofagia e da
apoptose, como indicado por Akar et al. (2008), que demonstraram que o silenciamento
da expressdo do gene anti-apoptético bcl-2 induz autofagia através da expressdo da

proteina autofagica beclina 1.

A necrose ocorre frequentemente como consequiéncia de condic¢des patoldgicas,
como inflamag&o ou infecgdo. Inicialmente considerado um tipo de morte celular néo
programada, acidental, tem sido demonstrado que a necrose pode ocorrer de forma
programada, regulada geneticamente, sendo neste caso chamada de necroptose (RICCI,
ZONG, 2006).

Na necrose as células apresentam tumefacdo (aumento do volume celular),
juntamente com inchaco das organelas, reducdo do volume nuclear (nicleo picnético),
presenca intensa de vacuolos, com a subsequente ruptura da membrana plasmatica e
extravsamento do conteudo celular, o que promove danos as células vizinhas e uma
reacdo inflamatdéria (ORRENIUS; NICOTERA; ZHIVOTOVSKY, 2010). Ao contrario
do que pode ser visto na apoptose, na necrose ndo ha condensacdo da cromatina e
fragmentacdo nuclear. A necrose pode ser ocasionada por desbalango do fluxo de célcio,
inibidores da producdo de energia celular, geracdo de espécies reativas de oxigénio
(EROs) e ativacdo de proteases ndo apoptoticas (RICCI; ZONG, 2006).

O inicio da necroptose se da através da ativacdo de receptores comuns a
apoptose, como, por exemplo, o receptor do fator de necrose tumoral 1 (TNFR1), cuja
interagdo com seu ligante, 0 TNF-a, inicia o recrutamento das proteinas de dominio de
morte associado a TNFR (TRADD), proteina quinase de interacdo com receptor-1
(RIP1), proteinas inibidoras de apoptose (IAPs), fator associado a TNFR2 (TRAF-2) e
fator associado a TNFR5 (TRAF-5), constituindo o complexo I. Em seguida, RIP1 sofre
poliubiquitinacdo por acdo das proteinas IAPs, que ativa 0 NF-kB. Apo6s RIP1 sofrer
desubiquitinacdo, o complexo passa por modificacdo, dando origem ao complexo Il ou
complexo de sinalizacdo de indugdo de morte (DISC), que é contituido por RIP1,
proteina quinase de interacdo com o receptor 3 (RIPK3), TRADD, dominio de morte
associada ao CD 95 (FADD) e caspase 8. Caso a caspase 8 esteja ativa, RIP1 e RIP3 séo
desativadas e ocorre a apoptose. Por outro lado, se a caspase 8 ndo puder ser ativada, ha

a formagdo de um complexo denominado necrossoma através da fosforilagdo de RIP1 e
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RIP3. Este complexo estimula a permeabilizacdo da membrana do lisossomo, com a
liberacdo de suas enzimas no citoplasma, alteracdes metabdlicas nas mitocondrias,
promovendo a liberacdo de EROs, as quais estdo associadas a danos ao DNA e outras
macromoléculas (GALUZZI et al., 2011; FULDA, 2013).

3.3 ENSAIOS PARA AVALIACAO DE ATIVIDADES BIOLOGICAS DE
COMPOSTOS

3.3.1 Investigacdo de atividade antioxidante

Os radicais livres sdo moléculas que apresentam um elétron ndao emparelhado e
sdo capazes de receber ou doar um elétron, atuando como oxidantes ou redutores
(LOBO et al., 2010). Tais moléculas podem causar danos a células, atacando proteinas,
lipideos e DNA e estdo associadas a algumas patologias, como diabetes mellitus,
doenca de Parkinson e cancer (SARMA et al., 2010; KUMAR et al., 2012; LIU et al.,
2013; PETERSEN, 2013).

Diante do envolvimento dos radicais livres com algumas doencas, merecem
destaque as substancias antioxidantes, que se caracterizam pela capacidade de doar
elétrons para um radical livre, de modo a impedir os efeitos danosos do mesmo. Ainda,
0s antioxidantes podem atuar como agentes quelantes de metais envolvidos na formacéo
de radicais livres. Os antioxidantes estdo associados a atividade antitumoral,
hepatoprotetora, gastroprotetora e antiinflamatéria (HSU; FANG; YEN, 2013;
ASHRAF et al., 2015; HASSEN; CASABIANCA; HOSNI, 2015).

Entre os métodos empregados para avaliar a atividade antioxidante estd o teste
do radical 2,2-difenil-1-picril-hidrazila (-DPPHe¢). Neste ensaio, 0 -DPPHe ¢ reduzido
(Figura 6) na presenca de substancias antioxidantes. O radical, que apresenta coloracao
violeta, ao ser reduzido passa a apresentar coloracdo amarela, de modo que a reducédo da
absorbancia a 517 nm ¢ proporcional a atividade da amostra testada (ALAM; BRISTI;
RAFIQUZZAMAN, 2013). Neste ensaio, é possivel calcular a concentragdo necessaria
para decrescer a concentracdo inicial de DPPH em 50% (CEsp) para cada amostra
(TEOW et al., 2007; MATHANGI; PRABHAKARAN, 2013; XIE; SCHAICH, 2014).
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Figura 6. Estrutura do DPPH antes e apds reagdo com substancia antioxidante.
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Fonte: TEIXEIRA et al. (2013).

Este meétodo € pratico, rapido, sensivel e util para avaliar a atividade
antioxidante tanto de substancias puras, como de extratos, por meio da transferéncia,
principalmente de elétrons, mas também de hidrogénio. Uma das limitacGes inerentes a
este método ¢é a solubilidade do DPPH em solventes alcodlicos (etanol e metanol), o que
ndo permite detectar antioxidantes hidrofilicos (OLIVEIRA, 2015). Outra limitacdo
relacionada ao teste do DPPH é que a atividade antioxidante pode ser subestimada, em
virtude da interferéncia de coloracdo, em amostras que apresentem compostos coloridos
(ARNAO, 2000).

Outra metodologia amplamente empregada para a deteccdo de atividade
antioxidante é o teste do ABTS, que avalia a capacidade de produtos de sequestrar o
radical catidnico 2,2'-azinobis-3-etilbenzotiozolino-6-acido-sulfonico, ABTSe+. Neste
ensaio, 0 ABTS é convertido a forma oxidada através de persulfato de potassio (K,SOs),
originando o produto ABTSe+, que apresenta coloragdo azul esverdeada e absorgéo
maxima a 734 nm que, na presenca de substancias antioxidantes, € convertido
novamente a sua forma reduzida (incolor), conforme indica a Figura 7 (KONAN; TIEN;
MATEESCU, 2016).
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Figura 7. Estrutura quimica das espécies ABTS e ABTSe+ e suas transferéncias de

elétrons.
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Fonte: CHEN; YIN (2014).

O ensaio é bastante utilizado devido a solubilidade do radical tanto em meio
aquoso, quanto em meio organico, sendo capaz de detectar a acdo antioxidante de
substancias hidrofilicas e lipofilicas, o que confere uma vantagem em termos
operacionais para este método (KUSKOSKI et al., 2005). O teste do ABTS é uma
ferramenta atil na detecgdo de compostos fendlicos e vitamina C, sendo amplamente
utilizado como padrdo deste ensaio um andlogo estutural da vitamina E, o trolox
(FERREIRA et al., 2016).

Também bastante utilizado € o ensaio do fosfomolibdénio, que avalia a atividade
antioxidante total atraves da formacdo do complexo fosfomolibdénio. Este teste baseia-
se na reducdo do molibdénio (Mo) Mo (VI) em Mo (V) pela amostra e formagéo do
complexo fosfato/Mo (V), de coloragdo verde. Trata-se de um ensaio de baixo custo,
rapido e simples. Este método esta baseado na transferéncia de elétrons ou hidrogénio,
sendo bastante utilizado para avaliar a atividade antioxidante total (COULIBALY et al.,
2014). Este método é util na deteccdo de &cido ascorbico, compostos fendlicos, vitamina
E e aminas aromaéticas (PRIETO PINEDA; AGUILAR, 1999).
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3.3.2 Investigagéo de toxicidade

Os ensaios de citotoxicidade envolvendo células normais e canceric
amplamente utilizados no processo de triagem de substancias bioativas. Deste modo, a
verificagdo de danos a células normais causados por potenciais ferramentas
farmacologicas sdo imprescindiveis. O estudo da citotoxicidade de produtos naturais ou
sintéticos sobre células cancerigenas proporciona resultados rapidos e confiaveis, além
de fornecer subsidios para o prosseguimento dos estudos, evitando 0 uso desnecessario
de modelos animais (VEIGA-JUNIOR; PINTO; MACIEL, 2005; SARZAEEM et al.,
2013; PAYDAR et al., 2014).

Embora alguns estudos indiquem o possivel uso seguro de produtos naturais que
ndo apresentam efeitos citotoxicos ao material genético de células normais, diversos
trabalhos relatam produtos naturais que se apresentam citotoxicos tanto para células
cancerigenas como para células normais (BOEIRA et al., 2009; NAKAJIMA et al.,
2009; BECHELLI et al., 2011; SERPELONI et al., 2011; CALHELHA et al., 2014).

Entre os testes mais utilizados na avaliacdo da citotoxicidade, estdo o ensaio da
timidina tritiada, o teste do MTT e o teste do Alamar blue. O teste do MTT (brometo de
{3-(4,5-dimetiltiazol-2-il)-2,5-difeniltetraz6lio}) consiste em avaliar o efeito de
produtos sobre a viabilidade celular (YAN et al., 2009; GRAIDIST; MARTLA;
SUKPONDMA, 2015). Neste ensaio, a atividade da enzima succinil-desidrogenase,
presente na mitocdndria das células viaveis catalisa a formacdo de cristais de formazan
(Figura 8), um produto de coloracdo roxa, a partir do MTT (MOSMANN, 1983;
ALLEY etal., 1988).
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Figura 8. Reducdo (brometo de {3-(4,5-dimetiltiazol-2-il)-2,5-difeniltetrazélio})

(MTT) por enzimas mitocondriais a formazan.
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Fonte: Aula et al. (2015).

O Alamar blue, ou resazurina-7-hidroxi-3H-fenoxazin-3-onal0-6xido, vem
sendo empregado em testes sobre a viabilidade de diversos tipos celulares, como
linfdcitos, fibroblastos e células cancerigenas, caracteriza-se como um ensaio simples,
barato, sensivel e com boa reprodutibilidade (O’BRIEN et al., 2000; BORRA et al.,
2009; LOOI et al., 2013; FERREIRA et al., 2015). Este ensaio tem como principio a
reducdo da resazurina, que possui coloragdo parpura e apresenta pico de absor¢do a 600
nm, a resofurina, com coloracdo rosa e pico de absorcdo a 570 nm (Figura 9). O
mecanismo envolvido no processo de reducdo a resazurina envolve a atuacdo do corante
como aceptor de elétrons, de modo que é reduzido por NADPH, FADH, FMNH, NADH
e citocromos. Ainda, a resazurina pode ser reduzida por outras enzimas mitocondriais e
do citoplasma (BORRA et al., 2009; RAMPERSAD, 2012). Vale salientar que este
ensaio apresenta boa equivaléncia com os resultados obtidos no teste do MTT (LOOI et
al., 2013).
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Figura 9. Estrutura da Resazurina e da Resofurina.
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Fonte: Borra et al. (2009).

O ensaio utilizando a timidina tritiada (3HTdR), possibilita a incorporacéo da
timidina radioativa pelas células viaveis, com a subsequente leitura da radioatividade.
Apesar de apresentar boa reprodutibilidade, tem como inconveniente a manipulacéo de
material radioativo, bem como a necessidade de destino adequado para este material
apos o teste (WANG et al., 1996).

Entre os ensaios que investigam a toxicidade de substancias in vitro, a atividade
hemolitica é amplamente empregada como teste de triagem, devido a similaridade da
membrana dos eritrocitos com outras membranas (ZOHRA; FAWZIA, 2014). Este
ensaio avalia a capacidade de um extrato ou substancia de promover lise nas hemacias,
especificamente pela acdo de compostos sobre a membrana celular, levando a formacéo
de poros ou a ruptura total da hemécia (COSTA-LOTUFO et al., 2005; HASSAN et al.,
2010; LIU et al., 2012).

A membrana do eritrocito apresenta elevada quantidade de &cidos graxos poli-
insaturados e proteinas (WU et al., 2010) e o principal constituinte do eritrocito € a
hemoglobina, que, devido a presenca do grupo heme, absorve fortemente nos
comprimentos de onda de 540-560 nm. No ensaio de atividade hemolitica, as amostras
teste sdo colocadas em contato com os eritrocitos e centrifugadas, de modo a formar um
pellet de células. A quantidade de hemoglobina liberada, que permanece no
sobrenadante, € mensurada em espectrofotdmetro e utilizada como parametro para
avaliar a hemdlise (WU et al., 2010; EVANS et al., 2013).
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3.3.3 Investigacao de genotoxicidade e mutagenicidade

A molécula de DNA pode sofrer alteracbes na sua sequéncia de bases,
diferenciando-a da molécula original, proporcionando ou ndo modificacdo na
funcionalidade da molécula (FLANNICK et al., 2014). A essas alteracfes da-se 0 nome
de mutacéo, que pode ocorrer tanto em células somaticas como em células germinativas,
neste ultimo caso, transmitida para os descendentes. As mutagdes podem estar
associadas a adaptacdo ao ambiente, bem como a desordens como céncer, distdrbios
metabolicos e doencas neuroldgicas (PODURI et al., 2013).

Apesar de a célula possuir um refinado sistema de identificacdo e corregdo de
erros na molécula de DNA, a exposicdo continua a agentes que causam danos a
molécula promove elevacdo da mutagénese em virtude de uma maior probabilidade de

ocorréncia de erros na replicagdo de uma fita molde alterada (SOMERS et al., 2002).

Um agente quimico, fisico ou bioldgico capaz de danificar o DNA ou alterar a
sequéncia da molécula causando mutacao é considerado um agente genotoxico, sendo a
expressao dessa mutacdo prevenida pela célula através de reparo do DNA ou apoptose.
Por outro lado, um agente capaz de induzir alteraces permanentes e transmissiveis na
estrutura do material genético é considerado um agente mutagénico. Com isso, é
importante considerar que todos 0s mutadgenos sdo genotoxicos, mas nem todos 0s
produtos genotdxicos sdo mutagénicos (NAGARATHNA et al., 2013).

Entre os principais ensaios empregados na avaliacdo da genotoxicidade e da
mutagenicidade, h& ensaios realizados com microrganismos, que permitem uma
avaliacdo do dano promovido por um determinado agente ao DNA, ensaios com células
humanas em cultura e ensaios empregando animais de laboratério, que apresentam a
vantagem de reproduzir tantos as condi¢cdes de exposi¢cdo, como a metabolizacdo
(KIRKLAND et al., 2011; BALMUS et al., 2015). Merecem destaque 0 ensaio cometa,
amplamente utilizado para avaliagdo da genotoxicidade e o teste do micronucleo,

empregado no estudo da mutagenicidade de diversos agentes.

O ensaio cometa permite a deteccdo de lesdes gendbmicas que podem originar

mutacdes, mas que sdo passiveis de correcdo, promovidas por diversos produtos, como
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poluentes, pesticidas, metais pesados e medicamentos, mesmo com a exposicdo a baixas
concentracdes. Ha ainda trabalhos que utilizam este ensaio para biomonitoramento de
danos em humanos decorrentes de exposicdo ocupacional (NAGARATHNA et al.,
2013).

O teste consiste em um ensaio rapido, simples, bastante sensivel para detectar
danos em células individualizadas de diversos tipos (JIANG et al., 2008; MURANLI;
KANEV; OZDEMIR, 2015; SHAH; LAKKAD; RAO, 2016). Este teste permite
detectar quebras de fita simples e de fita dupla, bem como sitios alcali-labeis (sitios
apurinicos/apirimidicos) (ANDERSON; LAUBENTHAL, 2013) e representa um aliado
aos testes de citotoxicidade, uma vez que um produto pode promover alteragdes no
DNA, mesmo em concentra¢@es ndo citotdxicas (MARINS et al., 2012).

No ensaio cometa, as células provenientes do sangue periférico, cultivo celular
primario ou permanente ou de Orgdos, apds serem misturadas a agarose e colocadas
sobre uma lamina coberta com agarose padrédo, sofrem lise e 0 DNA ocupa 0 espaco da
célula no gel de agarose em uma estrutura denominada de nucleoide, formado por algas
superenoveladas de DNA, que ficam aderidas a matriz nuclear residual. Ao submeter o
nucleoide a eletroforese, ocorre a migragdo em dire¢do ao polo positivo (anodo). O
padrdo apresentado pelo nucleoide apds a migracdo permite identificar a presenca de
lesbes gendmicas, uma vez que, se existirem quebras, as alcas de DNA sofrem
desenovelamento, formando um rastro ap6s a migracdo. Quando este rastro esta
presente, o nucleoide assemelha-se a um cometa, com cabeca (regido nuclear) e cauda,
de modo que quanto maior o dano, maior sera a cauda. A migracdo do DNA ¢ detectada
através de agentes intercalantes do DNA, como brometo de etideo e iodeto de propideo
(COLINS, 2004; SINGH et al, 2010). A andlise dos nucleoides pode ser feita de forma
visual ou automatizada, havendo boa correlacdo entre os dados fornecidos pelas duas

analises.

O teste do micronicleo ¢ um ensaio que avalia o potencial mutagénico de
diversos agentes. As versfes in vitro e in vivo sdo capazes de detectar danos
cromossOmicos atraves da presenca de estruturas denominadas micronucleos, que sdo
pequenos corpusculos nucleares, delimitados por membrana e separados do ndcleo. A

formacdo desta estrutura se da durante a tel6fase, seja da mitose ou da meiose, no
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momento em que ocorre a reconstituicio do envelope nuclear em torno dos
cromossomos das células-filhas (FENECH et al., 2011; MASER et al., 2015). O teste do
micronucleo fornece evidéncias do potencial mutagénico de substancias, assim como
oferece suporte a indicacdo da auséncia de mutagenicidade, quando realizado dentro dos
critérios adequados, sendo bem aceito por agéncias internacionais como um método
eficiente de estudo de dano ao material genético (OECD, 2007; ARALDI, 2015).

Normalmente, ap0s a replicacdo do material genético durante a diviséo celular,
h& uma distribuicdo equitativa desse material para duas células filhas. Quando ocorrem
erros atraves da acdo de agentes sobre 0 DNA, gerando quebras de cromossomos, ou
sobre o fuso mitético, originando perdas de cromossomos inteiros, o material
fragmentado n&o € incorporado a nehuma das células filhas (BRYCE et al., 2014). Os
micronucleos representam 0s cromossomos inteiros ou fragmentos de cromossomos que
ndo foram incluidos no nicleo ao término da divisdo celular. E, portanto, importante,
que as células analisadas estejam sofrendo divisdo celular e tenham passado por pelo
menos um ciclo celular (FENECH, 2007).

Ao realizar o teste in vitro, sugere-se 0 emprego da citocalasina B para promover
o bloqueio da citocinese, sem que haja bloqueio da mitose. Portanto, apds a adicdo de
citocalasina, as células apresentam-se binucleadas, fornecendo garantia de que as
mesmas passaram por um ciclo de divisdo (FENECH, 2000). A Figura 10 mostra um
micronucleo proveniente de um cromossomo inteiro e um microndcleo oriundo de um
fragmento de cromossomo acéntrico (a), enquanto em (b) ha um microndcleo derivado

de um fragmento de cromossomo e uma ponte citoplasmatica em células binucleadas.
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Figura 10. llustracdo esquematica da origem de microndcleos
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Fonte: FENECH (2000).

No que diz respeito a avaliacdo in vivo, este teste € comumente realizado em
eritrécitos da medula 6ssea de camundongos e ratos, nos quais a presenca de
microndcleos em eritrdcitos jovens (eritrocitos policromaticos — PCE) e em eritrécitos
maduros (eritrocitos normocromaticos — NCE) é avaliada apds exposicdo a um
tratamento. O tempo de vida de um eritrécito policromatico é relativamente curto, razao
pela qual os micronucleos presentes nesta célula sdo provenientes de danos
cromossomicos induzidos recentemente (VASQUEZ, 2009). Neste ensaio, poucas horas
apos as ultimas mitoses, os eritrocitos expelem seus nucleos, mas os micronucleos
permanecem no citoplasma. Por um periodo de 24 horas os eritrocitos jovens (PCES)
possuem coloracdo diferenciada (basofilicos), em relacdo as células maduras, uma vez
que os seus ribossomos permanecem por, aproximadamente 24 horas apds a expulsao
do nucleo (SILVA; NEPOMUCENO, 2010).

3.3.4 Investigacdo de atividade antimicrobiana

Os antibioticos podem ser definidos como produtos de origem natural ou
sintética capazes de promover a morte (microbicidas) ou inibir o crescimento
(microbiostaticos) de microrganismos (KANG et al., 2011). A habilidade dos

antibidticos de inibir o crescimento ou matar microrganismos revolucionou o tratamento
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das doengas infecciosas e aumentou a expectativa de vida, permitindo reduzir
drasticamente 0 nimero de mortes associadas a tais doencas, cOmo ocorreu para a
tuberculose e a pneumonia, tratadas com estreptomicina e penicilina, respectivamente
(COLE, 2014). Adicionalmente, alguns antibioticos como eritromicinas, tetraciclinas e
cloranfenicol apresentam como um efeito colateral a inibicdo da biogénese mitocondrial
e tem sido demonstrado que esta agdo pode ser usada na terapéutica do céncer para

erradicar células cancerigenas provenientes de diversas linhagens (LAMB et al., 2015).

Mais de 20 classes de antibidticos foram inseridas no mercado entre 1930 e
1962, entre as quais os aminoglicosideos como a neomicina, as cefalosporinas como a
cefalexina, glicopeptideos como a vancomicina, macrolideos como a eritromicina,
penicilinas como a amoxicilina, quinolonas como a ciprofloxacina, sulfonamidas como
o sulfametizol, tetraciclinas e cloranfenicol. Estes antibi6ticos agem em bactérias gram-
negativas, gram positivas ou em ambas atuando através de mecanismos como inibicdo
da sintese da parede celular, inibicdo da sintese protéica nos ribossomos, inibicdo da
sintese ou dano @ membrana plasmatica, alteragdes na sintese dos &cidos nucléicos ou
alteracdo no metabolismo celular (COATES; HALLS; HU, 2011; ADZITEY, 2015).

Ap0s o periodo de intensa descoberta de agentes antibidticos, observou-se 0 uso
indiscriminado desses agentes pela populacdo, bem como auséncia de novas classes de
antibiéticos no mercado. Esses dois fenbmenos contribuiram largamente para o
surgimento de microrganismos resistentes, que ndo sdo afetados pelo tratamento
(COATES; HALLS; HU, 2011). O Staphylococcus aureus resistente a meticilina,
amplamente conhecido como MRSA (do inglés Methicillin-resistant S. aureus), esta
associado a infeccbes hospitalares que podem, inclusive, levar a morte (RIBEIRO;
PINTO; PEDROSA, 2009; HEMACHANDRAN, 2011). Também tem sido detectado o
aumento da taxa de infeccbes com Pseudomonas aeruginosa MDR (do inglés
multidrug-resistant) e linhagens resistentes de Escherichia coli, Klebsiella
pneumoniae, Streptococcus  pneumoniae, Neisseria gonorrhoeae e Mycobacterium
tuberculosis (HIRSCH; TAM, 2010; TANWAR et al., 2014)

Segundo a Organizacdo Mundial de Saude (OMS), em 2014 ocorreram cerca de
480.000 novos casos de tuberculose multiresistente. Diante da atual situacdo, a OMS
indica que a resisténcia microbiana se transformou em um problema de satde publica,

sendo o custo com os cuidados dos pacientes com infeccOes resistentes superior ao
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daqueles com infeccbes ndo resistentes. Assim, a dificuldade associada ao
desenvolvimento de novos agentes para o tratamento de infeccGes bacterianas pode
estar relacionada a fatores como a existéncia de mecanismos associados a resisténcia,
como bombas de efluxo e enzimas inativadoras de farmacos, além da promocédo de
efeitos secundarios (SOUSA et al., 2015).

A imensa biodiversidade existente no Brasil pode ser aliada & necessidade da
busca por novos agentes antimicrobianos. Neste sentido, muitas espécies vegetais
representam fontes de antimicrobianos naturais, sendo muitas vezes empregadas pela
populacéo no tratamento de infec¢Bes. Adicionalmente, preparacdes de tecidos vegetais
ou produtos isolados de diversas plantas tem demonstrado acdo antimicrobiana sobre
microrganismos resistentes, como o extrato metandélico de Psidium guajavaatum ativo
sobre S. aureus MDR, uma fracdo organica de Prosopis juliflora, ativa sobre
Acinetobacter e o flavonoide apigenina, isolado de Portulaca oleracea ativo contra
Proteus mirabilis e Salmonella typhimurium (ABDALLAH, 2011; NAYAKA et al.,
2014).

A pesquisa de novos agentes antimicrobianos esté atrelada a varios testes, entre
0s quais merecem destaque o método da difusdo em agar e o0 método da diluicdo em
caldo (macrodiluicéo e microdiluicdo) (BALOUIRI; SADIKI; IBNSOUDA, 2016).

O teste de difusdo em agar é um método qualitativo que avalia se hd ou ndo o
crescimento do microrganismo quando este é colocado em contato com uma substancia
teste em meio de cultura so6lido, sendo o método padrdo pelo NCCLS (National
Committe for Clinical Laboratory Standards), de baixo custo e facil execucao e ideal
para microrganismos de crescimento rapido (HOLASOVA et al., 2007). A substancia é
colocada em discos de papel de filtro de pequeno didametro, que sdo posicio
superficie do meio de cultura, previamente inoculado com o microrganismo, em placas
de petri. Neste ensaio, a partir do disco ha uma area em que ndo ha crescimento de
microrganismos, chamada de halo de inibicdo (BALOUIRI; SADIKI; IBNSOUDA,
2016). Assim, o ensaio possibilita relacionar o tamanho do halo de inibigdo com a
eficiéncia antimicrobiana da substancia testada através da medi¢do partindo da
circunferéncia do disco até o ponto em que comega a ocorrer o crescimento microbiano,

permitindo a identificacdo do microrganismo como altamente sensivel, moderadamente
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sensivel ou resistente (MANIKANDAN; AMSATH, 2013). Apesar das vantagens
associadas ao metodo, a principal desvantagem € o risco de erro ao avaliar produtos que

n&o apresentem facil difusio através do agar (SOKOVIC et al., 2010).

O método da diluicdo em caldo também é amplamente difundido, sobretudo por
permitir uma avaliacdo quantitativa e nao ser influenciado pela velocidade de
crescimento do microrganismo. Neste método, o produto teste é adicionado ao meio de
cultura liquido com o microrganismo inoculado, permitindo ap6s a incubagdo, avaliar o
crescimento microbiano através de leitura visual direta ou por meio de
espectrofotbmetro, considerando a turbidez, que aumentara conforme ha multiplicacéo
dos microrganismos. No caso da leitura visual, € comum a utilizacdo de resazurina
devido a alteracdo de cor, uma vez que na presenca de células microbianas viaveis este
indicador de coloracdo pdrpura se oxida e adquire coloracdo rosa. Assim, este método
relaciona a proporcéo de crescimento do microrganismo com a concentracdo do produto
teste em meio liquido (KANG et al., 2011; BALOUIRI; SADIKI; IBNSOUDA, 2016).

O teste de diluicdo apresenta dois tipos de metodologias: a macrodiluicdo e a
microdiluigdo utilizadas para avaliar a a¢do antimicrobiana de diversos produtos. A
primeira é realizada em tubos de ensaio e apresenta como desvantagens a baixa
praticidade e a producdo de elevada quantidade de residuos para um namero baixo de
replicatas. A microdiluicdo, por sua vez, é realizada em microplacas de 96 pocos e
apresenta-se como um método de baixo custo e de boa reprodutibilidade. Por isso, tem
sido amplamente utilizada para determinacdo da menor concentracdo dos produtos
testados capaz de inibir a multiplicacdo de microrganismos (CMI - concentracdo
minima inibitoria), que é utilizada para avaliar a efetividade de um produto. Ainda, a
partir dos pocos nos quais ndo ha crescimento bacteriano visivel, retira-se uma aliquota
que € inoculada na superficie do &gar. Nesse caso, € possivel determinar a menor
concentracdo capaz de romover a morte do indculo, que é denominada concentracdo
minima bactericida (CMB) para bactérias ou concentracdo minima fungicida (CMF)
para fungos (KLANCNIK et al., 2010; RISTIVOJEVIC, et al., 2016).
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3.4. METABOLITOS PRIMARIOS E SECUNDARIOS DE PLANTAS
3.4.1 Metabdlitos primarios
3.4.1.1 Lectinas

Lectinas constituem um grupo de proteinas com imensa diversidade estrutural e
que se ligam, com elevada especificidade, a carboidratos presentes em glicolipidios,
glicoproteinas e polissacarideos de forma reversivel. As forcas que estabelecem esta
interacdo sdo pontes de hidrogénio, interacbes hidrofobicas e interacbes de Van der
Walls (GOLDSTEIN; HAYES, 1978; RINI, 1995; ELGAVISH; SHAANAN, 1997). As
lectinas podem ser encontradas em animais, plantas, fungos e bactérias (YAGI et al.,
2000; SHARON; LIS, 2004; LAKHTIN et al., 2007; VASCONCELOS et al., 2015;
XIU et al., 2015).

As lectinas podem ser classificadas em merolectinas, hololectinas,
quimerolectinas e superlectinas. As primeiras possuem um Unico sitio de ligacdo a
carboidratos, sendo, portanto desprovidas da capacidade de aglutinar células. As
hololectinas, por sua vez, embora possuam apenas um dominio ligante de carboidrato,
apresentam também outros sitios de ligacdo, o que lhes confere a capacidade de
aglutinar células. As quimerolectinas possuem pelo menos um dominio ligante de
carboidrato, além do qual hé& outro sitio que atua de forma independente ao sitio de
ligacdo a carboidratos e que é dotado de atividade bioldgica. Por fim, as superlectinas
apresentam no minimo dois sitios de ligacdo a carboidratos, que possuem estrutura
distinta e se ligam a carboidratos diferentes. E importante destacar ainda que varias
lectinas ndo tém afinidade or monossacarideos, sendo mais esecificas ara
oligossacarideos complexos (PEUMANS; VAN DAMME, 1998; PEUMANS et al.,
2001).

A capacidade de se ligar de modo especifico a carboidratos também permite
agrupar as lectinas levando em consideracdo o monossacarideo pelo qual tém afinidade.
Portanto, podem ser classificadas em como lectinas ligadoras de glicose/manose,
ligadoras de fucose, lectinas ligadoras de galactose/N-acetilgalactosamina, lectinas
ligadoras de N-acetilglucosamina e lectinas ligadoras de acido sialico (PEUMANS;
VAN DAMME, 1995).



42

O grupo mais extensamente estudado para obtencdo de lectinas tem sido os
vegetais, nos quais é possivel obter lectinas de entrecasca, folhas, flores, frutos, raizes e
sementes (OLIVEIRA et al., 2011; SOUSA DE ARAUJO et al., 2012; JIMENEZ et al.,
2013; PATIL; DESHPANDE, 2015; ABUDAYEH et al., 2016). A abundancia destas
macromoléculas nos tecidos vegetais estd associada aos mecanismos de defesa das
plantas contra insetos, fungos, bactérias e infeccdo viral. A ativacdo de genes ligados a
expressao destas proteinas pode ser decorrente da acdo de horménios vegetais
produzidos contra o ataque de insetos (CHEN et al., 2002; DE VOS et al., 2005).

Costa et al. (2010) demonstraram que a lectina isolada de folhas de Phthirusa
pyrifolia apresentou atividade antimicrobiana contra as bactérias gram-positivas
Staphylococcus epidermidis, Streptococcus faecalis e Bacillus subtilis, bem como para a
bactéria gram-negativa Klebsiella pneumoniae. Carvalho et al. (2015) identificaram a
atividade antibacteriana da lectina de sementes de Apuleia leiocarpa contra bactérias
gram-positivas (Bacillus cereus, Bacillus subtilis, Enterococcus faecalis e Micrococcus
luteus) e gram-negativas (Klebsiella pneumoniae e Xanthomonas campestres).

A atividade inseticida também tem sido relatada para lectinas. Oliveira et al.
(2011) demonstraram que a lectina cMoL, isolada das sementes de Moringa oleifera,
promoveu a morte da traca da farinha (Anagasta kuehniella). Paiva et al. (2011)
determinaram a atividade termiticida da lectina de cladodios de Opuntia ficus contra
Nasutitermes corniger e Oliveira et al. (2016) revelaram a atividade larvicida da lectina

isolada da torta de sementes de M. oleifera contra Aedes aegypti.

As lectinas sdo conhecidas também por sua capacidade de interagir
diferentemente com células normais e cancerigenas, devido ao padrdo de glicosilagdo
exibido na membrana celular. Liu et al. (2009) relataram elevada citotoxicidade da
lectina isolada de Polygonatum cyrtonema sobre células de melanoma, sem causar a
morte de melandcitos normais. Uma vez que células cancerosas apresentam padrao de
glicosilagdo distinto das células normais, as lectinas podem ser acopladas a farmacos,
garantindo sua liberacdo no local alvo (BIES; LEHR; WOODLEY, 2004). A interagédo
de lectinas com as glicoproteinas de uma célula cancerosa é capaz de desencadear a
ativacdo de vias que levam a célula a destruicéo, seja por apoptose, autofagia ou necrose
(CAO et al., 2010; LIU; BIAN; BAO, 2010; ARANDA-SOUZA et al., 2014). Além
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disso, tem sido demonstrado que lectinas inibem a migracdo de células tumorais
(OCHOA-ALVAREZ et al., 2012).

A lectina isolada da vagem de Lotus corniculatus promoveu apoptose das células
cancerosas humanas HOP62 (cancer de pulmao), HCT116 (cancer de co6lon) e THP1
(leucemia) e a isolada das folhas de Morus alba L promoveu a morte de células de
cancer de mama (MCF-7) e de co6lon (HCT-15) por apoptose (DEEPA et al., 2012;
RAFIQ et al., 2013).

Silva et al. (2014) demonstraram que a lectina isolada de Canavalia brasiliensis
promoveu a morte por apoptose das células B16F10, alem de estimular a producdo da
citocina 1L-12, que possui agcdo antiangiogénica. Yan et al. (2009) revelaram que a
lectina isolada das raizes de Astragalus mongholicus promoveu apoptose nas células
HeLa (carcinoma cervical humano), com saida do ciclo celular na fase S, bem como na
linhagem K562 (leucemia humana). Aranda-Souza et al. (2014) demonstraram que a
lectina isolada do veneno de Bothrops leucurus promoveu a morte por necrose em
celulas de melanoma murino B16F10.

Diante dos inimeros relatos acerca da acdo anticancer de lectinas, estudos tém
sido desenvolvidos envolvendo a microencapsulacdo destas moléculas para a aplicacédo
terapéutica. El-Aassar et al. (2014) demonstraram que a lectina de Pisum sativum
encapsulada promoveu a superexpressdo do gene p53 e promoveu morte celular por
apoptose. Neste cenario, € e grande interesse a continua realizacdo de pesquisas que
busquem investigar o potencial anticancer de lectinas, fortalecendo estas moléculas

como potenciais ferramentas farmacoldgicas.

3.4.2 Metabolitos secundarios

Os metabdlitos secundarios sao classificados como um conjunto de substancias
com estrutura complexa e baixo peso molecular que nédo séo estritamente essenciais para
a sobrevivéncia da planta. A produgdo destas substancias é amplamente influenciada por
fatores, tais como temperatura, composicdo atmosférica, radiacdo UV, ataque de
patogenos, idade do vegetal e disponibilidade de agua e nutrientes (PICHERSKY;
GANG, 2000; GLOBO-NETO; LOPES, 2007).
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Os terpenos ou terpendides constutuem a maior classe de metabolitos
secundarios em plantas e até o ano de 2014 mais de 40 mil tipos de terpenos haviam
sido descritos (BOUTANAEYV et al., 2014). Os terpenos séo constituidos por unidades
de isopreno, com férmula geral (CsHg),, De acordo com a quantidade de carbonos
presentes na estrutura, os terpenos podem ser classificados em hemiterpenos (com 5
carbonos), monoterpenos (com 10 carbonos), sesquiterpenos (15 carbonos), diterpenos
(20 carbonos), triterpenos (30 carbonos) e tetraterpenos (40 carbonos) (DEWICK,
2009).

Os terpenos apresentam atividade antioxidante, leishmanicida, antimicrobiana,
anti-inflamatoria, anticancer, antihiperglicémica, antiviral, antinociceptiva e
antidepressiva (ARRUDA et al., 2005; PADUCH et al., 2007; PERAZZO et al., 2007;
PERGENTINO et al., 2007; GONZALEZ-BURGOS; GOMES-SERRNILLOS, 2012).
A atividade antimicrobiana de terpenos esta descrita para os fungos Aspergilus niger, C.
albicans e as bactérias Staphylococcus aureus, Bacillus cereus, Eschechia coli,
Pseudomonas aeruginosa (SARAC; KALRA, 2011; SARAC et al., 2014). Entre os
terpenos ja utilizados na terapéutica, a artemisina, um sesquiterpeno isolado de
Artemisia annua, é amplamente empregado no tratamento da malaria (RO et al., 2006).

Os mecanismos envolvidos com a atividade anticancer dos triterpenos sé&o
inducdo da célula a saida do ciclo celular, inducéo de apoptose e modulacdo do sistema
imune. E interessante destacar a capacidade que alguns triterpenos possuem de inibir a
angiogénese, migracdo e metastase (LIU, 2005; PADUCH et al., 2007). A relevancia
destas substancias como agentes anticancer fica evidente com o fato de muitas
prosseguiram para fase de estudos clinicos.

As substancias que possuem pelo menos um anel aromatico com, no minimo,
um hidrogénio substituido por um grupamento hidroxila sdo conhecidas como
compostos fenolicos e sdo derivados do acido chiquimico e do acido meval6nico. Esta
classe engloba substancias conhecidas como fendis simples, acidos fendlicos, lignanas,
taninos, cumarinas e flavonoides (SOARES, 2002). Os &cidos fendlicos apresentam
atividade antioxidante, pois sdo capazes de se ligar aos radicais livres (BREWER,
2011).

Os taninos sdo compostos fendlicos que destacam-se por sua capacidade de

precipitar proteinas e alcaloides (HASLAM, 1996). As moléculas pertencentes a esta
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classe apresentam estrutura constituida por varios anéis aromaticos (de 5 a 7) e com 12
a 16 grupos fenolicos. Dentro desta classe estdo os taninos condensados
(proantocianidinas) e os taninos hidrolisaveis. Os taninos condensados (galicos ou
elagcico) sdo polimeros de flavonoides (2 a 50 unidades) unidos por ligacdes entre
carbonos, enquanto os taninos hidrolisaveis possuem no seu centro uma molécula de
carboidrato, cujos grupamentos hidroxila encontram-se ligados a grupamentos fendlicos
por ligacdo éster (ASHOK; UPADHYAYA, 2012). Entre as atividades biologicas
descritas para esta classe de taninos estdo a atividade antimicrobiana, a atividade
antioxidante, atividade antimutagénica, antitumoral, anti-inflamatéria, antitlcera e
antidiarréica (SULAIMAN et al., 2011; BRUYNE et al., 1999).

Entre os taninos hidrolisaveis, merece destaque o acido tanico, que, embora
tenha se mostrado citotdxico para células de mama normais, mostrou-se mais efetivo
sobre células de cancer de mama, promovendo apoptose nas células transformadas. O
potencial deste tanino foi demonstrado por Tikoo; Sane; Gupta (2010) ao evidenciar a
reducdo da cardiotoxicidade promovida pela doxorrubicina, bem como aumento da

atividade deste farmaco, quando usada em associacao ao acido tanico.

Reddy et al. (2007) demonstraram a atividade antimicrobiana de taninos contra
Escherichia coli, Pseudomonas aeruginosa, Candida albicans, Cryptococcus
neoformans, Aspergillus fumigatus, Mycobacterium intracellulare, bem como contra a
cepa de Staphylococcus aureus resistente ao antibiotico meticilina. Adicionalmente,
Akiyama et al. (2001) sugeriram o uso do acido tanico como adjuvante no tratamento de

infecces causadas por S. aureus.

Os flavonoides possuem um esqueleto com 15 atomos de carbono, que consiste
em dois anéis aromaticos unidos por um anel heterociclico oxigenado (HEIM et al.,
2002). De acordo com as modificagdes no esqueleto estrutural, surgem os diferentes
tipos de flavonoides, como flavonas, flavononas, flavondis, antocianidinas, isoflavonas,
catequinas, auronas, leucocianidinas e chalconas (HAVSTEEN, 2002). A presenca
destes compostos esta associada & protecdo contra radiacdo ultravioleta e ataque de
patogenos nas plantas (HARBORNE; WILLIAMS, 2000).

Os flavonoides sdo amplamente empregados na nutricdo humana como também

apresentam diversas atividades biologicas incluindo atividade antitumoral e



46

antimicrobiana. Matsuo et al. (2005) avaliaram a citotoxicidade de nove flavonoides
sobre celulas endoteliais da veia umbilical humana (HUVEC) e sobre
fibroblastos pulmonares de embrido humano (T1G-1), observando diferentes efeitos para

estas substancias pertencentes a mesma classe.

Os mecanismos envolvidos na atividade anticancer de flavonoides englobam
atuacdo sobre a proteina p53, promocéo da saida do ciclo celular, bem como inibi¢do da
expressao de proteinas envolvidas em diversas vias de manutenco da sobrevivéncia da
célula cancerosa (KUMAR; PANDEY, 2013). Com relacdo a atividade antimicrobiana,
tem sido demonstrada acdo contra bactérias gram-negativas e gram-positivas, como
Staphylococcus aureus, Enterococcus faecalis, Escherichia coli e Pseudomonas
aeruginosa, (HENDRA et al., 2011). Ainda, alguns flavonoides apresentam atividade
contra bactérias resistentes a antibidticos comerciais (MBAVENG et al., 2015). Os
flavonoides podem atuar como antioxidantes pois sdo capazes de sequestrar radicais
livres ou quelar metais (BREWER, 2011).

Os compostos fendlicos em geral, apresentam também atividade hemolitica
(HASSAN et al., 2010; SCHIAR et al., 2007; CAVALHEIRO et al., 2009). Sugere-se
que as saponinas promovam hemdlise através da interacdo com o colesterol presente na
membrana do eritrocito, formando um complexo insolvel com este lipideo, de modo a

permitir a formacao de poro na membrana celular (GAUTHIER et al., 2009).

A chalcona 4-hidroxiderricina isolada das raizes de Angelica keiskei promoveu
inibicdo do crescimento do tumor, bem como a metéastase do carcinoma pulmonar de
Lewis em camundongos, atuando como inibidor da angiogénese e modulador do
sistema imune (KIMURA; TANIQUCHI; BABA, 2004).

As cumarinas (2H-1-benzopiran-2-ona) sdo provenientes do acido chiquimico e
podem ser encontradas em diversos tecidos vegetais, mas estdo em maior quantidade
nos frutos e nas raizes (JAIN; JOSHI, 2012). As moléculas desta classe apresentam
atividade antimicrobiana, antiviral, anticancer, anti-inflamatoria, antioxidante,
anticonvulsivante e atividade protetora sobre o sistema nervoso central (BORGES et al.,
2005; VENUGOPALA; RASHMI; ODHAV, 2012).

Cumarinas apresentam atividade antibacteriana sobre as espécies gram-positivas

e gram-negativas Staphylococcus aureus, Salmonella thypii, Enterobacter cloacae e
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Enterobacter earogenes (BASILE et al., 2009). Estudos envolvendo derivados
sintéticos e naturais de cumarinas demonstraram a atividade anticancer para linhagens
de cancer de pulmao, mama, leucemia, bem como para melanoma, prostata, carcinoma
hepatocelular e carcinoma renal. Esta atividade envolve diferentes mecanismos de acéo,
relacionados com a estrutura destas moléculas, como inibicdo da enzima telomerase, a
regulacdo da expressdo de oncogenes, promogéo de apoptose e inibicdo da proliferacdo
celular por parada no ciclo celular nas fases GO/G1 e G2/M (KLENKAR; MOLNAR,
2015). A substancia esculetina (6,7-diidroxicumarina), encontrada em varias espécies
como Artemisia capillaries, Citrus limonia e Euphorbia lathyris, é um potente agente
antiproliferativo e promotor de apoptose em células de melanoma (JEON et al., 2015).

Os alcaldides vegetais sdo compostos organicos ciclicos derivados dos
aminioacidos aromaticos triptofano e tirosina ou de aminoacidos alifaticos como a lisina
e a ornitina (LU et al., 2012). Estas substancias estdo associadas a um elevado nimero
de propriedades bioldgicas incluindo as atividades anti-inflamatéria, antiulcera,
anticancer, antimalérica antiplasmodial, antiviral e antimicrobiana (ISHIDA et al., 2001,
BARBOSA-FILHO et al., 2006; FALCAO et al., 2008; LEVERRIER et al., 2015;
SWAIN; SAHU; PADHY, 2015; ZHANG et al., 2015). Ja foram reportadas atividade
antibacteriana contra Escherichia coli, Enterobacter cloacae, Pseudomonas aeruginosa,
Klebsiella pneumoniae e Shigella dysenteriae, e gram-positivas como Micrococcus
lysodeikticus, Bacillus cereus, Bacillus megaterium, Bacillus subtilis e Staphylococcus
aureus e antifungica contra Candida albicans, Candida tropicalis e Candida glabrata
(DENG et al., 2011).

Inimeros alcaloides apresentam efeitos toxicos, como a atropina isolada de
Atropa belladonna, que promove taquicardia, dilatacdo das pupilas, reducdo da
motilidade gastrointestinal e diminui¢do da producédo de saliva (BEYER; DRUMMER,;
MAURER, 2009). A atividade citotdxica de alcaloides contra linhagens cancerigenas
estd relacionada a acdo em diversos alvos, pois podem promover a saida do ciclo
celular, autofagia, apoptose e inibicdo da angiogénese através de acdo sobre moléculas
chave de diversas vias (LU et al., 2012).

As pesquisas envolvendo a acdo anticancer de produtos de origem vegetal foram

responsaveis pela introducdo de muitos farmacos no mercado. Alguns merecem
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destaque como os alcaloides vimblastina e vincristina, que se ligam a proteinas dos
microtUbulos e impedem que a célula finalize a metastase. Ambos foram isolados da
espécie Catharanthus roseus e sdo empregados no tratamento do linfoma de Hodgkin,
sarcoma de Kaposi, cancer de ovario, de testiculos e leucemia linfoblastica aguda
infantil. A partir de uma modificagdo na vimblastina, foi desenvolvida a vinfluina, que
também age nos microtdbulos, e apresenta agdo para cancer de mama metastatico
(CAMPONE et al., 2006; BRANDAO et al., 2010).

O taxol (paclitacel), um éster alcaloide isolado de Taxus brevifolia atua no fuso
mitotico, impedindo a proliferacdo celular e € empregado no combate ao cancer de
mama, de pulmdo e de ovéario. Os farmacos topotecano e irinotecano, que sdo analogos
estruturais da camptotecina, um alcaloide isolado de Camptotheca acuminata, atuam
inibindo a enzima topoisomerase | e sdo utilizados para o tratamento de cancer de célon,
pulméo e de ovario (OBERLIES; KROLL, 2004).

Entre estes os estudos realizados com metabdlitos secundarios de origem
vegetal, existem aqueles que promovem modificacdes estruturais nos compostos ativos
de origem vegetal para obter derivados mais potentes e com menor toxicidade. Sagar et
al. (2014), que avaliaram quatro derivados da substancia plumbagina (5-hidroxi-2-
methil-1,4-naftoquinona) isolada das raizes de uma planta da familia Plumbaginaceae e
determinaram que um dos derivados apresentou menor toxicidade para células normais

em compara¢do ao composto isolado das raizes.

3.5 APODANTHERA CONGESTIFLORA

Apodanthera congestiflora pertence a familia Cucurbitaceae, que apresenta cerca
de 118 géneros, 900 espécies e estd amplamente distribuida nas regides tropicais e
subtropicais (SIMPSON, 2010). No Brasil sdo encontrados cerca de 30 géneros, com
148 espécies (KLEIN; LIMA, 2011). A familia Cucurbitaceae engloba plantas
trepadeiras ou ervas prostradas com ou sem gavinhas. As folhas séo alternas, simples ou
lobadas e as plantas desta familia podem ser monoicas, didicas ou ainda andromonoicas,
com flores geralmente pentdmeras (BARROSO, 1978; KLEIN; SANTANA, 2009).
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A elevada importancia econdmica desta familia é decorrente do emprego de
alguns géneros na producdo de alimentos, como a melancia (género Citrullus) e a
abobora (género Cucurbita) (BALDIN et al., 2002; DI STASI et al., 2002). Entre as
propriedades biologicas descritas para plantas da familia Cucurbitaceae estdo as
atividades hipoglicemiante e hipotensora, anticncer, antimicrobiana, anti-inflamatoria,
hepatoprotetora, analgésica e antioxidante (GONZALEZ; DI STASI, 2002; OJEWOLE;
ADEWOLE; OLAYIWOLA, 2006; ESEYIN; SATTAR; RATHORE, 2014,
TALUKDAR; HOSSAIN, 2014).

As sementes de espécies do género Curcubita sdo ricas em y-tocoferol, -
sitosterol e os &cidos esteérico, linoleico, oleico e palmitico enquanto foi reportado que
0 extrato salino das sementes de Momordica charantia, Cucumis sativa, Praecitrullus
fistulosus, Cucurbita pepo e Lagenaria siceraria contem fitosterois, glicosideos
cardiacos, saponinas e terpenos (KIM et al., 2012; SOOD et al., 2012). Foram também
identificados ceramidas, esteroides e triterpenos na casca dos frutos de Luffa
operculata; alcaloides, saponinas, taninos, terpenos e triterpenos nas folhas das
cucurbitaceas Lagenaria vulgaris, Luffa acutangula e Momordica subangulata e
alcaloides, antraquinonas, taninos, esteroides, flavonoides e saponinas nas partes aéreas
de Telfairia occidentali (FEITOSA et al., 2011; TUPE et al., 2013; ESEYIN; SATTAR;
RATHORE, 2014).

As raizes tuberosas de Momordica tuberosa contem esterois, triterpenos,
saponinas e glicosideos cardiacos, além de carboidratos (KUMAR et al., 2010). Entre o0s
constituintes quimicos das raizes de Momordica dioica estdo alcaloides, esteroides,
triterpenos e &cido esteédrico. Ainda, as raizes de Telfairia Occidentali apresentam
taninos, saponinas, triterpenos e esterdis (TALUKDAR; HOSSAIN, 2014).

A familia Cucurbitaceae apresenta uma rica constituicdo quimica e entre 0s
compostos encontrados, merecem destaque o0s triterpenos tetraciclicos altamente
oxigenados e derivados de um esqueleto cucurbitano, conhecidos como cucurbitacinas
(Figura 11). De acordo com as modificacBes estruturais em torno do esqueleto, é
possivel identificar mais de 20 tipos de cucurbitacinas distintos (CHEN et al., 2004).
Estas moléculas podem ser encontradas em diversas partes da planta, contudo
predominam nas raizes e nos frutos (METCALF; METCALF, 1982). Tem sido
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reportado que as cucurbitacinas apresentam atividade citotoxica, anti-inflamatdria,
antitumoral, hepatoprotetora e purgativa (MIRO, 1995; HE et al., 2013).

Figura 11. Estrutura geral das cucurbitacinas. Esqueleto cucurbitano: (19-(10—9p)-
abeo-10a-lanost-5-ene).

Fonte: Chen et al. (2004).

A atividade anticancer tem sido amplamente relatada para a cucurbitacina B.
Gao et al. (2014) indicaram que esta molécula inibe o crescimento de células de cancer
de prostata (PC-3), promovendo apoptose e acimulo de células na fase GO/G1 do ciclo
celular, sem afetar as células epiteliais prostaticas normais. No entanto, outros estudos
indicam cucurbitacinas promovendo a saida do ciclo celular na fase G2/M (TANNIN-
SPITZ et al., 2007; THOENNISSEN et al., 2009).

A cucurbitcina E também € bastante estudada e trabalhos tém demonstrado a
atividade citotoxica seletiva desta molécula, pois inibe o crescimento de células de
leucemia promielocitica (HL-60) sem promover a morte de linfécitos (MILITAO et al.,
2012). Adicionalmente, Nakashima et al. (2010) demonstraram atividade
antiproliferativa da cucurbitacina E sobre a linhagem U397 (leucemia monocitica
humana). Os estudos promissores com esta molécula estimularam a incorporacdo da
cucurbitacina E em lipossomos, passo fundamental para a realizacdo de estudos
posteriores visando aumentar a eficicia da acdo desta cucurbitacina (HABIB et
al., 2013).

Vale destacar ainda o estudo realizado por Sadzuka; Fujiki; Itai (2012), que

demonstrou que a associacdo da cucurbitacina | com o farmaco doxorrubicina
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promoveu aumento da citotoxidade sobre células cancerigenas e redugdo da
cardiotoxicidade deste farmaco. Chen et al. (2014) isolaram do rizoma de Hemsleya
amabilis a cucurbitacina Ila, que demonstrou potente atividade citotoxica sobre células
HeLa. A diversidade deste grupo de triterpenos é fator crucial para continua realizacéo

de pesquisas.

O género Apodanthera possui 40 espécies distribuidas na América tropical e
subtropical (POZNER, 1998). O Brasil conta com onze espécies, das quais apenas uma
ndo é endémica (LIMA, 2010). As espécies deste género podem apresentar valor
nutricional, como Apodanthera biflora, cuja raiz apresenta teores de proteinas,
carboidratos, fésforo e calcio equivalentes ou superiores ao de culturas empregadas na
alimentacdo (CLARK et al., 2012).

Propriedades farmacoldgicas sdo também descritas para espécies do género
Apodanthera. Vilar; Carvalho; Furtado (2007) indicaram que o extrato aquoso de A.
villosa (batata-de-teiu), mas ndo o de A. glaziovii (cabeca-de-negro), foi capaz de
retardar a mortalidade de camundongos que receberam veneno de Bothrops jararaca.
Tal atividade foi atribuida a presenca do composto pterocarpano - (-) edunol, um tipo de
isoflavonoide. Vale ressaltar ainda o uso para tratamento de cancer, pela populacéo, de
A. smilacifolia, que é também inclusa na lista da Agéncia Nacional de Vigilancia
Sanitaria (ANVISA) de fitoterapicos usados em associacdo no Brasil (CARVALHO et
al., 2008; OLIVEIRA; MACHADO; RODRIGUES, 2014).

Apodanthera congestiflora (Figura 12) tem como sinénimo Melothria
congestiflora e é uma trepadeira endémica do Brasil, amplamente distribuida na regido
nordeste, sendo encontrada na Caatinga nos estados da Bahia, Pernambuco, Cear3,
Piaui, Rio Grande do Norte, Sergipe, bem como no estado de Minas Gerais (LIMA,
2010). As folhas desta planta podem ser simples ou compostas, trilobadas, com margens
sinuosas ou denteadas e faces adaxial e abaxias pubescentes. Ha a presenca de gavinhas
e trata-se de uma espécie dioica. Os frutos (Figura 12 b) apresentam coloragao
alaranjada a castanha, com estrias brancas longitudinais. As sementes de A.
congestiflora sdo obovaladas (MACHADO, 2009; LIMA, 2010).
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Figura 12. Apodanthera congestiflora. (a) planta inteira, (b) frutos, (c) raiz (d)

exsicata.

Fonte: O autor

Roque; Rocha; Loiola (2010) demonstraram o uso da raiz de A. congestiflora
como depurativo do sangue, para tratar manchas de pele e para coceira, enquanto Silva
et al. (2015) relataram o uso no combate a dores de coluna, por diferentes populagdes no

nordeste do Brasil.

O imenso potencial da familia Cucurbitaceae, bem como a auséncia de estudos
sobre as propriedades bioldgicas de A. congestiflora evidenciam a necessidade de
realizacdo de pesquisas visando a caracterizagdo quimica da espécie e a descoberta das

propriedades biol6gicas desta planta.
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3.6 MYRACRODRUON URUNDEUVA

Popularmente conhecida como aroeira do sertdo, aroeira preta ou urundelva,
Myracrodruon urundeuva (Figura 13), sinénimo Astronium urundeuva Fr. All.
(QUEIROZ; MORAES; NASCIMENTO, 2002) pertence a familia Anacardiaceae e
possui ocorréncia restrita a Ameérica do Sul. No Brasil a espéecie pode ser encontrada
principalmente na regido nordeste, onde € amplamente utilizada devido ao seu valor
econdmico e medicinal (MONTEIRO et al., 2012; SILVA et al., 2012). M. urundeuva
caracteriza-se como uma espécie arbdrea, podendo alcancar até 30 metros de altura,
xerofita seletiva, heliéfita, com folhas alternas, compostas e caducifolias, com a queda
das folhas ocorrendo entre os meses de julho e setembro. A espécie apresenta frutos do
tipo drupa, com uma semente globosa e alada por fruto (LORENZI, 1992; RIZZINI,
1971).

Figura 13. Myracrodruon urundeuva. (a) arvore, (b) folhas, (c) casca, (d)
madeira, (e) inflorescéncia, (f) frutos, (g) sementes.

Fonte: Centro Nordestino de InformagGes sobre Plantas (CNIP); (LORENZI, 2000).

A inclusdo desta planta entre as espécies da flora brasileira ameacadas de
extincdo na lista elaborada pela IUCN (The World Conservation Union), em
decorréncia da exploracdo elevada, evidencia a importancia da realizacdo de estudos

acerca das propriedades farmacoldgicas de produtos isolados desta espécie, uma vez que
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os metabolitos bioativos estimulam a conservacdo da planta, além de poderem ser
utilizados como protdtipos para a sintese de novas substancias.

Entre os constituintes quimicos encontrados em M. urundeuva, estdo
flavonoides, esteroides, alcaloides, xantonas, taninos e saponinas (GOMES et al., 2013;
MOTA et al., 2015). Vale salientar que esta planta possui elevado teor de compostos
fendlicos, sobretudo de taninos, que estdo relacionados a atividade anti-inflamatéria da
planta (MORAIS et al., 1999, SOUZA et al., 2007). A partir da entrecasca de M.
urundeuva, foram isoladas chalconas (precursores de flavonoides), sendo estas
substancias, juntamente com o0s taninos, 0s constituintes encontrados em maior
quantidade no extrato obtido com acetato de etila (VIANA et al., 1997; VIANA;
BANDEIRA; MATQS, 2003).

No que se refere aos aspectos toxicologicos e farmacoldgicos de M. urundeuva,
0 decocto da entrecasca é empregado na medicina popular nordestina para tratar
inimeras desordens, tais como problemas dermatolégicos, ginecoldgicos e disturbios no
sistema digestorio, apresentando também atividade cicatrizante e anti-inflamatdria
(MATQOS, 2002). Diante da ampla utilizacéo e propriedades farmacoldgicas, Resende et
al. (2015) investigaram o potencial mutagénico do extrato hidroalcodlico através do
teste de Ames, tendo observado a auséncia de efeitos mutagénicos, além da acdo
antimutagénica.

As folhas por sua vez, sdo utilizadas para tratamento de Ulcera (PEREIRA et al.,
2014). Ademais, Oliveira et al. (2011) demonstraram que o extrato das folhas possui
atividade ovicida contra o nematoide Haemonchus contortus, presente no trato
gastrointestinal de pequenos ruminantes, atribuindo esta acdo aos taninos presentes na
planta.

Também foi relatada a atividade anti-inflamatéria e analgésica da fracdo
enriquecida de chalconas obtida a partir do extrato em acetato de etila da entrecasca
(VIANA; BANDEIRA; MATOS, 2003). Por outro lado, a aplicacdo topica do gel
contendo o extrato hidroalcodlico (5%) da entrecasca de M. urundeuva na gengiva de
ratos com doenca periodontal induzida promoveu melhora no tecido, além de prevenir o
crescimento de microorganismos (BOTELHO et al., 2007).

Estudo realizado por Carlini; Duarte-Almeida; Tabach (2013) demonstrou o
potencial toxico da administragdo cronica, em ratos, do extrato aquoso obtido por

decoccéo, da entrecasca de M. urundeuva. Embora ndo tenha causado reducdo no
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nimero de hemécias ou da hemoglobina, o tratamento promoveu reducdo do
hematocrito e reducdo no peso dos animais, em comparacdo ao controle. Ainda, 0s
autores observaram aumento do nimero de malformacgdes Osseas na prole de fémeas
tratadas com o extrato, bem como reducdo do peso corpdreo de fémeas gravidas que
receberam tratamento com dose elevada do extrato de M. urundeuva.

Dentre as atividades biologicas de M. urundeuva, tem sido descrita a acdo contra
células cancerosas. Mahmoud et al. (2011) indicaram que 0s extratos etanolicos da
entrecasca e do cerne, promoveram a morte das linhagens cancerosas HCT-8
(carcinoma humano de cdlon), SF-295 (glioblastoma) e MDA-MB-435 (melanoma).
Em adicdo, Jandu et al. (2012) demonstraram que o0 extrato metanolico da entrecasca
ndo foi citotoxico para a linhagem de células normais VERO (células renais de macaco
verde africano).

As lectinas isoladas do cerne (MuHL, 4,4 kDa), das folhas (MuLL, 14,2 kDa) e
da entrecasca (MuBL, 14 kDa) de M. urundeuva apresentam atividade larvicida contra
Aedes aegypti (SA et al., 2009; NAPOLEAO et al., 2012). Relatou-se também a
atividade termiticida de MuHL, MuLL e MuBL contra Nasutitermes corniger, bem
como atividade bacteriostatica e bactericida contra bactérias encontradas no intestino
dessa espécie (SA et al., 2008; NAPOLEAO et al., 2011). As lectinas citadas
apresentam caracteristicas interessantes para o uso biotecnolégico das mesmas, como
estabilidade a temperaturas elevadas sendo inativadas apenas a 100 °C e atividade em
ampla faixa de pH, com MuHL e MuBL sendo inativadas apenas em pH 9 e MuLL em
pH 12 (NAPOLEAO et al., 2011).
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Abstract

Apodanthera congestiflora is an endemic plant from Brazil used by the population as
depurative of blood and to treat skin patches, itch and back pain. Due to the absence of
studies about the chemical composition and biological activities of this species, this
work aimed to evaluate chemical composition, antioxidant activity, cytotoxicity on
cancer cells and peripheral blood mononuclear cells (PBMCs), hemolytic activity, as
well as the antimicrobial activity of hexane, ethyl acetate and methanol extracts from
tuberous roots of A. congestiflora. Furthermore, it was evaluated the cytotoxic and
antimicrobial activities of organic fractions and the anticancer activity of a cucurbitacin
isolated. It was detected on extracts coumarins, alkaloids, terpenes and anthraquinones.
A.congestiflora extracts showed antioxidant activity, with the best results observed to
ethyl acetate on phosphomolybdenum method and for methanol for DPPH assay. The
ICso values on cancer cell lines tested ranged from 3.7 to 15.5 pg/mL and from 18.02 to
32.0 ug/mL, for hexane and ethyl acetate, respectively. The methanol extract did not
promote reduction in cell viability. The extracts also reduced the viability of PBMCs.
On hemolytic assay, the ECsy of the extracts ranged from 594.1 to 1.087 pg/mL. The
fractions obtained from hexane extract showed 1Csy values ranging from 0.54 to 24.35
pug/mL. The isolated cucurbitacin from hexane extract was cytotoxic to NCI-H292,
HEP-2, HL-60 and K562 (ICso of 1.98, 4.16, 2.95 and 3.22 ug/mL, respectively) and to
PBMCs (ICso of 2.31 pug/mL). Effects of the cucurbitacin on morphological aspects of
HL-60 showed nuclear fragmentation, as well as pyknosis and membrane disintegration
at 8.0 pg/mL. Apoptosis and secondary necrosis were detected, as well as mitochondrial
membrane depolarization, suggesting mitochondrial involvement in the apoptosis
process. The Minimum inhibitory concentration (MIC) of the extracts ranged from 0.23
mg/mL to 15 mg/mL. The MIC values determined for organic fractions ranged from
0.125 to 2.5 mg/mL.
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This study determined the antioxidante, cytotoxic and antimicrobial activities of A.
congestiflora roots extracts and identified some compounds associated with these
effects. The anticancer activity showed by the cucurbitacin isolated suggest involvement
of the intrinsic pathway in the apoptosis cell death promoted. However, studies are
necessary to verify the deleterious effect of this compound on normal cells.

Keywords: Apodanthera congesiflora, cucurbitacin, antimicrobial, apoptosis

Introduction

Plants have important role as source of biologically active substances, which can
be directly employed in the treatment of diseases or act as a prototype for the
development of drugs [1, 2]. Indeed, several drugs with anticancer activity have been
developed from plants, such as vinblastine and vincristine, obtained from Catharanthus
roseus, vinfluin, developed from a structural modification in vinblastine and paclitacel,

isolated from Taxus brevifolia [1,3].

Despite the large number of drugs available for cancer treatment, this
therapeutics is related with the promotion of damage to normal cells and the
development of cancer cells resistance to chemotherapy [4, 5, 6]. Therefore, the search
for new active compounds associated to minimal damage on normal structures is

essential.

Antibiotics are closely related to cancer treatment and may be used in patients
submitted to chemotherapy in order to prevent infections in individuals with low white
blood cells [7]. Additionally, antibiotic resistance showed by many pathogenic
microorganisms is a global problem and is related to the adaptability of microorganisms
[8]. Thus, the high quantity of products with antimicrobial activity obtained from plants

indicates the relevance of the studies to find new antibiotics [9].

Cucurbitaceae family has approximately 900 species in 118 genera and is
widely distributed in tropical and subtropical regions [10]. Plants belonging to this
family have several biological properties, such as hypoglycemic, hypotensive,
anticancer, antimicrobial, anti-inflammatory, hepatoprotective, analgesic and
antioxidant activities [11, 12, 13, 14]. Among the chemical constituents found in plants
of the Cucurbitaceae family are the cucurbitacins, which are tetracyclic triterpenes
associated with various biological activities (HE et al., 2013).
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Apodanthera congestiflora (syn. Melothria congestiflora) is an endemic plant
from Brazil, belonging to the Cucurbitaceae family. This plant is widely distributed in
the Caatinga biome in states of Bahia, Pernambuco, Ceard, Piaui, Rio Grande do Norte,
Sergipe, also being found in the state of Minas Gerais [15]. Despite the use of this plant
as depurative of blood and to treat skin patches, itch and back pain by the population,
studies involving this species are limited to the field of Ethnobotany [16, 17].

This study aimed to evaluate the chemical composition and investigates the
antioxidant, cytotoxic and antimicrobial activities of tuberous roots extracts from

Apodanthera congestiflora, as well as the anticancer activity of a isolated cucurbitacin.

Material and Methods

Plant material

The tuberous roots from Apodanthera congestiflora was collected in Barbalha
(Lat.: 7° 16.26* 70.24°’; Long.: 39° 15.28” 26.36""), between the months of September
and December (2015) at state of Ceara (Brazil) and a voucher specimen was deposited
with the number 899985 in the Herbarium Instituto Agronémico de Pernambuco (IPA).

Cell lines and cell culture

The cancer cell lines used for the in vitro cytotoxicity tests were: NCI-H292
(human  pulmonary  mucoepidermoid  carcinoma), HT-29 (human colon
adenocarcinoma), HEp-2 (human larynx epidermoid carcinoma), MCF-7 (human breast
adenocarcinoma cell line), (MOLT-4 (human acute lymphoblastic leukemia cell line),
K562 (human erythromyeloblastoid leukemia cell line) and HL-60 (promyelocitic
leukemia). These cells were grown in DMEM - Dulbecco’s Modified Eagle’s Medium
or RPMI medium, supplemented with 10% FBS, 1% of penicillin—streptomycin
solution, 1% of glutamine, at 37 °C with a 5% CO, atmosphere. The cells were obtained
from the Cell Bank of Rio de Janeiro, Brazil and maintained in the Laboratory of Cell
Culture, Departamento de Antibioticos, Universidade Federal de Pernambuco (UFPE),
Brazil. Peripheral blood mononuclear cells (PBMCs) were obtained from peripheral
blood from healthy volunteer donors (18 to 30 years old) (Experiments involving
human blood were approved by the Ethics Comitee on Research Involving Human
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Beings from Federal University of Pernambuco under the number
60107916.8.0000.5208).

Microorganisms

The strains of bacteria and one yeast used were obtained from the Collection of
Microorganisms of the Departamento de Antibidticos, Universidade Federal de
Pernambuco (UFPEDA), Brazil. For this test were used four gram-positive bacteria:
Staphylococcus aureus (UFPEDA 01), Micrococcus luteus (UFPEDA 100), Bacillus
subtilis (UFPEDA 86) and Enterococcus faecalis (UFPEDA 138); three gram-negative
bacteria: Escherichia coli (UFPEDA 224), Serratia marcescens (UFPEDA 352) and
Pseudomonas aeruginosa (UFPEDA 39); an acid-fast bacteria: Mycobacterium
smegmatis (UFPEDA 71) and the yeast Candida albicans (UFPEDA 1007).
Additionally, clinical isolates from Staphylococcus aureus were obtained from urine
(UFPEDA 671), purulent exudates (UFPEDA 709), operative wound (oxacillin
resistant- ORSA) (UFPEDA 719) and catheter tip (UFPEDA 725).

Tuberous roots extracts

The roots from A. congestiflora were dried at room temperature and powdered.
The extraction was performed in a soxhlet apparatus using hexane, ethyl acetate and
methanol, in this order during six hours for each extract. The obtained extracts were
concentrated to near dryness on a rotary evaporator and the yield was calculated from

the ratio of the mass of dry crude extract and the initial mass of the plant.
Thin layer chromatography

The obtained extracts were applied in chromatography using silica gel 60 plates
(0.20 mm) as fixed phase and pre-selected organic solvents as mobile phase. Then, the
plates were irradiated with 365 nm UV light, using specific reagents for each class of
compounds. Anisaldehyde-sulfuric acid and ceric sulphate were used to
terpenoid compounds and flavonoids. Potassium hydroxide in ethanol was used
to coumarins and anthraquinones. The Lieberman-Burchard reagent it was used
to detect steroids/triterpenoids. Drangendorff was the reagent used to alkaloids

identification and ferric chloride solution was used to tannins [18].
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Quantification of total and residual phenols

Quantification of total phenols was carried out according to Amorim et. al. [19]
An aliquot (0.2 mL) of the A. congestiflora extracts (1 mg/mL) was transferred to a test
tube, to which was added 0.5 mL of Folin-Ciocalteu reagent, 1 mL of sodium carbonate
and distilled water. After 30 minutes it was read the absorbance at 760 nm. The
calibration curve was prepared using tannic acid (0.5, 1.0, 1.5, 2.0, 2.5, 5.0, 7.5 and 10
pg/mL) and total phenols content was expressed as milligrams equivalent of tannic acid

per gram of extract (mg TAE/Q).

To quantify the residual phenols, the extracts (6 mL, 1 mg/mL) were mixed with
casein (1 g) and distilled water (12 mL). After three hours of reaction with stirring, the
material was filtered to quantification by the Folin-Ciocalteu method. The tannin
content was calculated as the difference between total and residual phenols after

filtration.
Flavonoid content

The test was performed according to Peixoto-Sobrinho et al. [20] with
modifications. The extracts (0.2 mL; 1 mg/mL) were mixed with glacial acetic acid (120
pL), pyridine (2 mL; 20% v/v in ethanol), aluminum chloride (0.5 mL; 5% p/v in
distilled water) and the volume was completed with distilled water until 10 mL. After
incubation (30 minutes) in the dark, the absorbance was measured at 420 nm. A
standard curve (0.05-2ug/mL) was prepared using rutin. The content of flavonoid in
extracts was expressed as milligrams equivalent of rutin per gram of extract (mg

RUE/Qg). The test was performed in triplicate.

Coumarin content

The assay was performed according to Osorio and Martins [21]
with modifications. A. congestiflora extracts (0.5 mL; 1 mg/mL) were transferred to test
tubes and to each tube were added distilled water (2 mL) and lead acetate (500 pL).
After stirring and addition of distilled water (7 mL), an aliquot of this solution was
added to 8 mL of hydrochloric acid. After 30 minutes, the absorbance of the solution

was measured at 320 nm. A standard curve was used with different concentrations of
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coumarin (0.4-16 mg/mL) and results were expressed as milligrams equivalent of

coumarin per gram of extract (mg CE/qg). The tests were performed in triplicate.
Fractionation of hexane extract

Hexane extract (1g), the most active on cancer cells, mixed with Silica Gel 60
(Merck) was placed on the top of a glass column (30 cm x 3.5 cm) using Silica Gel 60
(Merck) as stationary phase. The column was eluted with hexane, hexane-ethyl acetate
(8:2), hexane-ethyl acetate (7:3), hexane-ethyl acetate (6:4), hexane-ethyl acetate (5:5)
and ethyl acetate, in this order. The fractions obtained were kept in a desiccator
until constant weight. Thin layer chromatography was performed for each eluted
fraction for banding pattern analysis. Fractions with similar banding profile were

pooled, yelding 13 fractions.
Gas chromatography-mass spectrometry (GC-MS)

The fractions (1 mg) were diluted in dichloromethane and analyzed in a gas
chromatograph coupled with a mass detector equipped with a capillary column
ValcoBond VB-5 (length of 30 m, 0.25 mm internal diameter and 0.25 pm of film
thickness). GC-MS operating conditions were as follows: the column temperature was
set at 70°C and held for 40 min, increased to 280°C at a rate of 4°C/min, and held at this
temperature for 15 min. The detector was maintained at 280°C. Split injection was
performed with a spilt ratio of 65:1. Helium at 0.8 mL/min was used as carrier gas. In
the end of the process, the spectrum of the unknown components of each fraction
analyzed was compared with known components stored in the library using NIST mass

spectrum database.

Isolation of a cucurbitacin from the roots of A.

congestiflora

The most active fraction on cancer cells was submitted to a new fractionation to
increase purity. The column chromatography was performed in a glass column, using
Silica Gel 60 (Merck) as stationary phase. The fraction 13, obtained with ethyl acetate
was used for this. The column was eluted with hexane-ethyl acetate (5:5), ethyl acetate
and ethyl acetate-methanol (9:1), in this order. The fractions obtained were kept in a

desiccator until constant weight. Thin layer chromatography was performed for each
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eluted fraction for banding pattern analysis and those with similar banding profile were
pooled. Then, majoritarian fraction was recrystallized using ethanol. The crystals were
diluted in deuterated chloroform and evaluated for nuclear magnetic resonance spectra
of hydrogen (1H NMR) and carbon-13 (13C-NMR), including two-dimensional NMR
(HMBC, HSQC and COSY). The hydrogenation pattern of the carbons was determined
by using DEPT (Distortionless Enhancement by Polarization Transfer);

Total antioxidant activity by Phosphomolybdenum method

The test is based on reduction of the Mo (VI) to Mo (V) by the extract and
formation of a green phosphate/Mo (V) [22]. For this assay, 0.1 mL of A. congestiflora
extracts (1 mg/mL) or the standard ascorbic acid was mixed with 1 mL of the reagent
(0.6 M sulfuric acid, ammonium molybdate and 4 mM sodium phosphate, 28 mM). The
tubes were closed and incubated in water bath at 95 °C for 90 minutes, for later reading
of the absorbance at 695 nm. The results were expressed as pg of ascorbic acid

equivalent (AAE) per mg of extract.

Free radical scavenging activity by DPPH 2,2-Diphenyl-1-picrylhydrazyl

assay

The test is based on electron transfer by an antioxidant substance. The DPPH,
which presents purple color, is reduced to diphenyl-picryl hydrazine, with yellow
coloration. The extracts were tested at concentrations ranging from 62.5 to 1000 pg/mL.
and ascorbic acid (0.3, 0.5, 1, 2, 3, 4 and 5 pg/mL) was used as standard and 270 pL of
the DPPH solution was added to each sample, using ethanol as white. After 30 minutes,
the reduction of DPPH was determined by colorimetric change at 517 nm [23]. The
antioxidant concentration required to decrease 50% of the DPPH present (ICsp) was

determined.

Evaluation of cytotoxicity of extracts and fractions on cancer cell lines

Cell viability was measured by MTT (3-(4, 5-dimethyl-2-thiazole)-2, 5-
diphenyl-2H-tetrazolium bromide) reduction assay, which is based on the conversion of
the salt MTT to a formazan product by the action of the enzyme succinyl dehydrogenase
present in mitochondria of viable cells [24, 25]. The cancer cell lines NCI-H292, HT-
29, HEp-2, MCF-7 cells (10° cells/mL), MOLT-4 (10° cells/mL) in DMEM medium,
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K562 and HL-60 (0.3x10° cells/mL) in RPMI medium were plated in 96-well
microplates and incubated during 24 h at 37 °C. After this period, 10 pL of
hexane, ethyl acetate or methanol extracts (50 pg/mL) or 10 pL of fractions (25 pg/mL)
obtained by column chromatography were added to each well and incubated for 72 h.
Next, MTT dye (25 pL; 0.5 mg/mL) was added to the wells and the assay was incubated
for more 3 h. After this period, the medium was removed and dimethylsulfoxide
(DMSO, 100 puL) was added to the wells for solubilization of the generated formazan
salts. The optical density of the wells was measured at 540 nm and compared to that in
the control (cells incubated only with medium). Two independent experiments were
performed in triplicate. The ICsy value was calculated to extracts and fractions with
inhibition of cell viability above 70%. To this, the extracts and fractions were tested
again in serial concentrations ranging from 0.39 to 50 ug/mL for extracts and 0.195 to
25 pg/mL for fractions. The concentration that reduced cell viability by 50% (ICs) was
calculated by nonlinear regression using the software GraphPad Prism v. 5.0.

Evaluation of cytotoxicity of A. congestiflora extracts on peripheral blood
mononuclear cells (PBMCs)

PBMCs were purified from human blood by gradient separation using the
solution for cell separation Histopaque-1077 (Sigma—Aldrich). Cells were isolated from
a 6 mL blood sample in 5 mL of phosphate buffered saline (PBS) to which was added 3
mL of Histopaque-1077 (Ethics Committee 60107916.8.0000.5208). After
centrifugation at 1500 rpm for 30 min, the mononuclear cells (present in the
intermediate region between the red cells and serum) were aspirated. The lymphocyte
suspension was transferred to another tube to which PBS was added until the volume of
11 mL and centrifuged for 20 min at 1000 rpm. Then, the supernatant was discarded and
the lymphocyte pellet ressuspended to a final concentration of 10° cells/mL in RPMI
1640 medium supplemented with 20% fetal bovine serum, 1% of a penicillin-
streptomycin solution. Lymphocytes proliferation was induced by addition of 3%
phytohemagglutinin (PHA), a mitogen which acts fundamentally on T lymphocytes
becoming they the predominant cell population in this assay (LIU et al., 2004). The
cells in RPMI complete medium (with PHA) were plated in 96-well microplates and
incubated during 24 h at 37 °C.
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To determine the cytotoxicity on PBMCs, hexane, ethyl acetate or methanol
extracts from A. congestiflora (100uL; 50 pg/mL) were added to cell and incubated for
72 h at 37 °C with a 5% CO, atmosphere. MTT dye (25 uL; 0.5 mg/mL) was added to
the wells and the assay was incubated for more 3 h. After this period, the medium was
removed and DMSO (100 puL) was added. The optical density of the wells was
measured at 540 nm and compared to that in the control.

Hemolytic Assay using human erythrocytes

The hemolytic assay was performed to hexane, ethyl acetate and methanolic
extracts and to fractions which were active on cancer cells. The assay was performed in
96-well microplates. Each well received a 0.85% NaCl solution containing 10 mM
CaCl,. Samples (100 pL, in DMSO 5%) of the extracts were added to the first well of
each column in triplicate, from which 100 puL were transferred to the second well to
performed a serial dilution (final concentrations ranging from 15.62 to 2000 pg/mL)..
Each well received 100 pL of a 2% (v/v) suspension of human erythrocytes in 0.85%
saline containing 10 mM CaCl, (Ethics Committee 30731814.8.0000.5208). In negative
controls, 100 pL of the saline solution plus 50 pL of the saline solution or 50 uL of 5%
DMSO were plated. Positive control (to obtain 100% hemolysis) contained 80 pL of
saline solution plus 20 pL of 0.1% Triton X-100 in 0.85% saline. After centrifugation
during 1 h followed by incubation for 1 h at 27 °C, the supernatant was discarded, and
the released hemoglobin was measured by absorbance at 450 nm. Two independent

experiments were performed in duplicate.

Cytotoxicty of cucurbitacin isolated on PBMCs and cancer cell
lines
The ICs of the cucurbitacin isolated from active fraction on PBMCs and cancer
cell lines was determined using the MTT assay, as previously described. Additionally,

the cytotoxicity of the compound after 24 and 48 h of treatment was evaluated.

Morphological Analysis on HL-60 cells treated with cucurbitacin

Morphological analysis was performed by Panotic staining after incubation of
HL-60 cells (3x10° cells/mL) with cucurbitacin (2.0, 4.0 and 8.0 pg/mL) during 48 h.
Cells were examined for morphological changes using light microscopy (Leica
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DM500). To analysis of the morphology, cells were harvested, transferred to cytospin

slides and staining with panotic.

Investigation of cell death

Cell death was investigated after treatment of HL-60 cells (3x10° cells/mL) with
cucurbitacin (2.0, 4.0 and 8.0 pg/mL) during 48 h. Quantification of apoptotic or
necrotic cells was measured using Guava Nexin reagent, which uses Annexin V to
detect the phosphatidylserine on the external membrane of apoptotic cells and as
membrane-impermeant dye, 7-amino-actinomycin D (7-AAD). Briefly, cells were
centrifugated (5 min, 1500 rpm) and ressuspended with PBS. Next, e25 pl of each
sample was suspended in a mixture of 25 pl Annexin V-PE and 7-ADD binding buffer.
After incubation at room temperature for 20 min, samples were analyzed by flow
cytometry (Amnis Image Stream Mark I, EMD Millipore Corp.).

The population was separated into four groups: viable cells (annexin V-/7AAD),
early apoptosis (annexin V+/7AAD-), late apoptosis (annexin V+/7AAD+) and necrotic
(annexin V-/7TAAD+).

Measurement of mitochondrial membrane potential
(A¥m) by flow cytometric analysis with JC-1 staining

JC-1 is a cationic dye that exhibits potential-dependent
accumulation in mitochondria, indicated by a fluorescence emission shift from green to
red/orange, which can thus be used as an indicator of mitochondrial potential. In this
study, HL-60 (3x10° cells/mL) was treated with cucurbitacin (2.0, 4.0 and 8.0 pg/mL)
during 48 h. The medium was removed, by centrifugation (5 min, 1500 rpm) and cells
were incubated with 3 pg/ml of JC-1 in PBS, for 30 min. After incubation, cells were
washed two times (5 min, 1500 rpm) with PBS. Both orange and green fluorescence
emissions were analyzed by flow cytometry (Amnis Image Stream Mark I, EMD

Millipore Corp.).
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Antimicrobial activity

Minimum inhibitory concentration (MIC) and Minimum Bactericidal

Concentration (MBC) determination

The susceptibility test methodology of the microdilution broth was carried out to
determine the Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal
Concentration (MBC) according to NCCLS (2002; 2003). Hexane, ethyl acetate and
methanol extracts of tuberous roots from A. congestiflora (90 pL in serial
concentrations from 0.02 to 15 mg/mL, diluted in DMSO) or medium Mdller Hinton
Broth (MHB) or Sabouraud (90 pL) were plated in 96-well plates. Then, suspensions of
the microorganisms were prepared at 0.5 McFarland (concentrations of 1.5 x 10°
CFU/mL to bacteria and 1.5 x 10°> CFU/mL for yeasts). Thereafter, it was added an
aliquot of 10 pL of the microorganism suspension to each well. Plates were incubated
during 24 hours (37 ° C) to bacteria and 48 hours (28 ° C) to yeast. Then all wells
received 30 pL of Rezasurin for quantitative analysis of microbial growth. To determine
the Minimum Bactericidal Concentration (MBC) or Minimal fungicidal Concentration
(MFC) 5 uL of the concentrations that were active in the MIC plate were placed into
Petri dishes containing Mueller Hinton Agar (AMH) or Sabouraud. These plates were
incubated at 37 ° C during 24 hours to bacteria and at 28 °C during 48 hours to yeasts.
The MBC or MFC corresponds to the lowest concentration of the extract which did not

promote cell growth on the surface of AMH.
Results and Discussion
Chemical composition and antioxidant activity

The elucidation of the chemical composition of Apodanthera congestiflora is
essential since the literature about this plant discusses only Ethnobotanical aspects [16,
17]. This study evaluated the yield, chemical profile, and biological activities of extracts
and organic fractions obtained from the plant, as well as investigated the anticancer

activity of a cucurbitacin of the roots from A. congestiflora.

The determination of extraction yield for each solvent revealed that the highest
yield was detected using methanol (3.83%), followed by ethyl acetate (3.77%) and
hexane (0.32%). The extraction method used in this work is inexpensive and largely

employed. However, the biggest limitation of extraction by soxhlet is the risk of thermal
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decomposition of the compounds, once that this extraction occurs at the boiling point of
the solvent [26].

It was observed by thin layer chromatography analysis that all the extracts
contain terpenes and did not present tannins and flavonoids. Coumarins and
anthraquinones were detected only in the hexane extract and alkaloids in the ethyl
acetate extract. The classes of secondary metabolites detected in A. congestiflora
extracts had already been described for other plants of the family Cucurbitaceae. Shri et
al. [27] showed the presence of alkaloids on ethyl acetate extract, obtained by soxhlet,
of the roots and rhizomes from Corallocarpus epigaeus, but did not find saponins,
tannins, phenolic compounds and flavonoids. Another plant belonging to the
Cucurbitaceae family, Momordica dioica, has triterpenes, alkaloids and steroids in
methanolic extract from roots; and alkaloids, saponins, triterpenoids, flavonoids and
steroids on extract from fruits [13]. Momordica tuberosa, another plant belonging to
Cucurbitaceae family, presents triterpenes in petroleum ether, chloroform, and ethanol
extracts, sterols in petroleum ether, chloroform, as well as saponins, cardiac glycosides
and carbohydrates in ethanol and water extracts of its tubers [28]. Thus, among the
secondary metabolites presents on Cucurbitaceae, terpenes and alkaloids are present in
several species and were also found in A. congestiflora roots. The difference on
chemical constitution observed to species of this family probably is due to climatic and
geographic factors, as temperature, latitude, longitude and sunshine duration and

because they are different species [29].

Table 1 shows the content of total phenols as well as phenolic compounds

flavonoids, coumarins and tannins in the A. congestiflora extracts.

Table 1. Contents of secondary metabolites in A. congestiflora extracts.

Extract Total phenols Flavonoids Coumarins Tannins
Hexane 20.09+1.19 ND 12.03+£0.36 ND
Ethyl 31.46+3.64  4406+810°  9.26+0.06 ND
acetate
Methanol 19.33+0.91 18+ 1.39 8.36 £ 0.10 ND

Data presented as tannic acid equivalents per extract gram (mg TAE/g) for total phenols and
tannins, equivalent milligrams of rutin per gram of extract (mg RUE/g) and equivalent
milligrams of coumarin by extracts of gram (mg CE/g) (mean % standard deviation). ND- Not
detected. *statistically different, p<0.05.
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Total phenols were found in higher quantities in ethyl acetate extract. Flavonoids
were not detected in hexane extract, while the flavonoid concentration in ethyl acetate
extracts was higher than in the methanol extract. Coumarins were detected in all extracts
and hexane extract was the best solvent to extract this secondary metabolite. Tannins
were not detected in the extracts confirming the results from thin layer chromatography
assay.

The column chromatography of the hexane extract allowed the obtention of
fractions. GC-MS analysis showed the presence of fatty acids in all fractions obtained.
Results are showed in Table 2. To fractions from 8 to 13, there was not volatilization of
any substance. Therefore, the constituents of these fractions were not detected by GC-
MS. Palmitic acid, a saturated fatty acid, was found in several fractions. Similarly, other
plants belonging to Cucurbitaceae family contains palmitic acid, as Ibervillea sonorae,
which possess this molecule in its roots, and Cucurbita pepo, which present palmitic
acid in its seeds [30, 31, 32].

Table 2. Compounds identified by GC-MS in A. congestiflora fractions from

hexane extract.

Retention time (min) Area (%) Compound
Fraction 1 (hexane-ethyl acetate, 8:2)

38.70 23.51 Palmitic acid

42.83 6.09 Cis-vaccenic acid

43.43 4.92 Stearic acid

50.99 46.51 Aspidofractinine 3

methanol

51.87 6.5 Behenic acid

68.91 9.0 2-hexyl-1-octanol

70.41 2.36 7,22-Ergostadienone
Fraction 2 (hexane-ethyl acetate, 8:2)

38.70 15.74 Palmitic acid

68.96 84.26 Heptanoic acid
Fraction 5 (hexane-ethyl acetate, 8:2)

38.70 86.21 Palmitic acid

69.25 13.79 7,22-Ergostadienol
Fraction 6 (hexane-ethyl acetate, 8:2)

38.70 95.41 Palmitic acid

69.22 4.59 NI
Fraction 7 (hexane-ethyl acetate, 7:3)

38.70 100 Palmitic acid

*NI- not identified
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Palmitic acid exhibits a wide range of biological properties including antitumor,
antinociceptive and antibacterial activities [33, 34, 35]. The majoritarian compound
founded in fraction 1 was aspidofractinine-3-methanol or kopsinyl alcohol, an indole
alkaloid which is related chemically to kopsiflorine, other indole alkaloid which possess
anticancer activity on cells resistant to vincristine [36]. Additionally, heptanoic acid,
other saturated fatty acid was the majority constituent of fraction 2 and there is no

biological activity reported to this compound [37].

The antioxidant activity of the extracts was tested in vitro using the
phosphomolybdenum assay (Table 3), which is a widely used test to evaluate the total
antioxidant capacity of extracts due to be a method simple, quick, cheap and widely
associated with phenolic compounds [38]. Ethyl acetate showed antioxidant activity
higher than hexane and methanol extracts (p<0.05), probably due to the higher number
of total phenolic compounds of this extract in relation to the others. However, it is
known that the phosphomolybdenum method presents activity not only to polyphenols
but also to others substances, which are not phenolic compounds, such as vitamin E,

ascorbic acid and carotenoids [22].

Table 3. Antioxidant activity by the phosphomolybdenum and DPPH methods.

Extract Phosphomolybdenum DPPH
method (mg GAE/qg) (1Csp pg/mL)
Hexane 13.02+0.60 100 £ 2.30
Ethyl acetate 26.4+0.84 28.4+1.08
Methanol 20.41 +0.05 21.16 £ 0.42

The extracts were also evaluated for antioxidant activity by DPPH assay, which
is associated to hydrogen and electron transfer from antioxidant compounds to an
organic chemical compound [39]. Methanol extract was more active than the others
extracts since showed the lowest ICso value (p<0.05). The antioxidant activity detected
in the DPPH test is related to the presence of phenolic compounds, due to scavenging of
the radical by hydrogen donation [38].
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The antioxidant activity of extracts reveals the potential use of A. congestiflora
tuberous roots as source of compounds for the treatment of various disorders, since
substances with antioxidant activity possess the ability to scavenge free radicals such as
hydroxyl radicals (OH ) or superoxide radical (O,"). These reactive oxygen species
(ROS) are involved in several disorders, such as Alzheimer's disease and cardiovascular
diseases [40, 41, 42].

Cytotoxicity of A. congestiflora extracts on cancer and normal cell lines

Hexane, ethyl acetate and methanol extracts (50 pg/mL) were evaluated for
cytotoxicity on cancer cell lines. Methanol extracts did not reduce the percentage of
viable cells over than 70% for any of the tested cell lines. 1Cso values were then
determined for the hexane and ethyl acetate extracts (Table 4). According to the U.S.
NCI plant screening program, a crude extract is considered cytotoxic when ICsq values
are < 30 pg/mL [43]. In this study, hexane extract was considered cytotoxic for all

cancer cell lines tested and ethyl acetate extract was not active only for HEP-2.

Table 4. Cytotoxicity of Apodanthera congestiflora extracts on cancer and normal cells.

Cell Treatment
Ethyl Doxorrubicin
Hexane acetate
NCI-H292 3.75 18.02 0.03
(3.4-4.1) (16.6 — 19.5) (0.01-0.05)
4.2 32.0 04
HEP-2 (3.6 -5.0) (27.3-37.4) (0.30 - 0.50)
12.5 20.32
HL-60 (10.5-14.9) (18.4-23.3) (0.05? '?%'08)
15.53 20.95 0.24
K562 (13.5-17.9)  (15.22-28.3) (0.19-0.29)
14.08 19.56 0.38
MOLT-4 (11-18.92) (17.3-20.7) (0.34-0.44)
0.40
HT29 >50 >50 (0.30 - 0.50)
PBMC 20.0 32.1 0.86

(15.0-26.3)  (20.8-49.6) (0.63-1.19)
Data showed as 1Cso and respective confidence interval.

The comparison of ICs values reveals that the hexane extract was the most
active extract on cancer cell lines tested with 1Csy values ranging from 3.75 to 4.2
png/mL, while the ethyl acetate extract showed ICsq values ranging from 18.02 to 32.0

ug/mL. This result may be due to the presence in hexane extract of coumarins and
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anthraquinones, which are compounds with anticancer activity and may act inhibiting

the proliferation of cancer cells by cell cycle arrest and promoting apoptosis [44].

A. congestiflora extracts contain alkaloids and terpenoids and these compounds
can be associated with the cytotoxicity of them on cancer cells. Alkaloids from plants
exhibit activity against cancer cells by acting on various routes and may promote cell
cycle arrest, autophagy, apoptosis and inhibition of angiogenesis [46]. Yet, plants
belonging to Cucurbitaceae family are source of specific triterpenes group, known as
cucurbitacins, which exert potent anticancer action on several cancer lines through

mechanisms involving cell cycle arrest and apoptosis promotion [47, 48, 49].

The effect of A. congestiflora extracts on mononuclear cells from human
peripheral blood (PBMCs) was determined since it is important that compounds active
on cancer cells promote minimal damage to normal cells. The ICsq values of the extracts
on PBMCs were 20.0 and 32.1 pg/mL for hexane and ethyl acetate, respectively, being
considered potentially cytotoxic for these cells, which are key immune cells for the
maintenance of homeostasis, essentials in combating microorganisms that promote

infections, such as Pneumocystis pneumonia [46, 47, 48].
Hemolytic Assay using human erythrocytes

The potential of the extracts to promote damage to erythrocyte membrane was
evaluated using the hemolytic assay, which allows investigate the ability of a product to

promote the formation of pores or cause rupture of the membrane of erythrocytes.

CEsp was 1087+50.27, 594.1+42.9 e 987.8+68.05 pg/mL for hexane, ethyl
acetate and methanol extracts, respectively. To be considered hemolytic, a product must
present CEso < 200 pg/mL [49]. Thus, all the extracts did not cause hemolysis. This
assay is essential to contribute to the investigations about the safe use of products.
Saponins, tannins, phenols and chalcones are widely associated with the promotion of
hemolysis. The roots from A. congestiflora presented saponins as indicated by the
qualitative test. So, despite having saponins and phenolic compounds, A. congestiflora

extracts promotes hemolysis only at high concentrations.

Extract fractionation allows greater separation of chemical constituents of plants

and is a key step to isolation of the active product. In this sense, the hexane extract was
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then fractionated by column chromatography resulting in 13 fractions that showed
distinct cytotoxicity on cancer cell lines (Table 6). The fractions from 1 to 6 were eluted
with hexane-ethyl acetate (8:2); fractions from 7 to 10 were eluted with hexane-ethyl
acetate (7:3); fraction 11 was eluted with hexane-ethyl acetate (6:4); fraction 12 was
eluted with hexane-ethyl acetate (5:5); and fraction 13 was eluted with ethyl acetate.
Fractions 1 to 6 and 8 did not promote reduction of cell viability above 70 % in at least
two cell lines, thus, the 1Csy was calculated for the fractions 7, 9, 11, 12 and 13 (Table

7), which exhibited a percentage inhibition greater than 70% in at least two cell lines.

Table 6. Percent of growth inhibition on cancer cells of fractions of Apodanthera
congestiflora.

Cell lines Gl %

Fraction NCI-H292 HEP-2 HL-60 K562 MOLT-4 HT29 MCE-7
1 30.24#2.0 33.0£1.3 71,6+0.2 64.2+1.7 36.0+0.7 - 30.4+2.6
2 37.0£0.9 28.2+1.8 57+9+0.7 53.9+0.9 26.5+2.0 - 4.53+0.3
3 30.2+0.9 32.6+2.3 61.2+0.2 63.2+1.6 12.9+1.6 -

4 51+1.1 26.0£1.3 31.24¢1.2 75.4+18 20.5+1.25 52.0+5.6

5 53.0+2.1 49.7+0.9 67.1£3.0 62.9+2.4 27.140.13 20.4%1.0 5.830.45
6 50.1+2.4 65.6+1.9 58.8+0.9 54.8+1.2 49.4+15 23.3+1.7 19.2+0.43
7 60.4+2,4 74.1+0.9 92.0+1.5 71.3+3.3 50.17+1.8 10.80.23  37.6+1.15
8 6.0£0.24 23.3+1.6 33.8+1.4 58.6+1.0 25.6+1.46 - 31.0+1.0
9 76.3+1.74 78.6+2.5 92.3+0.9 53.8+0.6 66.0+2.6 54.5+0.5 40.8+0.33
10 78.8+1.2 66.3+1.9 97.0£0.3 73.8+0.9 41.1+0.64 13.340.11 25.5+0.9
11 80.6+1.27 95.740.5 93.0£0.1 93.740.8 34.3621.8 70.4%1.2 53.92+2.0
12 88.5+1.65 94.4+0.9 97.2+0.16 65.4+1.3 59.16+0.6 59.4+1.5 54.9+1.1
13 88.5+1.65 96.0+0.8 97.8+0.2 97.740.1 48.13+1.9 61.1+1.3

Data showed as menanzstandard deviation. (-) Did not reduce cell viability.

Table 7 shows the 1Csg values of the active fractions. The fractions 11, 12 and 13
were identified as cytotoxic fractions for NCI-H292, HEP-2, K562 and HL-60 cell lines,
with 1Cso after 72 hours of treatment ranging from 0.54 to 3.7 pg/mL. According
to National Cancer Institute (NCI) guidelines, pure compounds are considered actives

when their 1Cs is 4 pg/mL or less. The ICsy values indicate the fractions 12 and 13 as
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potential sources of molecules for the development of new drugs with anticancer

activity.

Table 7. I1Cso of Apodanthera congestiflora fractions on cancer cells.

Cell Line I1Cs (Mg/mL)
7 9 10 11 12 13
243 205 8.0 0.54 1.0
NCI-H292 NT 212-280  19.4-22.3 6.5-0.5 0.45-0.64 0.72-1.33
71 12 17
HEP-2 18.9 112 NT
o eiha 5.4-9.3 0.9-1.5 1.4-2.0
235 113
HT-29 NT NT NT 22.3-26.0 NT 6.8-18.7
8.2 8.4 8.8 14 2.4
HL-60 10.5
e 7.3-9.2 7.1-9.8 7.4-10.4 11-16 2.0-3.0
217 8.1 3.7
K562 223 NT NT
oo 194233  6.4-10.2 3.3-4.2

Data showed as ICsy and respective confidence interval. *NT= not tested.

Based on these results and considering the amount of fraction available, fraction

13 was subjected to a new fractionation on a silica column. After recrystallization of the

fraction obtained in greater quantity, RMN analysis allows to identify a compound with

thirty carbons, specifically a triterpene belonging to the group of cucurbitacins, a group

that possess a characteristic tetracyclic cucurbitane nucleus skeleton, and are widely

described as anticancer agents [54]. This is the first time that is reported the isolation of

a cucurbitacin in the roots of A. congestiflora. The probable structure of this molecule is

showed in Figure 1.

HO I II
HO

CH:(9) | Cru(8)

41,41 28,00

34,83 27,25

32,27 26,63

31,26 25,42

30,42 23,87

28,87 17,97

26,88 15,41

24,36 12,52

Figure 1. Probable structure of the cucurbitacin from A. congestiflora roots.
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Therefore, it was evaluated its cytotoxic action of the cucurbitacin obtained on

cancer cells after 24, 48 and 72 hours of treatment (Table 8).

Table 8. ICs, of the cucurbitacin isolated from Apodanthera congestiflora on cancer
cells after 24, 48 and 72 hours of treatment.

1Cs (Ug/mL)
Cell 24 h 48 h 72 h
NCI-H292 7.41+0.24 3.50 £ 0.17 1.98 £ 0.15
HEP-2 1412 +1.0 4.85 % 0,64 416 £0.32
HL-60 7,60+0.8 4,07 £ 0,08 2.95+0.76
K562 12.73+0.8 4.15+0.34 3.22+0.54

Data showed as mean + standard deviation.

The value of 1Csq was lower than 10 ug/mL for all cell lines tested. Thus, the
compound it was considered very toxic [47]. After 24 h the lowest 1Csy values were
obtained for NCI-H292 and HL-60 cell lines.

Despite of the promising result for cancer cell lines tested, it was verified that
the cucurbitacin isolated from the roots of A. congestiflora shows to be very cytotoxic to
PBMCs, with I1Csp of 2.31 = 0.04 pg/mL after 72h of treatment. This suppressor effect
of some cucurbitacins on PBMCs has already been described previously, as observed to
cucurbitacin B, which inhibited PBMC activation by phytohemaglutinin (PHA) [55].
Present data indicates the necessity of in vivo toxicological investigations in order to

evaluate the damage promoted after hepatic metabolization.

Cucurbitacins are widely described for its cytotoxic action on cancer cells.
Dantas et al. [56] demonstrated cytotoxic action of three cucurbitacins of the fruits from
Cayaponia racemosa on cell lines HL-60, MCF-7, CEM, B16, and HCT-8. For
cucurbitacin E, it was demonstrated ability to inhibit the proliferation of the cell lines
A549, Hep3B, and SW480 [57]. In addition, several studies have been performed to
identify the type of death promoted by this group of triterpenes [58].

In this work, investigation of the type of death was performed to HL-60 after 48
h of treatment. For this, the compound it was tested at three concentrations: 2.0, 4.0 and
8.0 ug/mL.
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Morphological analysis

Figure 2 shows the effect of the tested compound on morphology of HL-60 cell line
after 48 h of treatment. Control cells showed typical morphology of nonadherent cells,
such as intact membrane, pleomorphic cells and clear visualization of both plasma and

nuclear membranes.

Moreover, it was noticed most of morphological changes associated with apoptosis like
nuclear condensation, membrane blebbing and nuclear fragmentation were observed in
the treated cells. Analysis of cells of control and those treated with the compound on
concentration of 2.0 pg/mL showed several mitotic figures, indicating that the lower
concentration did not promote significant changes in cell proliferation. This treatment
also promoted nuclear fragmentation and reduction of the cytoplasmic volume, in
relation to the control. On the other hand, cells treated with concentration of 4.0 pg/mL
showed an accentuated decrease on these mitotic figures, nuclear fragmentation and
increase of cell debris. To cells treated with 8.0 pg/mL of the compound, mitotic figures
were not observed, but characteristics of apoptosis, such as nuclear fragmentation and
necrosis, as pyknosis and plasma membrane disintegration were observed

too.
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Figure 2. HL-60 cell morphology after treatment with a cucubirtacin from the roots of A.
congestiflora (a) Control cells, (b) cucurbitacin 2.0 pg/mL, (c) cucurbitacin 4.0 pg/mL, (d)
cucurbitacin 8.0 pg/mL. Black arrow - nuclear fragmentation, White Arrow — pyknosis, dashed

Arrow - Membrane disintegration.

Investigation of cell death

To validate the results observed on morphological analysis and examine the
involvement of apoptosis or necrosis on cell death, HL-60 cells were treated during 48 h
and stained with annexin V and 7-AAD. The results of flow cytometry
allowed the visualization of four distinct populations: viable cells (annexin V-/7AAD-),
early apoptosis (annexin V+/7AAD-), late apoptosis (annexin V+/7AAD+) and necrotic
(annexin V-/7TAAD+) cells, as showed in Figure 3.
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Figure 3 Cell death investigation by Annexin V and 7-AAD. Flow cytometry analysis of HL-60
cells treated with 2.0, 4.0 and 8.0 pg/mL of cucurbitacin. (A) Dot plot and percentage of
population of viable, early apoptotic, early apoptotic and necrotic cells after treatment; bar chart
showing increased proportion of early apoptotic cells in concentrations of 2.0 and 4.0 and
increased on necrotic cells to concentration of 8.0 pg/mL. Data represented as mean = SD of
two independent experiments (*p<0.05). (B) Representative figures showing
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population of viable (annexin V-/PI-), early apoptotic (annexin V+/PI-), ¢ (annexin V+/Pl+) and
necrotic (annexin V-/PI+) cells.

After 48 h of treatment with tested compound, a decreased number of viable
cells was observed in a dose-dependent manner. Also, it was observed an increased
number of apoptotic cells for the treatments with 2.0 and 4.0 pg/mL. Treatment with 8.0
pg/mL showed cells in apoptosis and in necrosis. These results suggest that the
compound induces apoptosis followed by secondary necrosis, which is the natural
outcome of fully developed apoptosis and it may called “postapoptotic necrosis” [61,
62]. The tested cucurbitacin was able to reduces viability and cell proliferation,

through the induction of cell death by apoptosis, followed by necrosis in HL-60.

Membrane mithocondrial despolarization

Mitochondrial membrane permeabilization is widely associated to apoptosis,
specifically with intrinsec pathway. In order to confirm the results obtained previously,
the effect of the cucurbitacin on mitochondrial membrane potential A¥,, was evaluated
by JC-1 staining to determine whether mitochondrial dysfunction was involved in the

apoptosis. Results are showed in Figure 4.
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Figure 4 Mitochondrial membrane potential in HL-60 cells treated with isolated cucurbitacin.
(A) Flow cytometry fluorescence intensity Dot plot and bar chart of cells stained with JC-1 (B)
(C) Representative image to each population. Green cells has ow potential and Orange cells has
high potential. Data showed as mean + SD of two independent experiments. (*p<0.05).

In normal cells, JC-1 concentrates in the mitochondrial matrix and forms J-
aggregates, which emit red/orange fluorescence. When the mitochondrial membrane

potential is dissipated (depolarized mitochondria), there is no accumulation of JC-1 in
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the mitochondria and thus, the dye is dispersed, remaining in the monomeric form, with

green fluorescence [63].

The results indicate that there was no significative difference between control
and the lower concentration of the tested compound, with the majority of cells
presenting high potential. On the other hand, concentrations of 4.0 ug/mL and 8.0
ug/mL promoted depolarization of the mitochondrial membrane (Figure 4).

The increased permeabilization of the mitochondrial membrane promotes a
collapse of the mitochondrial membrane potential and consequent release of several
apoptogenic proteins from the mitochondrial intermembrane space, as cytochrome ¢ and
the apoptosis inducing factor. In the cytoplasm, cytochrome ¢ binds to APAF 1 to
promote activation of caspase 9, which will activate effector caspases 3 and 7 to
continue the cascade of apoptosis events [64].

Indeed, the ability of modify mitochondrial trans-membrane potential is
attributed for the group of cucurbitacins as a significant mechanism with regard to the
apoptotic effects of these compounds. This may be observed for example to
cucurbitacin E, which induces apoptosis in human oral squamous cell carcinoma cell
line (SAS), with significantly reduction in the mitochondrial membrane potential of
SAS cells [54, 65].

The anticancer activity it was already described for several compounds which
possess cucurbitane skeleton characteristic of cucurbitacins as demonstrated by
Sikander et al. [66] detecting that cucurbitacin D induces apoptosis in cervical cancer
cells. Similarly, the results obtained indicates an anticancer activity for the cucurbitacin
of the roots from A. congestiflora.

Most of the cucurbitacins are selective inhibitors of the JAK/STAT pathways.
Cucurbitacin B, for example, promotes apoptosis on pancreatic cancer cells by
inhibition of JAK2, STAT3, and STATS5 [52].

Signal transducers and activators of transcription (STATS) are a family of
seven proteins including STAT 1, 2, 3, 4, 5a, 5b, and 6, which are transcription
factors that relay signals generated by cytokine receptor into the nucleus. STATSs are
present in inactive forms in the cytoplasm and after stimulation by receptor-mediated
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growth factor, such as epidermal growth factor (EGF), STAT are activated by
association with the cell membrane receptors via phosphorylation at conserved
tyrosine 705 residues either directly by receptor tyrosine kinases, or indirectly by
non-receptor tyrosine kinases, for example, Janus Kkinases (JAKS). This
phosphorylation promotes STAT dimerization, nuclear translocation, and DNA binding
at STAT-specific sequence in target genes, stimulating their transcription [54, 67].

STAT3 regulates the expression of genes involving cell proliferation and in
normal physiological conditions, the period of activation of STAT3 is regulated.
However, in several types of cancer, as observed in human leukemia HL-60, STAT3 is
constitutively activated [68]. Thus the present results allows to suggest that a possible
pathway involving in apoptosis promotion in HL-60 cells by the cucurbitacin isolated

from A. congestiflora roots is through STAT inhibition.

Antimicrobial activity

A. congestiflora extracts were also evaluated for antimicrobial activity (Table 9) against
gram-negative bacteria (Escherichia coli, Serratia marcescens and Pseudomonas
aeruginosa), gram-positive bacteria (Staphylococcus aureus, Micrococcus luteus,
Bacillus subtilis and Enterococcus faecalis), acid-fast bacterium (Mycobacterium
smegmatis) and yeast (Candida albicans).
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Table 9. Antimicrobial activity of extracts from A. congestiflora.

Extract
Microorganism

Hexane Ethyl acetate Methanol

MIC MBC/MFC MIC MBC/MFC MIC MBC/MFC

Staphylococcus  1.56 75 1.87 3.75 6.25 15
aureus
Micrococcus 3.12 3.75 1.87 1.87 6.25 3.75
luteus
Enterococcus 0.94 7.5 0.94 3.75 1.87 7.5
faecalis
Bacillus subtilis 0.94 7.5 1.87 7.5 NA NA
Escherichia coli 3.75 7.5 7.5 7.5 7.5 15
Pseudomonas 0.23 75 0.94 3.75 3.75 7.5
aeruginosa
Serratia 1.87 75 3.75 15 NA NA
marcescens
Candida albicans 0.94 1.87 0.94 3.75 15 7.5
Mycobacterium 0.94 1.87 0.94 7.5 3.75 15
smegmatis

Data showed as mg/mL. NA- not active.

According Aligiannis et al. [69] extracts with MIC values up to 500 pg/mL are
potent inhibitors, while those with MIC between 600 and 1500 pg/mL are moderate
inhibitors and those with MIC above 1600 pg/mL are weak inhibitors. The hexane
extract showed the lowest MIC to Pseudomonas aeruginosa and Bacillus subtilis. The
ethyl acetate extract showed the lowest MIC for Pseudomonas aeruginosa, Candida
albicans, Mycobacterium smegmatis and Enterococcus faecalis. Coumarins, terpenes,
quinones, phenolic compounds, alkaloids, flavonoids and tannins from plants exhibit
antimicrobial activity [70] and thus, the antimicrobial activity of the extracts may be due

to the presence of these comounds in the extracts from A. congestiflora tuberous roots.
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Pseudomonas aeruginosa is a gram-negative bacterium which is largely
associated to nosocomial infections in intensive care units, as well as antibiotic
resistance [71]. This bacterium plays roles in a great amount of disorders such as
pneumonia, otitis, infections of the urinary tract and meningitis [72, 73]. The ability to
resist to antimicrobial therapy demonstrates the relevance of the development of new
products able to act against this bacterium. The hexane extract from A. congestiflora
may be considered a potent inhibitor of the growth of this bacterium and a promising
source of molecules with antimicrobial activity. Mycobacterium smegmatis is a rare
pathogen that is associated with skin infections, bone infections and lung infections in
immunocompromised patients [74]. The hexane extract presented as moderate inhibitor
of this microorganism. Enterococcus faecalis is a gram-positive bacterium that is
associated, especially, to infections of the urinary tract, as well as endocarditis,
bacteremia, and wound infections. This bacterium is resistant to antibiotics, making
difficult to treat disorders caused by it [75]. The yeast Candida albicans, in turn, is
widely associated with infections in genitourinary tract, causing candidiasis or
candiduria [76]. Hexane and ethyl acetate extracts were moderate inhibitors for

Enterococcus faecalis and Candida albicans.

Staphylococcus aureus is founded as commensal, as part of the normal flora of
human body, but is also a pathogen to humans, widely associated to bacteremia [77].
According to World Health Organization (WHO), most of Staphylococcus
aureus infections are caused by resistant strains, thus the treatment with standard
antibiotics does not work. Therefore, and due to fact that antibiotics may be used to
complement cancer treatment by prevention of infections in patients with low white
blood cells due to the use of chemotherapeutic drugs, it was evaluated the antibacterial
activity of the fractions obtained from the hexane extract on clinical isolates of

Staphylococcus aureus (Table 10).
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Table 10. Antimicrobial activity of fractions from hexane extract of A. congestiflora
roots against clinical isolates Staphylococcus aureus.

Isolates
Purulent Operative Catheter tip Urine
Fraction exudate wound
MIC MBC MIC MBC MIC MBC MIC MBC
1 25 50 25 25 25 50 25 5.0
2 125 125 1.25 1.25 125 25 1.25 2.5
3 1.25 1.25 1.25 1.25 125 1.25 1.25 25
4 0.312 1.25 1.25 25 0.625 0.625 1.25 5.0
5 0.25 0.25 0.25 05 025 05 05 05
6 0.625 2.5 0.625 1.25 1.25 1.25 1.25 1.25
7 05 1.0 0.5 0.5 05 05 05 1.0
8 05 10 NA 1.0 20 NA
9 1.25 5.0 25 25 25 25 25 50
10 1.25 50 25 25 25 5.0 25 50
11 0.125 0.5 NA 05 0.5 NA
12 0.375 0.75 0.75 0.75 0.375 15 0.75 15
13 0.625 25 25 25 25 5.0 25 50

Data showed as mg/mL. *NA- not active.

The fraction containing the cucurbitacin (13) showed only moderate activity
against S. aureus isolated from purulent exudate, exhbiting weak activity for the others

clinical isolates.

The fraction 5, which contains palmitic acid and 7,22-ergostadienol was the

most active, showing MICs up to 0.5 mg/mL on S. aureus from different sites.
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Additionally, this fraction showed MIC value of 0.25 mg/mL to a oxacillin resistant
S. aureus (ORSA) isolated from operative wound. 7,22-ergostadienol is a sterol and the
antimicrobial activity has already been described to this group, as observed to 24-
propylidene cholest-5-en-3B-ol isolated from Laurencia papillosa red seaweed, that
showed high antibacterial activity on clinical isolates, including S. aureus [78, 79].
Palmitic acid has been reported as antibacterial agent, but no so potent as long-chain
unsaturated fatty acids (ZHENG et al., 2005; CHOI et al., 2012). Thus, the antibacterial
effect on several clinical isolates may be attributed to the synergistic action of palmitic

acid and 7,22-ergostadienol founded in A. congestiflora roots.

Conclusions

Extracts from A. congestiflora are source of phenolic compounds, including flavonoids
and coumarins, with ability to reduce the viability of cancer cells, with more selectivity
in relation to normal cells, besides to present antimicrobial activity, being the hexane
extract the most promising. The hexane extract fractionation allowed the obtention of
fractions containing active antimicrobial compounds. The cucurbitacin isolated from the
most cytotoxic fraction promotes HL-60 death by apoptosis. However is necessary

caution, due to the cytotoxicity of this compound to PBMCs.
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Abstract

Background: Apodanthera congestiflora is a plant endemic from Brazil, founded in the
Caatinga biome. The root is used in folk medicine but there are no studies about
chemical constituents and biological activities. This work investigated the
hydroalcoholic extract from A. congestiflora root for secondary metabolites, antioxidant
and hemolytic activities, cytoxicity to normal cells and toxicity to Swiss mice, as well

as in vivo genotoxicity and mutagenicity to mice.
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Methods:  Phytochemical characterization was performed by thin layer
chromatography, quantification of total phenol, flavonoids, tannins and coumarins as
well as liquid chromatography—electrospray ionisation mass spectrometry (LC—ESI-
MS). The antioxidant activity was evaluated by DPPH and ABTS methods. Cytotoxicity
was determinated on human Peripheral Blood Mononuclear Cells (PBMCs), 3T3-L1
and VERO. Hemolytic Assay was performed to verify the ability of the extract to
damage cell membrane. Acute toxicity was performed according to OECD and were
analyzed hematological, biochemical and histological parameters. Genotoxicity and
mutagenicity were evaluated in vivo by comet assay and micronucleus test, respectively.
24 hours after treatment, blood was collected from tail and was performed the alkaline
comet assay. The same animals were euthanized to collect bone marrow to evaluate
presence of micronucleus in polychromatic erythrocytes (PCE) and the ratio between
them and normochromatic (NCE) erythrocytes.

Results: Thin layer chromatography showed presence of terpenes and alkaloids. LC—
ESI-MS analysis allows to suggest presence of cucurbitacins (triterpenes) in the
hydroalcoholic extract. Quantitative analysis revealed that the hydroalcoholic extract
contains low amount of total phenols and flavonoids, absence of tannins and coumarins
and present antioxidant activity. The hydroalcoholic extract was potentially cytotoxic to
3T3-L1, VERO and PBMCs and was not considered hemolytic. In acute toxicity assay
there was no mortality, toxic signs or changes in hematological and biochemical
parameters at high dose. The comet assay and micronucleus test showed absence of
genotoxicity and mutagenicity. However, there was a reduction in PCE/NCE ratio,
indicating cytotoxicity.

Conclusions: Hydroalcoholic extract from A. congestiflora roots is a source of
antioxidant compounds without systemic toxic effects or deleterious action on DNA.
However it is necessary caution in prolonged use due to its cytotoxic effect.

Keywords: Apodanthera congesiflora, cytotoxicity, terpene, toxicity



Abreviations

ABTS, 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)
CPA, Cyclophosphamide

DMSO, Dimethyl sulfoxide

ECso, effective concentration that promotes 50% of hemolysis
DPPH, 2,2-diphenyl-1-picrylhydrazyl

EDTA, Ethylenediamine tetraacetic acid

FBS, Fetal Bovine Serum

Hmax, maximum percentage of hemolysis

ICsp, concentration that inhibited 50% of the cell growth compared with the control
NCE, normochromatic erythrocytes

PBMC, peripheral blood mononuclear cell

PCE, polychromatic erythrocytes

UV, ultraviolet
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Introduction

Medicinal plants are continuously used by population to treat various disorders
and their pharmacological activities are due to chemical constituents present in extracts
and other preparations commonly used. The use of herbal medicines is widespread in
development countries due to the easy access and the belief on the safety in use due to
the natural origin (LEMOS et al., 2011; PINHO et al., 2014).

However, in some cases, this use may be associated with toxicity and risks to
human health (DIALLO et al., 2015; ETEBARI et al., 2016). Thus, in addition to the
study of the chemical and biological properties of medicinal plants, it is essential to
determine the safety or risk of their use.

Apodanthera congestiflora (syn. Melothria congestiflora) is an endemic vine of
Brazil, belonging to the Cucurbitaceae family and popularly know as “batata de teii” or
“cabeca de negro”. This plant is widely distributed in the Brazilian Caatinga in states of
Bahia, Pernambuco, Ceard, Piaui, Rio Grande do Norte, Sergipe, also being found in the
state of Minas Gerais (LIMA et al., 2010). Root preparations of this plant including
hydroalcoholyc extract, infusion, bath, tea, syrup and powder are used as depurative of
blood and to treat skin patches, itch and back pain (ROQUE et al., 2010). Despite of
this, there is a lack of scientific reports to support the pharmacological potential and the
safety of the use of this plant. Studies involving this species have been limited to the
field of Ethnobotany (ROQUE et al., 2010; SILVA et al., 2015).

In this context, this study aimed to investigate a hydroalcoholyc extract from the
roots of A. congestiflora for antioxidant activity, cytotoxic activity on normal cells as

well as acute toxicity and in vivo genotoxicity and mutagenicity to mice.

Material and Methods

Plant material

Roots from Apodanthera congestiflora Cogn. were collected in Barbalha (Lat.:
7° 16.26° 70.24°°; Long.: 39° 15.28 26.36’), at state of Ceara (Brazil) and a voucher
specimen was deposited with the number 899985 in the Herbarium of the Instituto

Agronbémico de Pernambuco (IPA), Recife, Brazil.
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Cell lines and cell culture

Cell lines used for the in vitro cytotoxicity tests, 3T3-L1 (mouse embryonic
fibroblast) and VERO (African green monkey kidney cell line), were grown in
Dulbecco’s Modified Eagle’s Medium (DMEM) supplemented with 10% FBS and 100
pg/mL of penicillin—streptomycin-amphotericin B solution at 37°C with a 5% CO,
atmosphere. The cells were obtained from the Banco de Células do Rio de Janeiro (Rio
de Janeiro, Brazil) and maintained in the Laboratory of Cell Culture, Departamento de
Antibioticos, Universidade Federal de Pernambuco (UFPE). The peripheral blood
mononuclear cells (PBMCs) were obtained from peripheral blood from healthy
volunteer donors (18 to 30 years old) (as approved by the Ethics Comitee on Research
Involving Human Beings from UFPE under the number 60107916.8.0000.5208).

Animals

Female Swiss mice (25-30 g) were obtained from the vivarium of the
Departamento de Antibiéticos from UFPE. Before use in the experiments, the mice
were housed under standardized conditions (22+2°C, 12-12 h light/dark photoperiod,
and 50-60% humidity) and fed a standard mouse diet with water available ad libitum.
This study was approved by the Committee for Ethics in Animal Research of the UFPE
(process number 23076.043015/2016-50) and the experiments were performed in
accordance with the rules of the International Council for Laboratory Animal Science
(ICLAS) and the ethical principles of the Brazilian Society of Laboratory Animal
Science (SBCAL). The experiments involving animals were performed using methods

designed to minimize pain and suffering.

Apodanthera congestiflora extract

The roots of A. congestiflora were dried at room temperature and powdered. For
preparation of the extract, powdered roots (130 g) were added to ethanol 70% and
maintained in a closed recipient protected from light during 3 days. After this period,

the extract was filtered and concentrated to near dryness on a rotary evaporator.

Evaluation for saponin
Saponin detection was performed by qualitative test (Kokate, 1999). The powdered root

was vigorously agitated for two minutes followed by rest for two hours. It was
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considered as a positive result the persistence of foam at the end of the rest period. Also,
it was performed the test of capillary flow to compare the flow of the sample with
distilled water. In this method, samples with flow greater than that of water are

considered postive for presence of saponins.

Thin layer chromatography

Phytochemical composition of the hydroalcoholyc extract was evaluated as
decribed by Wagner and Bladt (1995). The extract was applied in chromatographic
silica gel 60 plates (0.20 mm) and organic solvents were used as mobile phase. Then,
the plates were sprayed using specific reagents for each class of compounds and
observed under 365 nm UV light. Anisaldehyde-sulfuric acid and ceric sulphate were
used to terpenoid compounds and flavonoids. Potassium hydroxide in ethanol was used
to coumarins and anthraquinones. The Lieberman-Burchard reagent was used to detect
steroids/triterpenoids. Drangendorff’s reagent was used to alkaloids identification.

Ferric chloride solution was used to tannins.

Quantification of total phenols and tannins

Quantification of total phenols was carried out according to Amorim et al.
(2008). An aliquot (0.2 mL) of the A. congestiflora extract (1 mg/mL) was transferred to
a test tube, to which was added 0.5 mL of Folin-Ciocalteu reagent, 1 mL of sodium
carbonate and distilled water. After 30 min the absorbance at 760 nm was read. A
calibration curve was prepared using tannic acid (0.5, 1.0, 1.5, 2.0, 2.5, 5.0, 7.5 and 10
pug/mL) and total phenols content was expressed as milligrams equivalent of tannic acid
per gram of extract (mg EAT/Q).

To quantify the tannins, the extract (6 mL, 1 mg/mL) was mixed with casein (1
g) and distilled water (12 mL). After 3 h of reaction with stirring (to precipitate tannins
with the protein), the material was filtered to quantification of residual phenols by the
Folin-Ciocalteu method. The tannin content was calculated as the difference between

total and residual phenols.

Flavonoid content
The test was performed according to Peixoto-Sobrinho et al. (2008), with

modifications. The extract (0.2 mL; 1 mg/mL) was mixed with glacial acetic acid (120
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pL), pyridine (2 mL; 20% v/v in ethanol), and aluminum chloride (0.5 mL; 5% p/v in
distilled water) and the volume was completed with distilled water until 10 mL. After
incubation (30 min) in the dark, the absorbance was measured at 420 nm. A standard
curve was prepared using rutin (0.05-2 pg/mL). The flavonoid content was expressed as
milligrams equivalent of rutin per gram of extract (mg RU/g). The test was performed in
triplicate.

Coumarin content

The assay was performed according to Osorio and Martin (2004), with
modifications. A. congestiflora extract (0.5 mL; 1 mg/mL) was transferred to test tubes
and distilled water (2 mL) and lead acetate (500 pL) were added to each tube. After
stirring and addition of distilled water (7 mL), an aliquot of this solution was added to 8
mL of hydrochloric acid. After 30 minutes, the absorbance of the final solution was
measured at 320 nm. A standard curve was used with different concentrations of
coumarin (0.4-16 mg/mL) and results were expressed as milligrams equivalent of

coumarin per gram of extract (mg CE/g). The tests were performed in triplicate.

Liquid chromatography—electrospray ionisation mass spectrometry (LC-ESI-MS)

The LC-ESI-MS spectra were obtained in positive and negative ion mode using
an Esquire 3000 Plus-Bruker Daltonics (Bruker Corp., USA) with the conditions:
4000V capillary, 27 psi nebulizer, 7 I/min dry gas and 320 RC dry temp (FERREIRA et
al., 2014).

Antioxidant activity

Free radical scavenging activity by DPPH (2,2-Diphenyl-1-picrylhydrazyl assay)
This test is based on electron transfer by an antioxidant substance. The DPPH,
which presents purple color, is reduced to diphenyl-picryl hydrazine, with yellow
coloration. The extract was tested at concentrations ranging from 15.62 to 1000 pg/mL.
Ascorbic acid (0.3, 0.5, 1, 2, 3, 4 and 5 pg/mL) was used as standard. In each assay, 270
puL of the DPPH solution was added to each sample (in varying volume from stock
solution, to obtain the required tested concentrations). After 30 min, the reduction of

DPPH was determined by colorimetric change at 517 nm using ethanol as blank
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(BLOIS, 1958). The antioxidant concentration required to derease 50% of the DPPH

present (ICsp) was determined.

ABTS assay

ABTS assay is based on transfer of electrons. In this method, the radical ABTS" is
generated by oxidation of ABTS solution (7 mM) with 2.45 mM potassium persulfate
solution, originating a blue/green solution. that has maximum absorption at 734 nm. In
presence of an antioxidant agent, ABTS" is reduced to ABTS, promoting the loss of the
medium staining. The mixture of ABTS solution (7 mM) with 2.45 mM potassium
persulfate solution was allowed to react for 12 h in the dark at 25°C before use. For the
test, the ABTS" stock solution (1 mL) was diluted in 60 mL of methanol to obtain an
absorbance of 0.70 +0.02 at 734 nm. Next, 2.7 mL of this solution was added to
different volumes of stock solution of Trolox (standard) to obtention of 0.5, 1.0, 2.0,
3.0, 4.0 and 5.0 pg/mL, prepared in methanol or 15.62, 31.25, 62.5, 125, 250, 500 and
1000 pg/mL, prepared in methanol. The absorbance was taken 6 min after the adding of
the radical at 734 nm.The test was performed in triplicate to determination of the the
percentage inhibition of ABTS radical by the extract as well as the concentration
required to derease 50% of the ABTS " present (ICsp), by linear regression.

Isolation of peripheral blood mononuclear cells (PBMCs)

PBMCs were purified from human blood by gradient separation using the
solution for cell separation Histopaque-1077 (Sigma—Aldrich, USA). Cells were
isolated from a 6-mL blood sample in 5 mL of phosphate buffered saline (PBS) to
which was added 3 mL of Histopaque-1077. After centrifugation at 1500 rpm for 30
min, the mononuclear cells (present in the intermediate region between the red cells and
serum) were aspirated. The lymphocyte suspension was transferred to another tube to
which PBS was added until the volume of 11 mL and centrifuged for 20 min at 1000
rpm. Then, the supernatant was discarded and the lymphocyte pellet ressuspended to a
final concentration of 10° cells/mL in 5 mL of RPMI 1640 medium supplemented with
20% FBS, 100 IU/mL penicillin and 100 pg/mL streptomycin. Lymphocytes
proliferation was induced by addition of 3% phytohemagglutinin, a mitogen which acts
fundamentally on T lymphocytes becoming they the predominant cell population in this
assay (LIU et al., 2004).
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Cytotoxicity on normal cells

Cell viability was measured using a method based on the conversion of 3-(4,5-
dimethyl-2-thiazole)-2,5-diphenyl-2H-tetrazolium bromide (MTT) to a formazan
product by the action of the enzyme succinyl dehydrogenase, which is present in the
mitochondria of viable cells (Mosmann 1983, Alley et al., 1988). 3T3-L1 and VERO
cells (10° cells/mL, in DMEM medium) or lymphocytes (10° cells/mL, in RPMI
medium) were plated in 96-well microplates and incubated for 24 h at 37°C. After this
period, 10 pL of the A. congestiflora root extract (0.39-50 ug/mL) was added to each
well and incubated for 72 h. Next, the MTT dye (25 pL; 0.5 mg/mL) was added to the
wells, and the assay was incubated for another 3 h. After this period, the medium was
removed and 100 uL of dimethylsulfoxide (DMSO) was added to the wells to solubilize
the formazan salts. The optical density of the wells was measured at 540 nm, and was
compared to those in the control wells (cells incubated only with medium). Two

independent experiments were performed in duplicate.

Hemolytic assay using human erythrocytes

The A. congestiflora extract was evaluated for hemolytic activity by assay
performed in 96-well microplates. Each well received a 0.85% NaCl solution containing
10 mM CaCl,. Samples (100 pL, in DMSO 5%) of the extract were added to the first
well of each column in triplicate, from which 100 pL were transferred to the second to
performed the serial dilution (final concentrations ranging from 15.62 to 2000 pg/mL)
Each well received 100 pL of a 2% (v/v) suspension of erythrocytes in 0.85% saline
containing 10 mM CacCls,. In negative controls, 100 pL of the saline solution plus 50 pL
of the saline solution or 50 pL of 5% DMSO were plated. Positive control (to obtain
100% hemolysis) contained 80 uL of saline solution plus 20 pL of 0.1% Triton X-100
in 0.85% saline. After centrifugation during 1 h followed by incubation for 1 h at 27°C,
the supernatant was discarded, and the released hemoglobin was measured by

absorbance at 450 nm. Three independent experiments were performed in triplicate.
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Evaluation of the acute toxicity of the hydroalcoholic roots extract from A.
congestiflora

The acute toxicity of the extract was determined according to the guidelines of
the Organization for Economic Cooperation and Development (OECD) for the testing
of chemicals, n° 423, adopted on December 17, 2001. Female Swiss albino mice (n=3
for each group) received a single dose of the aqueous extract (2000 mg/kg) or saline
solution as control. The animals were observed individually during the first hour and at
2, 12 and 24 h after administration to determine the time of death or to investigate
possible toxic effects. For the following 14 days the animals were observed once daily.
A range of signs such as general activity, irritability, touch response, contortions,
tremors, convulsions, tachycardia, piloerection, stereotyped movements, somnolence,
defecation, diarrhea and miction were analyzed. The daily consumption of water and
food as well as the body weight of the mice during the experiment were also recorded.
On the 14th day after administration of the extract, the animals were anesthetized with
0.2 mL/100 g of ketamine and xylazine (2:1), and blood was collected by cardiac
puncture and placed in tubes with anticoagulant (EDTA). Hematological index were
determined using an automated Horiba ABX Micros 60-Horiba analyzer. The organs
(liver, kidney and spleen) were analyzed macroscopically, dried and weighed to
calculate the index of organs, which is given by the following formula: Organ weight
(mg)/ Body Weight (g). Fragments of the liver, spleen and kidney were collected for
histopathological analysis.

Comet assay

The dose used in this test was chosen according the results of the acute toxicity
test. Female Swiss albino mice (n=5 for each group) were divided into three groups,
which received extract at 2000 mg/kg or saline solution, both by oral route, or
cyclophosphamide (CPA) at 25 mg/kg, by intraperitoneal injection. After treatments, 60
uL of total blood was collected from tail by vein puncture and it was performed the
alkaline version of comet assay, according Singh et al., (1988), with modifications.

In each comet assay, 20 pL of blood was mixed with 110 pL of 0.5% low
melting point agarose at 37°C, placed on fully frosted slides covered with a thin layer of
normal-melting point agarose and coated with a coverslip. The slides remained at 4°C

for 10 min to allow the agarose to solidify. Then, the slides were immersed in lysis
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solution (2.5 M NaCl, 100 mM EDTA and 10 mM Tris, with adjustment of pH to 10.0
using NaOH) at 4°C for 1h. After lysis, the slides were placed on a horizontal
electrophoresis chamber containing cold electrophoresis alkaline buffer (300 mM
NaOH and 1 mM EDTA solution, pH13) during 20 min for DNA denaturation.
Electrophoresis was carried out at 40 V and 300 mA for 20 min. The slides were
imersed in a neutralization buffer (0.4 M Tris, pH 7.5) for 15 min and fixed with cold
absolute ethanol for 5 min. The whole procedure was carried out in dim light to
minimize artefactual DNA damage. To stain DNA, propidium iodide was added to each
slide (50 pL, 20 pg/mL). Next, the slides were analyzed with a Zeiss fluorescent
microscope. Two slides were examined for each animal, analyzing 100 nucleoids for
slide, observed at 40x magnification. The score of each treatment was verified by
multiplying the number of nucleoids observed in each damage class by the value of the
class (0, 1, 2, 3 or 4). Frequency of damage (%) was calculated based on the number of
cells with tail in relation to cells with 0 damage to each treatment. Two independent

experiments were performed

Micronucleus test

The animals from the same experiments used for comet assay were used in the
micronucleus test. After the vein puncture to collect the blood for comet assay, the bone
marrow was collected. To this, both femurs of each animal were excised, dissected and
cut at the proximal epiphyses. FBS was injected (1 mL/femur) with a syringe (3 mL)
and needle (tuberculin type) into the medullary canal of the femur in order to remove
the medullary content. The lavage fluid was collected in a test tube containing 2 mL
FBS. Cell suspension was homogeneized and centrifuged at 1000 rpm for 5 min. The
supernantant was discarded, leaving approximately 1 mL for tube. After resuspension of
the pellet, 3 drops were used to make smears on two clean and dried slides by sliding
one over the other. After 60 min drying at room temperature, the slides were fixed with
methanol during 10 min and stained with Leishman's methylene blue dye (Schmid,
1975). To investigate the genotoxic potential of the extract, 2000 polychromatic
erythrocytes (PCE) were analyzed per animal and the frequence of micronucleated
erythrocytes PCE (MNPCE) was recorded. The cytotoxic effects were investigated by

determining the ratio between PCE and NCE (normochromatic erythrocyte) numbers



105

after analyzing 200 erythrocytes/animal. All cells were observed and quantified using an

optical microscope (10 x 100x) magnification (Schmid, 1975).

Statistical analysis

For evaluation of the cytotoxicity, the 1Cso was determined by nonlinear
regression using GraphPad Prism v. 5.0 software (GraphPad Software, Inc., USA). For
acute toxicity the results were compared by T test. For genotoxicity and mutagenicity
assays, one-way ANOVA followed by the Newman-Keuls test was used to evaluate the
differences among the treatments. P values < 0.05 were considered to be statistically
significant.

Results and discussion

Thin layer chromatography and liquid chromatography—electrospray ionisation
mass spectrometry (LC-ESI-MS)

Thin layer chromatography analysis of the hydroalcoholic extract showed
presence of terpenes and alkaloids and absence of tannins, flavonoids, coumarins and
anthraquinones. These secondary metabolites have been reported in root extracts of
other plants of the Cucurbitaceae family. Uma and Sekar (2014) found alkaloids,
flavonoids and terpenes in roots of Citrullus colocynthis and Khatua et al. (2016)
detected flavonoids and alkaloids in aqueous extract of the roots from Trichosanthes
dioica. Also, methanolic extract from Momordica dioica roots contains triterpenes,
alkaloids and steroids (TALUKDAR and HOSSAIN, 2014).

The triterpenoid substances called cucurbitacins found in Cucurbitaceae plants
are divided in twelve categories which present in common the cucurbitane skeleton
(DHIMAN et al., 2012). Cucurbitacins are related to several biological properties,
including anti-inflammatory, antidiabetic and anti-artherosclerotic ~ activities
(SAHRANAVARD et al., 2012; CHEN et al., 2014; KAUSHIK et al., 2015).
Cucurbitacins are also associated to cytotoxic activity on cancer and normal cells
(DANTAS et al., 2006) and according to KAUSHIK et al. (2015), there are reports of
the toxicity of cucurbitacins to humans, related to signs including the gastrointestinal
tract and promotion of death.

The LC-ESI-MS analysis of the hydroalcoholic extract from A. congestiflora
roots revealed three absorption peaks in the corresponding UV spectra analysis with the
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majoritary peak showing absorption at 232.53 nm (Figure 1). Since the cucurbitacins
usually shows maximum absorption between 228 and 234 nm (KAUSHIK et al., 2015),

the compound corresponding to this majoritary peak probably belongs to this group.
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Figure 1. LC-UV-MS spectra of hydroalcoholic extract from A. congestiflora roots.

Total phenolic and flavonoid contents and antioxidant activity

The amounts of total phenolic and flavonoids in A. congestiflora hydroalcoholic
extract were 14.89+1.87 mg ETA/g and 11.83+1.94 mg ER/qg, respectively. Tannins and
coumarins were again not detected. The amounts of phenolic compounds (6.74 mg
GAE/g) and flavonoids (4.42 mg CE/g) present in the hydromethanolic root extract of
Cucurbitaceae Ecballium elaterium (Abbassi et al., 2014) were lower than that of A.
congestiflora hydroalcoholic extract. Also the total phenol amount in Coccinia
cardifolia, Ligenaria siceraria, Cucumis sativus, Lufa actangula and Momordica
charantia, five edible Cucurbitaceae plants, ranged from 4.54 to 10.13 mg TA/g
(Debnath et al., 2015).

Biological properties of plant extracts are related to the chemical constituents of
them. The antioxidant activity reported for plants of the cucurbitaceae family has been
mainly related to polyphenols and flavonoids, which are powerful antioxidants due to
their free radical scavenger ability (Vamanu and Nita, 2013; Yasir et al., 2016). Thus,
we evaluated the antioxidant activity of the hydroalcoholic extract from A. congestiflora
by ABTS and DPPH methods (Table 2). ABTS method allows determining antioxidant
activity of both hydrophilic and hydrophobic compounds, whereas DPPH is more
appropriate to hydrophobic systems (Palombini et al., 2013; Valantina and

Neelamegam, 2015). The results showed that the extract is capable of scavenging these
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free radicals, which is probably due to the presence of phenolic compounds and

flavonoids.

Table 2. Antioxidant activity of the hydroalcoholyc extract from A. congestiflora.

Sample 1Cs0 (Hg/mL)
ABTS method DPPH method
Hydroalcoholic extract 81.29£4.48 64.79+ 4.50
Trolox 2.32+0.01 -
Ascorbic acid - 0.64 £ 0.05

Data showed as mean + standard deviation (n=3).

According to Fridianny et al. (2015), a sample with ICso< 50 pg/mL is very
strong antioxidant, 1Cso ranging from 50 to 100 pg/mL is a strong antioxidant, 1Cso
ranging from 101 to 150 pg/mL is a moderate antioxidant and 1C5p>150 pg/mL is a
weak antioxidant. Then, hydroalcoholic extract of A. congestiflora roots is considered a
strong antioxidant.

Radical scavenging activity is very important due to the deleterious effect of the
free radicals in the body, which are associated to several diseases, such as
atherosclerosis, diabetes and Alzheimer’s disease (Zhao and Zhao, 2013; Singh et al.,
2015). Thus, hydroalcoholic extract from A. congestiflora may help to reduce the

oxidative damage.

Cytotoxicity on normal cells

The I1Cso value of the extract for 3T3-L1, VERO cells and PBMCs was
40.67+2.34, 39.15+1.58 and 42.62+2.96, respectively. According to Ampasavate et al.
(2010), ICsp values in MTT assay between 10 and 100 ug/mL are considered indicative
of potential cytotoxicity. Thus, hydroalcoholic extract of the roots from A. congestiflora
was potententially cytotoxic to 3T3-L1 and VERO cells as well as to PBMCs.

In regard to capacity of promoting damage to erythrocytes membrane, the
extract showed ECs5;>2000 pg/mL and presented maximum percentage of hemolysis
(Hmax) of 29.96%. Since to be considered hemolytic a sample must present ECs< 200

png/mL (Costa-Lotufo et al., 2005), the A. congestiflora extract was not considered
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hemolytic. The percentage of hemolysis still observed may be due to the presence of the
saponins identitified.

Similarly to results obtained in this work, methanolic extract of roots from
Bryonia aspera, another Cucurbitaceae, was potentially cytotoxic with 1Csy of 51.05
pug/mL on bovine's kidney epithelial cells (MDBK) (Sahranavard et al., 2012). On the
other hand, hydroalcoholic extract of the leaves from Cucurbita pepo, widely used in
folk medicine, showed ICsq of 239.2 and 241.4 pg/mL to Chinese hamster ovarian cells
(CHO) and rat fibroblast, respectively (Shokrzadeh et al., 2010), being a weak cytotoxic
agent.

Several plants are used by population as medicine and this fact shows the need
for studies investigating possible deleterious effects of them. The results from
cytotoxicity assays stimulate the evaluation of these effects. Additionally, cytotoxicity
on PBMCs allows investigating the effect on human T lymphocytes, since they are the
predominant cell population in this assay (Liu et al., 2004).

Acute toxicity

Medicinal plants have been widely used in developing countries to treat diseases
(Ngarivhume et al., 2015; Somade et al., 2017). However, there is a lack of scientific
studies to many plants regarding their toxicity and adverse effects, which may limit
their use. In this work the A. congestiflora hydroalcholic extract was evaluated for acute
toxicity aiming to determine the safety of use of it.

In the first hours and for the following 14 days after administration of the extract
(2000 mg/kg), the mice did not show signs of systemic toxicity and all the animals
survived. Figure 2 shows that there were no significant differences (p<0.05) in body
weight between the control and treated groups. Thus, it is possible to suggest that the
extract did not interfere with normal metabolism of the animals. Additionally, there was
no change in the consumption of water, but animals which received extract presented an
increase of feed intake in comparison with control (Table 3). The organs indices were

not different between the groups.
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Figure 2. Effect of oral administration of A. congestiflora extract (2000 mg/kg) on

weight gain by mice in acute toxicity assay.

Evaluation of hematological parameters is essential to identify the toxic effect of
a treatment with a potential drug. The hematological parameters of animals from oral
acute toxicity assay are shown in Table 4. Animals treated with the extract did not
present alterations in red blood cells, leukocytes, platelets, hemoglobin and hemotocrit

in comparison to control.

Table 3. Effect of A. congestiflora extract (2000 mg/kg) on physiological parameters of

mice 14 days after administration.

Water
Index of organs (mg/
Group intZT(Zd(g) consumption gans (mg/g)
(mL) Liver Kidney  Spleen

Extract 20.92+1.31° 29.28+1.01 6.26+0.98 0.59+0.05 0.61+0.20

Control  17.31+1.11  27.14+2.52 5.86x0.7 0.62+0.08 0.58+0.08

Data are presented as mean + standard deviation, with 3 animals per group. *p<0.05

when compared to control by t test.
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Table 4. Effect of hydroalcoholic extract from A. congestiflora (2000 mg/kg) on

hematological parameters of mice 14 days after administration.

Parameter Extract Control
Red blood cells (10%/mm?) 8.63+0.46 8.42+0.58
Leukocytes (103/mm?) 4.8+1.21 3.92+0.63
Platelets (10°/mm?) 824.4+115.10 808.66+44.76
Hemoglobin (g/dL) 12.6+0.61 11.98+0.82
Hematocrit (%) 47.05+2.64 44.8+3.10

Data are presented as mean * standard deviation, with 3 animals per group.

It was also evaluated biochemical parameters, which allow investigating the
functionality of the organs, with regard to renal and hepatic functions. The results
(Table 5) show that the oral administration of the extract did not cause significant
changes in the plasma biomarkers of renal damage. In relation to biomarkers of hepatic
damage, there was decrease of AST (aspartate aminotransferase), ALT (alanine
aminotransferase), alkaline phosphatase and total protein levels, while no statistical
difference was observed for albumin and globulins, in comparison with control.

Hepatic enzymes AST and ALT are usual indicatives of hepatic functionality,
whose increase in plasma levels is associated with damage to liver. Despite the
difference in relation to control group of AST values, the levels of this hepatic enzyme
are within normality in both control and extract treatments, which range from 54 to 298
U/L for mice (Hismiogullari et al., 2011). Similarly, it was observed a slight reduction
to ALT levels of the treated animals, however, the result was also within normality
values (Ozmen and Yurekli, 1998).
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Table 5. Effect of hydroalcoholic extract from A. congestiflora (2000 mg/kg) on

biochemical parameters of mice 14 days after administration.

Parameter Extract Control
Urea (mg/dL) 46.8+5.63 49.83+3.81
Creatinine (mg/dL) 0.31+0.04 0.28+0.03
AST (U/L) 156.0+85.49 215.0+£79.51
ALT (U/L) 22.242.94 28.0£3.39
Alkaline phosphatase .
72.2+8.84 93.2+9.73
(U/L)
Total protein (g/dL) 3.78+0.33" 4.33+0.28
Albumin (g/dL) 2.55+0.16 2.5310.10
Globulins (g/dL) 1.2+0.38 1.72+0.14

Data are presented as mean * standard deviation, with 3 animals per group. *p<0.05

when compared to control by t test.

Histological examination showed no detectable alterations on spleen, liver and
kidney of the treated animals in relation to control group. Liver of both control and
treated groups showed hepatic cells with normal morphology. Similarly, kidney of both
groups showed normal glomerulus and tubular structures. These results corroborate the
results obtained in the biochemical evaluation and indicate the absence of damages
associated to the use of the hydroalcoholic extract of A. congestiflora root.

Several Cucurbitacean plants have been used in folk medicine and the roots are
much employed. Acute toxicity assay using the ethanolic extract of Siolmatra
brasiliensis roots revealed that the dose 2000 mg/kg revealed adverse behavioural
effects, mortality and morphological organ alterations (Lima et al., 2010). On the other
hand, the aqueous extract from the roots of Dicoma anomala did not present toxic
effects at the dose of 2000 mg/kg for Wistar rats (Balogun and Ashafa, 2016). This
study indicated that animals treated with the hydroalcoholic extract (2000 mg/kg) from
the roots of A. congestiflora did not showed signs of toxicity, mortality or organ

alterations.
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Figure 3. The effects of the hydroalcoholic root extract (2000 mg/kg) on spleen, liver
and kidney. The histological sections were stained with hematoxylin-eosin (x 400). (A)
Spleen from control group. (B) Spleen from treated group. (C) Liver from control
group. (D) Liver from treated group. (E) Kidney from control group and (F) kidney

from treated group. Black arrow —glomerulus.

The results obtained on acute toxicity indicates that the chemical constituents
present in the extract do not promote acute toxicity when orally administered, but it is
necessary caution in use for long periods of time due to the lack of scientifc reports
about the continued use of this plant, such as the possibility of chronic toxicity
developing with continual use.

Comet assay

Some plants used in tradional medicine may present genotoxic or mutagenic
effects (Sousa and Viccini, 2011). Comet assay is a useful tool to investigate the
genotoxic potential of a product, for being a quick, cheap and reliable test (Recio et al.,
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2010). To evaluate whether the hydroalcoholic extract of A. congestiflora contain
substances potentialy genotoxic, it was performed the comet assay in vivo.

Effect of the extract on DNA of white blood cells is shown in Table 6. Animals
treated with extract showed higher number of nucleoids belonging to class 0 (90.5),
similarly to control (90.0), whereas those treated with cyclophosphamide (positive
control) presented higher number of nucleoids belonging to class 1 (53.83) and class 2
(23.3).

Table 6. Index of damage to each class in comet assay after 24h of treatment with the
hydroalcoholic extract of the root from A. congestifllora.

Class Score
Treatament 0 1 2 3 4
Control 90.0+£1.26 8.50+1.37 125+05 1.33+0,57 0 12.16+2.71
CPA 19.83+2.13* 53.83+1.72* 23.3+2.4* 2.5+1.04* 0 109+5.86*
Extract 90.5+1.04 7.540.83  1.33+0.51 1.33+0.57 0 12.1642.22

Data showed as mean + standard deviation. * p< 0.05 in relation to control.

Tests for detection of genotoxic substances in plant used to traditional folk
medicine allow identifying potential risk to human health (Shabbar and Maslat, 2006).
Comet assay is a sensitive method which detects a large spectrum of DNA lesions,
including double and single strand breaks (Tice et al., 2000). As is possible to observe
in Table 7, there was no significant difference between the frequency of damage
presented by the animals that received the extract and those which received vehicle.
Thus, the results indicate absence of genotoxic activity to A. congestiflora extract also
suggeting the safe on use of the plant roots.
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Table 7. Frequency of damage to white blood cells treated with the hydroalcoholic

extract (2000 mg/kg) of the root from A. congestifllora.

Treatment  Frequency of damage (%)

Control 10.0+1.26
CPA 80.16 + 2.13"
Extract 9.5+1.04

Data showed as mean = standard deviation* p< 0.05 in relation to control.

There is a lack of studies involving the genotoxic investigation of plants
belonging to genus Apodanthera. However, studies with other Cucurbitaceae plants
have evidenced genotoxicity, as demonstrated for fruits of Ecballium elaterium (Celik
and Aslanturk, 2009) and for a triterpenoid-enriched extract from roots of Trichosanthes
dioica containing cucurbitacins, which showed antimitotic and genotoxic effects on
Allium cepa (Bhattacharya and Haldar, 2012).

Micronucleus test

The mutagenic and genotoxic investigation using in vivo models are important
evaluations since some substances may suffer alterations after metabolization,
originating toxic forms. Micronucleus test is well accepted by international agencies as
an efficient method of studying damage to genetic material in vivo (OECD, 2007).
Table 8 shows the frequency of micronucleated polychromatic erythrocytes (PCESs) in
2000 cells and a cytototoxicity parameter evaluation, the PCE/NCE ratio. In relation to
induction of micronucleus, treatment with the extract did not show significative
differences in comparison with control group. However, there was a decrease in ratio of
PCE/NCE, which indicates that the extract promoted cytotoxicity, due to reduction of
the production of new erythrocytes.

This result is in agreement with those obtained in comet assay, indicating the
absence of damage to genetic material of the hydroalcoholic extract from the roots of A.
congestiflora. However, there was a reduction in the number of immature erythrocytes
(PCEs) in comparison with the number of mature erythrocytes (NCEs). This occurs
when the normal proliferation of bone marrow cells is affected by a cytotoxic product
(SANTOS et al., 2016). Thus, despite the lack of genotoxicity and acute toxicity, in this
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test it was observed a discreet cytotoxicity in vivo, suggesting caution in use of A.

congestiflora preparations.

Table 8. Micronucleated polychromatic erythrocytes (MN PCEs) frequence in 2000

cells and PCE/NCE ratio in bone marrow of mice treated with A. congestiflora extract.
Treatment MN PCEs PCE/NCE ratio

(meanz standard

deviation)
Control 45+1.0 1.91£0.05
CPA 53.75 +4.92" 0.78 + 0.007"
Extract 40+0.81 1.82 +0.08

Data showed as mean = standard deviation* p< 0.05 in relation to control.

Conclusions

In conclusion, this work reveals that hydroalcoholic extract from A.
congestiflora root containing phenolic compounds, flavonoids and antioxidant activity
does not cause damage to genetic material neither alterations in organs as liver, kidney
and spleen. However, caution is required in prolonged use of this extract due to a
potential cytotoxic effect.
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Abstract

Background: Myracrodruon urundeuva is an endemic plant of South America with
extensive use by the northeastern Brazil population and the lectins MuBL, MuHL and
MuLL were isolated from its bark, heartwood and leaf, respectively.

Methods: This study evaluated the extracts, protein fractions and lectins from M.
urundeuva bark, heartwood and leaf for cytotoxicity on cancer and normal cells. The
lectins were also investigated for hemolytic activity, genotoxicity using comet assay,
and mutagenicity by micronucleus test.

Results: Bark, heartwood, and leaf extracts inhibited the viability of cancer cells
ranging from 2.6 to 55%, whereas the values determined for the protein fractions ranged
from 3.8 to 63.3%. The bark extract and the leaf protein fraction were moderately active
on cell line HT-29, with inhibition percentage of 55.0 £+ 0.49 and 58.6 + 3.4
respectively, while the bark protein fraction was moderately active on NCI-H292 and
HL-60 cancer cell lines (inhibition percentage of 62.94 + 2.68 and 63.37 + 2.33
respectively). The extracts and protein fractions showed weak cytotoxicity on
lymphocytes, with inhibition percentage varying between 3.81% and 17.58 %. The
lectins MuBL and MuHL showed inhibition percentages for cancer cells ranging from
10.51 % to 42.36 % and 6.35 to % 62.56 %, respectively. Only MuHL was moderately
active on the HL-60 cell line. MuBL, MuHL and MuLL showed ICsy on mononuclear
peripheral blood cells of 58.41, 43.19 and 62.28 pug/mL, respectively. The percentage of
hemolysis promoted by lectins ranged from 0 to 11.6. Data from comet assay revealed
that MuBL, MuHL and MuLL at highest concentration showed frequency of damage of
33.5 %, 35.67 % and 65.2 %, respectively, whereas control showed 16.17 %. On
micronucleus test, the number of micronuclei to the highest concentrations tested was
7.91, 7.41 and 8.91 to MuBL, MuHL and MuLL, respectively, whereas to control was
6.91.

Conclusions: Extracts, protein fractions and lectins from M. urundeuva presented weak
to moderate cytotoxicity on the cancer cell lines tested, weak to potentially cytotoxicity
on lymphocytes and did not promote damage to erythrocytes. Lectins from M.
urundeuva showed to be potentially genotoxic, on the other hand did not showed
mutagenic activity.

Keywords: Myracrodruon urundeuva, cytotoxicity, genotoxicity, mutagenicity.
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Abreviations

ECso, effective concentration that promotes 50% of hemolysis

FBS, Fetal Bovine Serum

ICso, concentration that inhibited 50% of the cell growth compared with the control
MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide

PBS, phosphate buffered saline
PHA, phytohemagglutinin
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Introduction

Myracrodruon urundeuva is widely used in Brazil to treat several health
problems, such as dermatological and gynecological diseases, disorders in the digestive
system, and inflammations (Matos, 2002; Pereira et al., 2014). Among the bioactive
compounds identified in M. urundeuva tissues are the lectins isolated from bark
(MuBL), heartwood (MuHL) and leaf (MuLL) (Sa et al., 2009; Napoledo et al., 2011).

Lectins are proteins that bind specifically and reversibly to carbohydrates,
without promoting alterations in the glycosidic bonds and covalent structure (Cao et al.,
2010; Lavanya et al., 2014). MuBL, MuHL and MuLL showed larvicidal activity
against Aedes aegypti and termiticide activity on Nasutitermes corniger (Sa et al., 2008,
2009a; Napoledo et. al., 2011, 2012). In addition, MuHL showed antibacterial activity
against human pathogenic species and antifungal property against phytopathogenic
species of Fusarium (S& et al., 2009b). Until now there are no reports regarding the
effects of these lectins on human cells.

In addition to the biological activities described for the lectins from M.
urundeuva, a diversity of other biological effects have been described for plant lectins,
such as anti-inflammatory, antinociceptive and anticancer (Yau et al., 2015; Campos et
al., 2016). Lectins have received attention on the search for new anticancer agents due
to the fact that malignant transformation is associated with altered cell glycosylation.
This alteration allows lectins acting on these cells without promote damage to cells with
normal glycosylation pattern. Thus, these proteins represent promising tools in the
search for molecules with specificity against cancer cells (Yau et al., 2015).

In this context, the present study evaluated extracts, protein fractions and lectins
from M. urundeuva bark, heartwood and leaf for effect on the viability of human normal
and cancer cells. Before the evaluation of cytotoxic effects, MuBL, MuHL and MuLL
were also investigated for their hemolytic, cytotoxicity and genotoxicity to normal cells,

in order to evaluate their safety degree.
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Material and Methods

Plant material

Bark, heartwood and leaves from Myracrodruon urundeuva Allem&o were
collected in Caxias, Maranhdo, northeastern Brazil, with authorization (humber 38690)
of the Instituto Chico Mendes de Conservacdo da Biodiversidade (ICMBio) from
Brazilian Ministry of Environment. A voucher specimen is archived under number 054
at the herbarium Aluisio Bittencourt, Centro de Estudos Superiores de Caxias,
Universidade Estadual do Maranhéo (Caxias, Brazil).

Cell lines and cell culture

The lymphocytes were obtained from peripheral blood collected from healthy
volunteer donors that signed an informed consent term, with approval
(60107916.8.0000.5208) of the Ethics Committee of the Universidade Federal de
Pernambuco (UFPE), Recife, Brazil.

The human cancer cell lines used for the in vitro cytotoxicity assays were NCI-
H292 (lung mucoepidermoid carcinoma), HT-29 (colon adenocarcinoma), HEp-2
(larynx epidermoid carcinoma), MCF-7 (breast adenocarcinoma), MOLT-4 (acute
lymphoblastic leukemia), K562 (erythroleukemia), and HL-60 (promyelocytic
leukemia). The cells were cultivated in DMEM (Dulbecco’s Modified Eagle’s Medium)
or RPMI-1640 (supplemented with 10% fetal bovine serum, FBS, and 100 pg/mL of
penicillin—streptomycin-amphotericin B solution) at 37°C in a humidified atmosphere of
95% air and 5% CO,. The cells were obtained from the Banco de Células do Rio de
Janeiro (Rio de Janeiro, Brazil) and maintained in the Laboratory of Cell Culture,

Departamento de Antibiéticos of UFPE.
Extracts, protein fractions and lectins
The M. urundeuva were tissues were dried at room temperature and powdered.

The powdered bark, heartwood or leaves (10 g) were separately suspended in 0.15 M

NaCl (100 mL). After homogenization in a magnetic stirrer (16 h at 4°C), followed by
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filtration through gauze and centrifugation (3000 g, 15 min), the clear supernatants
obtained corresponded to the crude extracts.

Soluble proteins in the extracts were fractioned with ammonium sulphate to
obtain the following protein fractions enriched in lectin: 40% supernatant from bark
extract, 40-60% precipitate from heartwood extract, and 60-80% precipitate from leaf
extract (S& et al., 2009; Napoledo et al., 2011). After the treatment with the salt, the
fractions were solubilized in 0.15 M NaCl and submitted to dialysis (3,500 Da cut-off
membrane, 4°C) against distilled water (4 h) followed by 0.15 M NaCl (4 h).

MuBL and MuHL were isolated according to Sa et al. (2009a) and MuLL was
isolated according to Napoledo et al. (2011) starting from the protein fractions described
above. The fraction was loaded onto a chitin (Sigma-Aldrich, USA) column (7.5 x 1.5
cm) equilibrated at 20 mL/h flow rate with 0.15 M NaCl (100 mL). MuBL, MuHL and
MuLL were eluted with 1.0 M acetic acid and dialyzed against 0.15 M NaCl for eluent
elimination.

The extracts, protein fractions and isolated lectins were evaluated for
hemagglutinating activity (Paiva and Coelho, 1992) and protein concentration was
estimated according to Lowry et al. (1951) using bovine serum albumin (31.25-500
pg/mL) as standard.

Evaluation of cytotoxicity of M. urundeuva extracts, protein fractions and lectins

on lymphocytes

Lymphocytes were purified from human blood by gradient separation using
Histopaque-1077 (Sigma-Aldrich, USA). Cells were isolated from 6-mL blood sample
in 5 mL of phosphate buffered saline (PBS) to which was added 3 mL of Histopaque-
1077. After centrifugation at 1500 rpm for 30 min the mononuclear cells (present in the
intermediate region between the red cells and serum) were aspirated. The lymphocyte
suspension was transferred to another tube to which PBS was added until the volume of
11 mL and centrifuged for 20 min at 1000 rpm. Then, the supernatant was discarded and
the lymphocyte pellet ressuspended to a final concentration of 10° cells/mL in 5 mL of
RPMI 1640 medium supplemented with 20% fetal bovine serum (FBS), 100 IU/mL
penicillin and 100 pg/mL streptomycin. Lymphocytes proliferation was induced by

addition of 3% phytohemagglutinin (PHA), a mitogen which acts fundamentally on T
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lymphocytes becoming them the predominant cell population in the assay (Liu et al.,
2004). The cells in RPMI complete medium were plated in 96-well microplates and
incubated during 24 h at 37°C.

To determine the cytotoxicity on lymphocytes, extracts (50 upg/mL), protein
fractions (50 pg/mL), and lectins (6.25-100 pg/mL) were added to cell cultures and
incubated for 72 h. To select the concentrations of the lectins used in the genotoxicity
and mutagenicity tests, the lymphocytes were treated by 24 h. Incubation occurred at
37°C with a 5% CO, atmosphere. Next, 25 uL of the dye 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT; 0.5 mg/mL) were added to the wells and the
assay was incubated for more 3 h. After this period, the medium was removed and
dimethylsulfoxide (DMSO, 100 uL) was added to the wells for solubilization of the
generated formazan salts. The optical density of the wells was measured at 540 nm and
compared to that in the control (cells incubated only with medium). Three independent

experiments were performed in triplicate.

Hemolytic assay

The lectins were also evaluated for hemolytic activity by assay performed in 96-
well microplates. Each well received 100 pL of a 0.85% NaCl solution containing 10
mM CaCl,. Samples (100 pL) of MuBL, MuHL and MuLL were added to the first well
of the respective treatment, from which 100 puL were transferred to the second to
performed the serial dilution (final concentrations ranging from 0.78 to 100 pg/mL in
saline solution). Next, it was added 100 pL of a 2% (v/v) suspension of human
erythrocytes in saline solution containing 10 mM CacCl,. In negative controls, 100 pL of
the saline solution plus 50 pL of the saline solution or 50 pL of 5% DMSO were plated.
Positive control (to obtain 100% hemolysis) contained 80 uL of saline solution plus 20
pL of 0.1% Triton X-100 in saline. After centrifugation during 1 h followed by
incubation for 1 h at 27°C, the supernatant was discarded, and the released hemoglobin
was measured by absorbance at 450 nm. Three independent experiments were

performed in triplicate.
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Evaluation of cytotoxicity of M. urundeuva extracts, protein fractions and lectins

on cancer cell lines

Cancer cell lines NCI-H292, HT-29, HEp-2, MCF-7 cells (10° cells/mL),
MOLT-4 (10° cells/mL) in DMEM medium, and K562 and HL-60 (0.3x10° cells/mL)
in RPMI medium were plated in 96-well microplates and incubated during 24 h at 37°C.
After this period, extracts (50 pug/mL), protein fractions (50 pg/mL) or lectins (25
ug/mL) were added to each well and incubated for 72 h. Next, the MTT assay was
performed as described in the previous section. Three independent experiments were
performed in triplicate. The samples were classified according to the inhibition percent
of cell viability in the following categories: inactive (1-20%), weakly active (20-50%),
moderately active (50-70%) or highly active (70-100%) (Fouche et al., 2008). The
concentration that inhibited 50% of the cell growth (ICsp) was determined only for

products classified as highly active.
Comet assay

To perform comet assay, it was selected lectin concentrations that did not inhibit the
viability of lymphocytes in more than 30% after 24 h of treatment. Lymphocytes were
cultured as described in previous section. Cells were plated (3x10° cells/mL, in RPMI
1640 medium supplemented with 20% fetal bovine serum (FBS), 100 IU/mL penicillin
and 100 ug/mL streptomycin and 3% PHA) in 12-well plates and incubated during 24 h
at 37 °C. After this incubation, the cells were incubated with MuHL (25, 50 and 100
pg/mL), MuBL or MuLL (12.5, 25 and 50 pug/mL) during 24 h or with positive control
methyl methanesulfonate (MMS) 4x102 M for 4 h. After treatment, it was performed
the alkaline version of comet assay (Singh et al., 1988) with modifications. Control and
treated cells were harvested and, after centrifugation, the pellet obtained was suspended
in 0.5% low-melting point agarose at 37°C, placed on fully frosted slides covered with a
thin layer of normal-melting point agarose and coated with a coverslip. The slides
remained at 4°C for 10 min to allow the agarose to solidify. Then, the slides were
immersed in lysis solution (2.5 M NaCl, 100 mM EDTA and 10 mM Tris, with
adjustment of pH to 10.0 using NaOH) at 4°C for 1 h. After lysis, the slides were placed
on a horizontal electrophoresis chamber containing cold electrophoresis alkaline buffer
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(300 mM NaOH and 1 mM EDTA solution, pH 13.0) during 20 min for DNA
denaturation. Electrophoresis was carried out at 40 V and 300 mA for 20 min in
darkness to avoid DNA damages without relation with the treatments. The slides were
immersed in a neutralization buffer (0.4 M Tris, pH 7.5) for 15 min and fixed with cold
absolute ethanol for 5 min. To stain DNA, it was added propidium iodide to each slide
(20 pg/mL, 50 pL). Next, the slides were analyzed with a Zeiss fluorescent microscope.
Two slides were examined for each plate well (six slides for treatment), analyzing 100
nucleoids per slide, observed at 40x magnification. Comets were classified in the
following classes: absence of tail or without damage (class 0), tail smaller than the
diameter of the head (class 1), tail with up to twice the diameter of the head (class 2),
tail larger than twice the diameter of the head (class 3), and comet without head (class
4). The score of each treatment was verified by multiplying the number of nucleoids
observed in each class by the value correspondent to each class (0, 1, 2, 3 or 4).
Frequence of damage (%) was calculated based on the number of cells with tail in
relation to cells with 0 damage to each treatment. Two independent experiments were

performed in triplicate.

Cytokinesis block micronucleus assay

This assay was performed as described by Fenech (2007) and it was also
selected lectin concentrations that reduced lymphocytes viability in no more than 30%.
Lymphocytes were plated (3x10° cells/mL, 3x10° cells/mL, in RPMI 1640 medium
supplemented with 20% fetal bovine serum (FBS), 100 IU/mL penicillin and 100
pg/mL streptomycin and 3% PHA) in 6-well plates and incubated during 24 h at 37°C.
To evaluate the mutagenicity, the cultured cells were incubated with MuHL (25, 50 and
100 pg/mL), MuBL and MuLL (12.5, 25 and 50 pg/mL) for 24 h or with MMS for 4 h.
Cytokinesis was blocked with cytochalasin B exactly 44 h after PHA stimulation.
Twenty-eight hours after cytochalasin addition, cells were harvested by centrifugation
(1500 rpm, 5 min) and submitted to hypotonic treatment with 0.075 M KCI. Next, cells
were fixed by three successive washes (1500 rpm, 5 min) with 5 mL of fixative solution
(3:1 methanol:acetic acid) and placed on the slide. Later, slides were staining with 10%
Giemsa during 10 min. Five hundred binucleated cells were analysed for each slide,
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totalizing 3,000 for each treatment by experiment. Two independent experiments were

performed in triplicate.

Statistical analysis

The 1Cso was calculated by nonlinear regression using GraphPad Prism v. 5.0
software (GraphPad Software, Inc., USA). For the other tests, one-way ANOVA
followed by the Newman-Keuls test was used to evaluate the differences among the

treatments. P values < 0.05 were considered to be statistically significant.

Results and discussion

Investigations about cytotoxicity, genotoxicity and mutagenicity of natural
compounds on normal cells are of extreme importance, because they provide
informations on the safety of bioactive products (Calderon-Segura et al., 2012; Pavao et
al., 2016).

Table 1 shows the effect of extracts and protein fractions on viability human
lymphocytes and cancer cell lines. The extracts and fractions showed inhibition
percentage varying between 3.81% and 17.58%, being considered as not toxic to
lymphocytes (Fouche et al., 2008). All the extracts inhibited the viability of cancer cells
in 2.6% to 55%, whereas the values determined for the fractions ranged from 3.8% to
63.3%. Bark extract and leaf fraction were moderately active against HT-29 while bark
fraction was moderately active to NCI-H292 and HL-60. The heartwood and leaf

extracts were inactive or weakly active to all cells.
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Table 1. Cytotoxicity of M. urundeuva extracts and protein fractions on human

lymphocytes and cancer cell lines

Cell line Inhibition of viability (%0)

Extracts Protein fractions

Leaf Bark Heartwood Leaf Bark Heartwood
Lymphocytes 17.58 +0.95 . 5.61 +0.23 0.0 3.81+0.64 8.79+0.27 0.0
NCI-H292 24.03+18 23.76+1.37 0.0 39.61+151 6294+268 0.0
HEP-2 12.38+£0.08 9.02+1.36 0.0 29.95+0.66 0.0 11.97 + 0.66
MCF-7 16.9+0.3 29.08+ 2.8 15.19+0.9 35.09+505 14.60+0.4 0.0
HL-60 2.63+0.55 23.34+0.6 0.0 15.15+0.38 63.37+2.33 10.23+0.32
HT-29 3.3+0.9 55.0+0.49 0.0 58.6 +3.4 42.7+3.7 0.0

Data showed as mean + standard deviation.

Cytotoxic activity on cancer cells, such as HCT-8 (human colon carcinoma), SF-
295 (glioblastoma) and MDA-MB-435 (melanoma), has been described for bark and
heartwood extracts from M. urundeuva obtained with the organic solvents ethanol and
methanol (Mahmoud et al., 2011; Jandu et al., 2012). Such solvents can extract a greater
diversity of bioactive compounds than that present in the saline extract, which may
explain the results obtained in the present study. On the other hand, the results also
show that proteins present in the M. urundeuva extracts are cytotoxic agents since this
activity was revealed or increased after the treatment with ammonium sulphate, in
comparison with the extracts. For this reason, we evaluated whether the M. urundeuva
lectins would be the active principles involved in cytotoxic property of the fractions.

Before the evaluation of cytotoxicity of M. urundeuva lectins to cancer cells, the
lectins were evaluated for hemolytic activity and safety to human lymphocytes by
different assays. Determination of damage promoted by bioactive compounds from
plants to normal structures is essential for the evaluation of chemotherapeutic potential

and for definition of potential formulations for humans.
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The results of hemolytic assay and the ICs, values of MuBL, MuHL and MuLL
on lymphocytes are shown in Table 2. The percentages of hemolysis caused by MuBL,
MuHL and MuLL indicate low hemolytic activity (Le et al., 2015). According to
Ampasavate et al. (2010), lectins with an 1Csy < 10 ug/mL are considered to be very
toxic, those with an 1Csy between 10 and 100 ug/mL are considered to be potentially
toxic, and those with an 1C50>100 pg/mL are considered to be non-cytotoxic. In this

sense, the M. urundeuva were classified as potentially toxic.

Table 2. Cytotoxicity on human peripheral blood mononuclear cells and hemolytic

activity of M. urundeuva lectins.

Lectin Cytotoxicity Hemolytic activity
ICso (ng/mL) ECso (ng/mL) Hwmax (%0)
MuBL 58.41+1.68 >100 11.6+0.82
Data
MuHL 43.19+2.51 >100 1.840.29
MuLL 62.28+1.74 >100 4.73+0.37

showed as mean + standard deviation. ICsq: concentration that inhibited 50% of the cell growth in
comparison with control. ECsxy: effective concentration that promotes 50% of hemolysis. Hyax: maximum

percentage of hemolysis.

Since MuBL, MuHL and MuLL showed to be potentially cytotoxic to
lymphocytes, we investigated if these lectins would be able to cause damages on genetic
material of lymphocytes. For this, it was used a genotoxicity test (comet assay) and a
mutagenic test (micronucleus test). Comet assay is a very useful tool to investigate
DNA damage in individual cells caused by many products, including drugs, pesticides
and metals (Jiang et al., 2008; Muranli and Kanev; Ozdemir, 2015; Shah et al., 2016).

Concentrations employed in comet and micronucleus assays were chosen
according to the results of cytotoxicity of MuBL, MuHL and MuLL on lymphocytes
after 24 h of treatment (Table 3). It was chosen concentrations at which cell viability
was at least 70%.



134

Table 3. Percentage of viabillity of human lymphocytes after 24 h of exposure to M.

urundeuva lectins.

Concentration (ug/mL)  Viability (%0)

MuHL MuLL MuBL
6.25 87.56+0.8 924615 91.22+0.4
12.5 82.38+2.4 81.97+2.3 84.58+1.6
25 774421 81.46+0.2 81.17+3.5
50 77.77£1.9  75.61+2.8 74.61+6.3
100 38.22+0.7 54.4+28 71.38+1.6

Data showed as meanzstandard deviation.

In comet assay, nucleoids present an increase in migration of DNA fragments as

greater is the damage promoted. Nucleoids with intact DNA do not exhibit fragments.

Table 4 summarizes the results from comet assay. Cells treated with all concentrations

of MuBL and MuHL present mostly nucleoids belonging to class 0 (absence of

damage), followed by class 1. Cells treated with MuLL at concentrations of 12.5 and 25

pg/mL also presented mostly nucleoids belonging to class 0, followed by class 1. The

cells treated with MuLL at 50 pg/mL showed mostly nucleoids belonging to class 0 and

class 1, without statistical difference between these classes, and also a higher number of

nucleoids of class 3 than the treatments with the other concentrations and the other

lectins. Additionally, it was determined the score of damage to each treatment (Table 4).

MuLL at 50 pg/mL showed the highest score.
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Table 4. Indexes of damage to each class in comet assay after 24 h of treatment of

human lymphocytes with MuBL, MuHL and MuLL.

Treatment Class Score

0 1 2 3 4
Control 83.83+354  12.8+3.03 2.6+0.54 1.25+0.5 0 18.83+3.76
MuHL
125pug/mL  84.33+0.81  11.0+#129  2.8+05 1.6+0.5 1.020" 21.66+3.61
25 pg/mL 745+1.04°  19.5+#1.37°  4.0+0.7 1.2+0.44 1.25+05°  32.5+554"

50 pg/mL 64.33+1.75"  26.0+2.0° 4.33+0.51"  3.4+0.54 1.8+0.44~  50.0+8.87

MuLL

125ug/mL  73.83+2.13° 22.0+1.89°  2.0+0.7 1.2+0.44 0.75+0.5 30.33+3.88
25 pg/mL 64.33+3.01° 26.66+2.16°  6.6+1.14" 2.25+0.5 0 42.16+8.32"
50 pg/mL 34.8#4.02°  39.245.54" 11.0#357°  20.04¢5.77° 2.75+05 116.0+16.76"

MuBL

25 ug/mL 83.33+1.21  12.5+1.04 2.5+0.54 1.33+0.51 0 22.83 +2.48
50 pg/mL 75.33+1.63°  19.16+2.04°  2.4+0.54 2.2+0.44 0.8+0.4 33.5+3.39"
100 ug/mL  66.5+2.25°  20.3+2.87" 7.8+1.09 3.66+0.81°  2.0+0.7" 52.33+5.6
MMS 2.50£0.57*  16.41+156* 28.5+1.73* 44.08+1.67* 7.66+0.86* 239.0%5.15

Data showed as mean + standard deviation. * p< 0.05 in relation to control.

Table 5 shows that MuLL promoted a higher frequency of damage (65.2) in
comparison to MuBL (33.5) and MuHL (35.67). The positive control MMS promoted
the highest frequency of damage due to its action on DNA as alkylating agent, which
change guanine and adenine to 7-methylguanine and 3-methlyladenine, respectively,

causing erroneous base pairing and replication blocks (Lundin et al., 2005).



Table 5. Frequency of damage caused by MuHL, MuLL and MuBL to lymphocytes in comet

assay.

Treatment Frequency of damage
Control 16.17 £ 3.54
MMS 97.5+0.57
MuHL

12.5 pg/mL 15.67 £ 0.81

25 pg/mL 25.5+1.04

50 pg/mL 35.67 +1.75
MuLL

125pug/mL  26.17 £2.13"

25 pg/mL 35.67 +3.01"

50 pg/mL 65.2 + 4.02"
MuBL

25 pg/mL 16.67 +1.21

50 pg/mL 24.67+1.63

100 pg/mL 33.5+2.25

Data showed as mean + standard deviation. * p< 0.05 in relation to control.

Table 6 shows the effect of the lectins from M. urundeuva on micronucleus
formation in human lymphocytes. Cells treated with MuBL, MuHL and MuLL did not
present micronucleus formation significantly higher than in negative control. The
numbers of micronuclei in highest concentrations to each lectin were 7.41, 8.91 and
7.91, to MuHL, MuLL and MuBL, respectively. Figure 2 shows a binucleated
lymphocyte without micronucleus from control and a binucleated lymphocyte with
micronucleus from MMS treatment.

Micronuclei are corpuscles formed when loss of a chromosome fragment or an
entire chromosome occurs during cell division. Thus, micronuclei are genetic material
which was lost by principal nucleus in consequence of damage to DNA (Fenech et al.,
2011) and this assay allows to evaluate the presence of irreversible damages to DNA
and to detect clastogenic and aneugenic agents (Bryce et al., 2014). These results show
that, although MuLL was potentially genotoxic in comet assay, the damage promoted to
this lectin on human lymphocytes may be repaired without resulting in permanent

lesions.



Table 6. Micronucleated human lymphocytes after treatment with MuBL, MuHL and MuLL

Treatment Number of micronucleated cells
Control 6.91+1.72
MMS 40.25 + 4.30°
MuHL

12.5 pg/mL 6.5+ 1.31

25 pg/mL 7.41+£0.90

50 pg/mL 7.41+1.78
MuLL

12.5 pg/mL 6.33+1.87

25 pg/mL 7.0+1.27

50 pg/mL 8.91+1.37
MuBL

25 pg/mL 6.58+1.31

50 pg/mL 7.08 +1.67

100 pg/mL 7.91+0.99

Data showed as mean + standard deviation. * p< 0.05 in relation to control.

(A) (B)

.l P

Figure 2. Binucleated lymphocytes (A) without micronucleus and (B) with

micronucleus (x 1000). Black arrow indicates micronucleus.

It has been demonstrated that MuHL displayed antibacterial activity against
Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli and Streptococcus
faecalis at concentrations of 0.58, 4.68, 1.17 and 2.34 pg/mL, respectively (values of
minimal inhibitory concentration) (Sa et al., 2009b). According to the results of this

work, the concentrations in which this lectin exhibits antimicrobial activity does not
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promote damage on normal human cells, reinforcing the biotechnological potential of
this molecule.

The concentration of 25 pg/mL was used to evaluate cytotoxic effects on cancer
cell lines since the lectins do not promote hemolysis as well as they were not toxic to
lymphocytes or genotoxic to lymphocytes at this dose.

Table 7 shows the effects of the M. urundeuva lectins on viability of cancer
cells. MuBL inhibited cancer cells growth in 10.51% to 42.36%, MuHL showed
inhibition percentages ranging from 6.35% to 62.56%, while MuLL promoted inhibition
from 31.0% to 68.2%. MuHL was moderately active on the HL-60 line and MuLL was
moderately active on the NCI-H292 and MCF-7 cells. The results showed that MuBL,
MuHL and MuLL showed higher cytotoxicity than protein fractions and this fact can be
due to concentration of them in the protein fractions or elimination during the

chromatography of compounds that are able to reduce the lectin toxicity.

Table 7. Cytotoxicity on human cancer cells of M. urundeuva lectins.

Cell line Inhibition of viability (%0)

MuBL MuHL MuLL
NCI-H292 10.51+1.23 25.10+0.80 63.5+0.4
HEP-2 42.36+3.09 16.59+1.38 49.3+0.2
MCF-7 40.74+0.16 6.35+0.9 68.2+2.8
HL-60 12.42+1.06 62.56+5.8 31.0+0.7
HT-29 22.20+0.29 8.61+0.33 26.8+1.4

Data showed as mean * standard deviation.

Plant lectins have been widely described as substances with anticancer activity,
which is related to promotion of cell death or inhibition of the migration of these cells.
Rafiq et al. (2013) reported that the lectin isolated from Lotus corniculatus can to
promote apoptosis of the human cancer cells HOP62 (lung cancer), HCT116 (colon
cancer) and THP1 (leukemia). Other examples are the lectin isolated from the tubers of
Dioscorea opposita, which inhibits the growth of MCF-7 and nasopharyngeal
carcinoma CNE2 cells (Chan and Ng, 2013) and the lectin from Polygonatum

odoratum, which induces apoptosis and autophagy on lung cancer A549 cells (LI et al.,
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2014). Anticancer activity was also described for other N-acetylglucosamine binding
lectins in addition to MuBL, MuHL and MuLL. For example, the lectin AAL-2 isolated
from the fungus Agrocybe aegerita induced apoptosis of hepatoma cells and the lectin
WGA from Triticum vulgaris promoted apoptosis in human pancreatic carcinoma (Jiang
et al., 2012; Giacometti, 2015).

Conclusions

MuBL, MuHL and MuLL did not promote damage to erythrocytes, showed to be
potentially cytotoxic to human lymphocytes with weak genotoxicity and absence of
mutagenicity. These results suggest the need of care in the use of these lectins. Extracts,
protein fractions and the lectins presented weak or moderately cytotoxicity on the

cancer cell lines tested.
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7 CONCLUSOES

Os extratos hexano, acetato de etila e metandlico da raiz de A. congestiflora sdo fontes
de compostos fenodlicos e possuem atividades anticancer e antimicrobiana. A
cucurbitacina isolada foi identificada como composto com atividade anticancer e

citotoxico para PBMCs.

Extrato hidroalcodlico da raiz de A. congestiflora contendo terpenos e alcaldides foi
citotoxico, mas ndo promoveu lise de eritrécitos bem como toxicidade aguda em
camundongos. Células provenientes dos animais tratados ndo apresentaram dano

geneético.

Extrato, frag0es proteicas e lectinas de entrecasca, cerne e folha de M. urundeuva foram
citotoxicas para células cancerigenas e linfocitos, mas ndo foram hemoliticas para
eritrocitos  humanos. As lectinas foram potencialmente genotdxicas, mas ndo

mutagénicas.
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GUIDE FOR AUTHORS

INTRODUCTION
PHYTOMEDICINE

International Joumnal of Phytotherapy and Phytopharmacology
Scope

Phytomedicine is primarily a therapy-oriented Journal, which publishes innovative studies on efficacy,
safety, quality and mechanisms of action of specified plant extracts, phytopharmaceuticals and
their purified constituents. This includes dinical and predinical studies of properdy standardized
herbal medidnal products, herbal preparations and isolated compounds, which have reproducible
pharmacological activity.

The journal covers the following sections: Trends in Phytopharmacolegy: innovative technolegies and
emerging concepts - Reviews Clinical pharmacology and toxicology Pre-dinical pharmacology and
toxicology Mechanisms of action of herbal medicines and their active constituents Meuropharmacology
Endocrine pharmacology Cancer Inflammation Infectious diseases Cardiovascular diseases Ageing
associated disorders Quality of Herbal preparations/botanicals: adulteration, standardization, analysis
Legislation of Herbal preparations/botanicals Current issues in Phytomedicine research (various topics
which are not covered in all other volumes).

BEFORE YOU BEGIN

Please note the following requirements for consideration of an article, upon submitting your
manuscripk:

1. Is your article within the scope of Phytomedicine?

Your article must meet the scope of Phytomedicine (please see above). Artides that are not in
the scope, will be rejected immediately! Articles on the isclation and structure elucidation of
novel bicactive compounds or the development of new analytical methods do not fall into the scope
of Phytomedicne. However, pharmaceological and dinical studies of novel natural products, where
new compounds or methods of analysis of active of pharmaceutical ingredients in herbal preparations
and biological fluids and tissues are reported (e.g. in pharmacokinetic studies), are welcome. Dietary
Supplements, "Botanicals" or "Functional Food" are not within the scope of Phytomedicine unless they
are specified/standardized and pharmacologically investigated analogues to herbal drugs and if the
evidence presented is comparable to therapeutic outcomes with a positive control. Studies on pure
compounds are not accepted if their origin is not dearly related to the plant kingdom. Pharmacological
studies of isclated compounds in various forms (salts, ethers, etc.), which do not exist in nature
are out of scope of Phytomedidne. Screening results of a large number of plant extracts or plant
constituents for pharmacological activities will not be considered unless they are focused on those
plants or constituents which show superior activities in comparison with generally accepted positive
{reference) comipounds.

2. Does your article comply with the standard requirements of Phytomedicine?

Your article must meet the criteria assuring reproducible quality and efficacy of herbal preparations.
Plant name and herbal substance

Latin binomial name and the author, local name and English name and plant part{s} used must by
specified for all plants used in the study. It should be stated that the plant name has been dhecked with
http: //weww.theplantlist.org. The authentication of fresh plants or dried herbal drugs, including those
of formulas, must be camried out by means of macroscopic and/or microscopic, molecular biological,
chemical, chrematographic and/or other suitable pharmacognostic methods. Voudher specimens of
plant materials used for all studies must be deposited and identified with a voucher number; the date
and location of collection. The plant material may derive from natural erigin, from cultivated plants,
or from an herbal drug market. In case of commercially procured material the source, batch number,
and quality control data should be specified. All scientific names of the plants must be written in italics
through the whole manuscript! Herbal medicinal products and herbal extracts

Herbal medicinal preducts or herbal preparations must be declared in accordance to EMA guidelines.
In particular, herbal extracts must be dearly and comprehensively desaibed with respect to the
plant part used, the drug extract ratio, type and concentration of extraction solvent, extraction
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conditions etc. They must be sufficiently characterized (e.g. by HPLC fingerprints) and specified for
the content of marker compounds to ensure a consistent quality and reproducible pharmacological
activity. The choice of marker must be justified. The analytical methods have to be validated for
selectivity, accuracy and precision and briefly described, providing the most important information
necassary to obtain reproducible results. Traditional and commercial names of herbal preparations
should be mentioned in the Introduction of the manuscript, but not in the title. Phytomedicine accepts
only intemational standard terminology — binomial Latin names of the plants and their combinations.
Herbal combinations

Studies with herbal drug combinations (e.g. 2-5 plants) will be accepted only if sach herbal drug
undergo the same authentication and standardization process as described abowve, each single herbal
extracts is HPLC fingerprinted and relevant marker constituents are quantified before and after the
extracts are mixed. A 3-D-HPLC-profile of the multiherbal drug combination must be provided. Authors
must cleardy demonstrate which analytical marker specifically indicates on the presence each of
herbal ingredients in the combination.Additionally, we encourage the use other relevant and validated
physiological, biolegical, or bicchemical methods, which ensure reproducible pharmacological activity
of multi-herbal drug combinations.

Chemicals, phytochemicals and other purified compounds For purified compounds, please provide
chemical names using relevant infermation from the NCBI PubChem which can be found on the website
hittp: /fwww.nchi.nlm.nih.gov/poccompound. In studies with purified compounds the evidences of their
purity {13C NMR or HPLC peak purity test) are required.

Gene nomenclature Authors should use approved nomenclature for gene symbols. Please consult
the appropriate nomenclature data bases for comrect gene names and symbols. "Entrez Gene® is a
useful resource. Approved human gene symbols are provided by HUGO Gene Nomendlature committee
{(HGMC): hittp://www.gene.ucl.ac.uk/nomenclature Approved Mouse symbols are provided by The
Jadkson Laboratory: hitp:/fwww.informatics.jaxorg/mgihome/nomen

Approved €. elegans symbols are provided by Caenorhabditis Genetics Center:
hittp: /M www.chs.unmn.edu/CGC/Nomendature/ne  menguid.htm For approved S. cerevisiae
and 5. pombe symbols see hitp://yeastgenome.org/help/yeastGeneMomenclature.shtml and
hittp: /fwww.sangerac.uk/Projects/S_pombe/SP_Name_FAQ.shtml, respectively Statistical analysis
Statistical hypothesis and methods should be desaribed in detail. Actual P values should be used unless
less than 0.001. Reporting of 95% confidence intervals is encouraged. The choice of appropriate
parametric or nonparametric tools has to be justified. Refer to B.S. Evererett. Statistical Methods for
Medica Investigations, Oxford University Press, New York, 1989,

3. Is your article approaching new findings?

Scientific novelty of your study must be clearly demonstrated. The artidles limited with a repetition of
well-known data or identification of only well-known ubiguitous compounds with little or no relation
to activity are not acceptable.

4. Is your article relevant to dinical medicine?
Your article must be based on a thorough study, using proper controls and convincing evidences of
therapeutic significance and observations.

Mot acceptable are: In vitro studies with concentrations of active compounds, which could not be
implemented in-vivo and that are not appropriate for further pharmaceutical development. In vitro
studies without results on organs, tissues, fluids or cells. In vitro studies without positive control.
In vivo single dose studies or studies with one set of experiments and few animals. Studies on
antimicrobial activity with only single dose, wery high concentration, measuring enly inhibition zones
without MIC values, without information on type of activity (or growth inhibition) or microorganisms
investigation. Pharmaceological studies of pure compounds, which are not supported by evidences on
pharmacological activity of plant extract where it was identified.

E. Does your arbicle meet the requirements to dinical and pharmacelogical studies?
Your article must comply with the basic criteria for conducting and reporting clinical and
pharmacological studies.

Requirements for dinical studies: Clinical studies must meet the current standards
for clinical trials (GCP = Good Clinical Practice), which are equivalent to those
required for synthebic drugs. hittp://vwww.fda.gov/downloads/Drugs/Guidances/ucm072122. pdf,
hittp: //www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2009/05/WCS0000283 2.pdf
Articles  should be in line with Extensions of the Consclidated Standards
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of PReporting Trals Statement for Herbal Medicinal Inkerventions  (CONSORT),
particularly when it comes to description of study medication, which is a
strict  requirement of acceptance for Phytomedicine. For guidelines amd necessary
information, please use the following intermet addresses: http://www.consort-statement.org,
hittp: //www.consort-statement. org/extensions? ContentWidgetId=557,

hittp: //www.consort-statement. org/Media/Default/ Downloads/ Extensions/ CON EaRSislr e ntions. pdf,
hittp: //www.ema.europa.eu/docsfen_GB/document_library/Scientific_guideline/2009/09/WCS00002370.pdf.
Use of a CONSORT checklist and flow diagram is recommended for illustration of grouping and flow
of patients in all dinical studies, randomized clinical trials as well as other trials. Clinical studies must
be approved by an Institutional Ethics Committes or its equivalent. The Methods section must state
that the study followed the guidelines of the Declaration of Helsinki and Tokyo for humans!

Requirements for pharmacological studies (in witro, ex viwve or in wvivo): Investigations with
animals must state in the Methods section that the research was conducted in accordance with
internationally accepted principles for laboratory animal use and care (e.g. European community
guidelines/ EEC Directive of 1986 or the US guidelines/ NIH publication). The route of drug
administration, different of oral, must be justified. Appropriate and justified statistical methods must
be used.Positive controls (reference standards must be included in study design). Many natural
compounds are known for their polyvalent (pleiotropic) activities and are only of interest if one or
two pharmacological activities are dominant and somehow superior in comparison with generally
accepted reference standards/compounds. Their potential therapeutic application must be justified
for specified indication. Antimicrobial evaluation of plants are of scientific value only if these plant
extracts show superior biclogical activities in comparison with a synthetic or natural antimicrobial
agent standard. It is preferred that in vitro actvity {(MIC) of an extract in not higher than 100 igf
mil. For the correct determination of MIC values, standardized methodologies such as those of CLSI
or EUCAST are preferred. All artides that are reporting gene expression profiling data {microarmay
experiments) should comply with the Minimum Information about Microarray Experiments (MIAME,
http: /fwww.mged.org/Workgroups/MIAME/miame. html). At least two microamrays should be provided
for each experimental condition. Results of selected genes should be validated by a second method
{e.g. RT-PCR) or protein data should be provided. In addition functional test (animal experiments/
clinical data) undertaken simultaneocusly are desirable to allow an appraisement of the biological/
clinical relevance of the data. Alternatively, results of in vivo experiments with comparable dosages
can be discussed. The presentation of a sole data collection is not acceptable. Biologically relevant
information should be presented. We recommend do not overuse specific names, notions and terms
from various theories of traditional medical systems (e.g. TCM, Ayurveda, etc.). That makes articles
difficult for perceptions and understanding. The essence of these theories should be translated into
internationally accepted sdentific theories, while traditional names and terms should be converted to
English. Final interpretation of the results of the study must adhere to conventional scientific theories.

Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

All authors are requested to disclose any actual or potential conflict of interest including any finandal,
perscnal or other relationships with other people or organizations within three years of beginning the
submitted work that could inappropriately influence, or be perceived to influence, their work. More
information.

Submission of an article implies that the work described has not been published previously {except
in the form of an abstract or as part of a published lecture or academic thesis or as an electronic
preprint, see "Multiple, redundant or concurrent publication' section of our ethics policy for more
information), that it is not under consideration for publication elsewhere, that its publication is
approved by all authors and tacitly or explicitly by the responsible authorities where the work was
camied out, and that, if accepted, it will not be published elsewhere in the same form, in English or
in any other language, including eledronically without the written consent of the copyright-holder. To
verify ariginality, your article may be checked by the originality detection service CrossCheck,
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Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearmrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation {e-mail, letter) from all authers that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Article transfer sarvica

This joumal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider transferring
the article to one of those. If you agree, your article will be transferred automatically on your behalf
with no need to reformat. Please note that your article will be reviewed again by the new journal.
More information.

Upon acceptance of an artide, authors will be asked to complete a "Journal Publishing Agreement’ (see
more information on this). An e-mail will be sent to the comresponding author confirming receipt of
the manuscript together with a "Journal Publishing Agreement’ form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles incdluding abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, induding compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For open access articles: Upon acceptance of an article, authors will be asked to complete an
'Exclusive License Agreement’ (more information). Permitted third party reuse of open access articles
is determined by the author's choice of user licensea,

Author rights
As an author you {or your employer or institution) have certain rights to reuse your work., More
information.

Elsavier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source{s) had no such involvement then this should
be stated.

Funding bedy agreements and policies

Elsevier has established a number of agreements with funding bodies which allow authors to comply
with their funder's open access polides. Some funding bodies will reimburse the author for the Open
Access Publication Fee. Details of existing agreements are available online.

This journal offers authors a choice in publishing their research:

Open access
* Articles are freely available to both subscribers and the wider public with permitted reuse.
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# An open access publication fee is payable by authors or on their behalf, e.g. by their research funder
or institution.

Subscription

* Articles are made available to subscribers as well as developing countries and patient groups through
our universal access programs.

* No open access publication fee payable by authors.

Regardless of how you choose to publish your artide, the journal will apply the same peer review
criteria and acceptance standards.

For open access articles, permitted third party (re)use is defined by the following Creative Commons

user licenses:

Creative Commons Attribution (CC BY)

Lets others distribube and copy the article, create extracts, abstracts, and other revised versions,
adaptations or derivative works of or from an article (such as a translation), indude in a collective
work (such as an anthology), text or data mine the article, even for commercial purposes, as long
as they credit the author(s), do not represent the author as endorsing their adaptation of the article,
and do not modify the article in such a way as to damage the author's honor or reputation.

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a collective
work (such as an anthology), as long as they credit the author{s) and provided they do not alter or
madify the article.

The open access publication fee for this journal is USD 2500, excluding taxes. Learn more about
Elsevier's pricing policy: http://vwww.elseviercom/openaccesspricing.

Graen open 3ccess

Authors can share their research in a variety of different ways and Elsevier has a number of
green open access options available. We recommend authors see our green open access page for
further information. Authors can also self-archive their manuscripts immediately and enable public
access from their institution’s repository after an embargo peried. This is the version that has been
accepted for publication and which typically includes author-incorporated changes suggested during
submission, peer review and in editor-author communications. Embargo period: For subscripton
artidles, an appropriate amount of time is needed for journals to deliver value to subscribing customers
before an article becomes freely available to the public. This is the embargo peried and it begins from
the date the articdle is formally published online in its final and fully citable form. Find ocut more.

This journal has an embargoe period of 12 months.

Language (usage and editing services)

Please write your text in good English {American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's WebShop.

Our online submission system guides you stepwise through the process of entering your article details
and uploading your files. The system converts your article files to a single PDF file used in the
peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your artide for final
publication. All correspondence, induding notification of the Editor's decision and requests for revision,
is sent by e-mail. In case of production related queries please contact phymed@elsevierncom

Referses

Please submit the names and institutional e-mail addresses of several potential referees. For more
detzils, visit our Support site. Note that the editor retains the sole right to dedde whether or not the
suggested reviewers are used.

PREPARATION

Original papers

Articles should not exceed 12-15 typewritten pages or up to 5,000 words, incduding references,
tables and figures. Previously reported methods should be referenced only. The number of references
should not exceed 30 (except for review articles or reports on microarray data).
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Short communications
Short communications should be condensed to 4-8 typewritten pages or not more than 2,500
words including references and a maximum of two illustrations.

Review articles

Review articles will only be by invitation. Review articles can provide concise and critical updates on
a subject of current interest. Herbal drug-monographs are only acceptable if they contain the newest
pharmacological and toxicological issues and an outook on future directions.

Prof. Hildebert Wagner Award

The "Prof. Hildebert Wagner Award™ was created to honor the outstanding efforts of Prof. Wagner for
the journal Phytomedicine. This award will be granted to a graduate student or young post-doctoral
researcher who is the first author of a paper reviewed by the Editors of Phytomedicine to be the
best one in the Journal during the previous calendar year. The prize will be sponsored by Elsevier
with EUR 500 for the awardee and a certificate for every Co-Author. Additionally an official notice will
be published on the joumal homepage of Phytomedidine (http://www.alsevier.com/locate/phymead),
on which the article will be available free of charge for one year The reviewing editors for the first
contribution to be awarded in Phytomedicine will be Prof. Hildebert Wagner himself, Prof. Alexander
Panossian, and Prof. Susana Zacchino. To qualify, nominees must be younger than 35 years and an
outstanding contribution to the field must be provided. Nominations can be made by first authors
{resp. corresponding authors).

Nominations for the first "Prof. Hildebert Wagner Award" in 2016 can be done until June 30, 2016.
The announcement of the winner will be by end of Ocober 2016. Please choose Award-Article from
the drop-down menu below, if you want your article to be considered for the Award.

+ Title. Concise and informative. Titles are often used in information-retrieval systems. Awoid
abbreviations and formulae where possible.

+ Author names and affiliations. PMease clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, induding the country name and, if available, the
e-mail address of each authorn

* Corresponding author. Clearly indicate who will handle correspondence at all stages of referesing
and publication, also post-publication. Ensure that the e-mail address is given and that contact
details are kept up to date by the corresponding author.

* Present/permanent address. If an author has moved since the work desaribed in the article was
done, or was visiting at the time, a 'Present address’ (or 'Permanent address") may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnobes.

Example:

Anti-stress effects of 20(S)-protopanaxadiol and 20(5)-protopanaxatriol in immobilized
mice

Hyun A Oha, Dae-Eung Kimb, Hyuck Jai Choic, Nam Jae Kimc, and Dong-Hyun Kimac,*

a Department of Life and Nanopharmaceutical Sciences, College of Pharmacy, Kyung Hee University,
26, Kyungheedae-ro, Dongdaemun-ku, Seoul 130-701, Republic of Korea

b Sempic Foods Company, 183, Osongsaengmyung-4ro, Cheongwongun, Chungcheongbukdo
363-954, Republic of Korea

c East-West Medical Research Institute, Kyung Hee University Medical Center, 23, Kyungheedae-ro,
Dongdasmun-ku, Seoul 130-872, Republic of Korea

* Corresponding author

Dong-Hyun Kim, Department of Life and Nanopharmaceutical Sciences, College of Pharmacy, Kyung
Hee University, 26, Kyungheedae-ro, Dongdaemun-ku, Seoul 130-701, Republic of Korea

Tel.: +82 2 961 0374; fax: +82 2 957 5030,

E-mail address: dhkimi@khu.ac.kr {O.H. Kim).

**The phone, fax and email address of the corresponding author should be placed on the title page.

A concise and factual abstract is required. Abstracts should summarize the contents of the artide in
2350 words or less. The abstract should be structured in the following format:
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Background: In one or two sentences, summarize the scientific body of knowledge surrounding your
study and how this led to your investigation.

Hypothesis/Purpose: State the theary(ies) that you are attempting to prove or disprove by your study
or the purpose if no hypothesis exists.

Study Design: Identify the overall design of your study.

Methods: Succinctly summarize the overall methods you used in your investigation. For clinical studies
include the study population, type of intervention, method of data collection, and length of the study.
Results: Report the most important results of your study. Only include positive results that are
statistically significant, or important negative results that are supported by adequate power For
clinical studies report actual data, not just P values.

Conclusion: State the answer to your original question or hypothesis.Summarize the most important
conclusions that can be directly drawn from your study.

Graphical abstract

A Graphical abstract is mandatory for this journal. It should summarize the contents of the article in
a concise, pictorial form designed to capture the attention of a wide readership online. Authors must
provide images that clearly represent the work described in the artide. Graphical abstracts should be
submitted as a separate file in the online submission system. Image size: please provide an image
with a minimum of 521 ® 1328 pixels (h ® w)} or proportionally more. The image should be readable
at a size of § ® 13 cm using a regular screen resclution of 96 dpi. Preferred file types: TIFF, EPS, PDF
or MS Office files. You can view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration and Enhancement service to ensure the best
presentation of their images also in accordance with all technical requirements: Illustation Service,

Immediately after the abstract, provide a maximum of &6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, "and’, "of'}). Be sparing
with abbreviations: only abbreviations firmly established in the fizld may be eligible. These keywords
will be used for indexing purposes.

A section of abbreviations should precede the manuscript. Define abbreviations that are not standard
in this field in a footnote to be placed on the first page of the article. Abbreviations that are unavoidable
in the abstract must be defined at their first mention there, as well as in the footnobe. Ensure
consistency of abbreviations throughout the article.

See "Uniform requirements for manuscripts submitted to biomedical journals" (1991) New England
Journal of Medidne 324:424-428.

Only manuscripts with page and line numbers will be reviewed.

Provide an adequate background, avoiding a detziled literature survey or a summary of the results.
State the objectives of the work. No results of the study should be described in this section.

Provide sufficient detail to allow the work to be reproduced. Methods already published should be
indicated by a reference: only relevant medifications should be described.

This section should contain some subsections commen for almest all studies: Plant names and
parts used (requirements see above) Study medication, herbal extracts (requirements see above)
Chemical compounds (requirements see above) Statistical analysis (requirements see above) Assays
{requirements see above)} Animal studies (requirements see abowe) Study design (requirements see
abowve]

Results should be clear and concise.

This should explore the significance of the results of the work, not repeat themn. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
litarature.
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The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Acknowladgaments

Collate acknowledgements in a separate section at the end of the artide before the references and do
not, therefore, include them on the title page, as a footnote to the tile or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, atc.).

Formatting of funding sources
List funding sources in this standard way to fadlitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xoce, yyyy]:
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to incdude detziled descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Units
Follow internationally accepted rules and conventions: use the intemational system of units (SI). If
othar units are mentioned, please give their equivalent in SI.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
maore conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Footnotas

Footnotes should be used sparingly. Number them consecutively throughout the articde. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate
the position of footnotes in the text and list the footnotes themselves separately at the end of the
article. Do not include footnotes in the Reference list.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
joumnal and should indude a substitution of the publication date with either "Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Reference links

Increased discoverability of research and high gquality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surmames, joumnal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain emors. Use of the
01 is encouraged.

A DOI can be used to cite and link to electronic articles where an artide is in-press and full citation
detzils are not yet known, but the artide is available online. A DOI is guaranteed never to change,
50 you can use it as a permanent link to any electronic article. An example of a citation using DOL

AUTHOR INFORMATION PACE 9 May 2017 v, elsevier.com/flocate/phymed 11



190

for an article not yet in an issue is: VanDecar 1.C., Russo R.M., James D.E., Ambeh W.B., Franke M.
{2003). Aseismic continuation of the Lesser Antilles slab beneath northeastern Venezuela., Journal
of Geophysical Research, https://doi.org/10.1029/20011B0002884. Please note the format of such
citations should be in the same style as all other references in the paper

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, stc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Diata references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. This identifier will not appear in your published article.

Example:

[dataset] Oguro, M., Imahirg, S.. Saito, 5., Nakashizuka, T., 2015. Mortality data for Japaness oak
wilt disease and surrounding forest compositions. Mendeley Data, v1. http://d=.doi.org/10.17632f
¥wjI8nb3ornl.

References in a special issue
Please ensure that the words "this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issus.

Most  Elsevier journals hawve a standard template awvailable in key reference
management packages. This covers packages wusing the Citation Style Language,
such as Mendeley (http://vwww.mendeley.com/features/reference-manager) and also others
like EndMote (http://www.endnote.com/support/enstyles.asp) and Reference Manager
(hittp:/frefman.com/support/rmstyles.asp). Using plug-ins to word processing packages which are
available from the above sites, authors only need to select the appropriate journal template when
preparing their artide and the list of references and citations to these will be formatted according
to the journal style as described in this Guide. The process of including templates in these packages
is constantly ongoing. If the journal you are looking for does not have a template available yet,
please see the list of sample references and citations provided in this Guide to help you format these
according to the journal skyle.

If you manage your research with Mendeley Deskitop, you can easily install the reference style for
this journal by dicking the link below: http:/fopen.mendeley.com/use-citation-style/phytomedicine
When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice. For more information about the Citation Style Language, visit
hittp: //citationstyles.org.

Reference styls

Taxt: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author’s name followed by "et al." and the year of publication.
Citations may be made directly {or parenthetically}). Groups of references should be listed first
alphabetically, then chronologically.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999). Kramer et al.
{2010} have recently shown ...."

List: References should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author{s} in the same year must be identified by
the letters "a', 'b', 'c’, etc., placed after the year of publication.

Examples:

Reference to a journal publication:
Wagner., H.. Ulrich-Merzenich, G., 2009. Synergy research: Approaching a new generation of
phytopharmaceuticals. Phytomedicine 16, 97-110.
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Reference to conference proceedings:

Argyropoulos D, Kudadam J, Miller 1, 2009. Color degradation of lemaon balm (Melissa officdnalis L)
as affected by the drying process. In: Sth Intermational Technical Symposium on Food Processing,
Maonitoring Technology in Bioprocesses and Food Quality Management, Potsdam, Germany, August
31- September 2, pp. 730-736.

Willcox, M.L., Graz, B., Falguet, 1., Diakite, C., Giani, S., Diallo, D., 2011, A "reverse pharmacology”
approach for developing an anti-malarial phytomedicine. Malaria 1. 10 (Suppl. 1), S8.

Reference to a book:
Cramer; 1.A., Spilker, B., 1998, Quality of Life and Pharmacoeconomics. An Introduction. Lippincott-
Rawven, Philadelphia.

Refarence to a chapter in an edited book:

Cragg, G.M., Boyd, M., 1996. Drug discovery and development at the Mational Cancer Institute: the
role of natural products of plant origin. In: Balick, M.]., Elisabetsky, E., Laird, S.A. (Eds.), Medicinal
Plan Resources of the Tropical Forest. Columbia University Press, Mew York, pp. 101-136.

Journal abbreviations source
Joumnal names should be abbreviated according to the List of Title Word Abbreviations.

If thare is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eqg. (A.1), Eg. (A.2), etc.; in a subsequent appendix,
Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

Elsevier accepts video material and animation sequences to support and enhance your sdentific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to indude links to these within the body of the artide. This can be done in the
same way as a figure or table by referring to the video or animation content and neoting in the body
text where it should be placed. All submitted files should be propery labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the files in one of our recommended file formats with a prefered maximum size
of 150 MB. Video and animation files supplied will be published online in the electronic version of your
article in Elsevier Web products, including ScenceDirect. Please supply "stills’ with your files: you can
choose any frame from the video or animation or make a separate image. These will be used instead
of standard icons and will personalize the link to your video data. For more detailed instructions please
visit our video instruction pages. Mobe: since video and animation cannot be embedded in the print
version of the journal, please provide text for both the electronic and the print version for the portions
of the article that refer to this content.

Supplementary material such as applications, images and sound dips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received {Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the "Track Changes' option
in Microsoft Office files as these will appear in the published version.

This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of ocbservations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.
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Below are a number of ways in which you can assodate data with your article or make a statemeant
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cte the data in your manuscript and reference list. Please refer to
the "References” section for more information about data ditation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the resesarch data page.

Diata linking

If you hawe made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link artidles on ScienceDirect with
relevant repositories, giving readers access to underlying data that give them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xowx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

The journal encourages authors to create an AudioSlides presentation with their published article.
AudioSlides are briaf, webinar-style presentations that are shown next to the online artide on
ScienceDirect. This gives authors the opportunity to summarize their research in their own words
and to help readers understand what the paper is about. More information and examples are
available. Authors of this journal will automatically receive an invitation e-mail to create an AudicSlides
presentation after acceptance of their paper.

Ensure that the following itemms are present:
1. One author has been designated as the corresponding author with contact details: Full postal
address E-mail address Tel / fax number

2. All necessary files have been uploaded separately Author Agreement Cover letter Manuscript Tables
Figures Graphical Abstract (mandatory) Supplementary material (if needed)

3. Correct order within the manuscript: Title Page (Heading, Author names (the superscripts behind
the names which indicates the Institutes/affiliation of the authors have to be a,b,c,.... and * for the
corresponding author in addition), Institutes/affiliation, Corresponding Author with full address, Word
count) Abstract: has to be structured into Background, Hypothesis/Purpose, Study Design, Methods,
Results, Conclusion Keywords not more than & Abbreviations Introduction Materials and methods
Results and discussion Conclusion Acknowledgments Conflict of interest {mandatory)) References Table
legends Figure legends Page and line numbers throughout the manuscript

4, References about 30 (have to be numbered) References are in the correct format for this journal
References in alphabetical order All references mentioned in the Reference list are cited in the text,
and vice versa Citation according to our journal style

5. Choose the comrect section for your article

6. Further considerations Manuscript has been "spell-checked' and 'grammar-checked' Permission has
been obtained for use of copyrighted material from other sources (including the Internet) Printed
version of figures (if applicable) in color or black-and-white Indicate dearly whether or not color or
black-and-white in print is required. For reproduction in black-and-white, please supply black-and-
white versions of the figures for printing purposes. For any further information please visit our Support
Center.

AFTER ACCEFTAMNCE
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Corresponding authors will receive an e-mail with a link to owur online proofing system, allowing
annotation and corredtion of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer questions from the Copy Editor
Web-based proofing provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the pobtential introduction of ermrors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF

We will do everything possible to get your article published quickly and accurately. Please use this
procf only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to ws in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used
for sharing the article via any communication channel, including email and social media. For an
extra charge, paper offprints can be ordered wia the offprint order form which is sent once the
article iz accepted for publication. Both corresponding and co-authors may order offprints at any
time via Elsevier's Webshop., Corresponding authors who have published their article open access do
not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

AUTHOR INQUIRIES

Visit the Elssvier Support Center to find the answers you nesd. Here you will find everything from
Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted articde or find out when your accepted article will
be published.

& Copyright 2014 Elsevier | http://www.elseviercom
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ISSH: 1734-1140
DESCRIPTION

Pharmacological Reports publishes articdles concerning all aspects of pharmacology, dealing
with the action of drugs at a cellular and molecular level, and papers on the relationship between
molecular structure and biclogical activity as well as reports on compounds with well-defined
chemical structures.

Pharmacological Reports is an open forum to disseminate recent developments in:
pharmacology, behavioural brain research, evidence-based complementary biochemical
pharmacology, medicinal chemistry and biochemistry, drug discovery, neuro-
psychopharmacology and biclogical psychiatry, neuroscience and neuropharmacology,
cellular and molecular neuroscience, molecular biclogy, cell biology, toxicology.

Studies of plant extracts are not suitable for Pharmacological Reports.

Original research articles, reviews and short communications are welcomed. The journal guarantees
rapid publication of accepted papers that comprises a dedicated fast acceptance and publication track
for high profile articles.

Pharmacological Reports is the official journal of the Institute of Pharmacclogy of the Polish
Academy of Sdences

Please see our Guide for Authors for information on article submission.

Benefits to authors

We also provide many author benefits, such as free PDFs, a special discounts on Elsevier publications
and much more. Please click here for more information on our author services,

IMPACT FACTOR

2015: 2.251 © Thomson Reuters Journal Citation Reports 2016

EDITORIAL BOARD
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Wiadysiaw Lason, Dept. of Experimental Neurcendocrinology, Institute of Pharmacology, Polish Academy of
Sciences, Smetna 13, 31-343, Krakow, Poland

Deputy Editor

Gragzyna Skuza, Dept. of Pharmacology, Institute of Pharmacolegy, Polish Academy of Sciences, Smetna 132,
31-343, Krakow, Poland
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GUIDE FOR AUTHORS

INTRODUCTION

The Editorial Board of Pharmacological Reports takes under consideration for publication original
articles with the understanding that neither the manusoript nor any part of its essential substance,
tables or figures have been published previously in print form or electronically and are not
under consideration by any other publication or electronic medium. Copies of any closely related
manuscripts should be submitted to the Editor along with the manuscript that is to be considered by
Pharmacological Reports. Each submission packet should indude the statement signed by the first
author that the work has not been published previously or submitted elsewhere for review and a
copyright transfer.

Pharmacological Reports publishes papers conceming all aspects of pharmacology, dealing with the
drug action at the cellular and molecular level, and papers on relationship between molecular structure
and biological activity. Studies of plant extracts are not suitable for Pharmacological Reports. We only
publish reports on compounds with well-defined chemical structures. The language of all publications
is English.

The journal features publications of the following categories: regular papers, short communications,
and review articles.

Regular papers should present new experimental studies that constitute a significant contribution
to existing knowledge. Theoretical papers that deal with new ideas and concepts based on earlier
findings will also be welcome.

Short communications should present important new findings in a brief form.

Review articles should cover the most important current topics or present interpretative and critical
accounts. They should not be simple compilations on subjects of general interest. Review articles are
published only by invitation of the Editor-in-Chief. Authors intending to prepare a review should first
contact the Editors.

The maximum length of regular papers is 5,000 words, and 9,000 words is the maximum for review
articles. The length of short communications should not exceed 3,000 words, four illustrations (figures
and tables), and 20 references. The word count indudes abstracts, references, tables and figure
captions.

An abstract should not exceed 250 words.

BEFORE YOU BEGIN

Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

If the work invelves the use of human subjects, the author should ensure that the work described has
been carried out in accordance with The Code of Ethics of the World Medical Assodation (Declaration
of Helsinki} for experiments involving humans; Uniform Requirements for manuscripts submitted to
Biomedical journals. Authors should incdlude a statement in the manuscript that informed consent
was obtained for experimentation with human subjects. The privacy rights of human subjects must
always be observed.

All animal experiments should comply with the ARRIVE guidelines and should be carried out in
accordance with the U.K. Animals (Scientific Procedures) Act, 1986 and associated guidelines, EU
Directive 2010/63/EU for animal experiments, or the National Institutes of Health guide for the care
and use of Laboratory animals (MIH Publications No. 8022, revised 1978) and the authors should
clearly indicate in the manuscript that such guidelines have been followed.

All authors are requested to disclose any actual or potential conflict of interest including any finandal,
persanal or other relationships with other people or organizations within three years of baginning the
submitted work that could inappropriately influence, or be perceived to influence, their work, More
information.
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Submission of an article implies that the work described has not been published previously (except
in the form of an abstract or as part of a published lecture or academic thesis or as an electronic
preprint, see "Multiple, redundant or concurrent publication' section of our ethics policy for more
information), that it is not under consideration for publication elsewhere, that its publication is
approved by all authors and tacitly or explicitly by the responsible authorities where the work was
carried out, and that, if accepted, it will not be published elsewhers in the same form, in English or
in any other language, including electronically without the written consent of the copyright-holder. To
verify originality, your article may be checked by the originality detection service CrossCheck.

Each author is required to dedare his or her individual contribution to the article: all authors must have
materially partidpated in the research and/or article preparation, so rmoles for all authors should be
described. The statement that all authors have approved the final article should be true and includad
in the disclosure.

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any reguests approved by the Editor will result in a corrigendum.

Upon acceptance of an artide, authors will be asked to complete a "Journal Publishing Agreement’ (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a Journal Publishing Agreement’ form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, induding compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For open access articles: Upon acceptance of an article, authors will be asked to complete an
'Exclusive License Agreement’ (more information). Permitted third party reuse of open access articles
is determined by the author's choice of user licenss,

Author rights
As an author you {(or your employer or institution) have certain rights to reuse your work., More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.
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Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow authors to comply
with their funder's open access policies. Some funding bodies will reimburse the author for the Open
Access Publication Fee. Details of existing agreements are available online.

Grean open accaess

Authors can share their research in a variety of different ways and Elsevier has a number of
green open access options available. We recommend authors see our green open access page for
further information. Authors can also self-archive their manuscripts immediately and enable public
access from their institution’s repository after an embargo period. This is the version that has been
accepted for publication and which typically includes author-incorporated changes suggested during
submission, peer review and in editor-author communications. Embargo period: For subscription
articles, an appropriate amount of time is needed for journals to deliver value to subscribing customers
before an article becomes freely available to the public. This is the embargo period and it begins from
the date the article is formally published online in its final and fully citable form. Find cut more.

This journal has an embarge peried of 12 months.

Please write your text in good English {only American usage is accepted). Authors who feel their
English language manuscript may require editing to eliminate possible grammatical or spelling
ermors and to conform to correct scientific English may wish to use the English Language Editing
service available from Elsevier's WebShop http://webshop.elsevier.com/languageediting/ or visit our
customer support site http://support.elsevier.com for more information. Authors who are not native
English speakers are requested to attach a certificate at the time of submission confirming that
professional language editing has been performed.

Owr online submission system guides you stepwise through the process of entering your article
detzils and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's dedsion and requests for
revision, is sent by e-mail.

Submit your articla
Please submit your article via https://www.evise.com/evise/jrnl/PHAREP.

Refarses

Please submit the names and institutional e-mail addresses of several potential referees. For more
detzils, visit our Support site. Note that the editor retains the sole right to dedde whether or not the
suggested reviewers are used.

Manuscripts are evaluated on the basis that they present new insights to the investigated topic, are
likely to contribute to a research progress. It is understood that all authors listed on a manuscript
have agreed to its submission. The signature of the corresponding author on the letter of submission
signifies that these conditions have been fulfilled. Received manuscripts are first examined by the
Editors of Pharmacological Reports. Manuscripts with insufficient priority for publication are rejected
prompity. Incomplete packages or manuscripts not prepared in the advised style will be sent back to
authors without scientific review. The authors are notified with the reference number upon manuscript
registration at the Editorial Office. The registered manuscripts are sent to independent experts for
scientific evaluation. We highly encourage authors to include a list of four potential reviewers for their
manuscript, with complete contact information, but we reserve the right of final selection. Submitted
papers are accepted for publication after a positive opinion of the independent reviewers.

Materials taken from other sources must be accompanied by a written statement from both author and
publisher giving permission to Pharmacological Reports for reproduction. Obtain permission in writing
from at least one author of papers still in press, unpublished data, and personal communications.

Every effort is made by the Editor-in-Chief and the Editorial Board of Pharmacological Reports to
see that no inaccurate or misleading data, opinion or statement appear in Pharmacolegical Reports.
However, they wish to make it clear that the data and opinions appearing in the articles and
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advertisernents hersin are the responsibility of the contributor, sponsor or advertiser concemed.
Accordingly, the Editor-in-Chief and the Editorial Board accept no liability whatsoever for the
consequences of any such inaccurate of misleading data, opinion or statement. Every effort is made
to ensure that drug doses and other quantities are presented accurately. Nevertheless, readers
are advised that methods and technigques involving drug usage and other treatments describad
in Pharmacological Reports, should only be followed in conjunction with the drug or treatment
manufacturer's own published literature in the readers own country.

PREPARATION

This journal uses double-blind review, which means the identities of the authors are concealed from
the reviewers, and vice versa. More information is available on our website. To fadlitate this, please
include the following separately:

Title page (with author details): This should include the title, authors' names and affiliations, and a
complete address for the comesponding author incduding an e-mail address.

Blinded manuscript (no author details): The main body of the paper (including the references,
figures, tables and any acknowledgements) should not include any identifying information, such as
the authors' names or affiliations.

Uss of word processing software

It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. In particular; do not use the word
processor's options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscaripts etc. When preparing tables, if you are using a tzble grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts (see
also the Guide to Publishing with Elsevier). Note that source files of figures, tables and text graphics
will be required whether or not you embed your figures in the text. See also the section on Electronic
artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-dheck' and 'grammar-check"
functions of your word processor

Subdivision

Divide your artidle into clearly defined and unnumbered sedtions.. Any subsection may be given a
brief heading. Each heading should appear on its own separate line.

Introduction

State the objectives of the work and provide an adequate background, aveiding a detailed literature
survey or a summary of the results.

Matarial and meathods
Provide sufficient detail to allow the work to be reproduced. Methods already published should be
indicated by a reference: only relevant modifications should be described.

Authors should adhere very carefully to the ethical standards for animal experimentation. Appropriate
guidelines for the acquisition and care of animals can be found in the NIH Guide for the Care and Use
of Laboratory Animals {Mational Institutes of Health Publications No. 8023, revised 1578).

Results
Results should be clear and concise.

Di .
This should explore the significance of the results of the work, not repeat them. In short
communications, the Results and Discussion sections may be combined. Avoid extensive citations and
discussion of published literature.

+ Title. Concise and informative. Titles are often used in information-retrieval systems. Awoid
abbreviations and formulae where possible.

* Author names and affiliations. Please clearly indicate the given name(s) and family name{s)
of each author and check that all names are accurately spelled. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
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case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, induding the country name and, if available, the
e-mail address of each author.

* Corresponding author. Clearly indicate who will handle correspondence at all stages of referesing
and publication, also post-publication. Ensure that the e-mail address is given and that contact
details are kept up to date by the corresponding author.

s Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address’) may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Collate acknowledgements in a separate section and include it on the title page only. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.}.

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the prindpal results and major conclusions. An abstract is often presented separately from
the artide, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then dte the author(s) and year(s). Also, non-standard or uncommaon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

The abstract must be structured into separate sections: Badkground outlining the context and purpose
of the study; Methods containing a short description of methodologies used: Results reporting the
main findings; and Conclusions including a brief summary and potential implications. The abstract
should be included in the Blinded Manuscript.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 = 1328 pixels (h % w) or proportionally more. The image should be readable at a size of 5 x
13 cm using a regular soreen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration and Enhancement service to ensure the best
presentation of their images and in accordance with all technical requirements: Illustration Service,
Highlight=

Highlights are a short collection of bullet points that convey the core findings of the article. Highlights
are optional and should be submitted in a separate editable file in the online submission system.
Please use 'Highlights' in the file name and indude 3 to 5 bullet points (maximum 85 characters,
including spaces, per bullet point). You can view example Highlights on our information site.

Immediately after the abstract, provide a maximum of 5 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, ‘and’, "of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposas.

Abbreviations that are unavoidable must be defined twice: (1) at their first mention in the Abstract
and (2) at their first mention in the remaining part of the article. Ensure consistency of abbreviations
throughout the article.

Units
Follow internationally accepted rules and conventions: use the intemational system of units (SI). If
other units are mentioned, please give their equivalent in SI.

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the artide. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate
the position of footnotes in the text and list the footnotes themselves separately at the end of the
article. Do not include footnotes in the Reference list.
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Elactronic artwork

Genaral points

# Make sure you use uniform lettering and sizing of your original artwork.

» Embed the used fonts if the application provides that option.

# Aim to use the following fonts in your illustrations: Arial, Courier, Times Mew Roman, Symbaol, or
use fonts that lock similar.

# Number the illustrations according to their sequence in the text.

# Use a logical naming convention for your artwork files.

# Provide captions to illustrations separately.

» Size the illustrations close to the desired dimensions of the published version.

* Submit each illustration as a separate file.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply "as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please "Save as' or convert the images to one of the following formats {note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF {or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF {or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF {or JPEG): Combinations bitmapped linefhalf-tone (color or grayscale), keep to a minimum of
500 dpi.

Please do not:

= Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;

» Supply files that are too low in resolution;

* Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted artide, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g.. SdenceDirect and other sites) regardless of whether or not thess illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted artide. Please
indicate your preference for color: in print or online enly. Further information on the preparation of
electronic artwork.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief tile (not on the figure itsalf) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list {and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should indude a substitution of the publication date with either "Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.
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Linking Services Requiraments

Increased discoverability of research and high gquality peer review are ensured by online links to
the sources cited. In arder to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect summames, jounal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain emors. Use of the
01 is encouraged.

A DOI can be used to cite and link to electronic articles where an artide is in-press and full citation
details are not yet known, but the artide is available online. & DOI is guaranteed never to change,
5o you can use it as a permanent link to any electronic article. An example of a citation using DOI for
an article not yet in an issue is: VanDecar JC, Russo RM, James DE, Ambeh WB, Franke M. Assismic
continuation of the Lesser Antilles slab beneath northeastem Venezuela. J Geophys Res, 2003. http:/f
dx.doi.org/10.1029/200118000884i. Please note the format of such dtations should be in the same
style as all other references in the paper.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (D01, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [datasst] identifier will not appear in your published article.

References in a special issus
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issua.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley and Zotero, as well as EndNote. Using the word processor plug-ins from
these products, authors only need to select the appropriate journal template when preparing their
article, after which citations and bibliographies will be automatically formatted in the journal's style.
If no template is yet available for this journal, please follow the format of the sample references and
citations as shown in this Guide.

Reference management softwares

This journal has standard templates available in  key reference management
packages EndMote (http://endnote.com/downloads/style/vancouver) and Reference Manager
{ hittp:/frefman.com/support/rmstyles.asp). Using plug-ins to wordprocessing packages, authors only
need to select the appropriate journal template when preparing their artide and the list of references
and citations to these will be formatted according to the joumnal style which is described below. Other
software that can be used for reference management: RefWorks (http://www.refworks.com), BibTeX
(http i/ fvowiw.bibtex.org), ProCite (http:// www.procite.com).

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
lirk:

hittp://open.mendeley. com/use-dtation-stylef pharmacological-reports

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

Reference styla

The references should be based on the readily available texts published in the latest and major journals
mainly written in English. Number the references (numbers in sguare brackets) in the list in the order
in which they appear in the text.

Model of reference to a journal publication:

Last name, initial, full paper tide, joumnal abbreviated title, year, volume (number) first and last page.
Examples:
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Reference to a journal publication:

[1] Paivio A, Jansen B, Becker L). Comparisons through the mind’s eye. Cognition 1975;37(2):635—
47,

Reference to a book:

[2] Letheridge S, Cannon CR, editors. Bilingual education: teaching English as a second language.
New York: Prasger; 1980.

Reference to a chapter in an edited book:

[3] Strunk Ir W, White EB. The elements of style. 3rd ed. New York: MacMillan; 1979 [chapter 4].
Reference to a conference (only abstracts 2-page long may serve as references):

[4] Dwouglis F, Ball Th., Tracking and viewing changes on the web. In: Proc. 1996 USENIX technical
conference; 1996.

Reference to a dataset:

[5] Ogurc M, Imahiro S, Saito S, Makashizuka T. Mortality data for Japanese ocak wilt disease
and surmounding forest compositions, Mendeley Data, wi; 2015. http://dx.doi.org/10.17632/
¥wj98nb39r 1.

Supplementary material such as applications, images and sound dips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received [Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the "Track Changes' option
in Microsoft Office files as these will appear in the published version.

The journal encourages authors to create an AudioSlides presentation with their published article.
AudioSlides are brief, webinar-style presentations that are shown next to the online artide on
ScienceDirect. This gives authors the opportunity to summarize their research in their own words
and to help readers understand what the paper is about. More information and examples are
available. Authors of this journal will automatically receive an invitation e-mail to create an AudioSlides
presentation after acceptance of their paper.

You can enrich your online articles by providing 30 models (optional) in PLY, OBJ or U3D format,
which will be visualized using the interactive viewer next to the article. Each 30 model will have to
be zipped and uploaded to the online submission system via the "3D models’ submission category.
Please be advised that the recommended model size before zipping is maximum 150 MB. Multiple
models can be submitted. Please provide a short informative description for each model by filling in
the 'Description’ field when uploading a dataset. Note: all datassts will be available for download from
the online article on ScienceDirect. If you have concemns about your data being downloadable, please
provide a video instead. More information on OBJ and PLY meodels or U220 medels.

The journal encourages authors to supplement in-article microscopic images with corresponding high
resolution wersions for use with the Virtual Microscope viewer. The Virtual Microscope is a web basad
viewer that enables users to view microscopic images at the highest level of detail and provides
features such as zoom and pan. This feature for the first ime gives authors the opportunity to
share true high resolution microscopic images with their readers. More information and examples.
Authors of this jounal will receive an invitation e-mail to create microscope images for use with
the Virtual Microscope when their manuscript is first reviewed. If you opt to use the feature, please
contact virtualmicroscope@elsevier.com for instructions on how to prepare and upload the required
high resclution images.

This journal enables you to enrich your online article by including interactive network diagrams created
with the latest version of Cytoscape. Each network should be exported from Cytoscape as a ZIP file
containing a pair of network (.cyjs) and visual style {.json) files, which is most easily done using the
green "SO" button. The recommended maximum file size of a dataset is 150 MB or less.
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Once the article is accepted, your ZIP datasets will appear as supplementary material on ScienceDirect
and will be visualized inside the Cytoscape application which is displayed alongside your article.
Readers will then be able to interactively explore your networks while reading the article. Please note
that you must use the latest available version of Cytoscape. More information.

The following list will be useful during the final checking of an article prier to sending it to the journal
for review. Please consult this Guide for Authors for further details of any item.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:

* E-mail address

# Full postal address

* Phone numbers

All necessary files have been uploaded, and contain:

» Abstract (structured for original papers/short communications or unstructured for reviews)

* Keywords

» All figure captions

# All tables (including title, description, footnotes)

Further considerations

# Manuscript has been "spell-checked” and 'grammar-checked'; authors who are not native English
speakers are requested to attach a certificate/statement confirming that professional language editing
has been performed

* Paper does not exceed word limits (See Guide for Authors for the word count for each article type)
# Text and tables submitted in editable format (Waord, LaTeX)

# Each table, figure, photograph, er illustration included as a separate file

# All symbols converted correctly in the PDF file

» References are in the correct format for this journal

» All references menticned in the Reference list are cited in the text, and vice versa

# Permission has been cbtained for use of copyrighted material from other sources (including the
Internet)

Printed wersion of figures (if applicable) in color or bladk-and-white

# Indicate clearly whether or not color or black-and-white in print is required.

» For reproduction in black-and-white, please supply black-and-white versions of the figures for
printing purposes.

For any further information please visit our customer support site at http://support.elsevier.com.

AFTER ACCEPTANCE

Corresponding authors will receive an e-mail with a link to owr online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer gquestions from the Copy Editon
Web-based proofing provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential introeduction of emors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, incduding alternative methods to the online
version and PDF.

We will do everything pessible to get your article published gquidkly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and cormrectness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as indusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

The cormresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the artidle on ScienceDirect. The Share Link can be usad
for sharing the artide wia any communication channel, including email and social media. For an
extra charge, paper offprints can be ordered via the offprint order form which is sent once the
article is accepted for publication. Both comesponding and co-authors may order offprints at any
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time via Elsevier's Webshop. Corresponding authors whio have published their article open access do
not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted artide or find out when your accepted article will
be published.

& Copyright 2014 Elsevier | http://www.elseviencom
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