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RESUMO

Avaliacdo da atividade antineoplasica de chalconas sintéticas utilizando modelos
de glioblastomas in vitro e docking molecular para topoisomerase-ll-a e tubulina

RESUMO

Introducéo: O glioblastoma € um tumor maligno com baixa taxa de sobrevivéncia, possuli
rapido crescimento e tem uma alta taxa de rotatividade celular. Estudos visando o
desenvolvimento de novos farmacos anticancerigenos tem aumentado, a predicdo do
modo de ancoragem de moléculas promissoras ao sitio de interesse é primordial no
design racional de drogas. Objetivo: Esse estudo avaliou a atividade antineoplasica de
chalconas sintéticas utilizando modelos de glioblastomas in vitro e propos por docking
molecular o sitio de acdo dessas moleculas. Metodologia: as chalconas foram
sintetizadas e analisadas por cromatografia gasosa acoplada ao espectro de massas, a
viabilidade celular foi investigada pelo teste do MTT e o estudo de docking molecular foi
realizado no software GOLD. Resultados e discussdes: Os resultados do ensaio MTT
mostraram que as células AHOL1 e U87 tiveram sua viabilidade célular reduzida quando
expostas as chalconas analisadas apresentando diferenga significativa (p<0,0001)
guando comparadas a linhagem sadia AN27. A andlise comparativa das interacdes das
moléculas com o alvo TOPIIA identificou interagdes em serina (SER148-149) e isoleucina
(ILE125). A interacdo com o0 aminoacido serina estava presente tanto no docking dos
ligantes mais promissores quanto nos de referencia, sugerindo sua importancia no efeito
inibitério do crescimento celular. A analise comparativa entre os ligantes de referéncia e
as moleculas em estudos identificou o aminoacido LYS 352 presente em todos o0s
encaixes, sugerindo que esse seja o principal aminoacido para a interacdo com a tubulina,
observou-se tambem que a ausencia de interacdo com o aminoacido CYS 241 provoca
reducdo no gold score. Conclusfes: Os resultados obtidos no docking molecular
corroboram com o observado no MTT, sugerindo que as moleculas em estudo possuem
potencial antineoplasico em glioblastomas.

Palavras-Chave: Chalconas; Citotoxicidade; Docking molecular; Topoisomerase Il alfa;
Tubulina.
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ABSTRACT

Evaluation of antineoplastic activity of synthetic chalcones using in vitro
glioblastomas models and molecular docking for topoisomerase-Ill-a and tubulin

ABSTRACT

Introduction: Glioblastoma is a malignant tumor with low survival rate, has rapid growth
and has a high turnover rate. Studies aiming at the development of new anticancer drugs
have increased, predicting the mode of anchoring promising molecules to the site of
interest is paramount in rational drug design. Purpose: This study evaluated the
antineoplastic activity of synthetic chalcones using in vitro glioblastomas models and
proposed by molecular docking the site of action of these molecules. Methodology:
chalcones were synthesized and analyzed by gas chromatography coupled to the mass
spectra, cell viability was investigated by the MTT test and the molecular docking study
was performed in the GOLD software. Results and discussion: The results of the MTT
assay showed that the AHOL1 and U87 cells had their cell viability reduced when the
chalcones analyzed were exposed, presenting a significant difference (p <0.0001) when
compared to the AN27 healthy lineage. The comparative analysis of the interactions of the
molecules with the TOPIIA target identified interactions in serine (SER148-149) and
isoleucine (ILE125). Interaction with the serine amino acid was present in both the most
promising and the reference binder docking, suggesting its importance in the inhibitory
effect of cell growth. Comparative analysis between the reference ligands and the
molecules in studies identified the amino acid LYS 352 present in all of the inserts,
suggesting that this is the main amino acid for interaction with tubulin, it was also observed
that the absence of interaction with the amino acid CYS 241 causes reduction in the gold
score. Conclusions: The results obtained in the molecular docking corroborate with that
observed in MTT, suggesting that the molecules under study have antineoplastic potential
in glioblastomas.

Keywords: Chalconas; Cytotoxicity; Molecular docking; Topoisomerase |l alpha; Tubulin.
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1 INTRODUGAO

1.1 CANCER

As células somaticas acumulam mutacfes que podem conferir vantagem seletiva a
célula, como o aumentando da sobrevivéncia ou proliferacdo, as que sao seletivamente
neutras e as mutacdes que sao desvantagens para a célula e resultam em sua morte. O
cancer € produto da evolucdo somatica, em que uma unica linhagem clonal adquire
mutacbes que permitem a superacdo de restricbes normais a proliferacdo celular,
invadem os tecidos e se espalhem para outros 6rgdos (MARTINCORENA et al., 2017).

O sequenciamento de todo o genoma e as tecnologias massivamente paralelas
permitiram entender que o cancer € uma doenca causada principalmente por alteracdes
genbmicas, especialmente as mutacdes de células soméaticas. O desenvolvimento do
cancer é impulsionado pela acumulagéo de alteracdes que afetam a estrutura e a funcéo
do genoma. Estas alteragcbes sao frequentemente adquiridas como resultado da
exposicao a multiplos agentes carcinogénicos, afetando ndo apenas o funcionamento das
proteinas codificadas pelos genes alterados, mais também todo o circuito que controla o
crescimento celular, o potencial replicativo, a sobrevivéncia e a resposta ao estresse.
Dentre esses processos, incluem danos oxidativos, erros na agcdo das polimerases e
recombinases, reducdo e reordenamento cromossémico. (SILVA; RIUL, 2011; ZHAO et
al., 2015).

Desse modo, o termo cancer é designado a mais de uma centena de diferentes
doencas heterogéneas do material genético que promovem alteracdes essenciais na
fisiologia celular. A carcinogenese resulta de processos multifatoriais, que incluem a
interacdo de fatores genéticos e agentes carcinégenos externos, fisicos (ultravioleta e
radiacdo ionizante), quimicos (pesticidas, herbicidas, ou contaminantes de &agua e
alimentos) e biolégicos (determinados virus, bactérias e parasitas), além do estilo de vida
adotado por cada individuo. Proto-oncogenesséao responsaveis pela divisao e crescimento
celular em condicbes normais, podem se tornar oncogenes durante a mutacao
genética. Aléem disso, a falta de genes supressores de tumores desencadeia a divisdo de
células descontroladas (SILVA; MATTOS, 2011; HASSANNPOUR; DEHGHANI, 2017).

A tumorigénese tem sido considerada como um mecanismo autbnomo da célula

desencadeado pela acumulacdo de mutagGes capazes de conferir uma vantagem de
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crescimento as células transformadas e a capacidade de invadir tecidos circundantes e
eventualmente promover a metastase. A denominacgao do cancer é feita de acordo com o
tipo celular de origem, o termo carcinoma € utilizado se o céncer se iniciar a partir de
células epiteliais, sarcoma caso sua origem seja de linhagem celular mesodérmica,
linfoma se a origem for células do sistema imunolégico e, por fim, o termo leucemia é
utilizado se o cancer for originado de células da medula éssea (SULTANA, 2014;
GANDELLINI et al., 2015).

No Brasil, os registros de cancer de base populacional, em conjunto com os
registros hospitalares e com o sistema de informacédo sobre mortalidade do DataSUS
(Departamento de Informética do Sistema Unico de Salde), formam o eixo estruturante
para a vigilancia e desenvolvimento de pesquisas sobre cancer, gerando condi¢des
necessariass para o planejamento e avaliagcdo das acfes de prevencao e controle do
cancer. No ano de 2016, estimou-se 5.440 novos casos de cancer do Sistema Nervoso
Central (SNC) em homens e 4.830 em mulheres. Esses valores correspondem a um risco
estimado de 5,50 novos casos a cada 100 mil homens e 4,68 para cada 100 mil mulheres.
Sem considerar os tumores de pele ndo melanoma, o cancer do SNC em homens é o
oitavo mais frequente nas Regides Sul e Nordeste, ocupa a décima posicdo nas Regides
Centro-Oeste e Norte, e na Regido Sudeste é o0 11° mais frequente. Para as mulheres, € 0
sexto mais frequente na Regido Sul, e oitavo mais frequente na Regido Centro-Oeste, ja
na Regido Norte, ocupa a décima posi¢do. Enquanto, nas Regides Sudeste e Nordeste é
0 11° (BRASIL, 2015).

1.2 GLIOBLASTOMAS

As células gliais (glial radial, astrocitos, ependimécitos) sao células ndo neuronais
gue desempenham func¢des essenciais para a homeostase do SNC (figura 1), incluindo
manutencdo dos niveis ibnicos do meio extracelular, tendo um papel critico no
metabolismo do neurtransmissores, participacdo na formagdo da Dbarreira
hematoencefélica, secrecdo de fatores troficos essenciais para a sobrevivéncia e
diferenciacdo dos neurdnios, direcionamento de axonios e formagéo e funcionamento das
sinapses. Também estdo envolvidos na regulacdo do fluxo sanguineo cerebral e do
acoplamento neurovascular, bem como no auxilio na defesa imune, por meio da sintese e
secrecdo de diversas citocinas inflamatorias. Além disso, essas células tém grande
impacto no controle energético cerebral, em razdo do fornecimento de energia e
metabolitos (FURNARI et al., 2007; GOMES; TORTELLI; DINIZ, 2013).
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Figura 1 — Células Gliais

dendrite astrocyte (glial cell) oligodendrocyte
/\ axon (@lial cell)

neuron (cell body)

axon terminals

Fonte: FURNARI et al., 2007.

Os tumores cerebrais adultos de origem glial sdo divididos em astrocitomas,
oligodendrogliomas e oligoastrocitomas com base em Varias caracteristicas
histopatoldgicas chave. Além disso, esses tumores séo classificados clinicamente como
astrocitoma de classe | (pilocitico), astrocitoma grau Il (difuso) da Organizacdo Mundial de
Saude (OMS) benigno, astrocitoma maligno da OMS Ill (anaplasico) e astrocitoma de
grau IV (glioblastoma), a forma mais maligna. Astrocitomas difusos de baixa qualidade
seguem cursos clinicos longos se detectados precocemente; no entanto, os gliomas mais
graves de Grau Ill carregam uma sobrevivéncia de cinco anos para 29,4% dos pacientes,
e os glioblastomas carregam uma sobrevivéncia de cinco anos para apenas 3,4% dos
casos (NOCH; KHALILI, 2009; JUNG et al., 2013).

O glioblastoma é um tumor maligno com baixa taxa de sobrevivéncia. E um tumor
em rapido crescimento e tem uma alta taxa de rotatividade celular. O tumor supera sua
necessidade metabdlica por neovascularizacdo, porém, a neovascularizacdo nao
consegue acompanhar o rapido crescimento do tumor, ocasionando focos de necrose,
gue podem se unir e formar uma grande area de necrose central. ISso ocorre porque 0s
vasos patolégicos ndo possuem uma barreira hematoencefalica adequada e estdo
associados a um certo grau de vazamento capilar. O tumor interage com tecido cerebral
adjacente, causando edema relativamente extenso (METWALI; ELHAKIM, 2017).

A necrose é uma caracteristica marcante do glioblastoma em mais de 85% dos
casos. O seu crescimento € fisicamente restringido pelo cranio e para superar esse
desafio, ocorre aumento da liberacdo de glutamato que ocasionando a morte excitotoxica

aos neurdnios circundantes (figura 2). O mecanismo de necrose no glioblastoma comeca
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com a deplecdo aguda de ATP celular como resultado do colapso da cadeia de transporte
de elétrons e subsequente diminuicdo da fosforilagdo oxidativa. Com essa diminuicédo
canais e bombas i6nicas dependentes de ATP comecam a falhar, o que inicia um
aumento macico do volume celular através do influxo de Na*, Ca?* e diminuigcdo do efluxo
K*. A medida que a membrana celular se rompe, os contetdos da célula sio liberados
para o espaco extracelular e o estagio final de necrose envolve a ativagcdo de proteases e
uma resposta inflamatoria localizada (SONTHEIMER, 2008; NOCH; KHALILI, 2009).

Figura 2 — Mecanismo de necrose por excitotoxicidade glutamatérgica em glioblastoma.

Fonte: SONTHEIMER, 2008.

A decisdo cirargica para o0 manejo de tumores com edema perifocal, que
corresponde a maioria dos casos de glioblastomas, é direta e implica em biopsia tumoral
guando possivel. O exame histopatoldgico fornece ao médico um diagndstico seguro com
a possibilidade de uma maior andlise imuno-histoquimica, que pode determinar o
gerenciamento quimioterapéutico adicional e também determinar o progndstico
(METWALI; ELHAKIM, 2017).

1.3 PLANEJAMENTO E DESENVOLVIMENTO DE FARMACOS ANTINEOPLASICAS

Estudos visando o desenvolvimento de novos farmacos anticancerigenos tem
aumentado, sendo o objetivo primordial desenvolver tratamentos mais efetivos e seletivos,
visando a descoberta de novas estratégias que impecam o avanco da doencga,
possibilitando um melhor prognéstico. Os significativos avancos na biologia do céncer,

possibilitaram direcionar as buscas por moléculas que atuem com mecanismos
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especificos para cada tipo de enfermidade, como inibicdo da polimerizacdo da tubulina,
atuacdo no DNA, bloqueadores enzimaticos ou de microtibulos celulares (BRANDAO et
al., 2010).

Métodos toxicologicos in vitro tornam-se uma op¢ao na triagem em busca de novas
moléculas que possuam efeitos citotéxicos em linhagens neoplasicas, além de diminuir
custos, obter respostas rapidas e colaborar com o principio dos 3R’s (reduction,
refinement e replacement). Dentre as vantagens desses métodos estdo delimitacdo de
variaveis analisadas, maior facilidade na obtencdo de dados significativos, reducdo no
periodo dos testes, possibilita maior nimero de repeticdes, além disso, requer menor
guantidade da substancia em anélise (HARTUNG; DASTON, 2009; BEDNARCZUK et al.,
2010).

Um dos ensaios mais utilizados é o testes do MTT (brometo de 3-(4,5-dimetiliazol-
2- il) -2,5-difeniltetrazélio), onde células viaveis acumulam o sal amarelo MTT por
endocitose e sdo capazes de transforma-lo em cristais de formazan. A reducdo do anel
tetrazolico deste sal resulta na formacao de cristais formazan de cor azul-purpura que se
acumulam em compartimentos endossomais e/ou lisossomais. (FEKRAZAD et al., 2017).

A integracdo de estratégias computacionais e experimentais tem sido de grande
valor na identificacdo e desenvolvimento de novos compostos promissores. Amplamente
utilizado no design de farmacos modernos, os métodos de docking molecular exploram as
conformacdes de ligantes adotadas nos locais de ligacdo aos alvos macromoleculares.
Esta abordagem também estima a energia livre de ligacdo ligante-receptor, avaliando
fendmenos criticos envolvidos no processo de reconhecimento intermolecular (FERREIRA
et al., 2015).

Os avancos nos anos tornaram vidvel o uso de algoritmos intensivos em
computacdo para triagem virtual de alta produtividade e triagem virtual inversa de
interacdes moleculares. A primeira envolve o acoplamento de muitos ligantes contra um
ou alguns receptores, enquanto que o segundo acopla muitos receptores contra um ou
alguns ligantes. Uma combinacdo de algoritmos de identificacdo de poses e pontuacao
constituem a base dos mecanismos dos estudos de ancoragem. Os resultados de
ancoragem molecular sdo avaliados por inspecdo visual das poses do ligante ou
guantitativamente usando um algoritmo de pontuacdo (JACOB; ANDERSEN;
MCDOUGAL, 2012).

O software GOLD é um dos programas mais usados e adequados em varios
estudos de ancoragem. E um programa flexivel baseado em algoritmos genéticos para

explorar a gama completa de flexibilidade conformacional do ligante com flexibilidade
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parcial da proteina e satisfaz o requisito fundamental de que o ligante deve deslocar a
agua na ligacéo (JONES, 1997).

1.4 TOPOISOMERASE-II-a E TUBULINA

As topoisomerases sdo enzimas nucleares ubiquas que controlam o enovelamento
do DNA. S&do essenciais durante a transcricdo e a replicacdo e os inibidores da
topoisomerase estao entre os farmacos anticancerigenos e antibacterianos mais eficazes
e mais comumente usados, que se ligam e bloqueiam a atividade dessa enzima,
seguindo-se a inibicdo da replicacdo do DNA (POMMIER, 2013; SADEGHI, 2015).

Os inibidores de Topoisomerase sao eficazes, mas com limitada seletividade ao
tumor. Seus efeitos colaterais e toxicidades limitantes da dose séo devidas a toxicidade a
células sadias, que, como as células cancerosas, precisam da topoisomerases para
manutencdo de sua homeostase. Os farmacos anticancerigenos topisomerase Il alfa
(TOP2A) minimiza os efeitos adversos de drogas nao seletivas, como a leucemia mieldide
aguda relacionada a terapia (T-AML) e cardiotoxicidade (RHAO. 2013, POMIER 2013).

Os microtubulos sdo tambem importante alvo para terapias contra o cancer devido
ao seu importante papel no citoesqueleto em células eucaribticas e suas fungbes na
manutencdo da forma celular, trafico de proteinas, sinalizacdo e segregacdo de
cromossomos durante a mitose. Os agentes de segmentacédo de microtibulos funcionam
interferindo na dindmica de controle do equilibrio entre a montagem e desmontagem dos
microtUbulos. Foram identificados quatro principais locais de ligagdo para esses agentes:
o sitio do taxano e o sitio do laulimalideo / peloreto A, para agentes de estabilizacdo. E o
local da vinca e da colchicina para agentes desestabilizadores de microtibulos (DA et al.,
2013; Ll et al., 2017).

Os microtubulos séo importantes reguladores das células endoteliais, por isso ha
interesse em desenvolver agentes inibidores do sitio da colchicina para o tratamento do
cancer, recentemente intensificou-se estudos com foco em inibicAo da angiogénese
(prevencdo da formacdo de novos vasos sanguineos) e agentes desruptores vasculares
(eliminagdo da vasculatura existente). Em particular, a familia combretastatina estéo
progredindo através de ensaios clinicos para esse fim. Espera-se que novos agentes para
o0 sitio da colchicina possam contornar a superexpressdao da tuberculina Bl que

compromete o uso clinico de taxanos e alcalbides da vinca (DA et al., 2013).
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1.5 CHALCONAS

A maioria dos farmacos anticancer introduzidas na terapéutica nas ultimas décadas
sdo originados ou derivados de produtos naturais (vimcristina, vindesina, paclitaxel),
mostrando que essa fonte € muito importante nos estudos de desenvolvimento de novos
medicamentos (BRANDAO et al., 2010; LEITE; OLIVEIRA-FILHO, 2014).

Uma das classes mais estudadas de moléculas sao as chalconas, que sdo cetonas
a,B-insaturadas, com dois anéis aromaticos (figura - 2). O esqueleto molecular é
caracterizado por porcbes de anéis aromaticos conectadas através de ponte de trés
carbonos com um grupo cetocarbonilo e uma a,B-insaturacdo. As chalconas sdo uma
classe de flavonoides intermediarios que apresenta importancia farmacologica devido a
sua presenca em muitos compostos farmacéuticos (ARRUDA et al., 2016; CUSTODIO et
al., 2017).

Figura 3 — Estrutura Fundamental das Chalconas

Fonte: CUSTODIO et al., 2017.

As chalconas e os derivados de chalconas sdo muitas vezes obtidos a partir de
fontes naturais ou sintéticas. Devido a sua estrutura, estas moléculas sdo muito verséteis,
pois podem conter diferentes anéis aromaticos, fundidos ou ndo, com heteroatomos na
sua estrutura e diferentes substituintes. A reacdo de Claisen-Schmidt, que é a
condensacdo de uma cetona aromatica com um aldeido aromatico na presenca de um
catalisador, € o método mais utilizado para a sintese de chalconas (RITTER et al., 2015;
CUSTODIO et al., 2017).

Muitos estudos foram realizados com esta classe e uma gama de atividades foram
relatadas, tais como anti-inflamatério, antifingico, antibacteriano, leishimanicida,
antiparasitario, antituberculoso, atividade antioxidante, antiulcerosos, citotoxicos,

insecticidas e anticancerigenos (CUSTODIO et al., 2017).
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2 OBJETIVOS

2.1 OBJETIVO GERAL

Avaliar a atividade antineoplasica de chalconas sintéticas utilizando modelos de
glioblastomas in vitro e docking molecular.

2.2 OBJETIVOS ESPECIFICOS

a) Investigar a acédo citotoxica de chalconas sintéticas frente a linhagem sadia AN27;

b) Investigar a atividade citotoxica de chalconas sintéticas em linhagens de
glioblastoma (U87 e AHOL1);

c) Estudo das interacfes entre chalconas sintéticas e o alvo Topoisomerase-II-q;

d) Estudo das interagfes entre chalconas sintéticas e o alvo tubulina;

Objetivos 8



3 ARTIGO 1

Submetido para publicacdo no European Journal of Medicinal Chemistry.

EVALUATION OF ANTINEOPLASTIC ACTIVITY OF SYNTHETIC CHALCONES USING
IN VITRO GLIOBLASTOMA AND MOLECULAR DOCKING MODELS FOR

TOPOISOMERASE-II-a AND TUBULIN

Raimundo de Almeida Mira Neto®, Shayanne Vanessa Correa Henriques?, Cleydson
Breno Rodrigues dos SantosP, Leonardo Bruno Federico®, Edivaldo Herculano Corréa de
Oliveirad, Michel Platini Caldas de Souza¢, Patricia Natalia B. da Silva®, Irlon M. Ferreira®,

Madson Ralide Fonseca Gomes*2,

Post graduate program in Pharmaceutical Sciences. Clinical Laboratory. Federal
University of Amapda, Macapa, Brazil.2

Modeling and Chemistry Laboratory, Federal University of Amapa, Macapa, Brazil.?
Faculty of Pharmaceutical Sciences of Ribeirdo Preto, University of Sao Paulo, Ribeiréo
Preto, Brazil.

Laboratory of Tissue Culture and Cytogenetics, SAMAM, Evandro Chagas Institute,
Ananindeua, Para, Brazil .4

Group Biocatalysis and Biotransformation Group in Organic Chemistry, Collegiate of

Chemistry Federal University of Amapa, Macapa, Brazil.©

Artigo 9



ABSTRACT

Glioblastoma is a malignant tumor with a low patient survival rate and its incidence is
increasing. The number of studies aiming at developing new anticancer drugs have
increased, and predicting the mode of anchoring promising molecules to the site of interest
is paramount in rational drug design. This study evaluated the antineoplastic activity of
synthetic chalcones using in vitro glioblastoma models and proposed molecular docking at
the site of these molecules’ action. The MTT assay showed that AHOL1 and U87 cellular
viability was significantly reduced compared to healthy AN27 cells when exposed to
chalcones (p<0.0001). Comparative analysis of molecular interactions with the
topoisomerase ll-a target identified interactions with serine (SER148-149) and isoleucine
(ILE125). Interaction with the serine amino acid was present in both the most promising
and the reference binder docking, suggesting its importance inhibiting cell growth.
Comparative analysis between the reference ligands and the molecules in this study
showed that the amino acid LYS 352 present in all fittings, suggesting that this is the main
amino acid for interaction with tubulin. It was also observed that the absence of interaction
with the amino acid CYS 241 causes a reduction in the Gold score. The results obtained in
molecular docking are consistent with those observed in MTT, suggesting that the

molecules under study have antineoplastic potential in glioblastoma.

KEY WORDS: chalconas; cytotoxicity; molecular docking; topoisomerase Il alpha; tubulin;

1. Introduction

Cancer is a disease that is caused by genomic changes, especially somatic cell
mutations. Cancer development is driven by the accumulation of changes that affect
genomic structure and function. These changes are often acquired as a result of exposure

to multiple carcinogenic agents, affecting the functioning of the proteins encoded by the
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altered genes and the whole circuit that controls cell growth, replicative potential, survival,
and stress response. These processes include oxidative damage, errors in the action of
polymerases and recombinases, and reduction and chromosomal rearrangement [1-4].
Adult brain tumors of glial origin are divided into astrocytomas, oligodendrogliomas, and
oligoastrocytomas based on several key histopathological features. Diffuse, low-grade
astrocytomas follow a long clinical course if detected early; however, the more severe
Grade Il gliomas carry a 5-year survival of 29.4%, and glioblastomas carry a 5-year
survival of only 3.4% [5,6].

Glioblastoma is a malignant tumor with low survival rate, and it has rapid growth
and a high turnover rate. The tumor overcomes its metabolic need for neovascularization,
but neovascularization fails to keep up with its rapid growth, causing foci of necrosis that
can unite and form a large area of central necrosis. This is because pathological vessels
do not have an adequate blood-brain barrier and are associated with capillary leakage.
The tumor interacts with adjacent brain tissue, causing relatively extensive edema [7,8].

The number of studies aimed at the development of new anticancer drugs have
been increasing, with the objective of developing more effective and selective treatments.
Significant advances in cancer biology have made it possible to direct the search for
molecules that act with specific mechanisms, such as inhibition of tubulin (TUB)
polymerization, DNA activation, enzymatic blockers, or cellular microtubules [9]. In vitro
and in silico methods have become a valuable option to screen for new molecules. The
advantages of these methods are the delimitation of the analyzed variables, reduced test
duration, greater number of repetitions and require less quantity of the substance under
analysis [10-12].

Predicting the mode of anchoring small molecules to macromolecules that have a
known three-dimensional structure is a main problem in the rational design of drugs.

Sequencing the human genome also generated an increase in the number of new
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therapeutic targets for research. Additionally, high-throughput crystallographic and nuclear
magnetic resonance methods were developed and these contributed to a more detailed
understanding of protein and protein-ligand complex atomic structure, and molecular
coupling studies are used as a tool to develop new drugs [13-15].

Therefore, the aim of this study is to evaluate the antineoplastic activity of synthetic
chalcones using in vitro glioblastoma models and to use molecular docking to suggest the

mechanism of action for these molecules.

2. Materials and methods
2.1 Chemicals

Acetophenone l1la (99%), 4-hidroxiacetophenone 1b (99%), cyclohexanone 1c
(99%), benzaldehyde 2a (99%), 3-bromobenzaldehyde 2c (99%), 4-methylbenzaldehyde
2b (99%) and 3-nitrobenzaldehyde 2e (99%) were purchased from Sigma-Aldrich, 4-
anisaldehyde 2b (98%) from Vetec and sodium hydroxide (97%) and hydrochloric acid

(37%) from Quemis.

2.2 Spectroscopic Analysis

For gas chromatography—mass spectrometry, a Shimadzu GC2010 Plus gas
chromatography system coupled to a mass-selective detector (Shimadzu MS2010 Plus) in
electron ionization mode (70 eV) was used. 'H NMR spectra were recorded on an Agilent
Technologies 500/54 Premium Shielded or Agilent Technologies 400/54 Premium
Shielded spectrometer, with CDCls as the solvent and TMS as the internal standard unless

otherwise noted. The chemical shifts are given in ppm and coupling constants (J) in Hz.
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2.3 Preparation of the chalcones 3a—e

In two-necked round-bottomed flasks, mixtures of one of the ketones la—c (10 mmol),
benzaldehydes 2a—e (11 mmol) and anhydrous EtOH (50 mL) were prepared. Each
solution was stirred at room temperature for 5 min, after which 5 mL of NaOH was added
(6 molL™"). The reaction was stirred at room temperature for 12 h, and then stopped by
adding HCI (5 mL, 10%), yielding a yellow precipitate. The precipitate was filtered off and
recrystallized from EtOH. The products (3a—f) were obtained in good yields and identified

by comparing spectroscopic data (1H NMR, GC-MS) with data in the literature Ferreira et.

al. 2014. [16]
O O O
N e (O
| |
o+ R
R Rs EtOH, 12 h, r.t. R; - Rs
1 2 3a-f
1a- R4=OH 2a- R,=H, R3=H
1b- R1=H 2b- R2=H, R3=OCH3
1c- cyclohexanone 2c- R,=H, R3=Br

2d- R2=R3=H
2e- R2=H, R3=Me
2f- R2:N02, R3:H

le) o} O
COT0 saacs
3a 3b

3c

fe} o} O
‘)J\/\‘\ ‘)J\/\‘/Noz
g DA DAAe
Me

3d 3e 3f

Figure 1 - Molecular structure of the synthesized chalcones
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2.4 Spectral Data

(E)-1-(2-hydroxyphenyl)-3-phenylprop-2-en-1-one (3a)

CLUTC
OH
3a
C15H1202; 224 g.mol?; yellow solid; mp = 192 °C; *H NMR (500 MHz, Chloroform) & 8.23

(d, J = 15.2 Hz, 1H), 7.63 — 7.54 (m, 4H), 7.45 — 7.38 (m, 3H), 7.34 (td, J = 7.5, 1.4 Hz,

1H), 7.01 (td, J = 7.5, 1.4 Hz, 1H), 6.94 (dd, J = 7.5, 1.4 Hz, 1H), 3.97 (s, 1H).

(E)-3-(4-methoxyphenyl)-1-phenylprop-2-en-1-one (3b)

0]

TC
OMe

C16H1402; 238 g.mol?; yellow solid; mp = 77 °C; *H NMR (400 MHz, CDCI3) & (ppm) 3.90
(s, 3H), 6.97-7.01 (m, 2H), 7.39-7.44 (m, 3H), 7.55 (d, J = 15 Hz, 1H), 7.62-7.67 (m, 2H),

7.83-7.81 (d, J = 15.6 Hz, 1H); MS (El, 70 eV) m/z =238, 223, 161, 133, 108, 77.

(E)-3-(3-bromophenyl)-1-phenylprop-2-en-1-one (3c)

AR
C15H11BrO; 287 g.mol?; yellow solid; mp = 154 °C; *H NMR (500 MHz, Chloroform) &

8.24 (d, J = 15.0 Hz, 1H), 7.83 — 7.74 (m, 3H), 7.59 (ddd, J = 9.8, 8.3, 7.5 Hz, 2H), 7.56 —

7.40 (m, 4H), 7.31 (t, J = 7.4 Hz, 1H).
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(E)-2-benzylidenecyclohexan-1-one (3d)
o)
O 0
C14H160; 200 g.mol%; yellow solid; mp= 192 °C; *H NMR (500 MHz, Chloroform) & 7.50
(dt, J=4.4, 2.3 Hz, 1H), 7.43 — 7.34 (m, 2H), 2.95 (t, J = 6.1 Hz, 1H), 2.40 (td, J = 5.5, 0.7

Hz, 1H), 1.62 (dp, J = 36.1, 5.5 Hz, 2H).

(E)-1-phenyl-3-(p-tolyl)prop-2-en-1-one (3e)
O
=
T,
C16H140; 222 g.mol?; yellow solid; mp = 107 °C; H NMR (500 MHz, Chloroform) & 8.22

(d, J = 15.2 Hz, 1H), 7.77 (dd, J = 7.5, 1.4 Hz, 2H), 7.59 (d, J = 15.2 Hz, 1H), 7.57 — 7.40

(m, 5H), 7.29 (d, J = 7.5 Hz, 2H), 2.36 (s, 3H).

(E)-3-(3-nitrophenyl)-1-phenylprop-2-en-1-one (3f)

o]
SAA b
C1sH11NOz2; 253 g.mol?; yellow solid; mp = 108-109 °C; 'H NMR (400 MHz, CDCIsz) &
(ppm) 7.55 (t, J = 7.5 Hz, 1H), 7.63 (dd, J = 7.7 Hz and 3.2 Hz, 1H), 7.67 (d, J = 15.6 Hz,

1H), 7.85 (d, J = 15.6 Hz, 1H), 7.94 (d, J = 7.7 Hz, 1H), 8.0 (s, 2H); MS (EI, 70 eV) m/z =

253, 236, 206, 178, 105, 77.
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2.5 Determination of cytotoxicity using the MTT assay

AN27, AHOL1, and U87 cells were seeded at 0.7 x 10° cells/mL in 96-well plates.
After 24 h, the tested compounds were added and incubated for 72 h at 37°C in a humid
atmosphere containing 5% COz. After incubation, the medium was changed to a fresh
medium containing 150 yL MTT (0.5 mg/mL) and incubated for 3 h. The plates were
centrifuged again, the supernatants discarded, and the precipitate resuspended in 150 pL
DMSO. To quantify Formazan using viable cells, the absorbances were read at 595 nm. A
negative control was used when 0.5% DMSO medium (solvent) was added to the cells.
Cell viability was expressed as the percentage of control cells and was calculated using
the following equation: % CV = At / Ac x 100 equation, where % CV is cell viability in
percent, At and Ac are the absorbances of treated and untreated cells, respectively, after

subtracting the absorbance from MTT [17,18].

2.6 Molecular docking

Topoisomerase Il alpha (TOPIIA) and tubulina (TUB) structures obtained using X-
ray diffraction were downloaded from Protein Data Bank (PDB) with PDB codes 1ZXM
(Homo sapiens) and 402B (Rattus norvegicus, Bos taurus. and Gallus gallus) with
resolution of 1.87 and 2.3 A, respectively [19-20]. The ligands used in the molecular
docking study were six synthetic chalcones designed and pre-optimized in MM+ in the
ACD / ChemSketch program and optimized in the HyperChem program using the semi-
empirical AM1 method [21].

The protein/linker complex obtained in the PDB was inserted into the Gold program
to validate the method, with the Phosphoaminophosphonic Acid-Adenylate Ester (ANP)
structure bound to TOPIIA (H. sapiens, PDB 1ZXM) and the TUB bound colchicine
structure (R. norvegicus, PDB 402B) and these were used as standard parameters by the

genetic algorithm [22,23]. Docking studies for TOPIIA and TUB that targeted the
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complexed test molecules were performed and visualization of the distances from the
ligand to target interactions were performed using the Discovery Studio v17.2.0.16349

software.

2.7 Statistical analysis

The results were expressed as the mean and standard deviation, and data were
analyzed using a two-way ANOVA, followed by Bonferroni's test. The inhibitory
concentration to 50% of the sample (ICs0) was calculated using sigmoidal regression in a
dose-dependent curve. The 95% confidence interval and p<0.05 were considered in all

analyzes, using Graph Pad Prism 5.0 software.

3. Results and discussion
3.1. Cytotoxicity of MTT assay

The MTT test was the first widely accepted method to evaluate cytotoxicity and cell
viability. The assay consists of the colorimetric determination performed on microtiter
plates, where the absorbance measurements were obtained at the end of the test. Its main
assumption depends on tetrazolium as an indicator of the potential for intracellular
reduction, which, in turn, assesses overall cellular status and viability [24].

The strains AHOL1 and U87 were selected to evaluate the cytotoxic effect in
neoplastic glioblastoma lines, compared to the AN27 line of healthy human fibroblasts.
Cell viability was expressed as the percentage of viable cells relative to control. The main
assumption depends on tetrazolium salt as an indicator of the intracellular reduction
potential, which assesses the cell status and global viability. The enzymatic reduction of
tetrazolium by cytosolic dehydrogenases and reducing agents results in the formation of

water insoluble violet blue formazan products [24].
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Chalcones (1,3-diaryl-2-propen-1-one) are natural intermediates of flavonoid
compounds. The core structure of chalcones consists of two aromatic rings where are
connected by a three carbon a, B-unsaturated carbonyl bridge. They are important
compounds that show biological activity and have anticancer potential [25].

The MTT assay results showed that AHOL1 and U87 cells had reduced cell viability
when exposed to molecule 3a, with an IC50 of 56.97 mg/mL and 67.96 mg/mL,
respectively, and at a concentration of 75 mg/mL at (p<0.0001) compared to the AN27
lineage that did not show reduced viability (Figure 2A). For the second molecule (3b),
viability reduction was also observed in AHOL1, with an IC50 of 36.32 mg/mL and U87
with an IC50 of 50.07 mg/mL. The AN27 line was not changed, showing a statistical
difference compared to the other strains at concentrations of 50, 75, and 100 mg/mL
(p<0.0001, Figure 2B).

Molecule 3c also promoted a reduction in the cellular viability of AHOL1 and U87,
with an IC50 of 33.95 mg/mL and 50.15 mg/mL, respectively, which was significant
compared with AN27 (p<0.001) at concentrations of 25, 50-75, and 100 mg/mL (Figure
2C). Molecule 3e reduced viability, with an IC50 27.43 mg/mL and 54.23 mg/mL for the
AHOL1 and U87 lines, respectively, which was statistically significant at concentrations of
50, 75, and 100 mg/mL compared to strain AN27 (Figure 2D).

The MTT showed that molecule 3f was effective in reducing the cell viability of the
three strains studied at concentrations above 25 mg/mL, and there was only a significant
difference at concentrations of 7.5 and 10 mg/mL (p<0.0001) between AN27 and the
glioblastoma lines AHOL1 and U87 (Figure 2F). The molecule 3d was not effective to

reduce the cell viability of the studied strains (figure 2D).

Artigo 18



(A) (B)

150+ 150+
E3 AN27 E3 AN27
£3 AHOL1 £3 AHOL1
c\o 100 E us7 c\o 1004 H § E us7
2 2
= 3
© ©
S 501 B
o : N i ¥
1 25 5 75 10 25 50 75 100 1 25 5 75 10 25 50 75 100
©) (D)
150
150+
AN27 EA AN27
£33 AHOL1 3 AHOL1
- B us7 8 100{Q I 8 us7
> > (HE ;
5 g |
N S 50 E §
isi i o H HEH HEH HEH HBH HRH HEH HEE
1 25 5 75 10 25 50 75 100 1 25 5 75 10 25 50 75 100
F
(E) 150-
150~ AN27
AN27 £9 AHOL1
B8 AHOLL ¢ 100, ¥ 85 us7
o\o 1004 E us7 é\ ] 1 H H
> ‘ 5
£ ]
= B
©
S 504
0_ H L J=1H H HEH HOH E .Eié
o i 1 25 5 75 10 25 50 75 100

1 25 5 75 10 25 50 75 100

Figure 2 - Cell viability analysis of AN27, AHOL1 and U87 by the MTT assay. (A) 3a. (B) 3b. (C) 3c. (D) 3d.
(E) 3e. (F) 3f. Two-way ANOVA, post-test of Bonferroni. *** p <0.0001.

3.2. Molecular docking study

To propose a mechanism of action for chalcones that had an effect on the reduction
of cell viability using MMT, a molecular docking study was performed for TOPIIA and TUB
targets, using the Gold software, which is one of the most frequently used and suitable
programs for anchorage studies. It is a flexible program based on genetic algorithms to
explore the full range of binder conformational flexibility with partial flexibility of the protein

and it meets the fundamental requirement that the binder should displace the water during

binding [13].
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To validate the anchoring method, ANP and colchicine structures with
crystallographic information were subjected to redocking until the results obtained by the
software were similar to crystallographic information. Comparison between ANP and
colchicine (green) crystallographic ligands and those resulting from redocking (red) are
shown in Figure 4. The RMSD values obtained were 1.0706 and 0.3313, respectively,
which is within the recommended range, as described below [26]. Thus, redocking

reproduced the experimental linking modes, validating the ligand docking.

(A) (B)

Figure 3 - Comparison between the crystallographic binder (green) and the best conformation obtained by
molecular docking (red). (A) ANP and (B) Colchicine.

After the method was validated, molecular docking was used to predict the affinity of
five synthetic chalcones with the targets under study. The docking method identified a
conformation that allowed interaction with the ANP active sites (PDB 1ZXM) that occur
between amino acid residues 87-95, 137-143, and 162-169 in the alpha helix, and
between amino acid residues 116-125, 177-183, and 214-219 for the B leaf. The
interaction sites for colchicine (PDB 402B) occur between amino acid residues 238-243
and 252-259 in the alpha helix, and between amino acid residues 135-137, 167-202,
314-318, 351-354, and 377-381 for the B sheet.

The redocking analysis for ANP identified hydrogen bonding with amino acids ASN

91, ASN 120, SER 148, ASN 163, TYR 165, GLY 166, and LYS 168. Pi-amide stacking
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occurred at ALA 92, carbo-hydrogen bonding at ASN 95 and GLY 164, Pi-alkyl bonding
was present at ILE 125, and acceptor and donor interaction occurred at SER 149 and

ARG 162, respectively (Figure 4).
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Figure 4 - Molecular redocking of ANP and interactions with Topoisomerase ll-a residues

The redocking analysis for colchicine and tubulin revealed four Pi-alkyl interactions
at CYS 241, LEU 255, ALA 316, and LYS 352. Additionally, two hydrogen-carbon bond-
type interactions that occur at amino acids ASN 258 and VAL 315; an alkyl interaction at
LEU 255; and a Pi-sulfur at the MET 259 inlet, totaling eight interactions with the molecular
target (Figure 5).

VAL
B:315
ALA

B:316 ALA

B:317

s H
B:352 CYsS
K/ B:241
MET ) H
B:259 o~ ‘
_ 0 A
Interactions \\ \ , P
:] Carbon Hydrogen Bond P
[:| Pi-Sulfur { i\ |
[ o ~
[ Pi-akyl |

LEU
B:255

Figure 5 - Colchicine molecular docking and 2D diagram of the interactions with Tubulin residues.

3.2.1. Molecular docking for topoisomerase Il-a
Topoisomerases are nuclear enzymes that control DNA folding and are essential

during transcription and replication, and topoisomerase inhibitors are among the most
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commonly used and effective anti-cancer and antibacterial drugs that bind and block the
activity of that enzyme, followed by inhibition of DNA replication [27,28].

Analysis of doxorubicin (Figure 6) indicated the presence of three hydrogen bonds,
two at ASN 91 and one at ASN 120; and two Pi-alkyl interactions at ILE 125, one at VAL
137, and two at ILE 141. There is also a hydrogen bond-carbon at SER 148, an alkyl
interaction at ALA 167, and a donor-donor bond at LYS 168, totaling 11 interactions with

the receptor.

S

ASN
A:120 ILE
A125

A, ILE
A:141

—

VAL

Interactions :SQNI /) )
|:[ Conventional Hydrogen Bond /9

[T] carbon Hydrogen Bond [n/

I nfavorable Donor-Donor " . 4 /

[ Akvi “ad d y

[ R G o

Figure 6 - Molecul‘ar docking ahd 2D diagram of doxorubicin and Topoisomerase ll-a binding pocket
interactions

For molecule 3a, two interactions with the active site were identified: a hydrogen-
carbon bond at SER 148 and a hydrogen interaction at SER 149. Molecule 3b also
presented two target sites with a hydrophobic pi-alkyl at ILE 125, and a hydrogen bond at
SER 149. Analysis of molecule 3c showed two interactions per carbon-hydrogen bond at
SER 148 and SER 149, but in the amino acid SER 148, there was an unfavorable
acceptor-acceptor interaction, a Pi-alkyl at PHE 142, and an alkyl interaction with the ILE
217 amino acid, totaling five interactions with the target (Figures 7 and 8).

Were seven interactions between molecule 3d and the target under study. Two
Amide-Pi Stacked interactions in ASN 91 and ALA 92, two Pi-alkyl interactions in ILE 125

and PHE 142, two alkyl interactions in ILE 142 and ALA 157, and a carbon-hydrogen bond
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in SER 149. Molecule 3e showed a carbon-hydrogen bond at the amino acid SER 148,
and a hydrogen bond at SER 149, totaling two interactions with the molecular target
(Figure 11). Molecule 3f analysis revealed two charge-load interactions in GLU 87, and
four hydrogen bonds at ARG 162, ASN 163, TYR 165, and GLY 166, totaling six
interactions with TOPIIA (Figures 7 and 8).

Comparative analysis of the molecular interactions with the target identified two
repeated interactions in serine (SER148-149) and isoleucine (ILE125). The amino acid
SER was present in the interactions of the ANP ligand with TOPIIA in doxorubicin and
molecules of chalcones a,b, c, e, and f, suggesting its fundamental importance in the
inhibitory effect on cell growth. Additionally, molecule 3f in the MTT test showed the lowest
selectivity between healthy and neoplastic cells, suggesting the importance of the amino
acid SER in selectivity for TOPIIA and neoplastic cells.

The drug doxorubicin targets TOPIIA and topoisomerase 2 beta (TOPIIB), and is
associated with several adverse effects and cardiotoxicity. TOPIIB is present in most
tissues, including tumors, and TOPIlla is absent in cardiac tissue; thus, selective
antineoplastic drugs for TOPIIA present more selectivity for tumoral tissue and lower
cardiotoxicity [28].

Topoisomerase inhibitors are effective, but they have limited tumor selectivity. Their
side effects and dose-limiting toxicities cause toxicity to healthy cells, which, like cancer
cells, need topoisomerases to maintain their homeostasis. TOPIIA anticancer drugs
minimize the adverse effects of non-selective drugs, such as therapy-related acute

myeloid leukemia (T-AML) and cardiotoxicity [27,29].
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D

/- SER149

Figure 7 - Molecular docking and interactions with Topoisomerase |l-a residues. (A) 3a. (B) 3b. (C) 3c. (D)
3d. (E) 3e. (F) 3f.
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Table 2 - Distances, types of interaction and gold score between binders and Topoisomera
Il alpha

Structure Aminoacide | Distanc Interaction Type Gold
S e (A) Score
ASN 91 1.75 Hydrogen bond
ASN 91 2.41 Hydrogen bond
ALA 92 4.82 Amide-Pi stacked
ALA 92 5.30 Amide-Pi stacked
ASN 95 2.60 Hydrogen-carbon bond
ASN 120 2.69 Hydrogen bond
Phosphoaminophosphon ILE 125 5.35 Pi-alkyl 76.2451
ic Acid-Adenylate Ester SER 148 2.88 Hydrogen bond
SER 149 2.60 Acceptor-acceptor
ARG 162 2.65 Donor-donor
ASN 163 1.79 Hydrogen bond
GLY 164 2.94 Hydrogen-carbon bond
TYR 165 1.91 Hydrogen bond
GLY 166 1.74 Hydrogen bond
LYS 168 2.10 Hydrogen bond
ASN 91 2.14 Hydrogen bond
ASN 91 2.96 Hydrogen bond
ASN 120 2.01 Hydrogen bond
ILE 125 4.45 Pi-alkyl
ILE 125 4.96 Pi-alkyl
Doxorrubicina VAL137 5.00 Pi-alkyl 73.6892
ILE 141 4.78 Pi-alkyl
ILE 141 5.01 Pi-alkyl
SER 148 2.43 Hydrogen-carbon bond
ALA 167 3.21 Alkyl
LYS 168 2.62 Donor-Donor
3a SER 148 3.03 Hydrogen-carbon bond | 52.7719
SER 149 1.83 Hydrogen bond
3b ILE 125 5.17 Pi-alkyl hydrophobic | 54.7246
SER 149 1.80 Hydrogen bond
PHE 142 4.79 Pi-alkyl
SER 148 2.88 Unfavorable acceptor
3c SER 148 3.02 Hydrogen-carbon bond | 54.9591
SER 149 1.85 Hydrogen-carbon bond
ILE 217 4.92 Alkyl
3d ASN 91 4.87 Amide-Pi stacked
ALA 92 4.87 Amide-Pi stacked
ILE 125 5.31 Pi-alkyl
ILE 142 3.98 Alkyl 42.7550
PHE 142 4.65 Pi-alkyl
SER 149 3.03 Hydrogen-carbon bond
ALA 167 4.53 Alkyl
36 SER 148 3.07 Hydrogen-carbon bond | 55.6680
SER 149 4.90 Hydrogen bonding
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GLU 87
GLU 87

ARG 162
3f ASN 163
TYR 165
GLY 166

4.73
5.02

1.92
2.04
2.02
1.74

Attractive Charge
Unfavorable negative-
negative
Hydrogen bond
Hydrogen bond
Hydrogen bond
Hydrogen bond

65.3370

3.2.2. Molecular docking for tubulin

Microtubules are formed by the association of a- and B-TUB heterodimers and

serve as important components of the cytoskeleton in eukaryotic cells. They are important

in the process of cell division, which makes them an important target for anticancer drugs.

Target molecules in the microtubules can act by stabilizing or destabilizing, interfering in

their dynamics, which can lead to mitotic block and cellular apoptosis. Four major binding

sites for these agents have been identified: the taxane site and the laulimalide site for

stabilizing agents, and the vinca and colchicine sites for microtubule destabilizing agents

[30,31].

Doxorubicin analysis identified six interactions: four conventional bonds, three with

LYS 254 and one with THR 353; one alkyl linkage with LYS 352; and one carbon-hydroxyl

linkage with amino acid LYS 254 (Figure 9).

Interactions
- Unfavorable Bump

[: Alkyl

[:] Conventional Hydrogen Bond
I:] Carbon Hydrogen Bond

THR
B:353

Figure 9 - Molecular docking and 2D diagram of doxorubicin and Tubulin binding pocket interactions
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Molecule 3a showed five interactions with the tubulin site, three Pi-alkyl interactions
with LEU 242, LEU 255, and LYS 352; a Pi-sulfur bond with MET 259; and a Pi-sigma
bond with CYS 241. For molecule 3b, there were four Pi-alkyl interactions at ALA 316, LYS
352, LYS 352, and ALA 354; and a LYS 254 carbon-hydrogen bond, totaling five
interactions. molecule 3c showed three Pl-alkyl interactions at CYS 241, LEU 255, and
LYS 352, two alkyl interactions at CYS 241 and ILE 318; an amide-Pi stacked ASN 258
interaction; and a Pi-sulfur bond MET 259 (Figures 10 and 11).

Three Pi-alkyl interactions were identified between molecule 3d and tubulin site in
amino acids CYS 241, LEU 242 and LEU 255, and three alkyl interactions in LEU 255,
ALA 316 and LYS 352. Analysis of the docking between molecule 3e and tubulin showed
two alkyl interactions at CYS 241 and LEU 242, four Pi-alkyl bonds at MET 259, ALA 316,
CYS 241, and LYS 352; a Pi-sigma bond at LEU 255; and a hydrogen bond at ASN 258.
Molecule 3f showed two Pi-alkyl interactions at LYS 352, and two hydrogen bonds at ASN
258 and THR 353 (Figures 10 and 11).

Comparative analysis of the colchicine binder; doxorubicin, which is used clinically;
and the molecules in this study identified the amino acid LYS 352 that was present at all
interactions. This suggests that LYS 352 is the main amino acid that interacts with tubulin,
and a second amino acid, CYS 241, may also be related to the reduction in the Gold score
for interactions in which it is not present (doxorubicin, molecule 3b, and molecule 3f).

The microtubule plays an important role in fundamental cellular processes such as
cell division; maintaining cellular integrity; and regulating motility, cell signaling, cellular
secretion, and intracellular transport. Therefore, inhibition of microtubule function seems to
be a strong approach for anticancer therapy. The unique feature of microtubule binding
agents in contrast to other anticancer drug categories is their complexity and structural

diversity, which offers many possibilities for scaffold optimization and design [32].
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Figure 10 - Molecular docking and interactions with Tubulin residues. (A) 3a. (B) 3b. (C) 3c. (D) 3d. (E) 3e.
(F) 3f.
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Table 3 - Distances, types of interaction and gold score between binders and TUB

Structure Aminoacides | Distance (A) Interaction Type Gold Score
CYS 241 5.50 Pi-Alkyl
LEU 255 4.21 Pi-Alkyl
LEU 255 5.00 Alkyl
- ASN 258 3.04 Hydrogen-carbon bond
Colchicina | \ET 259 5.23 Pi-Sulfur 80.0201
VAL 315 2.49 Hydrogen-carbon bond
ALA 316 5.45 Pi-Alkyl
LYS 352 4.20 Pi-Alkyl
LYS 254 1.47 Conventional Connection
LYS 254 2.78 Conventional
. LYS 254 2.59 Hydrogen-carbon bond
Doxorrubicina LYS 254 2.81 Conventional 54.0183
LYS 352 3.91 Alkyl
THR3 353 2.02 Conventional
CYS 241 2.80 Pi-Sigma
LEU 242 5.15 Pi-Alkyl
3a LEU 255 4.43 Pi-Alkyl 57.6683
MET 259 5.13 Pi-Sulfur
LYS 352 4.65 Pi-Alkyl
LYS 254 2.63 Hydrogen-carbon bond
ALA 316 5.10 Pi-Alkyl
3b LYS 352 4.80 Pi-Alkyl 52.9918
LYS 352 4.95 Pi-Alkyl
ALA 354 5.15 Pi-Alkyl
CYS 241 3.55 Alkyl
CYS 241 4.58 Pi-Alkyl
LEU 255 4.20 Pi-Alkyl
3c ASN 258 4.74 Amide-Pi stacked 59.1093
MET 259 4.96 Pi-Sulfur
ILE 318 4.35 Alkyl
LYS 352 4.81 Pi-alkyl
CYS 241 4.45 Pi-Alkyl
LEU 242 4.81 Pi-Alkyl
LEU 255 5.35 Alkyl
3d LEU 255 4.35 Pi-Alkyl 43.5491
ALA 316 4.56 Alkyl
LYS 352 5.40 Alkyl
CYS 241 4.10 Alkyl
CYS 241 491 Pi-alkyl
LEU 242 3.74 Alkyl
LEU 255 2.68 Pi-sigma
3e ASN 258 2.80 Hydrogen bond 59.2652
MET 259 4.99 Pi-Alkyl
ALA 316 5.42 Pi-Alkyl
LYS 352 4.09 Pi-Alkyl
ASN 258 2.11 Hydrogen bond
LYS 352 4.87 Pi-Alkyl
3f LYS 352 4.97 Pi-Alkyl 53.8388
THR 353 2.78 Pi-Donor Hydrogen bond
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Conclusions

The antineoplastic activity of the six molecules was tested using AHOL1 and U87
glioblastoma lines, and a significant reduction of cell viability was observed compared with
the AN27 healthy lineage. MTT results are consistent with predictions of molecular
docking, where the molecules under analysis coupled to the target in a manner similar to
doxorubicin and to the ligand that was coupled to the PDB. The amino acids serine
(SER148-149) and isoleucine (ILE125) are potentially the most important for interaction
with TOPIIA. For TUB, the amino acid LYS 352 is present in all the moieties, suggesting
that LYS 352 is the main amino acid that interacts with the target. Additionally, the

interactions occur mainly by alkylation of these amino acids. More studies are required.
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5 CONSIDERAGOES FINAIS E PERSPECTIVAS

Ocorreu reducao da viabilidade celular das linhagens de glioblastoma AHOL1 e
U87, expostas as chalconas, quando comparadas a viabilidade celular da linhagem

AN27 saudavel;

Os resultados do MTT sé&o consistentes com as previsdes de docking molecular,
onde as moléculas analisadas se acoplaram ao alvo de maneira similar a

doxorrubicina e ao ligante que estava acoplado ao PDB;

Os aminoacidos serina (SER148-149) e isoleucina (ILE125) sdo potencialmente os

mais importantes para interagdo com TOPIIA;

Para TUB, o aminoacido LYS 352 esta presente em todas as fra¢des, sugerindo
que o LYS 352 é o principal aminoacido que interage com o alvo. Além disso, as
interagbes ocorrem principalmente por alquilagdo desses aminoacidos. Mais

estudos sao necessarios;

S80 necessarios estudos complementares in silico e in vivo, para garantir
efetividade e seguranca do uso dessas moléculas. Além de, melhor elucidar os

mecanismos envolvidos na acdo antineoplasica.
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GUIDE FOR AUTHORS

Yoir Papar Your Way

We now differentiate between the requirements for new and revised submissions. ¥You may choose to
submit your manuscript as a single Word or FOF file to be used in the referesing process. Only when
our paper is at the revision stage, will you be reguested to put your paper in to a “commect format’

E:Irl:l:l[.l:rl:l ard provide the tems reguired for the publication of your article.

To find out more, please visit the Preparation section below.

INTRODUCTION

The Ewopean fournal of Medicinal Chemistry (EIMECH) publishes studies on all aspects of medicinal
chemistry, including nic synthesis; biclogical behavior; pharmacological actvity; design;
CICAR: rrml.mhrrnnmr ; drug-receptor interactions; rru:llzl.hrm-ufdmp metabalismi; pro-
drug synthesis and drug tangeting. The journal accepts papers from any country in this workd.

Typas of Contribisfions
The journal provides a medium for publication of the following artiches:

Original papers are full papers describing onginal research of high scwentific level and timeliness. They
are definfthve reports an a full study.

Shorf communicatians are shorter pleces of work and report hmmed studies of the same level as
described in original papers.

Prelvminary commumicriions are also limited studies but descnibe particularty nowel and significant
new findings which shall be developed further in the future.

Labaratory nofes are forused on practical aspects. They may deal with an ariginal synthess of a seres
of compounds or with new pharmacological methods.

Review articles are spedally commissioned by the Editors and may embrace the results of varous
workers in a given area or may feature recent developments from the author's own bboatory. &

review that is distinguished by a novel iInterpretation or representation of earlier findings s especially
suitable. The Editors welcome inguiries concemning the suitabilty of a particular topic for a review

article. In addition, a book review section appears in the journal from time to time

Contact Details for Submission

The Ewropean Journai of Medicinai Chemistry uses a web-based online manuscnpt submission
and resiew system. Authors must submit their manuscript wia the online submission page
hitp: /f ees eisevier.com/gmech

Submisgion chacklist
You can use this list to carry out a final check of your submission before you send it to the journal for
resies. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following tems are present:

One author has been designated as the cormesponding author with contact details:
* E-mail address
* Full postal address

All necessary files have been uploaded:

Manuscrigi-
" ]I'Il:l:hlld-l keywaords

 All figures {include relevant captions )

# All tables (including titles, description, footnates)

» Ensure all figure and table citatiors in the text match the files provided
+ Indicate ciearly  color should be used for any figures in print
Graphical Abstracts / Highiights files [where applicabie)
Supplemental files (whene applicabie)
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Further considerations

« Manuscript has been ‘spell checked” and ‘gammar chedoed'

# All references menticned in the Referenoe List ane cited in the text, and vice wersa

* Permission has been obtained for use of copyrighted matertal from other sources (including the
[ntermet)

# & competing Interests statement s provided, even if the authors have no competing inkerests to
dieclare

# Joumal polides detailed in this guide have been reviewed
* Referee suggestions and contact details provided, based on journal requiremsents

For further informaticn, wisit our Support Center.

BEFORE YOU BEGIN
Eilies in publishing
Flease see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

Human and animal rights

If the work Involves the use of human subjects, the author should ensure that the work described has
been carried out in acoordance with The Code of Ethics of the World Medical Assodation (Declaration
of Helsinkd) for experiments involving humans; Uniform Reguirements for manuscripts submitted to
Biomedical jourmials. Authors should inclede 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 camied out in
accordance with the UK. Animals (Scientfic Procedures) Act, 19864 and assodated guidelines, EU
Directive 2010/63/EU for animal experiments, or the Natioral Institutes of Health guide for the care
and use of Laboratory animals (NIH Publications Mao. BO23, revised 1978) and the authors should
diearty indicate in the manuscript that such guidelines fave been followed.

In addition to the contents of the Directive 2010/63/EU Authors of papers submitted to EIMECH are
encouraged to reduce a5 much as possible animal testing. Indeed, animal testing should be limited
to the study of compounds that have already demonstrated enocwgh interest in 7 i experiments.
[t should not be used as a general screening method.

Daclaration of intarast

All authors must disclose finrandal and persocnal relationships with other pecple or nizations
that could inappropriately influence (blas) their work. Eﬂnﬂugputuﬁmﬂldsnfhﬁlrdudt
employment, consultancies, stock ownership, honoraria, paid expert testimony, patent applications/
registrations, and grants or other funding. Authors must disdose any interests in two places: 1. A
summary declaration of interest statement in the title page file {if double-blind) or the manuscript file
(if single-blind}. If there are no interests to declre then please state this: 'Declarations of interest:
none’. This summary statement will be vibimately published  the arbide iIs accepted. 2. Detadled
disclosures a5 part of a separate Declaration of Interest form, which forms part of the joumnal's official
records. It is important for potental intenests to be declared in both places and that the information
matches. Mone information.

LSubmission declaration and variiTcalion

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

nt, see ™Multiple, redundant or concurrent publication' section of cur ethics policy for more
information), that & & not under consideration publication elsewhere, that its publication s

approwved by all authors and tacily or explidtly by the responsible authorities where the work was
carmied out, and that, if accepted, & will not be publshed elsewhere in the same form, in English or

in any other language, induding electronically without the witten consent of the copyright-holder. To
werify ariginality, your articie may be checked by the onginality detection service CrossiCheck.

Contributors

Each author is required to declare his or her individual contribution to the article: all authors must have
materially participated in the research and/or article preparation, o roles for all authors should be
described. The statement that all authors have approved the final artidke should be true and indluded
in the disclosure.
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Changes o authorship

Authors are expected to consider carefully the st and order of authors before submitting their
manuscript and provide the definitrve list of authors at the time of the oniginal submission. Any
addition, deletion or rearmangement of author rames in the authorship st should be made only
before the manuscoript has been accepted and only if approved by the journal Editor. To reguest such
a change, the Editor must receive the following the corresponding awthor: (a) the reason
far the change in author list and {b) written confirmation (e-maill, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addmon or removal of authors,
this indudes confirmation from the author being added or removed.

Only in exceptional oroumstances will the Edmor corsider the addtion, deletion or rearmrangement of
authors affter the manuscript has been accepted. While the Edfor corsiders the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online ssue,
ary requests approved by the Edtor will result in a comgendumn.

Article transfer sarvice

This journal is part of our Article Transfer Service. This means that i the Editor feels your article s
more suitable in one of our octher participating joumnals, then you may be asked to consider transferring

the article to one of thase. If you agree, your arbide will be transferred a on your behalf
with no need to reformat. Please note that your article will be reviewed again by nerw journal.
More information.

Capyrighi

Upon acoeptance of an artide, authors will be asked to complete a “Joumnal Publishing Agreement’ (see
miore information on this). An e-mail will be sent to the comesponding awthor confirming receipt of
the manuscript together with a “Journal Publishing Agreement’ form or a link to the online version
of this agreement.

Subscribers may re uoe tables of contents arwﬁ:rlllsh-uf arbdes induding abstracts for intermal
circulation within their institutions. Permission of Fublisher is required for resale or distribution
outside the insttution and for all other dervatree works, including compilatiors and transiabons. If
excerpts from other copyrighted works are included, the authon(s) must obtain writhen permission
from the copyright owners and credit the sourceds) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For open access articles: Upon acceptance of an articke, authors will be asked to complete an
'‘Exclusive Lioense Agreement’ (mone information). Permitted third party reuse of open acoess arbides
is determined by the author's choioe of user license.

Author nights
As an author you {or your employer or insttution)) have certain rights to rewse your worke More
information.

Elsevier sypparts responsiiyve sharing
Find out how you can share your ressarch published in Elsevier journals.

Role of the funding Source

You are reguested to identify who provided finandal support for the conduct of the research and/or
preparation aof the articke and to briefly describe the role of the sponsor(s),  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 sourceds) had no such irvalvement then this showld
be stated.

Funding body agreements and polioes

Elsevier has established a number of agreements with funding bodies which allow authors to

with their funder's open acoess policies. Some funding bodies will neimburse the author for the Open

Apcess Publication Fee. Details of existing agreements ane available online.

Open sooass
This journal offers authors a choice in publishing therr reseanch:

 Articles are made available to subscribers as well as developing countries and patient groups through
our universal acoess programs.
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* Mo open acoess publication fee payable by authors.

OJpen acoess

# Articies are freely avadlable to both subsrbers and the wider public with permitted reuse.

* An open acoess publication fee s payable by authors or on their behalf, e.g. by their reseanch funder
o Instrution.

Fegardless of how you choose to publish your article, the journal will apply the same peer review
oriteria and acceptance standards.

For open access articles, permitted third party {rejuse is defined by the following Creative Commons
usaer lioenses:

Cregtive Commans Aftrbutian [(CC 8Y)
Lets others distribute and copy the article, create extracts, abstracts, and other revised versions,
adaptations or derivative works of or from an article (such as a trarsiation), 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 al.l:hnr{nﬂ do not represent the author as endorsing their adaptation of the artide,
and do not modify the article in such a way as to damage the author's hanor or reputation.

Cregtive Commans Atnbutian-NonCommenia-NoDenvs (OC 8Y-NC-NDY)

For nor-commercial purpases, lets others distribute and copy the artide, and to include in 2 collective
work (such a5 an anthology), as long as they credit the authoris) and prowvided they do not alter or
modify the artiche.

The open access publication fee for this joumnal s USD 3250, excluding taxes. Learn more about
Elsevier's pndng policy: hitps://www_sisevier.com/openacoesspricng.

Green open access

Authors can share thesr research in a vanety of different ways and Elsevier has a number of
gresn open acoess opbions awvailable. We recommend authors see our green open acoess page for
further information. Authors can also seff-archive their manuscripts immediately and enable pubdic
acoess from their institution's repository after an embango - This is the wersion that has besn
acoe for publication and which typically includes author-incorporated changes suggested dur
El.ll:lTF::'H:H'I_. E:u' review and In -ll:l'l:nrhlul.‘!llli'rur communications. Embargo period: F-Eri| :ul:u.:rlpl:lﬁ
articlkes, ana amount of time 5 nesded for journals to deliver value to subscr customers
before an article mes freely available to the public. This & the embargo period and it begins from
the date the artide is formally published online in &= final and fully dtable forme Find out mone.

This journal has an embargo period of 24 months.

Elseviar Publishing Campus

The Elsewser Publishing Campus (www.publishingcampus.com) is an online platform offering free
lectures, interactive training and professional advice to support you in publishing your ru.-la The
College of Skills training offers modules on how to prepare, write and structure your article and
explains how editors will look: at your paper when it is submitted for publication. Use these resounoes,
and mare, to ensure that your submission will be the best that you can make it

Language (usage and ediffng servioes)
Flease wirite your text in good English (American or Brtish usage is acoepted, but not a mibcture of
these). Authors who feel their Englsh I-HELIPI manusonipk rnﬂ.I require ediing to eiminate

o cormect soemtfic

grammatical or spelling ermors and to English may wish to use the English
Language Editing service avallable from Blsevier's WebShop.

Submisgion

Cwr 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. Edrable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All commespondence, including notification of the Editor's decision and reguests for
revision, Is sent by e-mail.

Referess

Flease submit the names and insttutional e-mail addresses of several potential referees. For more
details, visit our Support site. Mote that the editor retains the sole right to decide whether or not the
suggested reviewers ane used.
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FREPARATION

NEW SUBMISSIONS

Submission to this joumal procesds wtally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically cormeerts your files to a single FOF file, which
is used in the peer-revies prooess.

Az part of the Your Faper Your Way service, you may choose to submit your manuscript 25 a single file

to be used in the refereeing process. This can be a PDF file or 2 ‘Word dooument, in any format or Lay-
out that can be used by rees to ewvaluate your manuscnipt. [t should contain high enough guality

figures for refereeing. If you prefer to do so, you may still provide all or some of the source files at
the initial submission. Flease note that indreidual figure fies larger than 10 MB must be upicaded
separabehy.

References

There are no strict requirements on reference formatting at submission. References can be in any style
or format as long as the s consistent. ‘Where applicable, authoris) name{s), joumal title/book
tithe, :Iupt-u'tl:ll.faru:ltﬂ: year of publication, volume number/book chapter and the pagination
must be present. Use of DOL s highly encouraged. The reference style used by the joumnal will be

ied to the rticks oy Esevier atth Note that ing data will be b hibmd
S oot Siage for e St 1 corract T prU0F SRS resing dara wil e Rianls

Formaifiing requiremenis

There are no strict formatting requinements but all manuscripks must contadn the essential slements
needed to oo manusipt, for example Abstract, Eeywords, Introduction, Materaks and
Methods, Hﬂhmiﬂ,twnﬂmm Mﬁluﬂt ard TIIE:E with Captions.

tf your article indudes any Videos andfor other Supplementary materal, this should be induded in
your imitial submission for peer review punposss .

Divide the artiche irbo dearty defined sections.

Figures and tahiss embedded in text
Flease ersure the figures and the tables included in the single file are placed next to the relevant text

in the manuscoript, mther than at the bothom or the top of the file The comesponding caption showld
be placed directly below the figure or tabie.

Pear raview

This journal rates a single blind review process. All contributions will be inftally assessed by the
-ll:H:-:fI‘nr SI.II';'.I'F;.'IZ'F' far I:I':Iij-m.lnul Fapers deemed suftable are then typically sent o a mIrHrnI:le off
twa indepeEndent expert reviewers to assess the scientific g of the paper. The Editor is responsible
far the final dedsion regarding acoeptance or rejection of es. The Editor's dedsion is final. Mare
information on types of peer review.

REVISED SUBMISSIONS

Uise of word processing saftware

Fegardless of the file format of the criginal submission, at revision you muost provide us with an
editable file of the entine artide. Keep the layout of the text as simple as possible. Most formatting
codes willl be rermosed and replaced on processing the artide. The electronic text should be

in a way very similar to that of conventional manuscipts (see also the Guide to Publishing with
Elsevier). See also the section on Elecironic arbeork.

Ta UNNEeCESSary &mmors you are strongly advised to use the ‘speli-chedk' and ‘grammar-check!'
functions of your word processor.

Essaniial ifHa paga information

s Tithe. Concise and informative. Titles are often wsed in informabior-retrieval systems. Asoid
abbreviabons and formulae where possible.

* Author names and affiiiations. Fiease ciearly Indicate the given name(s] and famaly nameis)
of exch author and check that all names are accurately speled. You can add your name betwesn
parentheses in your own soipt behind the English transiteration. Present the authors” affiliation
addresses (where the actual work was done) below the names. Indicate all affilations with a lower-
case superscript letber immediately after the author's name and in front of the appropriate address.
Frovide the full postal address of each affiliation, induding the country name and, if available, the
e-mail address of each author.
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+ Corresponding awthor. Ciearly indicate who will handie comespondence at all stages of refereeing
and publication, also past-publication. This responsibility iIndudes answering any future queres about
Methaoology and Materials. Ensure that the e-mall address is given and that contact detalis
are kept up to date by the corresponding author.

+ Presant) parmanent sddress. If an author has moved since the work descrbed in the arbcle was

done, or was visting at the time, a ‘Present address’ (or 'PFermanent address') may be indicated as
a footnobe to that author's namse. The address at which the aothor actually did the waork must be

retained as the main, affiliabion address. Superscript Ambic numerals are used for such footnotes.

abstract
A graphical abstract is mandatory for this journal. It should summartze the contents of the article in
a concise, pictorial form designed to capture the attention of 2 wide readership online. Authors must
provide images that cleardy represent the work described in the article. Graphical abstracts should be
submitted as a separate file in the online submission system. [mage size: please & an im
with a minimum of 531 = 1328 pxels (h » w) or proportionally mone. The image should be
at a szeaf & = 13 cm using a reguiar screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF
or MS Office files. You can view Example Graphical Abstracts on our information sibe.
Authors can make use of Elsevier's 1llustration Services to ensune the best presentation of their images
aiso in accordance with all techrical requirements.

Highlights

Highlights are mandatory for this joumal. They consist of a short collection of bullet points that
convey the core findings of the arbide 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 § buliet points
(maximum 25 characters, including spaces, per buliet point). You can wiew sxample Highlights
our informabion sme.

Kaywords

Immediately after the abstract, provide a maximum of & keywords, using American speling and
avoiding general and plural terms and multiple concepts (2void, for eample, “and’, "of’). Be sparing

with abbreviations: only abbreviations firmly established in the field may be eligiblke. These keywords
will be used for indexing purposes.

Abbrevighons

Define abbreviabions that are not standard in this field in a footnote to be placed on the first
of the article. Such abbresiations that are unawoidable in the abstract must be defined at their first
mention there, a5 well as in the footnote. Ensune consistency of abbreviations throughout the arbde.

Ex parimantal

Analytical data should be included for ecamination by the edifor and referees. However, these data
will not be printed f th ree within within & 0.4 % with calculated values, but may be nated as
fallows: "nluml C14415N :1---|_F C, H, M, O}, with the menboning under Expenmental protocois: “Analyses
indicated by the symbols of the dlements or functons were within & 0.4 % of the theoretical values”.

Charactarization of prépamd compodnds
Organic compounds:

Sufficient experimental information should be given by the authors. In particular “su ry
material for publiation online® should be constructed for all papers which should at least include
representative 1H and 13C NMR spectra. Metal complexes:

x-Ray orystal structural determinations ane required for metal complexes.

Ackn

Coliate acknowledgements in a separate section at the end of the articie before the references and do
not, therefore, include them on the title page, as a footnote o the tthe or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proaf reading the arbide, etc. ).

Formatting of funding sources
List funding sources in this standand way to faciitate complance to funder's reguirements:
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Funding: This work was supported by the National Institutes of Health [grant numbers oo, yyy);
the Bill & Melinda Gates Foundation, Seattie, Wa [grant number zzzz]; and the United States Institutes

of Peace [grant number aaaa).

It &5 not necessary to include detaidled desoriptions on the program or type of grants and awards. When
funding i from a block grant or other resources available to a university, coliege, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been prowvided for the research, please indude the following sentence:

This ressarch did not receive any specific grant from funding agencies in the public, commerdal, or
nat~for-profit sectors.

Nomendalurs
The author i responsible for prowviding the cormect nomenclature which must be consistent and
unambiguous. The use of chemical names for drugs is prefermed.

Mafy formiaa

Flease submit math equabions as edmable test and not as iImages. 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., 5. In prindple, variables are to be presented in talics. Fowers of & are often
more conveniently denoted by exp. Mumber consecutively any eguations that have to be displayed
separately from the text (f referred to explictly in the text).

Footnoies

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors build footnotes into the text, and this feature may be used. Should this not be the ase,
indicate the position of footnotes in the text and present the footnotes themsehees separately at the
end of the article.

Artwork

Elactronic arhwork

Ganeral poinis

* Make sure you use uniform lettening and sizing of your onginal arteorik.

* Preferred fonts: Anal (or Melvetica), Times few Roman (or Times], Symbol, Courler.

« Mumber the llustrations acconding to their seguence in the text

# Use a logical naming comeention for your arbeark files.

 Indicate per figure It it s a single, 1.5 or 2-column fitting image.

* For Word submissions only, you may still provide figures and their captions, and tables within a
cinghe file at the revision

» Flease note that indhvidual figure files langer than 10 MB must be provided in separate souroe files.
A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detalled Information are glven here.
Formats

Fegardless of the application used, when your eledtronic artwork s finalized, please 'save as' or
conwvert the iImages to one of the following formats (note the resolution reguirements for line drawings,
hatftones, and linefhaiftone combinations grven below]:

EFS (or PDF): Vector drawings. Embed the font or save the text as ‘graphics’.

TIFF {or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF [or .FE;: Bitmapped line drawings: wse 2 minimum of 1000 dpl.

TIFF Eurr-J:'F'E]: Combinations bitmapped lingfhalf-tone (color or grayscale): a minimum of 500 dpi
is mequirsd.

Flease do not:

« Supply files that ane ocptimized for screen use (e.g., GIF, BMP, PICT, WFG); the nesolution is too low.
« Supply files that are too low in resclution.

# Submit graphics that are disproportionately lange for the content-

Cofor arhwork

Flease make sure that artwork files are in an acoceptable format (TIFF (or JPEG), EFS (or FDF), or
MS Office files) and with the cormect resolution. If, together with your accepted article, you su
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in colar online (e.g., Sdencebirect and other sites) regardiess of whether or not these illustrations
are reproduced 0 oodor in the printed version. For color reprodection in print, youo will recelve
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information regarding the costs from Elsevier after recelpt of accepted articlhe. Piease
indicate your preference for color: in print or online onby. Further information on the preparation of
electronic artworlk.

Figure captions

Ensure that each illustration has a caption. A caption should comprise a bref title (not on the figure
itseif) and a description of the iliustration. Keep test in the lliustrations themselves to a minimum but
explain all symbolks and abbreviations used.

Text
Text graphics may be embedded in the text at the appropriate position. If you are working with LaTeX

and hiave such features embedded in the text, these cn be lefs. See further under Electranic artwork.

Tables

Flease submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the artide, or on separate page{s) at the end. Mumber tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
=|:|-|||1'E-:1 the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the artide. Flease avold using vertical rules and shading in table cells.

Refarences

Citation in fext

Flease ensure that ewery reference dted in the text is also present in the reference bist (and vice
versa). Any references dted in the abstract must be given in full. Unpublished resvits 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
jourmal and shouid indude a substtution of the publication date with either Unpublshed results' or
‘Fersonal communication”. Citation of a reference as ‘in press’ implies that the item has been accepted
far publication._

Web references

A5 a manimwm, the full URL should be gven and the date when the referenoe was last accessed. Any
further information, if known (DOL, author names, dates, reference to a source publication, efr. ),
chould also be green. 'Web references can be listed sepamately (e.g., after the reference list) under a
different heading i desired, or can be included in the reference list.

Dara references

This journal encourages you to dte underiying or relevant datasats in your manuscript by citing them
in your text and inciuding a data reference in your Reference List Data references should indude the
following elements: author names), dataset titie, data repository, wersion (where available), year,
and global persistent identsfier Add [dataset] immediately before the reference so we can property
identify it a5 a data reference. The [dataset] identifer will not appear in your published article.

References (n 3 speciai issuve
Flease ensure that the words ‘this issue’ are added T any references in the list (and any citations in
the text) to other artickes in the same Spedal Issue.

Reference management sofhware

Most Elsevier joumnals have their reference template availlable in many of the most popular reference
maragement software products. These indude all preducts that support Citation Style Language
stybes, such as Mendeley and Zotero, as well as Endiote Using the word processor plug-ins from
these products, authors only need to select the appropriate journal template when preparing their
article, after which dtations and babl phies will be auvtomabcilly formatted in the joumals style.
If no template is yet avadlable far m:]'i:m:l, please follow the format of the sample d-rm::lrd
citations as shown in this Guide.

Users of Mendeley Deskctop can easily install the referenoe stybe for this journal by didong the foliowing
link:

hitp:/fopen.mendeley. com/use-citation—style/eurapean-journal-of-medidnal-chemistry

When preparing your manusript, you will then be able to sslect this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.
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Reference fommadting
There ane no strict requinements on reference formatting at submission. References can be in any style
or format as | a5 the s consistent ‘Where applicable, author(s) name(s), journal ttie/boak
tithe, dw?l;l;jamdtﬂ: year of publication, volume nl.rnl:rlrjﬁ :th-_:"]E the pagination
must be present. Use of DOIL & highly encouraged. The reference style used by the journal will be
applied to the acoe articke by Elsevier at the proof stage. Note that missing data will be b hited
amﬂmhmmﬁm If you do wish to furmal:hnfmﬁu "'-:un'.li’H'E_.l-I:EmH
be armanged according to the following examiples:
Reference style

Text: Indicate references by number(s) in sguare brackets in line with the text. The actual authors
can be referred to, but the reference number{s] must always be ghwen.

Example: '..... as demorstrated [3,8]). Bamaby and Jones [8] obtained a different resuit ._..*
Ligt: Number the references (numbers in squane bradkoets) in the list in the onder in which they appear
in the text.
£ =

Reference to a journal publcation:

[1] ). van der Geer, 1.A_]. Hanraads, R.A_ Lupton, The art of writing a scientific article, J. Sci. Commun.
163 [2000) 51-53.

Feference to a book:

[2] W. Strunik Jr, EB. White, The Blements of Style, fourth ed., Longman, New Yorik, 2004
Feference to a chapter in an edited boaok:

3] G.R. Mettam, L B. Adams, How to prepare an electronic version of your artide, in: B.5. Jones, R.Z.

mith {Eds.], Introduction to the Electronic Age, E-Publishing Inc, Mew York, 2009, pp. 281-304.
Feference to a website:

[#] Cancer Resesmrch UK, Cancer statistics neports for the UK. hithpcffsrsw. canoermeseanchiuk. cng)f
aboutcancer/statistics/ cancerstatereporty, 2003 (acoessed 12 March 2003

Reference to a dataset:

[dataset] [5] ™. Oguro, 5. Imahiro, 5. Satto, T. Nakashizuka, Mortality data for Japanese oak wit

disease and surrounding forest compositions, Mendeley Data, v1, 201%. https:/fdol.orgf10. 1 G332
wwjIBnbIGr 1.

Video

Elsevier acoepts wideo matenal and animation sequences to support and enhance your sowentific
research. Awthors whao hawe wideo or animation files that they wish to submit with their artide ame
strongly encouraged to incude links to these within the body of the articlke. This can be done in the
same way as a figure or able by referring to the video or animation content and noting in the body
text where it should be placed. all submitted files should be properly labeled so that they directy
relate to the video file's content. . In order to enswne that your video or animation material is directy
usable, please provide the file in one of our recommended file formats with a prefermed maximum
sire of 150 MB per file, 1 GB in total Video and animation files suppled will be published online in
the electronic version of your article in Elsevier Web produds, including ScienceDirect. Please supply
‘stills’ with your files: you can choose any fmme 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. Nobte: since video and animation
cannot be embedded in the print version of the jounal, please prowide text for both the electronic
and the print version for the portions of the article that refer to this content.

Supplementary material

5 emantary material swuch as ications, im and sourd clips, can be publshed with r
HFEFI‘LHJIHMFI!.IEI!‘_SMM uﬁmmmﬁ-mﬂw I:|n5'.|FI;|:I'||I as&w?““'ld{F_l'::J
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 prooess, please make sure to provide an updated file.
Co not annotate any comections on a previous version. Flease switch off the "Track Changes' option
in Micrasoft Office files as these will appear in the published wersion.
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RESEARCH DATA

This journal encourages and enables you to share data that supports your ressarch publication
where appropriate, and enables you to interfink the data with your published arbdes. Research data
refers o the resuits of obsenations or expenmentation that valdate research findings. To facilitate
reproducibiiity and data reuse, this journal also encourages you to share your software, code, models,
algarithms, protocols, methods and other useful materials related to the project.

Below are a3 number of ways in which you can associate data with your articke or make a satement
about the availability of your data when submitting your manusaipt. If you are sharing data in one of
these ways, you are encouraged to dte the data in your manuscript and reference list. Fiease refer to
the “References® section for more information about data ciation. For more information on deposibang,
shaning and using research data and other relevant research materals, visit the research data page.

Data Wnking

If you have made your research data available in a data repository, you can link your arbde directly to
the dataset. Elsevier collaborates with 2 numiber of nepositores ta link arbides on Scencelirect with
relevant repositories, giving readers acoess to undertying data that grees them a better understanding
of the research described.

There are different ways to link your datasets to your articke. When available, you can directly iink
your dataset to your artide by providing the relesant information in the submission system. For mare

information, visit the database lnking page.

For supported data repositories a repository banner will automatically appear next to your published
articke an Scencelinect

In addmion, you can link to relevant data or entibes through dentsfiers within the text of your
maruscript, using the following format: Database: woo (eeg., TAIR: AT1G01020; CODC: 734053;

FDB: 1XFN).

chata
is journal supports Open data, erabling authors to submit any aw (unprocessed) research data
with their article for open access publication under the COC BY license. More informadtion.

Mendeley Data

This joumal supports Mendeley Data, enabling you to deposit any reseanch data (indluding aw and
processed data, wideo, code, software, algorthms, protocols, and methods) associated with your
manuscript in a free-to-use, open acoess repository. Before submitting your article, you can deposit

the relevant datasets to Mendeley Data. Please indude the DOI of the deposited dataset(s) in your
main manuscript file. The datasets will be listed and directly accessible to readers next to your

published articke cnline.

For mare information, wisit the Mendeley Data for journals page.

Data in Sna’

You have the option of converting any or all parts of your supplementary or additioral raw data into
one or multiple data articles, a new kind of articke that houses and describes your data. Cata arbides
ersure that your data s actively reviesed, curated, formatbed, indexed, gaeen a D01 and publicty
available to all I:||.l;.|-|:|-|'| E.l:ﬂh:atl-m'l You ane encouraged to submit your article for Data in Bnaf a5 an
additioral em directly alongside the revised version of your manuscript- If your research arbide s

acoepted, your data artide will astomatically be transferred over to Dafa i Bref whene it will be
edtarially reviewed and published in the open acoess data journal, Data i Snef. Please note an apen

acoess fee of 500 USD is payabile for publication in Dafa in Bref. Full detadls can be found on the Data
in Brief website. Please use this template to write your Cata in Brief.

Methodsx

You have the option of conwerting relevant protocols and methods into one or muitiple MethodsX
artickes, a new kind of article that describes the details of customized research methods. Many
researchiers nd a significant amount of time on developing methods o fit their specific needs or
setting, but without getting creds for this part of their work. MethodsX, an open acoess journal,
naw pubilishes this information in order to make it searchabie, peer reviewed, ofable and reproducible.

Authars are encouraged to submit their MethodsX articke as an addtional item directly alongside the
revised version of their manusmipt. If your research article is accepted, your methods article will
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automatically be transferred ower to MethodsX where it will be edmomaily reviewed. Flease note an
open access fee s payable for publication in MethodsX. Full details can be found on the MethodsX
website. Please use this template to prepane your MethodsX article

Cata statemeant

To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or insttution. If your data is unavailable to acoess
or unsuitable to post, you will the opportunity to indicate why duning the submission process,
far example by stating that the research data i5 confidential The statement will appear with your
published articke on SoenceDirect For mone information, visit the Data Statement page

ARTICLE ENMRICHMENTS

AvdioSiides
The joumal encoura authors to ceate an AudicSlides presentation with their publshed arbide.
AvdioSlides are ., webinar-style presentations that are shown nest to the online article on

Soencelurect. This gves authors the oppartunity to summartze their reseanch in their own words
and to belp readers understand what the paper i about. More information and examples are
avallable Authors of this journal will automabically recense an invieabion e-mail to create an AudunSlides

presentation after acoeptance of their paper.

Chemical Compoawnd Wawear [Raaxys)

You can enrich your article with visual representations, links and details for those chemical struchures
that you define as the main chemical compaounds desoibed. Flease foliow the instructions to keamn
how to do this.

30 molecular modeds

You can ennich your online artickes providing 30 molecular models (optioral] in PDB, PSE or
MOL/MOL? format, which will be visualized using the interactive viewer embedded within the arbide.
Using the viewer, it will be possible to zoom into the model, rotate and pan the model, and change
display settings. Submitted models will also be avadlable for downloading from your online article
on SoenceDurect. Each molecular model will have to be uploaded to the online submission system
separately, via the “30 moleoslar model' submission category. Mone information.

Interaciive plois

This journal erables you to show an Interactree Plot with your article by simply submitting a data
file. Full instructions.

AFTER ACCEPTANCE

Onffne prool cormciion

Comesponding authors will receive an e-mall with a link to owr online proofing allowing
annotation and comection of proofs online. The envinonment is similar o M5  in addition to

text, you can also comment on figures/tables and arswer guestions from the Copy Editor.

editing
Web-based proofing provides a faster and less emmor-prone process by allowing you to directly type
your comections, eliminating the patential introduction of errors.

If prefermed, you can still choose to annotate and upload your edits on the POF wersion. All insbructions
far proofing will be gaeen in the e-mail we send to authors, including alternative methods to the online
version and POF.
We will do everything possible to get your artide published guickly and accurately. Flease use this
E;:vat far chedking the typesetting, editing, completeness and comectness of the text, ables and
ures. Significant changes to the article as accepted for publcation will only be considered at this
stage with permission from the Editor [t is important to ensure that all cormections are sent back
to us in one communication. Please chedc carefully before replying, as indusion of any subsequent
comections cannot be guaranteed. Proofreading is solely your respaonsibiliy.

Offprints

The comesponding author will, at no cost, recerve a customimed Share Link: prowviding 50 days free
acoess to the final published version of the arbide on ScienceDirect. The Share Link can be used
far sharing the article via any communication channel, indluding email and social media. For an
extra charge, paper offprints can be ordered via the offprint order form which is sent once the
article s acoepted for publication. Both commesponding and co-awthors may order offprints at any
time wia Elevier's Webshop. Cormesponding authors who hawe published thesr article open acoess do
nat receive a Share Link as their final published version of the articke is available cpen access on
Sciencelirect and can be shared th the artide DOL link.
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AUTHOR INQUIRIES

Vise the Esevier 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 article or find out when your accepted artide will
be published.

D Copyright 2014 Elsevier | Mp.//www.glsevier.com
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