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RESUMO

A busca por novos compostos bioativos € motivada pela necessidade de se obter
resultados terapéuticos mais eficazes que atuem de forma seletiva minimizando os
efeitos colaterais. Ha um grande interesse na descoberta de novos antibiéticos em
virtude do aumento dos casos de infec¢bes hospitalares e aparecimento de cepas de
micro-organismos resistentes aos antibioticos atualmente existentes. Neste cenario os
derivados das tiazolidinas-2,4-dionas tém sido bastante explorados devido a sua vasta
gama de atividades biologicas descrita na literatura tais como, antimicrobiana,
hipoglicemiante, anti-inflamatoria e antitumoral. Estes derivados constituem uma classe
de compostos derivados das tiazolidinas que possuem um heterociclo de cinco membros
contendo um &tomo de enxofre e um atomo de nitrogénio nas posicoes 1 e 3
respectivamente e duas carbonilas nas posicdes 2 e 4. Neste trabalho seis compostos
substituidos na posicdo 5 do anel foram testados para a atividade anticancerigena
usando seis linhagens de células tumorais humanas NCI-H292 (Carcinoma
mucoepidermoide de pulmédo), HL60 (Leucemia promielocitica aguda), HT-29
(Adenocarcinoma de colon), K562 (Leucemia mielocitica crénica), HEp-2 (Carcinoma
epidermoide de laringe) e MCF-7(Adenocarcinoma de mama). Para melhor verificar o
mecanismo de agdo envolvido na citotoxicidade do composto 5 foram realizados
estudos de mecanismos de morte celular por citometria de fluxo e os possiveis efeitos
genotdxicos atraves dos ensaios cometa e micronucleo. A atividade antimicrobiana foi
realizada pela técnica de difusdo em disco em cepas selecionadas do grupo de bactérias
Gram-positivas, Gram-negativas, &lcool-acido resistentes e leveduras. Os testes
antimicrobianos foram ainda complementados com os valores da CMI e CMB. O
composto 5 mostrou os melhores resultados com valores de 1Csp entre 1,26 e 3,5 pg/mL
para a citotoxicidade nas células tumorais. Nenhum derivado testado apresentou efeito
citotoxico com (ICsp > 25 pg/mL) nas células mononucleadas de sangue periférico
humano (PBMC) nem atividade hemolitica contra eritrocitos humanos (ECse> 125
pug/mL). Também ndo foi verificado alteraces sigificativas na analise das fases do ciclo
celular embora tenha sido observado um aumento significativo do percentual de células
com fragmentacdo do DNA ap6s o tratamento na concentracdo de 16 pg/mL do
composto 5 por 48 horas. A analise morfoldgica ap6s coloracdo de May - Grunwald -
Giemsa revelou integridade da membrana, reducdo do volume celular, e alguns restos
celulares na concentracdo de 16 pg/mL. O composto também aumentou de forma
significativa o nimero de células com despolarizagdo da membrana mitocondrial e em
apoptose de forma significativa nas concentragdes de 8 e 16 pg/mL. No estudo da
genotoxicidade foi visto que o composto 5 apresentou danos significativos ao DNA das
células tumorais sem causar danos significativos as células de PBMC. Estes dados
sugerem que as células NCI - H292 sofreram apoptose apds tratamento com o composto
5, e que a classe dos derivados das 5- (benzileno-tiazolidina-2,4-diona) analisadas
apresentam atividade anticancerigena para os canceres de célon, pulmédo, mama e
leucemia e potente atividade antimicrobiana para as cepas de bactérias Gram-positivas
e alcool-acido resistente, sem causar citotoxicidade ou genotoxicidade significativas
para as células normais, demonstrando assim, uma das caracteristicas requeridas
uma molécula candidata a um novo farmaco.

Palavras-chave: Tiazolidina-2,4- dionas, Citotoxicidade, Atividade antimicrobiana,
Genotoxicidade



ABSTRACT

The search for new bioactive compounds is motivated by the need to obtainore effective
therapeutic results that act selectively minimizing the side effects. There is great interest
in the discovery of new antibiotics due to the increase in cases of hospital infections and
the appearance of strains of microorganisms resistant to antibiotics currently available.
In this scenario the thiazolidine-2, 4-dione derivatives have been extensively explored
because of their wide range of biological activities described in the literature such as,
antimicrobial, hypoglycemic, anti-inflammatory and antitumor. These derivatives
constitute a class of thiazolidine derivative compounds having a five membered
heterocycle containing one sulfur atom and one nitrogen atom at the 1 and 3 positions
respectively and two carbonyls at the 2 and 4 positions. In this work six compounds
substituted at the 5-position of the ring were tested for anticancer activity using six
human tumor cell lines NCI-H292 (mucoepidermoid carcinoma of the lung), HL60
(acute promyelocytic leukemia), HT-29 (colon adenocarcinoma), K562 (chronic
myelocytic leukemia), HEp-2 (laryngeal epidermoid carcinoma) and MCF-7 (Breast
adenocarcinoma). In order to better verify the mechanism of action involved in the
cytotoxicity of compound 5, studies of cell death mechanisms were performed by flow
cytometry and possible genotoxic effects through the comet and micronuclei assays.
The antimicrobial activity was performed by the disc diffusion technique in strains
selected from the Gram-positive, Gram-negative, alcohol-acid resistant and yeast
groups. The antimicrobial tests were further supplemented with MIC and CMB values.
Compound 5 showed the best results with IC sy values between 1.26 and 3.5 pg / ml for
cytotoxicity in tumor cells. No derivative tested showed cytotoxic effect with (ICso> 25
pg / mL) in human peripheral blood mononuclear cells (PBMC) or hemolytic activity
against human erythrocytes (EC50> 125 ug / mL). No significant changes in the
analysis of cell cycle phases were also observed although a significant increase in the
percentage of cells with DNA fragmentation after treatment at the concentration of 16
pg / ml of compound 5 was observed for 48 hours. Morphological analysis after May -
Grunwald - Giemsa staining revealed membrane integrity, cell volume reduction, and
some cell debris at 16 ug / mL. The compound also significantly increased the number
of cells with mitochondrial membrane depolarization and apoptosis significantly at
concentrations of 8 and 16 pg / mL. In the genotoxicity study it was seen that compound
5 showed significant damage to the DNA of tumor cells without causing significant
damage to PBMC cells. These data suggest that NCI-H292 cells underwent apoptosis
after treatment with compound 5, and that the class of 5- (benzylene-thiazolidine-2,4-
dione) derivatives analyzed have anticancer activity for colon, lung, breast and leukemia
and potent antimicrobial activity for strains of Gram-positive and alcohol-acid resistant
bacteria, without causing significant cytotoxicity or genotoxicity to normal cells, thus
demonstrating one of the characteristics required for a molecule candidate for a new
drug.

Key words: Thiazolidine-2,4-diones, Cytotoxicity, Antimicrobial activity, Genotoxicity
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1 INTRODUCAO

A descoberta e desenvolvimento de novos farmacos ativos em sistemas
bioldgicos é um processo dinamico, complexo, multidisciplinar, longo e de elevado
custo envolvendo a identificacdo e caracterizagdo de alvos bioldgicos, sintese e
otimizacgdo estrutural de moléculas-prototipos, caracterizacdo fisico-quimica e andlise
frente a atividades bioldgicas in vitro (PANCHAGNULA; THOMAS, 2000).

Os derivados das tiazolidinadionas tém sido relatados em muitas pesquisas por
apresentar diversas atividades como hipoglicemiante (GOMES, 2006), antiinflamatoria
(COUTO et al. 2006), antitumoral (PATIL et al. 2010) e como potentes antibidticos
com acdo contra um grande nimero de patdgenos dentre eles: bactérias Gram-positivas,
Gram-negativas, alcool-acido resistentes e fungos (GOUVEIA et al., 2009; SILVA,
2014).

O cancer é representado por um grupo de mais de 100 doencas caracterizado
pelo crescimento caotico de células com a capacidade de invadir tecidos e 6rgaos. No
cancer as células se dividem rapidamente dando origem a tumores malignos capazes de
disseminar para outras partes do corpo. Essas caracteristicas do cancer ocorrem em
virtude de alteragOes estruturais, comportamentais e moleculares das células afetadas
pela doenca tais como; autossuficiéncia na regulacdo de sinais de crescimento celular,
insensibilidade aos sinais que inibem o crescimento, evasdo da morte celular
programada (apoptose), ilimitado potencial replicativo, indugcéo da angiogénese, invasao
tecidual e metéstase. (INCA, 2015; HANAHAM; WEINBERG, 2011).

As previsdes sobre novos casos de cancer sao alarmantes, com a expectativa de
um aumento em cerca de 70% do nimero de casos em todo o mundo para as proximas
duas décadas (STEWART; WILD, 2014).

As drogas antineoplasicas promovem um aumento da sobrevida das pessoas
portadoras de diversos tipos de cancer, porém o seu uso prolongado aumenta o risco de
efeitos colaterais (CHAVES et al., 2007). Isso desperta o interesse em se descobrir
novos agentes terapéuticos mais eficientes e seletivos.

A busca de novos farmacos também é motivada pelo aumento dos casos de
infeccOes bacterianas. A descoberta de novos farmacos com amplo espectro bacteriano

ocorrida nas ultimas décadas tem contribuido para uma grande diminui¢cdo do nimero
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de mortes por infec¢des em todo mundo. Porém o uso indiscriminado de antibidticos
leva ao aparecimento de cepas bacterianas resistentes o que constitui um problema de
salde puablica mundial, pois a selecdo de bactérias resistentes limita o ndmero de
antibioticos disponiveis isso implica na necessidade consideravel de novas classes de
agentes antibacterianos (SANTOS, 2004; TOMASIC et al., 2010; SPELLBERG et al.,
2008; GUZMANRODRIGUEZ et al., 2015; VENUGOPAL; YARLA; UMADEYV,
2014).

Diante dessas evidéncias, este trabalho tem por objetivos avaliar seis compostos
arilidenos derivados da tiazolidina-2,4-diona substituida na posicdo 5 de seu nucleo
quanto as atividades antimicrobiana, citotoxica e genotdxica contra linhagens de células
tumorais e células normais com o intuito de descobrir novos agentes potencialmente

ativos.
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2 OBJETIVOS

2.1 Objetivo Geral

Avaliar os efeitos citotdxicos, antimicrobianos e genotoxicos de novos derivados

das tiazolidinas -2,4-dionas.

2.2 Objetivos Especificos

14

214

214

214

214

214

Determinar in vitro o efeito citotoxico dos compostos tiazolidinicos em
linhagens de células tumorais e em linfécitos humanos;

Investigar a ocorréncia de atividade hemolitica das substancias testadas em
eritrocitos humanos;

Analisar a morfologia das células tratadas pelos compostos derivados das
tiazolidinadionas;

Investigar os mecanismos subjacentes a citotoxicidade por determinagdo do
conteldo de DNA nuclear da célula, externalizacdo da fosfatidilserina e
alteracdes no potencial transmembranico mitocondrial;

Avaliar a atividade microbioldgica dos diferentes compostos tiazolidinicos
substituidos frente a micro-organismos dos grupos Gram-positivos, Gram
negativos, alcool-acido resistentes e leveduras;

Analisar os possiveis efeitos genotoxicos de derivados tiazolidinas-2,4—

dionas em linhagens de células tumorais e normais.
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3 REVISAO DE LITERATURA
3.1 Aspectos Gerais do Cancer

O termo cancer ou neoplasia se refere aos tumores malignos, caracterizado pelo
crescimento descontrolado de células anormais capazes de invadir tecidos e Orgaos.
Estas células promovem a formacdo de tumores malignos dividindo-se rapidamente,
podendo migrar para outros tecidos do corpo. O cancer constitui um grupo de
aproximadamente 200 doéncas que pode atingir os sistemas de células do corpo
causando dor e muito temor entre as pessoas pelo sofrimento e alta mortalidade
(ALMEIDA et al., 2005). E a segunda causa de morte no mundo e constitui um
problema de salde publica mundial devido a crescente taxa de incidéncia e mortalidade.
As células do cancer apresentam multiplas caracteristicas estruturais, comportamentais e
moleculares que definem a fisiopatologia do cancer e sdo responsaveis pelo crescimento
maligno, tais como: Autossuficiéncia na regulacdo de sinais de crescimento celular, a
insensibilidade aos sinais que inibem esse crescimento, evasdo da morte celular
programada (apoptose), ilimitado potencial replicativo, inducéo da angiogénese, invasao
tecidual e metastase (INCA, 2015; HANAHAM; WEINBERG, 2000; 2011).

As causas de cancer sdo variadas, podendo ser externas ou internas ao
organismo, estando inter-relacionadas. As causas externas referem-se ao meio ambiente
e aos habitos ou costumes proprios de uma sociedade. As causas internas sdao, na
maioria das vezes, geneticamente pré-determinadas, e estdo ligadas a capacidade do
organismo de se defender das agressfes externas. A maioria dos casos (cerca de 80%)
esta relacionada ao meio ambiente, onde encontramos um grande nimero de fatores de
risco. Os tipos de ambiente sdo o meio em geral (&gua, terra e ar), o ambiente
ocupacional (quando insalubre), o0 ambiente social e cultural (estilo e habitos de vida) e
0 ambiente de consumo (alimentos, medicamentos) (INCA, 2009; 2015).

Existem varios mecanismos que estdo envolvidos na evolucdo de uma célula
normal para uma célula potencialmente maligna, mas a maior parte deles interfere na
divisdo celular e, assim, o conhecimento do ciclo celular ou dos seus mecanismos é
importante para que haja a compreensdo da etiologia do cancer. No estagio GO o DNA
apresenta-se super-enovelado e as células ndo estdo se replicando, apresentando baixa
atividade nuclear. A célula pode passar do estagio GO para o estagio G1, neste caso ela

sera preparada para se multiplicar produzindo novos constituintes celulares para gerar
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uma nova célula e se preparando para a sintese de DNA que acontecera na fase S.
Existem varios mecanismos que regulam a progressao do ciclo celular nas fases G1 e S.
A multiplicacdo celular sera ativada pelos fatores de crescimento, que sdo os produtos
de oncogenes. E o controle do crescimento serd realizado pelos inibidores da
multiplicacéo celular, como os genes supressores tumorais que tem a funcéo de parar a
replicacdo celular para reparar algum dano ao DNA. A fase G2 prepara a célula para a
mitose que é a divisdo celular que mantém o numero de cromossomos relativos a
espeécie) é onde gerado o fuso mitético. A citocinese ocorre quando o material genético
for duplicado, finalizando assim o ciclo de replicagdo celular com a formacdo de duas
células filhas que retornaram ao estagio GO. Para as células tumorais o processo €é
continuo e a célula sai da fase M e ja entra numa nova fase G1. Desse modo a célula
tumoral ndo retorna a fase GO (ALMEIDA, 2005).

Figura 1. Ciclo de replicacéo celular
Ciclo celular
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G:-M Citocinese
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DNA

Legenda: Ciclo celular: A progressdo no ciclo consiste numa série de eventos sequenciados e regidos por
fatores de crescimento e supressores tumorais. O crescimento celular, a parada do ciclo ou a apoptose séo
eventos decididos nos pontos de verificacdo ou pontos de checagem entre as fases G1/S e G2/M. Fonte:
Adaptado de Foster, 2008.

Outro mecanismo regulador € a apoptose (morte celular programada), que
provoca a morte da célula em detrimento da possibilidade de a célula tornar-se alterada,
podendo levar ao cancer (ALMEIDA, 2005). O nome ‘apoptose’ foi adotado para
descrever um aspecto morfoldgico especifico de morte celular. Neste processo a célula
sofre reducdo do volume celular (picnose), condensagdo da cromatina, fragmentagéo
nuclear, pouca ou nenhuma modificagéo ultraestrutural de organelas citoplasmaticas e a

desintegracdo da membrana celular sem extravasamento do conteudo celular para o
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meio externo. Esse processo ndao gera inflamacdo pois, os restos celulares, apds a
fragmentacdo de uma célula afetada, séo rapidamente eliminados por células proximas
(KERR et al., 1972). Assim, o termo "apoptose” deve ser aplicado exclusivamente aos
eventos de morte celular que ocorrem com a manifestacdo destas caracteristicas
morfologicas (KROEMER et al., 2009).

O corpo humano adulto gera em média 60 bilhGes de células por dia e para
manter a homeostase um numero igual de células devem morrer por apoptose isso leva a
crer que a desregulacdo da apoptose pode gerar a um acumulo de células e contribuir
para o desenvolvimento do tumor. A idéia de que o desenvolvimento e progressdo do
tumor poderia ser influenciada por apoptose remonta em 1972 quando Kerr mostrou que
a taxa de crescimento de tumores foi menor do que o previsto como resultado de um
elevado nivel de apoptose enddgena de células tumorais. Em estudos posteriores foi
relatado que a apoptose desempenhou uma parte integrante do crescimento do tumor,
progressao e resisténcia a terapia (KERR et al.,1994; COTTER, 2009).

A apoptose é uma via de morte celular que ocorre em vaérias etapas altamente
reguladas e que controla parcialmente os nimeros durante o desenvolvimento e também
em organismos multicelulares adulto. O encolhimento celular, condensagdo da
cromatina, e a fragmentacdo nuclear e celular levam a formagéo de corpos apopt6ticos
que sdo entdo engolidos por células fagociticas vizinhas podendo ser observado na
figura 2 a imagem de uma célula em processo de apoptose classica visualizando a
cromatina condensada, o encolhimento celular e a fragmentacdo da célula em corpos
apoptéticos (COTTER, 2009). Uma outra marca bioquimica da apoptose é a clivagem
do DNA internucleossomal. Outra caracteristica marcante da apoptose € 0 movimento
da fosfatidilserina na membrana lipidica do interior para o lado exterior da membrana
plasmaética, funcionando como um sinal de reconhecimento para células fagociticas
englobar células apoptéticas (COTTER, 2009). Também ocorrem mudancas nha
permeabilidade da membrana mitocondrial com perda do potencial de membrana
(KROEMER; REED, 2000; RICCI; ZONG, 2006) e liberacdo de proteinas presentes no
espaco intermembranar da mitocondria (VAN LOO et al., 2002), dentre outras.
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Figura 2. Célula em apoptose

Legenda: Visualizagdo da célula em processo da apoptose caracterizado pela condensacdo da cromatina,
reducdo do volume celular e formacdo de corpos apoptdticos sem desintegracdo de organelas. Fonte:
COTTER, 2009.

A morte celular por apoptose acontece através de um complexo mecanismo
envolvendo uma cascata de reacbes moleculares dependentes de energia. O processo
apoptético € mediado pelas caspases que sdo proteases divididas em caspases
iniciadoras (8, 9 e 10) e as caspases efetoras (3, 6 e 7). Existem duas vias principais: a
via extrinseca ou de receptor de morte e a via intrinseca ou via mitocondrial (figura 3).
Para dar inicio a apoptose, as caspases que se encontram na forma inativa (pro-caspases)
precisam ser ativadas (ELMORE, 2007). A via intrinseca é ativada por estresse
intracelular ou extracelular e a sinalizagdo em resposta a esses insultos sdo direcionados
para a mitocondria (GRIVICICH et al., 2007). Esta via é mediada pelos membros da
familia Bcl-2, uma importante classe de proteinas reguladoras que estd dividida em
membros anti apoptéticos como a Bcl-2 e Bcl-xL e pro-apoptéticos como a Bax e a
Bak.

O Bcl-2 é um dos mais conhecidos proto oncogenes que estd relacionado a
supressdo da apoptose. Um outro exemplo da familia Bcl-2 € a proteina Bax que pode
se apresentar sob a forma de homodimeros que determinam a apoptose ou como
heterodimeros com a proteina Bcl-2, inibindo a apoptose e determinando a
sobrevivéncia da célula (BONINE et al., 2000). A heterodimerizacdo entre os membros
proapoptotico e antiapoptéticos da familia Bel-2 tem funcdo antiapoptética e é mediada
pela proteina BH3 (DEGTEREV et al., 2001). Estimulos, como dano ao DNA, levam ao
aumento na expressao das proteinas pré-apoptoticas o que induz a célula a apoptose
(GRIVICICH et al., 2007). Apds ativacao pelo estimulo apoptotico, a mitocondria libera
0 citocromo ¢, AIF (Fator indutor de apoptose) e outros fatores apoptogénicos do
espaco intermembranar para o citosol (KRAMMER, 2002) esse processo envolve a
formagdo de um megaporo que contém diversas proteinas e abrange as membranas

interna e externa da mitocondria por onde ocorre a liberacdo do citocromo ¢ para o
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citoplasma, onde participara da ativacdo da apoptose atraves da formacdo do
apoptossomo, que consiste em um complexo formado pela associa¢do do citocromo c
com a APAF-1 (Fator de ativacdo da protease associada a apoptose 1) e a caspase -9,
esse complexo promove a clivagem e consequente ativacdo da caspase 9 que sera entdo
liberada para clivar a caspase efetora 3 ocasionando a apoptose (GRIVICICH et al.,
2007). Na via extrinseca a apoptose é mediada por uma superfamilia de receptores TNF
(Fator de Necrose Tumoral). Esses receptores sdo ativados por seus ligantes naturais
como CD95, TRAIL-R1 (ligante R1 indutor de apoptose relacionado ao TNF) ou
TRAIL-R2. A ligacdo do receptor ao seu ligante ira atrair o FADD (Proteina do
dominio de morte associado ao Fas) dando origem ao DISC (Complexo sinalizante de
morte induzida). Através desse complexo as caspases iniciadoras 8 e 10 serdo recrutadas
e depois ativadas pela clivagem, isso permitira a ativacdo das principais caspases
efetoras, as caspases 3, 6 e 7 , que concluem o processo apoptdtico (IGNEY;
KRAMMER, 2002).

Figura 3. Vias de Transducdo de sinais da apoptose.
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Legenda: Vias de Transducdo de sinais da apoptose. O sinal apoptético é iniciado pela trimerizacéo
mediada pela liga¢do direta dos membros da familia de receptores de morte como o Fas. Isso conduzira a
formacdo do complexo de DISC e a ativacdo da procaspase-8 induzida por proximidade. A caspase-8
ativa pode diretamente clivar a procaspase-3 comecando assim a fase de execucdo da apoptose.
Alternativamente, a clivagem do membro préapoptotico da familia Bcl-2, Bid conduz a amplificacdo do
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sinal pro-apoptético por via mitocondrial. Esta via também € usada na apoptose induzida pelo stress
citotdxico. Isso leva a liberagcdo de fatores pro-apoptoticos como o citocromo c¢ e a Smac/Diablo do
compartimento intramembranar da mitocondria para o citosol. A libertagdo do citocromo ¢ conduz a
formacédo do apoptossomo, que ativa a caspase-3. Fonte: Alenzi et al, 2010.

Em contraste com apoptose, em que a morte de células é quase invisivel ja que é
rapidamente consumida pelas células vizinhas, as células que se tornam necrdticas,
incham e explodem, libertando o seu conteudo para o microambiente local dos tecidos
(HANAHAN; WEINBERG, 2011). A necrose é um tipo de morte celular que durante
muito tempo foi atribuida a morte acidental e descontrolada, sendo caracterizada por um
aumento do volume celular, inchaco das organelas, ruptura da membrana plasmatica e
consequente perda do conteudo intracelular. No entanto, trabalhos recentes mostram que
a necrose apresenta um controle genético e é regulada por um conjunto de vias de
transducdo de sinal e mecanismos catabdlicos (KROEMER, et al., 2009). A necrose
regulada conhecida como necroptose € regulada por um conjunto de vias de transducao
de sinal e mecanismos catabdlicos, por exemplo, o dominio de receptores de morte
(TNFrl, Fas/CD95 e TRAIL-R) e receptores Toll-like (TLR3 e TLR4), também
mostraram provocar necrose, principalmente se as capases estiverem inibidas. Este tipo
de necrose estaria presente nas doencas neurodegenerativas, doencas inflamatérias,

infeccdes e cancer, assim como em outros processos (KROEMER, 2009).

3.2 Estagios da Carcinogénese

O desenvolvimento do céancer ocorre através de um processo dindmico que
acontece por etapas determinadas de multiplos estagios da carcinogénese, podendo ser
considerado em trés estagios: iniciacdo, promocdo e progressao (figura 1) (HARRIS,
1991). O processo de carcinogénese, ou seja, de formacdo de cancer, em geral da-se
lentamente, podendo levar varios anos para que uma célula cancerosa origine um tumor
detectavel. Esse processo passa por varios estagios antes de chegar ao tumor (INCA,
2015).

A primeira etapa é a iniciacdo onde h& a ocorréncia de danos ao DNA pela
exposicdo de uma populagdo de células ao carcindgeno, causando mutacGes genéticas
que constituem o primeiro passo para o desenvolvimento neoplasico Nesta fase as

células se encontram, geneticamente alteradas, apresentando danos ao DNA, com



24

inducdo de mutacdo em genes alvo criticos, ativacdo de protooncogenes, inativacdo de
genes supressores de tumor, replicacdo celular e fixacdo da mutagédo, porém ainda néo é
possivel se detectar um tumor clinicamente. As células encontram-se "preparadas”, ou
seja, "iniciadas" para a acdo de um segundo grupo de agentes que atuara no préximo
estagio (JAKOBISIAK et al., 2003; INCA, 2015). Em tecidos de células normais,
eficientes mecanismos de controle acontecem quando séo detectados danos ao DNA
promovendo a destrui¢do das células danificadas para evitar a progressdao maligna. O
gene p53, supressor de tumor, age impedindo a proliferacdo de células mutadas, desse
modo, as mutagdes ocorridas nos genes supressores de tumor permitem que as células
mutadas prossigam no ciclo celular (FOSTER, 2008).

A promo¢do € o segundo estagio da carcinogénese. Nele, as células
geneticamente alteradas, ou seja, "iniciadas", sofrem o efeito dos agentes cancerigenos
classificados como oncopromotores. A célula iniciada é transformada em célula
maligna, de forma lenta e gradual através da expansdo clonal e desenvolvimento do
tumor benigno. Para que ocorra essa transformacéo, é necessario um longo e continuado
contato com o agente cancerigeno promotor. A suspensdo do contato com agentes
promotores muitas vezes interrompe 0 processo nesse estagio. Alguns componentes da
alimentacéo e a exposigdo excessiva e prolongada a hormoénios sao exemplos de fatores
que promovem a transformacéo de células iniciadas em malignas (JAKOBISIAK et al.,
2003; INCA, 2015).

O terceiro e Ultimo estagio é a progressdo que é caracterizada pela multiplicacdo
descontrolada, sendo um processo irreversivel apresentando expressdo alterada de
enzimas, protedlises, invasdo, migracdo e metastase. Nesta etapa 0 cancer ja esta
instalado, evoluindo até o surgimento das primeiras manifestacfes clinicas da doenca
(JAKOBISIAK et al., 2003; INCA, 2015).
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Figura 4: Etapas da carcinogénese.
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Legenda: Etapas da carcinogénese: 1- iniciacdo: ocorréncia de danos ao DNA pela exposicdo de uma
populacdo de células ao carcindgeno causando mutacfes genéticas; 2- promocado: transformacdo em
célula maligna de forma lenta e gradual através da expansao clonal e desenvolvimento do tumor benigno
através de um longo e continuado contato com o agente cancerigeno promotor; 3- Progressdo que é
caracterizada pela multiplicacdo descontrolada, sendo irreversivel com expressdo alterada de enzimas,
protedlises, invasdo, migracdo e metastase. Fonte: FOSTER, 2008; JAKOBISIAK et al., 2003; INCA,
2015 http://www.inca.org.br/cancer, acessada em outubro de 2015.

3.3 Caracteristicas Marcantes do Cancer

O cancer é uma doenca genética que pode ocorrer nos diversos tecidos do
organismo em razao de alteracdes patoldgicas ocorridas na informagédo contida no DNA.
Tem origem a partir de mutagdes que modificam a expressdo dos genes que codificam
as proteinas envolvidas no controle da proliferacdo e da diferenciacdo celular ou
comprometidas nos mecanismos de reparo do DNA. Como consequéncia, as células

adquirem as principais caracteristicas de células cancerigenas que sdo: a auto-
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suficiéncia em sinais de crescimento; insensibilidade aos inibidores de crescimento;
evasdo da morte celular programada (apoptose); potencial de replicacdo ilimitado;
capacidade para desenvolver novos vasos sanguineos (angiogénese); invasdo tecidual
capacidade de migracdo (metastase) como descrito na figura 2 (HANAHAN;
WEINBERG, 2000; MANTOVANI, 2009).

Figura 5. Marcos do cancer

Auto- suficiéncia para
0Ss sinais de

crescimento

Resisténcia aos sinais
antiproliferativos

Evasdo da Apoptose

Capacidade de
Inducado a
angiogénese

Capacidade de
Invasdo e Metastase

Imortalidade Replicativa

Fonte: Adaptado de Hanahan e Weinberg, 2011

Auto-suficiéncia para sinais de crescimento: Para que células normais possam
passar de um estado quiescente para um estado proliferativo ativo € necessario, a
presenca de sinais de crescimento mitogénicos que sdo transmitidos para a célula por
receptores transmembranicos que ligam diferentes classes de moléculas sinalizadoras
como fatores de crescimento, componentes da matriz extracelular e moléculas de
adesdo/interacdo célula a célula. Nas células cancerigenas o processo ocorre de maneira
diferente, pois estas sdo auto-suficientes na sinalizacdo dos fatores de crescimento e
para isso produzem e liberam fatores de crescimento que estimulam seus proprios
receptores por sinalizacdo autdcrina e para receptores de células vizinhas por
sinalizacdo paracrina. Além disso, ocorre alteracdo do numero, estrutura e funcéo dos

receptores de fator de crescimento, aumentando a propensao destes a enviar sinais de
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crescimento para o nucleo. Nessas células também hé& a desregulagdo da via de
sinalizacdo dos receptores de crescimento para que esses estejam constantemente
ativados (HARRINGTON 2007; HANAHAN; WEINBERG 2000).

Resisténcia aos sinais antiproliferativos: Outra caracteristica marcante do
cancer € a resisténcia aos inibidores de crescimento. No tecido de células normais a
quiescéncia celular e homeostase do tecido sdo mantidos por varios sinais
antiproliferativos, que podem bloquear a proliferacao forcando as células a sair do ciclo
ativo proliferativo para o estado quiescente (Gp) de onde a célula pode voltar ao ciclo
ativo por sinalizagdo extracelular. Ou ainda, os sinais antiproliferativos podem induzir
as células a entrar num estagio pos-mitético geralmente relacionado com a aquisicéo de
caracteristicas especificas associados a diferenciacio (HANAHAN; WEINBERG 2000).
A via de sinalizacdo antiproliferativa acontece principalmente pelo controle do ciclo
celular sendo mediada por proteinas que incluem a retinoblastoma (Rb), ciclinas,
cinases dependentes de ciclinas (CDK) e as proteinas inibidoras das cinases
dependentes de ciclinas (CDKi). As células do cancer frequentemente apresentam
anormalidades na sinalizacdo antiproliferativa atraves de alteracGes nessas proteinas,
sendo comum em varios tumores a perda de Rb e de membros da familia CDKi ou
ainda pela superexpresséao de determinadas ciclinas e CDK (HARRINGTON, 2007).

Evasdo da apoptose: Numa célula normal, quando ocorre um dano ao DNA,
ocorre a interrup¢do do ciclo celular para se avaliar a possibilidade de reparo. Quando
ndo € possivel reparar o dano, a célula é induzida a apoptose, impedindo que as
mutacdes ocorridas sejam transmitidas as células descendentes pela divisdo celular. Os
principais genes envolvidos na apoptose sdo o pro-apoptoético p53 (supressor tumoral) e
0 anti — apoptdtico Bcl-2 (oncogene). Diferentemente do que ocorre nas células
normais, as células cancerosas conseguem evadir-se da apoptose, ignorando os sinais
enviados pela via extrinseca ou ainda por reconfigurar o equilibrio das moléculas pro e
anti — apoptdticas em detrimento da apoptose (HARRINGTON, 2007).

Capacidade de inducdo a angiogénese: O crescimento do tumor maligno esta
relacionado com a capacidade de um fornecimento de sangue necessitando da formacéo
de novos vasos que é realizada pela perda do equilibrio entre os fatores positivos pro-
angiogénico e negativos anti-angiogénicos que ocorre em células do tecido normal. Nas

células cancerosas ha um aumento da producdo das proteinas pro- angiogénicas como o
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fator de crescimento endotelial vascular (VEGF) e/ou por diminuir a producdo das
proteinas anti-angiogénicas como a trombospondina-1 (HARRINGTON, 2007).

Imortalidade replicativa: As células somaticas normais, ap0s passar por um
numero finito de divisGes celulares entram em senescéncia replicativa, isso acontece por
que essas células sdo incapazes de replicar as extremidades dos seus cromossomos
(telébmeros) a cada divisdo, como resultado seus teldmeros sofrem encurtamento a cada
ciclo celular atuando como reldgios moleculares com a contagem regressiva do tempo
das células. Diferentemente, as células do cancer conseguem manter a replicacdo dos
telomeros a cada divisédo celular, adquirindo desse modo a imortalidade replicativa
(HARRINGTON, 2007).

Invasdo tecidual e metastase: As células malignas conseguem atravessar a
membrana basal MB e penetrar a matriz extracelular com o objetivo de invadir
estruturas adjacentes. Esse poder de invasdo leva a séria consequéncia da producao da
metastase, pois desse modo essas células também conseguem invadir vasos sanguineos
e linfaticos e serem levadas pela circulacdo para um tecido integro onde irdo emigrar do
vaso e proliferar. Para haver a degradacdo da MB é necessario a presenca de enzimas
proteoliticas. Nos processos de invasdo e metastases, as metaloproteinases da matriz
extracelular (MMP) sdo expressas em altos niveis e apresentam importante acéo
proteolitica atuando diretamente sobre os componentes da MB. Desse modo, essas

enzimas sao cruciais na progressao tumoral (PEREIRA et al., 2006).

3.4 Estatisticas do Cancer

Atualmente as neoplasias malignas constituem um problema de saldde publica
dada sua crescente importancia como causa de morbidade e mortalidade. Com a
expectativa de um aumento em cerca de 70% do numero de casos em todo o mundo
para as proximas duas décadas, e cerca de 60% desses ocorrerdo nos paises emergentes
(SEIXAS et al., 2010; STEWART; WILD, 2014).

O ndmero de casos de cancer continuara aumentando nos paises em
desenvolvimento e crescera ainda mais em paises desenvolvidos se medidas preventivas
ndo forem amplamente aplicadas. Nesses paises, 0s tipos de canceres mais frequentes na
populacdo masculina foram prdéstata, pulméao e colon e reto; e mama, célon e reto e

pulmdo entre as mulheres. Nos paises em desenvolvimento, os trés canceres mais
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frequentes em homens foram pulméo, estdbmago e figado; e mama, colo do Utero e
pulmé&o nas mulheres. Em 2030, a carga global sera de 21,4 milhdes de casos novos de
cancer e 13,2 milhGes de mortes por cancer, em consequéncia do crescimento e do
envelhecimento da populacdo, bem como da redugcdo na mortalidade infantil e nas
mortes por doencgas infecciosas em paises em desenvolvimento. No Brasil, a estimativa
para 0 ano de 2014, valida também para o ano de 2015, previu a ocorréncia de
aproximadamente 576 mil casos de cancer, incluindo os casos de pele ndo melanoma,

reforcando a magnitude do problema do cancer no pais.

O cancer de pulmdo matou aproximadamente 1.590.000 pessoas em 2012 e
atualmente € a principal causa de morte por cancer em todo o mundo (ISLAMI et al.,
2015).

O céncer de pele do tipo ndo melanoma (182 mil casos novos) sera 0 mais
incidente na populacdo brasileira, seguido pelos tumores de préstata (69 mil), mama
feminina (57 mil), célon e reto (33 mil), pulmédo (27 mil), estdmago (20mil) e colo do
utero (15mil). Sem considerar os casos de cancer de pele ndo melanoma, estimam-se
395 mil casos novos de cancer, 204 mil para o sexo masculino e 190 mil para sexo
feminino. Em homens, os tipos mais incidentes serdo os canceres de prostata, pulmao,
cblon e reto, estbmago e cavidade oral; e, nas mulheres, os de mama, célon e reto, colo
do Gtero, pulmao e glandula tireoide. E incontestavel que o cancer é hoje, no Brasil, um
problema de salde publica, cujos controles e prevencdo deverdo ser priorizados em
todas as regides, desde as mais desenvolvidas — cultural, social e economicamente — até
as mais desiguais. As abordagens orientadas para enfrentar esse problema de salde sao,
necessariamente, multiplas, incluindo: acdes de educacdo para satde em todos os niveis
da sociedade; prevencéo orientada para individuos e grupos; geracao de opinido publica;
apoio e estimulo a formulacdo de legislacdo especifica para o enfrentamento de fatores
de risco relacionados a doencga; e fortalecimento de acdes em escolas e ambientes de
trabalho. O céncer de pulmdo é o mais comum de todos os tumores malignos,
apresentando aumento de 2% por ano na sua incidéncia mundial. A Ultima estimativa
mundial apontou incidéncia de 1,82 milhdo de casos novos de cancer de pulméo para o
ano de 2012, sendo 1,24 milhdo em homens e 583 mil em mulheres. (INCA, 2015).
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3.5 Tratamentos contra o cancer

As pricipais formas de tratamento contra o cancer séo a cirurgia, a radioterapia e
aquimioterapia e o0 objetivo de cada um destes tratamentos € erradicar o cancer
utilizando-os em forma da terapia combinada através da associacdo de mais que um tipo
de tratamento (ALMEIDA, 2005).

O tratamento cirdrgico pode ser subdividido em trés tipos: cirurgia curativa,
indicada para os tumores em fases iniciais e solidos; cirurgia preventiva, utilizada como
primeiro passo na redugdo da populagdo cancerigena quando esta ja estd disseminada
tem por finalidade impedir que a célula maligna se propague (INCA, 2012). A técnica
cirurgica pode levar a remocdo de tumores com eficacia, se ndo houver metastase; no
caso da leucemia, por exemplo, costuma ser necessario o uso de outros tipos conjuntos
de terapia, incluindo o transplante de medula. A radioterapia (geralmente raios gama,
radiois6topos como cobalto-60, raios-X e até protons e mesons pi negativos) é usada
comumente em conjunto com a cirurgia, com incremento da eficiéncia do tratamento.
Mesmo isoladamente, a radioterapia pode diminuir tumores grandes, diminuir a
recorréncia e a chance de metéstase, sendo uma metodologia antineopldsica muito
usada; entretanto, mesmo que sejam usados os sensitizadores (que diminuem os efeitos
colaterais) o tratamento por radiacdo € sujeito a severas limitacdes (ALMEIDA, 2005;
TONETO et al., 2012). As diversas pesquisas promoveram um maior entendimento da
biologia da célula do cancer e permitiu a exploracdo de novos mecanismos de ac¢éo para
o desenvolvimento de novos farmacos com diversas abordagens moleculares como
tumor e metéstase, a inibicdo da angiogénese, ou ainda o estudo de novas drogas
citotoxicas que induzem a apoptose (BERNARDI et al., 2003).

No tratamento feito por quimioterapia o objetivo primario € destruir as células
neoplasicas, sem destruir as normais. Entretanto, a maioria dos agentes quimioterapicos
atua de forma ndo especifica, lesando tanto células malignas quanto normais
particularmente as células de rapido crescimento, como as gastrointestinais, capilares e
as do sistema imunolégico. (ALMEIDA, 2005).

Existem varios quimioterdpicos utilizados no tratamento do cancer como 0s
agentes alquilantes polifuncionais, que sdo compostos capazes de substituir em outra

molécula um atomo de hidrogénio por um radical alquil; os antimetabdlitos: que afetam
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as células inibindo a biossintese dos componentes essenciais do DNA e do RNA; os
antibioticos antitumorais: que sdo um grupo de substancias com estrutura gquimica
variada que, embora interajam com o DNA e inibam a sintese desta macromolécula ou
de proteinas, ndo atuam especificamente sobre uma determinada fase do ciclo celular; e
os inibidores mitdticos: que podem paralisar a mitose na metafase, devido a sua agéao
sobre a proteina tubulina, formadora dos microtubulos que constituem o fuso espiralar,
pelo qual migram os cromossomos, dentre outros (INCA, 2012). Existem também os
quimioterapicos antineoplasicos que atuam por diferentes mecanismos de acdo em
virtude da presenga de diferentes grupos funcionais na estrutura molecular destas
substancias (COSTA; CHAVES, 2013). Os heterociclicos sintéticos derivados das
tiazolidinadionas pertencem as novas classes de compostos em estudo para o tratamento

do cancer.

3.6 Derivados das tiazolidinas

A quimica orgénica e medicinal tem como um dos principais objetivos desenhar,
sintetizar e produzir moléculas que possuam propriedades terapéuticas em humanos.
Compostos contendo sistemas de anéis heterociclicos pertencem a uma classe de
compostos com utilidade comprovada em quimica medicinal e por isso recebem atengédo
especial. Como exemplo, o anel heterociclico de cinco membros contendo trés atomos
de carbono, um atomo de Nitrogénio e um atomo de Enxofre, conhecido como tiazois
(Figura 1) sdo de consideravel interesse em diferentes areas da quimica medicinal.
Tiazolidina-2,4-diona (B) é o derivado da tiazolidina (A) com os dois grupos carbonila
nas posicoes 2 e 4. Os substituintes nas posicdes 3 e 5 podem ser variados. (JAIN,
2013).

Figura 6. Nucleo Tiazolidina (A) e derivados Tiazolidina-2,4-diona (B)

NH D“‘“ﬁ NH
4 3
(S) Tglk o
(A) (B)

As Tiazolidinadionas (TZDs) Rosiglitazona, Ciglitazona, Pioglitazona e

Troglitazona sdo uma classe de medicamentos orais usados para baixar a glicose no
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sangue. A Troglitazona foi retirada posteriormente por causar grave lesdo hepéatica. A
acao hipoglicemiante das TZDs é mediada principalmente através da reducdo da
resisténcia a insulina no musculo e no tecido adiposo e inibindo a gliconeogénese
hepatica (MAGGS, 1998) esses farmacos atuam principalmente atraves dos receptores
ativados por proliferadores de peroxissoma (PPARY), um receptor nuclear que tem um
papel regulador na diferenciacdo celular, particularmente em adipdcitos. Assim as
TZDs, agindo atraves desses receptores provocam inimeros efeitos além de diminuir os
niveis de glicose no sangue (AFZAAL, 2005). O papel de PPAR-y em células tumorais
tem sido amplamente investigado. O tratamento com agonistas de PPAR- y exerce
efeitos bioldgicos tais como controle do crescimento celular, motilidade, diferenciacéo e
apoptose (DIVYA, 2013).

3.7 Atividades bioldgicas das tiazolidinadionas
3.7.1 Hipoglicemiante

As TDZs glitazonas sdo drogas sensibilizadoras da acdo da insulina. A sua
estrutura quimica apresenta um anel diona, que confere a atividade anti-hiperglicémica
que, entretanto, depende da presenca da insulina. O restante da molécula difere entre as
drogas do grupo e é responsavel pela especificidade farmacodindmica e farmacocinética
(GOMES, 2006).
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Figura 7. Estrutura quimica das principais glitazonas
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3.7.2 Atividade Antimicrobiana

Derivados das tiazolidinadionas mostraram atividade antimicrobiana frente a
bactérias gram-positivas, gram-negativas e alcool-acido resistentes, também foram
ativos contra leveduras. O estudo foi realizado com nove compostos onde todos
apresentaram atividade contra bactérias gram-positivas. Um dos compostos foi mais
ativo inibindo as bactérias Gram-positivas, Gram-negativas, alcool-acido resistentes e
também contra leveduras. Os compostos que continha cloro na molécula apresentaram
melhor atividade antibacteriana, demonstrando assim o poder deste atomo contra
bactérias (SILVA, 2014).

A atividade antimicrobiana foi relatado por Mohanty et al. (2014), onde
derivados das tiazolidinadionas foram avaliados quanto a sua atividade antibacteriana in
vitro contra a Escherichia coli e Pseudomonas aeruginosa representando bactérias
Gram-negativas e Staphylococcus aureus e Bacillus subtilis representando bactérias
Gram-positivas. Os resultados revelaram que em geral, os compostos contendo o0s

substituintes piridina e piperazina mostraram excelentes atividade anti-bacteriana.
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3.7.3 Atividade Anti-inflamatoria
Couto et al. (2006) analisaram derivados da série5-arilideno-3-(4-nitro-benzil)-
tiazolidina-2,4-diona quanto ao seu potencial anti-inflamatdrio, verificando que este
derivado apresentou acdo anti-inflamatéria investigada no modelo de bolsdo de ar
induzido por carragenina, reduzindo em 60% a migragdo celular para o local da
inflamacéo.
Figura 8: 5- (4-metil-sulfonil-arilideno) - 3- (4-nitro-benzil) -tiazolidina-2,4-
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3.7.4 Atividade Antitumoral

Patil et al. (2010) sintetizaram uma nova série de derivados 5-benzilideno-2,4-
tiazolidinadiona e avaliaram sua atividade antiploriferativa. Entre os compostos
testados, o derivado 2-[4-[ (2,4-dioxotiazolidin-5-ilideno) metil] fenoxi]-N-[3-
(triflurometil)- fenil] acetamida, mostrou-se 0 mais promissor no teste preliminar de
atividade antiproliferativa. Tal derivado apresentou potente citotoxicidade frente a cinco
linhagens testadas: MCF7 (cancer de mama), PC3(cancer de prostata), KB (cancer
nasofaringeo), GURAV (cancer oral) e K562 (leucemia).

Compostos derivados das tiazolidinadionas também foram analisados quanto a
sua estrutura funcdo e sua capacidade para inibir a proliferacdo de células cancerosas
que contém a sinalizacdo ERK ativada. A cascata de proteinas quinases ativadas por
mitégenos (MAPK) é a princiapal via de sinalizagcdo envolvida na regulacdo da
proliferacdo celular normal, sobrevivéncia e diferenciacdo. A regulacdo aberrante da
cascata de MAPK contribui para o cancer e outras doencas humanas. Em particular a
via de sinalizacdo extracelular reguladas por quinases ERK (MAPK) tem sido objeto de
intensa investigacdo em trabalhos de pesquisas conduzindo ao desenvolvimento de
inibidores farmacoldgicos de tratamento do cancer (ROBERTS; DER, 2007).
Tiazolidinas foram identificadas com varias caracteristicas quimicas como a inibicao
seletiva e potente de linhagens de células cancerosas que contém a sinalizacdo ERK

ativa. Também foi observada em varios dos compostos a capacidade de inibirem o
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crescimento na linhagem de células de melanoma que apresenta resisténcia a
medicamentos. Estudos recentes mostram que o uso de substancias com sinalizacao

alvo-ERK sdo uma alternativa contra a resisténcia a drogas (JUNG et al., 2013).

3.8 Mecanismos de acdo envolvendo as tiazolidinadionas

As glitazonas tém como mecanismo de acdo uma ligacdo aos receptores
nucleares PPARs (receptores ativados por proliferador peroxissoma) do tipo y. Apés a
ligacdo, ha uma mudanca conformacional no receptor, que permite a ligagdo com
receptor do &cido retindico (RXR) e recrutamento de um ou mais co-ativadores. A
interacdo deste complexo heterodimero com regides nucleares responsivas ira
determinar a transcri¢cdo de aproximadamente 500 genes, porém, apenas uma pequena
minoria é conhecida, e estdo associados principalmente ao metabolismo lipidico,
glicidico e diferenciacdo celular (GOMES, 2006).

e Agdo anticancer de tiazolidinadionas dependentes de PPAR y (receptores

ativados por proliferador de peroxissoma).

As tiazolidinadionas atuam principalmente pela ativacdo dos receptores
nucleares PPARYy (receptores ativados por proliferador de peroxissoma) levando a
heterodimerizacdo com o receptor do retndide X, o recrutamento de co-ativadores e a
dissociacdo de co-repressores levando a determinados eventos celulares. O PPARy é um
receptor nuclear que tem um papel regulador na diferenciacdo celular e na morte celular
programada (AFZAAL, 2005; BLANQUICETT et al., 2008; DIVYA et al., 2013; JAIN
etal., 2013).
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Figura 9. Mecanismo de acédo das tiazolidinas (TDZ) induz a parada do ciclo celular e

apoptose.
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Legenda: ligacdo das TZD aos receptores nucleares PPARs (receptores ativados por proliferador
peroxissoma) do tipo y: Apos a ligagdo, ha uma mudanga conformacional no receptor que permite a
ligacdo com receptor do 4cido retindico (RXR) e recrutamento de um ou mais co-ativadores. A interagdo
deste complexo heterodimero com regides nucleares responsivas ird determinar a transcricdo de
aproximadamente 500 genes. Em (A) promovendo a parada do ciclo celular através do aumento de
proteinas envolvidas no controle do ciclo celular (p21 e p27) e diminui¢do das proteinas promotoras do
ciclo (CD1, CDk4, Ciclina E e CDKE). Em (B) ha um aumento das proteinas pré-apoptéticas (BAD,
PTEN e p53) associada com a diminuicdo das proteinas antiapoptoéticas (Bcl-2, Bclx e survivina)
(GOMES, M., B.; 2006) Fonte: Jain et al., 2013.

Parada do ciclo celular:

A parada do ciclo celular ocorre em virtude da diminui¢do do nivel de proteinas
ciclinas que regulam o ciclo celular, tais como; a ciclina D1 (CD1), ciclina E e Cd2. Os
inibidores de CDK (ciclinas dependentes de kinases) blogueiam a progressao do ciclo
celular, por inativacdo, a formacdo de complexos de ciclina-CDK, que séo cruciais para
a fosforilagdo. As TZD aumentam a expressao dos inibidores de ciclinas dependentes de
kinases CDKi como as pl18, p21 e p27 causando por fim a parada do ciclo celular
(DIVYA, 2013; JAIN et al., 2013).

Apoptose:
A acgdo apoptdtica ocorre pela diminuicdo de proteinas anti-apoptoéticas tais

como Bcl-2 e Bcl-xL atraves da ativacdo da caspase 3, enquanto que aumenta 0s niveis
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das proteinas pro-apoptoticas p53, Bad (promotor de morte associado ao Bcl-2) e
fosfatase homologo de tensina (PTEN). A troglitazona e ciglitazona podem inibir a
funcdo antiapoptotica de Bcl-xL/Bcl2 por blogueio do dominio de morte BH3 que é o
dominio mediador da heterodimerizacdo com membros pré-apoptoticos de Bcl-2
interagindo como agonista (DIVYA et al., 2013; JAIN et al., 2013). Em Degterev et al.
(2001), ja havia sido verificado que derivados tiazolidinonas inibiram a
heterodimerizacdo Bcl-2/Bcl-xL mediada pelo dominio BH3 na funcdo antiapoptotica,
liberando membros pré-apoptéticos da familia Bcl-2, os quais ddo inicio a apoptose
(DEGTEREV et al., 2001).

Diferenciacéo celular:

Foi relatado na literatura que a combinacdo do agonista de RXR (receptor do
retnoide X) bexaroteno, com o agonista de PPARY, rosiglitazona causou o aumento da
expressao de marcadores de diferenciacdo em células de céncer de colon CEA
(Antigeno Carcinoembrionario) ao mesmo tempo diminuindo a expressdo da
ciclooxigenase-2 (COX-2) e de prostaglandinas E2 (PGE-2). O tratamento das células
HT-29 de céancer colon retal com TZDs inibiu o crescimento celular e a metéstase

através da promocao de efeitos de diferenciacdo (DIVYA, 2013).

Reducéo da transcri¢éo do gene do Recptor de insulina (IR)

Vérios estudos tém demonstrado que os IR (Receptores de Insulina) €
aumentado na maioria dos canceres de mama humanos, o aumento da expressao do IR
funcional também foi envolvido na carcinogénese de tiredide. O IR pode exercer 0 seu
potencial oncogénico em células malignas através da estimulacdo anormal de mdaltiplas
cascatas de sinalizacdo celular aumentando o crescimento dependente de fator de
proliferacdo. A transcricdo do gene do IR e o teor de proteina receptora foram reduzidas
em células com a super expressdo forcada de PPARy ou com a ativacdo do PPARy
induzida por TZDs. Desse modo, o IR pode ser considerado um novo gene alvo que
representa a resposta antimitogénica para PPARYy e seus agonistas (DIVYA, 2013).

e Acdo anticancer de tiazolidinadionas independentes de PPAR vy (receptores

ativados por proliferador de peroxissoma).



38

Inibicdo de CDK e Ativacgdo das proteinas p27 e p21:

Estudos mostram que a supressao da ciclina D1 em células de cancer de mama
por TZDs se déa por efeito independente de PPARy. Outro estudo relata que o efeito de
ciglitazona na transcricdo do gene de P27 foi independente de PPARY e provavelmente
mediada pelo elemento de ligacdo 1-binding a proteina de especificidade do promotor
p27. E em células de cancer do pancreas as troglitazonas induziram a ativacdo do
promotor de p21 (DIVYA et al., 2013).

Supressao da atividade da telomerase:

A atividade da telomerase encontra-se muito baixa ou ausente em tecidos néo
neoplasicos, mas, na maioria das células cancerosas, sua atividade estd presente
ocasionando “imortalidade" celular (DUARTE e PASCHOAL, 2006). Foi relatado em
trabalhos anteriores que a troglitazona reduziu a expressio de RNAm de hTERT
(transcriptase reversa da telomerase humana) e a atividade da telomerase na linhagem
celular de cancer de mama MDA-MB-231, mesmo na auséncia de PPARy. Verificou-se
também que ndo ha nenhuma correlacdo entre PPARYy e 0s niveis de transcricdo RNAm
de hTERT em pacientes com cancer de mama (DIVYA et al., 2013).

Inibicdo de metéstase celular:

As tiazolidinadionas tém efeito inibidor na adesdo a matriz extracelular e
invasividade das células cancerosas. TZDs afetam a atividade gelatinolitica e
fibrinolitica com um mecanismo independente de ativacdo de PPAR vy, agindo através
da inibicdo da invasdo de células no cancer de pancreas. Elas causam uma significativa
inibicdo da expressaio do gene MMP-2 (matriz metalopeptidase 2), regula
negativamente a expressdo de MMP-9 (matriz metalopeptidase 9), e inibe a producéao de
MMP-7(matriz metalopeptidase 7), em ambas as culturas celulares que expressam e
que ndo expressam PPARy (DIVYA et al., 2013).

Diminuicao de prostaglandina E2:

As prostaglandina E2 (PGE2) s&o conhecidas por desempenharem um
importante papel na tumorigénese por causa do sua atividade imunossupressora e de
mediar a agdo anti-apoptdtica. As células de cancer de pulmao produzem prostaglandina
E2 (PGE2) e as TZDs inibiram a producéo da PGE2 em NSCLC (céncer de pulmao de
ndo- pequenas células), através da inibicdo de ciclooxigenase-2 (COX-2) por uma via
independente de PPARy (DIVYA et al., 2013).
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3.9 Estudos de Genotoxicidade

Uma substancia é considerada como agente genotoxico por atuar produzindo
modificacdes estruturais e funcionais nas moléculas do DNA que se forem fixadas e
transmitidas levam a mutacbes (KIRSCH-VOLDERS et al., 2003; HOUTGRAAFF et
al., 2006). Os seres vivos sofrem exposicdo frequénte a agentes ambientais quimicos,
fisicos ou bioldgicos toxicos que podem causar alteragdes moleculares e celulares ao
DNA célular (HEDDLE et al., 1983). As mutacgdes sofridas pela molécula de DNA
promovem a variabilidade genética das populacdes, porém, elas também podem induzir
a um aumento da viruléncia de microorganismos patoldgicos, a doencas que s&o
geneticamente herdadas e ao cancer (GONZALES et al.,, 2011). Por isso faz-se
imprescindivel o estudo de genotoxicidade das substancias (FERREIRA-MACHADO et
al., 2004).

Para a avaliagdo de genotoxicidade em células de mamiferos diversos ensaios
podem ser utilizados tais como o ensaio cometa e o teste do microndcleo, de acordo
com os objetivos do estudo (BRUSICK, 1987; RIBEIRO et al., 2003).

Ensaio Cometa: O Ensaio Cometa alcalino ou Single Cell Gel Electrophoresis é
um teste muito utilizado para identificar danos causados ao DNA por agentes
genotoxicos. E uma técnica rapida e eficiente a um custo relativamente baixo.
Apresentando ainda certas vantagens em relacdo a outros ensaios, tais como: alta
sensibilidade para detectar danos ao DNA com a utilizacdo de pequenas quantidades de
células podendo ser realizado em diversos tipos celulares e sem a necessidade destas
células estarem em divisdo. O teste tem por base a capacidade do DNA sofrer migracdo
em uma matriz de agarose durante uma eletroforese (SINGH et al., 1988; FAIRBAN et
al., 1995; TICE et al., 2000; HARTMANN et al., 2003).

O ensaio cometa pode ser realizado nas versdes neutra e alcalina. A versédo
alcalina (pH>13) do cometa identifica quebras simples e duplas no DNA, sitios alcali-
labeis, sitios incompletos de reparo e ligagdes cruzadas enquanto a versdo neutra
identifica quebras duplas (TICE el al., 2000; WOJEWODZKA et al., 2002).

A anélise dos danos ao DNA é feita pela visualizagdo das laminas com
microscopio de fluorescéncia em aumento de 400X com um total de 100 células por
grupo. O grau do dano causado ao DNA foi avaliado de acordo com a intensidade e

tamanho da cauda do cometa, que é proporcional ao nivel da fragmentacdo do DNA
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(Figura 10). A avaliacdo foi realizada pelo padrdo de escores de acordo com Mota et al.
(2011) onde avaliou-se em cinco niveis de lesdo gerada de acordo com o0 escore
atribuido a cada cometa de acordo com o dano ao DNA: 0 = sem danos ao DNA,
portanto, sem cauda (< 5 %); 1 = baixo nivel de danos, com a cauda menor que 0
didmetro da cabeca (5-20 %); 2 = médio nivel de danos, com a cauda representando 1-2
vezes o didmetro da cabega (20-40 %); 3 = alto nivel de danos, com a cauda
representando mais de 2 vezes o diametro da cabeca (40-95 %); 4 = dano total (> 95 %).

Figura 10. Demonstracdo do padrdo de escores para analise do ensaio cometa.

Nivel 0 Nivel 2

Nivel 1

Nivel 3 Nivel 4

Legenda: Considera-se nivel 0 = sem danos (<5%), nivel 1 = baixo nivel de danos (5-20%), nivel 2 =
médio nivel de danos (20-40%), nivel 3 = alto nivel de danos (40-95%) e 4 = dano total (95%). Fonte:
MOTA et al. 2011

Ensaio do Micronucleo

O ensaio do microntcleo (MN) é utilizado para detectar danos genémicos que
ndo permitem reparos (FENECH, 2000). Este teste é capaz de detectar aberracbes
numéricas e cromossomais com resultados rapidos, com baixo custo e sem uso de
produtos quimicos prejudiciais permitindo a identificacdo de quebras nos cromossomos
originadas pela acdo de substancias clastogénicas e deteccdo de segregacdo
cromossdmica anormal causadas por agentes aneugénicos com alta confiabilidade o que
torna esse ensaio muito utilizado como biomarcador do dano gendmico (MARZIN,
1997; FENECH, 2000; RIBEIRO et al., 2003; BONASSI et al., 2003).
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Figura 11. Mecanismos de formacdo de microndcleos (MNs).
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Legenda: Mecanismos de formacao de MNs por acdo de agentes aneugénicos em (A) e de formacdo de
MNs por exposicdo a agente clastogénicos (B). Fonte: TERRADAS et al, 2010.

Os micronucleos séo identificados como estruturas arredondadas com bordas
evidentes e com diametro inferior a 1/5 do volume do ndcleo principal, com cromatina
semelhante a do ndcleo e a mesma intensidade de cor ou mais fraca e localizado dentro
dos limites citoplasmatico (figura 12). (SCHMID, 1975; RAMIREZ & SALDANHA,
2002; TOLBERT et al., 1992).

Figura 12. Fotomicrografia de ensaio microntcleo.

Legenda: Célula binucleada com um micronucleo (seta). Fonte: Fenech (2006).
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ABSTRACT

Background: Thiazolidine-2,4-dione ring system is used as a pharmacophore to build
various heterocyclic compounds aimed to interact with biological targets. In the present
study, benzylidene-2.4-thiazolidinedione derivatives (compounds 2 to 5) were
synthesized and screened against cancer cell lines and the genotoxicity and cytotoxicity
of the most active compound (5) was investigated on normal and lung cancer cell line.
Methods: For in vitro cytotoxic screening, the MTT assay was used for HL60 and K562
(leukemia), MCF-7 (breast adenocarcinoma), HT29 (colon adenocarcinoma), HEp-2
(cervix carcinoma) and NCI-H292 (lung carcinoma) tumor cell lines and Alamar-blue
assay was used for non-tumor cells (PBMC, human peripheral blood mononuclear cells)
were used. Cell morphology was visualized after Giemsa-May-Grunwald staining. DNA
content, phosphatidylserine externalization and mitochondrial depolarization were
measured by flow cytometry. Genotoxicity was assessed by Comet assay.

Results: 5-(2-Bromo-5-methoxybenzylidene)-thiazolidine-2.4-dione (5) presented the
most potent cytotoxicity, especially against NCI-H292 Iung cancer cell line, with ICso
value of 1.26 pg/mL after 72 h incubation. None of the compounds were cytotoxic to
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PBMC. After 48 h incubation, externalization of phosphatidylserine, mitochondrial
depolarization, internucleosomal DNA fragmentation and morphological alterations
consistent with apoptosis were observed in NCI-H292 cells treated with compound (5).
In addition, compound (5) also induced genotoxicity in NCI-H292 cells (2.8-fold
increase in damage index compared to the negative control), but not in PBMC.
Conclusion: Compound 5 presented selective cytotoxic and genotoxic activity against
pulmonary carcinoma (NCI-H292 cells)

Keywords: Cytotoxicity, genotoxicity, 5-benzylidene-2.4-thiazolidinedione, lung
cancer

Introduction

Cancer is one of the leading causes of mortality worldwide characterized by
sustained chronic proliferation of immortal cells, evasion of growth suppressors’
programs, resistance to cell death, development of angiogenesis, tissue invasion and
metastasis [1]. The most common sites of cancers diagnosed among men are lung,
prostate, colorectal, stomach and liver. Meanwhile, most common sites of cancer in
women are breast, colorectal, lung, cervix and stomach. The total number of cancer
related deaths worldwide raised from 8.2 million in 2012 to 8.8 million in 2015 and
lung cancers caused approximately 1.69 million deaths in 2015 [2-4].

Thiazolidine-2.4-dione ring (Figure 1) system exhibits a broad spectrum of
biological activities, such as hypoglycemic [5.6], anti-mycobacterial [7], anti-
inflammatory [8], antileishmanial [9], antibiotics [7,10] and antitumor [11]. Much
attention has been given to the construction of new derivatives of thiazolidinediones
with anticancer activity [12-14].

Heterocyclic molecules belonging to the thiazolidinedione class represents a new
alternative in the search for drugs with antineoplastic potential. Thiazolidinediones
exhibit antitumor effects through both PPARy-dependent and -independent mechanisms
[15.16]. The role of PPARYy (peroxisome proliferator-activated receptors) in tumor cells
has been extensively investigated and treatment with PPARy agonists exert biological
effects such as cell growth control, motility, differentiation and apoptosis [16,17]
PPARYy-independent mechanism of tumor cell death induced by thiazolidinediones
treatments includes proteasome-dependent degradation of cyclins (D1 and D3) with
consequent cell cycle blockage at Gi-S transition. induction of cellular acidosis through
inhibition of the Na™/H™ exchanger and release of apoptotic factors from the
mitochondria due to the production of reactive oxygen species (ROS) [15].

Among many thiazolidinediones derivatives with distinct biological activities, 5-
benzylidene-2.4-thiazolidinedione and its analogues presented cytotoxic activity against
a variety of different cell lines: compound 2-[4-[(2,4-Dioxothiazolidin-5-ylidene)
methyl] phenoxy]-N- [3-(trifluromethyl) phenyl] acetamide was active against K562
leukemia, MCF-7 (breast cancer), PC3 (Prostate cancer), KB (Nasopharyngeal cancer)
and GURAYV (Oral cancer) [18]; 5-(4-(2-(piperidin-1-
yl)ethoxy)benzylidene)thiazolidine-2.4-dione was active against a panel of 60 human
tumor cell [19]. In fact, a wide variety of substituents in the thiazolidine-2.4-dione
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(TZD) nucleus lead to a huge diversity of compounds targeting different signaling
pathways related to cell proliferation or cell death [11].

One of the most important characteristic for a new molecule with action against
cancer 1s its selectivity toward tumor cells, since many anticancer drugs cause diverse
cytotoxic and genotoxic damages also in normal cells. Although there are many reports
indicating a wide range of biological activities for compounds with a thiazolidine-2.4-
dione nucleus, genotoxicity studies in normal cells are still insufficient. In this context,
this study aimed to evaluate in vifro antitumor effects of S-benzylidene-2.4-
thiazolidinedione derivatives, as well as to investigate the possible mechanisms of
action, and genotoxic outcomes of these compounds on human normal and tumor cells.

Material and Methods
Synthesis of thiazolidine-2,4-dione derivatives compounds

The synthesis methodology of compounds 1 to 5 was already described [9].
Briefly, the thiazolidine-2.4-dione (1) was obtained by the method already described
[20,21]. This reaction occurs by condensation of monochloroacetic acid and thiourea in
an aqueous medium under reflux for 24 h. The series of thiazolidine-2.4-dione
derivatives were originated by changes in the 5 position of the heterocyclic ring (Fig. 1).
The compounds5-(2-bromo-6-fluorobenzylidene)-thiazolidine-2.4-dione (2), 5-(2-
Hydroxy-3-bromo-5-chlorobenzylidene)-thiazolidine-2.4-dione (3), 5-(2-Hydroxy-5-
clorobenzylidene)-thiazolidine-2.4-dione (4) e 5-(2-bromo-5-methoxybenzylidene)-
thiazolidine-2,4-dione (5) were synthesized according to protocol described previously
[9] (Fig. 2). A solution of thiazolidine-2.4-dione (0.2 g. 1.70 x 10 mol) in ethanol, (7.0
mL) containing piperidine (2 drops) and aromatic aldehyde (0.184 g. 2.25 x 10~ mol)
was heated (70°C), under stirring, for 5-9 h. Afterward, the product was cooled in an ice
bath, filtered and recrystallized with an appropriate solvent. The resulting precipitate
was filtered off and recrystallized from acetic acid to give the compounds (2-5). All
compounds were identified by IR spectroscopy method, NMR and HRMS
(Supplementary material). The yields obtained ranged from 73 to 79%.

Cell lines

The cell lines NCI-H292 (Mucoepidermoid pulmonary carcinoma), HL.60
(Promyelocytic leukemia), HT-29 (Colon adenocarcinoma), K562 (Chronic
myelogenous leukemia), HEp-2 (cervix carcinoma) and MCF-7 (Breast
adenocarcinoma) were obtained from The Rio de Janeiro cell bank, Brazil. The cells
were maintained in DMEM or RPMI 1640 medium. All cell lines were supplemented
with 10% fetal bovine serum (GIBCO), 1% antibiofic solution (penicillin 5000
Units/mL + streptomycin 5000 pg/mL) and 1% L-glutamine 200 mM.

Cytotoxic activity in tumor cells
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The 3-(4.5-dimethyl-2-thiazolyl)-2.5-diphenyl-2H-tetrazolium bromide (MTT)
(Sigma Aldrich Co., St. Louis, MO/USA) reduction assay was used for cytotoxicity.
Tumor cells were plated in 96-well plates (10° cells/mL for adherent cells or 3x10°
cells/mL for leukemia). Tested compounds (0.39-25 pg/mL) dissolved in DMEM with
DMSO 0.007% for the lowest concentration (0.39 pg/mL) to 0.5 % for the highest
concentration (25 pg/mL) of compounds were added to each well. Subsequently. cells
were incubated for 72 h. The compound 5 was also evaluated after 24 and 48 h of
incubation in NCI-H292 cells. Control groups received the same amount of DMSO.
After 69 h of treatment 25 uL of MTT (5 mg/mL) was added. three hours later the
supernatant was removed and the MTT-formazan product was dissolved in 100 pL of
DMSO. and absorbance was measured at 570 nm in plate spectrophotometer.
Doxorubicin (0.01-5 pg/mL) was used as positive control. Data are presented as ICso
(concentration that cause 50% of cell growth inhibition) values with their 95%
confidence intervals (CT 95%) obtained by non linear regression after normalize the
absorbance results against untreated control samples [22].

Peripheral blood mononuclear cells isolation and cytotoxic activity (PBMC)

Mononuclear cells (lymphocytes and monocytes) were obtained from the
peripheral blood of healthy volunteers collected in sterile tubes with heparin solution
(BD Vacutainer ™) as an anticoagulant. The protocol was approved by The Human
Research Ethics Committee (N° CAAE 48809515700005208). The total blood (6 ml)
was diluted in 3 ml PBS and layered onto 2 ml Ficoll®-Hystopaque (Sigma). For phase
separation of the solution, the tube was centrifugated at 1500 rpm for 30 minutes. After
centrifugation the mononuclear cells were concentrated in the middle layer located
between the plasma (light phase) and erythrocytes (dark phase). Afterwards the PBMC
were transferred to another tube with PBS to a final volume of 11 ml. The cells were
pelleted by centrifugation and resuspended in RPMI 1640 medium supplemented with
20% fetal bovine serum and 1% antibiotics 1% antibiotic solution (penicillin 5000
Units/mL + streptomycin 5000 pg/mL). Phytohemagglutinin 2% (Sigma) was added to
the medium to stimulate the proliferation of lymphocytes. Cells were seeded at 10°
cells/mL in 96 well plates. After 24 hours of incubation, compounds were dissolved in
DMEM with DMSO and added to each well. Doxorubicin (0.078 to 10 pM) was used as
a positive control. The negative control received the same amount of DMSO. Twenty-
four hours before the end of the incubation period (total time of 72h), 10 pL of Alamar
Blue stock solution (0.312 mg/mL) was added to each well. The absorbances were
measured at 570 nm (oxidized state) and 595 nm (reduced state) in a plate
spectrophotometer. Cell proliferation that was calculated by the following formula: %
proliferating = ALW — (AHW x R0) x 100, where ALW is the absorbance at the lowest
wavelength (570 nm) e AHW is the absorbance at highest wavelength (595 nm),
respectively. The RO was calculated according to the formula: RO = (absorbance of
medium with Alamar Blue minus absorbance of medium without Alamar blue at 570
nm)/( absorbance of medium with Alamar Blue minus absorbance of medium without
Alamar blue at 595 nm) [23].
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Evaluation of hemolytic potential in human erythrocytes

Blood was collected from healthy volunteers. Erythrocytes were pelleted by
centrifugation (3000rpny/Smin) and resuspended in saline (0.85% NaCl + 10 mM
CaClz) to obtain 2% erythrocytes solution (SE) 2%. The 96-well plates were prepared
according to the following: 100 pl of saline (negative control): 50 pl of saline solution
and 50 pl of vehicle with 1% DMSO (Blank): 80 pL saline + 20 puL Triton X - 100 1%
(positive control): 50 pl of saline solution and 50 pl of compounds (1.95 to 250 pg/ mL)
diluted in 1% DMSO. Then 100pl of the solution of erythrocytes was plated in each
well. After incubation for 1 h under constant agitation at room temperature, the
supernatant was analyzed in automatic plate reader (450nm). The 50% effective
concentration (ECso) and their 95% confidence intervals were determined from
nonlinear regression.

Morphological changes induced compound 5 (5-(2-bromo-5-methoxybenzylidene)-
thiazolidine-2.4-dione) on lung adenocarcinoma (NCI-H292)

Compound 5, the most active compound, was selected for further investigation
of cytotoxicity on lung carcinoma NCI-H292. Cells cells (10° cells/mL) were treated
for 48 h with Compound 5 at 8.0 and 16.0 pg/mL. the ICso and 2x 1Cso for 48N,
respectively. Afterward, slides were prepared by cytospin centrifugation. To evaluate
the morphology, the cells were fixed with methanol for 1 minute and stained with May-
Grunwald-Giemsa, Doxorubicin (0.5 pg/ml.) was used as a positive control.

Analysis by Flow Cytometry
Externalization of phosphatidylserine in NCI-H292 after treatment with compound 5

The externalization of phosphatidylserine was evaluated by annexin/propidium
iodite staining. NCI-H292 cells were treated with compound 5 at 8 and 16 pg/mL for
48 hours, the ICso and 2x ICso for 48 h, respectively. Doxorubicin (0.5 pg/mL) was used
as positive control. Cells were harvested and incubated with AnnexinFitV-FITC kit
according to the manufacturer (Sigma). Cell fluorescence was then determined by flow
cytometry on a BD cytometry - FACS Calibur - CBA. Twenty thousand events per
experiment were acquired and cell debris were omitted from the analysis. The
percentages of viable cells, early apoptotic. late apoptotic and necrotic cells were
graphed using Prism 5.0 (GraphPad Software Inc.)

Measurement of mitochondria transmembrane potential in NCI-H292 after treatment
with compound 5

NCI-H292 cells treated with compound 5 at 8 and 16 pg/mL for 48 howrs, the
ICs0 and 2 x ICso for 48 h, respectively and doxorubicin (0.5 pg/mL) were centrifuged at
2000 rpm for 5 minutes, washed with PBS and stained with 200 pL of rthodamine 123 (1
ng/ml) for 15 min. Subsequently, cells were pelleted again and incubated with PBS for
30 minutes. Cell fluorescence was then determined by flow cytometry. Twenty
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thousand events per experiment were acquired and cell debris were omitted from the
analysis [24].

DNA content of NCI-H292 cells (DNA fragmentation and cell cycle) after treatment
with compound 5

Cells were collected, pelleted and fixed with cold ethanol (70%) for 1h. After
washing with phosphate buffer saline to remove ethanol. treated and untreated cells
were incubated with 100 pL of lysis solution (0.1% sodium citrate, 0.1% triton X - 100
and 2 pg/ml of propidium iodide). After 30 minutes cell fluorescence of the samples
were analyzed on a BD cytometry - FACS Calibur — CBA. FlowJo was used to
calculate the cell cycle parameters, based on the cells PI emission (analyzed in the
FACSCalibur FL2 channel that captures 564-606 nm emissions). Twenty thousand
events per experiment were acquired and cell debris were omitted from the analysis
[25].

Genotoxic effect of compound 5 in tumor and normal cell lines - Comet assay

We evaluated the genotoxic effect of compound 5 using the comet assay [26].
Approximately 2 x 10° cells/mL of the NCIH-292 were treated with compound 5 for
48h. To investigate the initial effects on DNA damage induced by compound 5 we used
the 72 h ICso and 2 x ICso, 1.26 and 2.5 pg/mL, respectively. For normal cells, we
choose 2 x ICso and 4 x ICso found in cancer cells. PBMC were treated with compound
5 with 2.5 and 5.0 pg/mL for 48 h. Doxorubicin (0.5 pg / mL) was used as a positive
control. The negative control received the same amount of DMSO as treated samples
(0.5%). After treatment, cells were harvested and 15 pL of the cell suspension was
embedded in low melting point agarose at 37°C. The homogenate was then casted on
agarose-coated glass slide. Slides were stored in the dark at 4°C for 20 min before
adding electrophoresis buffer. Gel electrophoresis was performed at 40 V for 20 minute
and 300 mA). The slides were neutralized in 0.2 M Tris buffer (pH 7.5) for 15 minutes
and fixed with 98% ethanol for 5 minutes. After drying, the slides were stored in a
refrigerator until staining. Staining was performed through 1:1000 Gel Red
(BiotargetGelRed®) addition onto each slide. We analyzed the slides using a
fluorescence microscope (Olympus — BX series). Approximately 100 cells per treatment
were analyzed and scored from 0 fo 4 points depending on the degree of damage in the
nucleoid as the following criteria: (a) class 0: undamaged. with no tail: (b) class 1: with
tail shorter than the diameter of the head (nucleus): (¢) class 2: with tail length between
one and two times the diameter of the head: (d) class 3: with tail longer than two times
the diameter of the head: and (e) class 4: comets with no heads. The damage index (DI)
can vary from 0 (0x100) to 400 (4x100) [27]. Examples of comets from our experiment
are provided for better understanding of the classification used (Fig. 3).

Statistical analysis

For cytotoxicity assays. ICso values and their 95% confidence intervals were
obtained by non-linear regression. In order to determine the differences, the data were
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compared by analysis of variance (ANOVA) followed by Dunnett's test (p <0.05). The
GraphPad Prism version 5.00 was used for statistical analysis.

Results
Cytotoxic activity of thiazolidine-2,4-dione derivatives in tumor cells

Four compounds were tested in six human tumor cell lines HEp-2, HT-29, HL-
60, MCF-7, K562, and NCI-H 292 and cytotoxicity was determined by MTT assay after
72 hours of incubation. Compounds 2, 3 and 4 showed low cytotoxic activity with ICso
values ranging from 9.0 pg/ml to 25.0 pg/ml (Table 1). Compound 5 was the most
active compound with lowest ICso value (1.2 pg/mL) for lung cancer (NCI-H292). All
cell lines were inhibited by the positive control doxorubicin, being HEp-2 and HT-29
the most resistant cell lines. In order to investigate the time dependency of compound 5
cytotoxic activity, NCI-H292 cells were treated for 24 h and 48 h. Compound 5
presented ICso> 25 pg/mL after 24 hours of treatment and ICso of 7.9 pg/mL after 48
hours of treatment (Fig 4)

Cytotoxic activity of thiazolidine-2,4-dione derivatives on peripheral blood
mononuclear cells (PBMC) and hemolytic activity

Compounds that cause non-specific cell death targeting the cell plasmatic
membrane are very toxic. A positive hemolytic assay excludes the compound from
being used as therapeutic drug. None of the compounds tested were toxic to human
erythrocytes (ECso> 125 pg/mL). In addition, the compounds were tested in a model of
human normal cells: peripheral blood mononuclear cells. After isolation from human
blood, PBMC cultivated under mitogenic stimulus works as a model of normal cells.
Compounds 2 to 5 were not cytotoxic to PBMC after 72 h of treatment (IC50> 25
ng/mL). The results indicated that the compound § showed selectivity for tumor cell
lines since it causes tumor cell growth inhibition but it does not cause hemolysis of
human erythrocytes neither cytotoxicity toward PBMC.

Analysis of cell morphology -May - Griinwald — Giemsa staining

The cell morphology was analyzed by optical microscopy after 48 h of incubation.
NCI-H292 unfreated cells (negative control - CN) showed typical cellular morphology of
adherent cells with intact nuclear and plasmatic membrane and the presence of mitotic
cells (Fig. 5). Cells treated with compound 5 at 8.0 pg/mL and 16.0 pg/mL exhibit
morphological changes consistent with apoptosis including the cell volume reduction and
nuclear fragmentation (Fig. 5). Doxorubicin (0.5 pg/mL) reduced the number of cells,
induced reduction of cell volume, chromatin condensation and nuclear fragmentation in
NCI- H292 cells.

Phosphatidylserine externalization analysis and mitochondrial transmembrane
potential by flow citometry
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The percentage of NCI-H292 apoptotic cells was significantly higher (p<0.05)
after 48h treatment with compound § at 16 pg/mL (64%) compared to the negative
control (15%). Doxorubicin 0.5 png/mL also induced apoptosis (51%) compared to the
negative control (p<0.05). None of the treatments induced increase on necrotic cells
(Fig. 6 and Fig. 7). The mitochondrial membrane potential evaluation was performed
by flow cytometry. Rhodamine 123, a green-fluorescent dye, is sequestered by active
mitochondria. When mitochondria depolarizes due to membrane damage, the dye is lost
and the average fluorescence decrease. After exposure of NCI-H292 to compound 5
(16.0 ug/mL) for 48 hours a significant increase (p<0.05) in mitochondrial
depolarization was observed (Fig. 6 and Fig. 7). Doxorubicin (0.5 pg/ml) was also able
to promote significant mitochondrial depolarization at the concentration tested (p<0.05).

Analysis of cell cycle and DNA fragmentation

NCI-H292 cells were treated with compound 5 for 48 h (Fig. 6) and 72 h (Fig.
9) at ICso and 2 x ICspand DNA content was quantified by flow cytometry. After 48 h
of treatment, an increase on subdiploid DNA was observed when cells were treated with
compound 5 at 16 pg/mL (16.12% after 48h) compared to negative control (2.4% after
48h) (p<0.05). After 48 h there were no significant differences at cells cycle phases
(GO/GL1. S and G2/M) between treated and control cells (Fig. 7). After 72 h of treatment
compound 5 at 1.26 pg/mL caused an increase of cells on GO/ G1 (59.8 % after 72 h)
vs. negative control (41.3 % after 72 h) (p<0.05). When cells were treated with 2.52
ng/mL of compound 5 during 72 h, an increase on subdiploid DNA (27.4 % after 72 h)
was observed (negative control 3.79 % after 72 h) (p<0.05).

Genotoxicity assessment in PBMC and NCI-H292

The in vitro genotoxic activity on both PBMC and lung cancer cell line NCI-
H292 was assessed after 48 h by the Comet assay. To analyze the extent of damage to
DNA molecules, data were expressed as damage index (ID) ranging from 0 (no damage)
to 400 (maximum damage) (Fig. 10). No DNA damage was detected on PBMC after 48
h of treatment at any tested concentration of Compound 5 (2.52 ng/mL € 5.0 pg/mL)
compared to the negative control; Conversely, Doxorubicin (0.5 png/mL) caused
significant DNA damage. For lung cancer cell line NCI-H292. compound 5 (1.26
ng/mL e 2.52 pg/mL) caused an increase on damage index of DNA at both tested
concentrations (1.26 pg/mL e 2.52 pg/mL). Doxorubicin also increased DNA damage
on NCI-H292.

Discussion

Recently, compounds 2, 3, 4 and 5 were synthesized in satisfactory yields and
tested against pteridine reductase 1 (PTR1), a promising enzyme as target for the
development of antileishmanial drugs. Compound 3, the first non-competitive inhibitor
of PTRI1, presented a two-digit micromolar potency (less than 50 uM) in comparison
with compounds 2, 4 and 5 [9]. Nonetheless, cytotoxic and genotoxic potentialities on
neoplastic or normal cells have not been described yet.
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Compounds 2 to 5 were screened against six tumor cell lines (HEP-2, HL-60,
HT-29, K562, MCF-7 and NCI-H292) and 5 presented lowest ICso values. The most
sensitive cell line treated with compound 5 was NCI-H292 (ICso value of 1.26 pg/mL).
The presence of an electron releasing substituent methoxy group increased the activity
of compound 5, while in compound 2 the presence of two strong electron withdrawing
atoms (bromine and fluorine) reduced the cytotoxic activity. Previously, some studies
have reported in vitro cytotoxic activities of thiazolidine-2.4-dione derivatives upon
tumor lines of different histological types [18.28.29]. Amongst ten compounds
synthesized, (2-[4-[(2.4-Dioxothiazolidin-5-ylidene) methyl] phenoxy]-N-[3-
(trifluromethyl) phenyl] acetamide) showed potent cytotoxicity against five of the seven
cell lines tested (breast cancer MCF-7, prostate cancer PC3, nasopharyngeal KB, cancer
oral cancer GURAYV and leukemia K562) [18]. Another group of derivatives where the
substitution reaction occurs at the third position of the 2.4- thiazolidinedione ring
presented two active compounds against MCF-7 cell line [28]. Recently, two series of
thiazolidinediones were synthesized and their cytotoxicity evaluated in prostate
adenocarcinoma PC-3, breast adenocarcinoma MDA-MB-231, and fibrosarcoma HT-
1080 cancer cell lines. Most of the compounds synthesized were active against at least
one cell line, being 5- {4-[(3-(4-Chlorophenyl)-3.4-dihydro-4-oxoquinazolin-2-
yl)methoxy|benzylidene}thiazolidine-2.4-dione the most active compound. Moreover,
mechanistic investigation revealed pro-apoptotic activity of the most cytotoxic
compound [29] .

In order to verify whether the cytotoxicity is related to direct cell membrane
damage, the compounds were incubated with human erythrocytes. None of the
compounds induced lysis of human erythrocytes (ECso> 125 pg/mL). Probably, the
cytotoxicity of compound 5 toward tumor cells occurs by a more specific mechanism
other than a immediate and direct disruption of cell membrane. In fact, treatment of
NCI-H292 cells for a brief period such as 24 h with compound 5 did not reduce cell
growth. Only after 48 hours of treatment, a significant cytotoxicity on NCI-H292 was
observed with maximum effect achieved after 72 h. Lung cancer 1s currently the leading
cause of cancer death worldwide and for most patients with this disease current
treatments do not promote cure [3.30]. Additionally, cytotoxic action on normal cells
(peripheral blood mononuclear cells) was not observed with compounds 2 to 5 (ICs>
25 pg/ml). Compound 5 demonstrated antiproliferative selectivity to lung cancer cells,
since the tumor cells were affected by the treatment but not normal cells.

Morphological and biochemical patterns in NCI-H292 human lung cancer cells
incubated with compound 5 were investigated. NCI-H292 treated cells exhibited cell
volume reduction and DNA fragmentation (8 and 16 pg/mL), suggesting activation of
apoptotic events. The process of cell death by apoptosis has some characteristics such as
cell volume reduction, chromatin condensation, and nuclear fragmentation without
extravasation of the cellular content [31]. So, unlike what happens in necrosis, no
inflammatory process occurs [32]. Mitochondrial membrane depolarization and loss of
plasma membrane phospholipid asymmetry also occur during the apoptosis process
[33].

To confirm if morphological alterations in NCI-H292 treated cells were consistent with
apoptosis, phosphatidylserine (PS) externalization was evaluated. An increase on NCI-



H292 apoptosis was observed after 48 h of treatment with compound 5 and such
findings were accompanied by mitochondrial depolarization and DNA fragmentation
(16 pg/mL). After 72 h of incubation, compound 5 caused DNA fragmentation in NCI-
H292 cells at 6-fold lower concentration (2.5 pg/mL) than that used for 48 h analyses
and cell cycle arrest at GO/G1 at 1.26 ng/mL. A report has shown that hybrid molecules
containing 5-benzilidene thiazolidine-2, 4-dione induced apoptosis on leukemia cells by
activation of the extrinsic and the intrinsic pathways of cell death [14]. Pioglitazone
(PGZ). a thiazolidinedione compound, induced growth inhibition and apoptosis of
human B Iymphocytic leukemia (SD1 cells). Treatment of these cells with the PPARy
ligand pioglitazone resulted in growth inhibition in a dose-dependent manner which was
associated with a G1 to S cell cycle arrest after 3 days of treatment. After 4 days of
treatment PGZ caused significant apoptosis in lymphocytic leukemic cell lines [34].
TZD18, Another PPARa and PPARY agonist structurally related to the
thiazolidinedione, induced G1 cell cycle arrest in Ph+ lymphocytic leukemia cell line at
10 uM and at higher concentration (20 pM) induced apoptosis in a time-dependent
fashion [35]. Thus, G1 arrest may represent one of the underlying mechanisms for
subsequent cell apoptosis.

Thiazolidine-2.4-dione (TZDs) were evaluated regarding the expression of
proteins that control the transition from the G1 to S cell cycle’s phase in human prostate
cancer cell lines [36]. Inhibitory concentrations of TZDs rosiglitazone and ciglitazone
induced expression of p21 (Inhibitor of cyclin-dependent kinase) and decrease of cyclin
D1 levels in PC-3 cells. Cell cycle arrest occurred due to the decrease in the level of
cyclin proteins that regulate cell cycle progression [36].

The genotoxicity of compound 5 was accessed by alkaline comet assay. This
technique allows quantitative evaluation of recent damage to DNA by single and double
breaks [37] and has advantages over others DNA damage methods such as the
micronucleus test because of its high sensitivity and early detection of DNA injury.
Compound 5 did not cause genotoxicity in PBMC even for a prolonged period of
treatment with 5 pg/mL (48 h), but NCI-H292 cells presented significant DNA damage
at 4-fold lower concentrations than that used for normal cells (1.25 pg/mL).
Doxorubicin (0.5 pg mL) also produced DNA damage in normal cells. DNA damage
induced by compound 5 in NCI-H292 initiated with low concentration as detected by
the comet assay and became more extensive with higher concentrations of compound 5,
as detailed by flow cytometry assay. Although 5-benzylidene-thiazolidine-2.4-dione
derivatives have been reported in a large number of biological activities, there are still a
few studies that investigate possible genotoxic effects in normal lines. Recently, some
thiazacridine derivatives (ATZD), a new class of cytotoxic agents combining one
acridine nucleus with thiazolidine group, were described as non-genotoxic upon human
Iymphocytes [38]. Progress in the treatment of locally stage IIT Non—Small Cell Lung
Cancer has been achieved with two chemotherapy doublets in combination with
thoracic radiotherapy: 1) full-dose cisplatin plus etoposide (PE) for two cycles; and 2)
weekly low-dose paclitaxel plus carboplatin (PC). However, advanced lung cancer has
been resistant to traditional chemotherapy [39]. This data reinforce the need for
encouragement of smoking cessation as a preventive approach and the development of
new chemotherapeutic agents to treat lung cancer. Hence, we have identified compound
5- (2-bromo-5-methoxybenzylidene) thiazolidine-2.4-dione as a selective cytotoxic and
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pro-apoptotic agent against lung carcinoma cells. Furthermore, compound 5 did not
show genotoxicity to normal cells.
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Fig. 1.Thiazolidine-2.4-dione ring
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Fig. 3. Photomicrograph of comets classified by visual inspection into five categories:
score zero representing undamaged cells and score 1 to 4 representing increasing
damage. 1000 x magnification.
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Fig. 4. Time-dependent growth inhibition effect of compound 5 in NCI-H292 cell line.
Tumor cells were treated with 7 different concentrations at 24, 48 and 72 h.
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Fig. 5. Cell Morphology of NCI-H292 cells after 48 h of treatment. (NC) negative
control treated with the vehicle alone DMEM 0.5% DMSO. Doxorubicin 0.5 pg/mL
was used as positive control (Dox). Cells were treated with compound § at the
concentrations 8.0 pg/mL and 16.0 pg/mL. Arrows indicate the aspects observed:
volume reduction (short arrows) and cellular debris (curved arrows). Cells were stained
with May - Grunwald - Giemsa and visualized by light microscopy with 400X
magnification.
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Fig. 6. A- Externalization of phosphatidylserine on lung cancer cell line NCI-H292
analyzed by flow cytomertry after 48 hours incubation with compound 5. B-Effect of
compound 5 in NCI-H 292 transmembrane mitochondnal potential determined by flow
cytometry after 48 hour of treatment. The negative control (NC) was treated only with
DMEM 0.5% DMSO. Doxorubicin (0.5 pg/mL) was used as positive control (Dox).



60

ACCEPTED MANUSCRIPT

Values are mean = standard deviation of 3 independent experiments (n = 6). *»<0.05
compared to negative control by ANOVA followed by Dunnett's test.
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Fig. 7. Effect of Compound 5 in NCI-H292 cell line apoptosis parameters and DNA
content after 48 h treatment. A) Representative flow cytometric dot plots showing the
percentage of cells in viable, apoptotic and necrotic stages. B) Representative flow
cytometric histograms of cells with mithochondrial despolarization. €) Cell cycle
histograms. Dox: doxorubicin.
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Fig. 8. The effect of compound 5 at ICso and 2 x ICso concentrations on the cell cycle of
NCI -H292 was determined by flow cytometry after 48 h of incubation. The negative
control (NC) was treated only with DMEM 0.5% DMSO. Doxorubicin (0.5 pg/mL) was
used as positive control (Dox). Values are mean + standard deviation of 3 independent
experiments (n = 6). *p<0.05 when Sub G1 was compared to negative and °p<0.05
when G2/M was compared to negative control by ANOVA followed by Dunnett's test.
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Fig. 9. The effect of compound 5 at ICso and 2 x ICso concentrations on the cell cycle of
NCI-H292 determined by flow cytometry after 72 h of incubation. The negative control
(NC) was ftreated only with DMEM 0.5% DMSO. Doxorubicin (0.5 pg/mL) was used as
positive control (Dox). Values are mean + standard deviation of 3 independent
experiments (n = 6). ®p<0.05 when G0/G1 was compared to negative control. IJp<0.05
when S phase was compared to negative control. »<0.05 when G2/M was compared to
negative control. *p<0.05 when Sub G1 was compared to negative control. All of them
were compared by ANOVA followed by Dunnett's test.
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Fig. 10. Damage Index (ID) obtained by Comet assay. A) Peripheral blood mononuclear
cells (PBMC) isolated from healthy human volunteers. B) NCI-H292 lung cancer cells.
Both normal (PBMC) and cancer cells (NCI-H292) were treated with DMEM 0.5%
DMSO (NC): Doxorubicin 0.5 pg/mL as positive control (Dox) and compound S for 48
hours. Values (damage index of 100 cells at 2 slides: n = 2) corresponds to the mean =
SD of two independent experiments.* p<0.05 compared to the negative control (NC)
and analyzed by ANOVA followed by Dunnett’s post test.

Table 1 Cytotoxicity of thiazolidine-2.4-dione derivatives after 72 hours of incubation.
The compound concentration that causes 50% inhibition of cell growth and their 95%
confidence interval (CI95%) are expressed in pg/mL. Doxorubicin was used as positive
control (DOX).

Tumor cell line ICso (CI95%) pg/mL

Compound HEp-2 HL-60 HT-29 K-562 MCEF-7 NCI-H292
9.0 202 15.4
- o (68-119) %3 e (16.424.7) (12.9-18.4)

16.1 11.6 17.9 10.9
25 2
3 g = (13.9-189) 23 (8.7-15.4) (15.6-20.6) (8.8-13.5)
10.2 17.0 16.9
2 2 2
4 =23 (7.7-133) %3 (8.2-35.1) 2 (12.8-22.4)
2.0 6.8 3.5 126
i
5 e (1.5-2.7) s (0.2-14.5) (18-63)  (0.9-1.7)
iR 12 0.03 0.7 0.24 0.5 03
(0.5-2.4)  (0.02-0.03)  (03-1.0)  0.16-0.39 036-0.74  0.17-0.9

ICso: Concentration that causes 50% inhibition of cell growth. and (CI95%) confidence interval. Dox:
doxorubicin
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ABSTRACT The novel 5-thiazolidine-2,4-dione (a-f) derivatives were synthesized to
evaluate antimicrobial activity in vitro against a panel of a pathogenic fungal strain, an
alcohol-acid resistant bacterium, four Gram-positive bacteria and three strains of Gram-
negative bacteria. The results revealed that the compounds (a-f) showed activity against
at least two strains tested. However, no compound inhibited the growth of Gram-
negative bacteria and yeast. Compounds (e) and (f) were also analyzed in tumor cells
and normal to evaluate their cytotoxic potential, showing inhibition of cell growth
higher than 75% and values of Clso below 4ug / mL for lung tumors (NCIH-292), colon
(HT-29), breast cancer (MCF-7) and laryngeal cancer (HEp-2). The compounds tested
were not cytotoxic to normal cells, this reveals an important characteristic for a new
compound because they are considered interesting to fill the chemotherapy gap with

selectivity to tumor cells.

Key words: Microbiological activity, Cytotoxicity, Thiazolidines-2,4-diones.
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INTRODUCTION

Bacterial resistance represents a global public health problem, the treatments of
bacterial infections are a challenge to include emerging infectious diseases and
infections by bacteria resistant to multiple drugs. Although there are many antibiotics
and chemotherapeutics available today for medical use, there is a great need to discover
new classes of antibacterial agents due to the emergence of strains resistant to existing
antibiotics [Tomasic et al., 2010].

Cancer is another worldwide public health problem due to the rising incidence
and mortality rate. There are more than 100 types of cancers, having as a common
feature the disordered growth of cells, capable of invading tissues and organs. Cancer
cells have multiple structural, behavioral, and molecular characteristics that define the
pathophysiology of cancer and are responsible for malignant growth such as: Self-
sufficiency in the regulation of cell growth signals, the insensitivity to the signals that
inhibit this growth, evasion of programmed cell death (apoptosis), unlimited replicative
potential, induction of angiogenesis, tissue invasion and metastasis [INCA, 2015;
Hanaham e Weinberg, 2011].

The use of antineoplastic drugs provides an increase in the survival of patients
with various types of cancer, but prolonged exposure to these drugs increases the risk of
side effects in different organs and tissues [Chaves et al., 2007].

Despite the increase in global investments for research and development of new
drugs the approval rate is declining and the main reason for this decline is due to
toxicity and undesirable side effects [Morrow et al., 2010].

In this context, compounds derived from thiazolidines appear as an alternative in

the research of new bioactive molecules. The biological activities exhibited by the
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thiazolidines-2,4-diones are described as antihyperglycaemic, antiinflammatory,
antiarthritic, antimicrobial and antitumor. The thiazolidine derivatives have a
heterocyclic ring system with multiple applications and represent a class of drugs and
patented substances in several phases of the research. These derivatives have become
very important for organic synthesis and the development of new drugs [Jain, 2013].
Faced with this evidence, researchers around the world have been engaged in the
search for new drugs with antibiotic action and antitumor drugs in order to find a more
effective treatment that causes less adverse reactions. Thus, in this study, studies were
carried out to verify antibiotic and antitumor activities in vitro of the compounds

containing the core thiazolidines-2,4-diones, envisioning the development of new drugs.

MATERIAL AND METHODS

Compounds

The synthesis methodology of the compounds isolated in this article was
described by Leite et al., 2016. The thiazolidine-2,4-dione was obtained by the method
described by Liebermann (1948) and modified by Albuquerque et al. (1995) and
Gouveia et al. (2009). This reaction occurs by condensation of monochloroacetic acid
and thiourea in an aqueous medium under reflux for 24 h [Bozdag-Dindar et al., 2007;
Bruno et al., 2002]. The thiazolidine-2,4-dione derivatives were obtained by the changes
in the 5-position of the heterocyclic ring (Fig. 1). Compounds (a) (Z) -5- (2-bromo-6-
fluorobenzylidene) -thiazolidine-2,4-dione; (b) (Z) -5- (2-Hydroxy-3-bromo-5-
chlorobenzylidene) -thiazolidine-2,4-dione, (© 04 -5- (2-Hydroxy-5-
chlorobenzylidene)  -tiazolidine-2,4-dione  , (d) (Z) -5-  (2-bromo-5-

methoxybenzilidene)-tiazolidine-2,4-dione; (e) (2)-5-(2,4-dichlorobenzylidene-
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thiazolidine-2,4-dione e (f) (Z)5-(3,4-dichlorobenzylidene-thiazolidine-2,4-dione, were
synthesized according to the protocol described previously [Vicini et al., 2006; Silva et
al., 2014; Pikkemaat et al., 2002] (Fig. 1). A solution of tiazolidine-2,4-dione (0,2 g,
1,70 x 10-3 mol) was heated in ethanol (7,0 mL) containing piperidine (2 gotas) and
aromatic aldehyde (0,184 ¢, 2,25 x 10-3 mol) (70 ° C), under stirring, for 5-9 h. The
product was then cooled in an ice bath, filtered and recrystallized with a suitable
solvent. The resulting precipitate was removed by filtration and recrystallized from
acetic acid to give the compounds (a - f). The chemical structures were proved by
physical methods of Hydrogen and Carbon Nuclear Magnetic Resonance spectroscopy
thirteen (RMN1H; RMN13C, Infra-red (IV) and Mass Spectrometry (EMAR). The

yields ranged from 73 a 79%.

Fig. 1. Synthetic pathways of the compounds (a-f).

Evaluation of Microbiological Activity

The tests to evaluate the antimicrobial activity of the synthesized compounds
were carried out at the Laboratory of Microbiology of Drugs of the Department of
Antibiotics - UFPE. The microorganisms of the Collection of Cultures of the
Department of Antibiotics - UFPE, representatives of groups of bacteria Gram positive:
Staphylococcus aureus, Micrococcus luteus, Bacillus subtilis, Enterococcus faecalis;

Gram-negativas: Pseudomonas aeruginosa, Escherichia coli, Serratia marcescens;
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alcool-acido resistentes: Mycobacterium smegmatis e levedura: Candida albicans. The
inoculums were obtained from recent cultures of the test microorganisms, with 18-24
hours of incubation at 35 ° C in the following culture media: Mueller-Hinton agar —
bactérias Gram-positivas e Gram-negativas; Sabouraud agar — Candida albicans;
Glucose yeast extract agar (GL) — Enterococcus faecalis e Mycobacterium smegmatis.

As suspensdes desses indculos foram padronizadas a densidade dptica de 0,2 de
absorbance at 600 nm, equivalent to 0.5 turbidity of the McFarland scale, in
physiological solution, corresponding to approximately 10’ CFU for bacteria and 10°
CFU yeasts, according to the methods described by Barry et al. [2002] e Koneman et al.
[2001].

Paper disc diffusion method

The in vitro evaluation of the antimicrobial activity of the synthesized
compounds was initially performed by the paper disc diffusion technique, according to
Bauer et al. [1966]. The tests were performed with a solution of 30,000 ug / mL of the
test substance, using DMSO (Dimethylsulfoxide) as the solvent. Suspensions of test
microorganisms were seeded in Petri dishes containing 10 mL of the culture medium
appropriate for the microorganism. 6 mm diameter disks impregnated with 10 pl of the
solution were used, resulting in a concentration of 300 ug per disc. The discs were
placed on the surface of the medium seeded with the test microorganism, the plates
being incubated according to the requirement of the microorganism under study (Tabela

1).
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Table 1. Growth conditions of the microorganisms used in antagonism tests
performed on the compounds obtained by synthesis.

Microorganisms Culture mediums Temp.(°C) Time

(h)
Staphylococcus aureus Mieller-Hinton 35 24
Micrococcus luteus Mieller-Hinton 35 24
Bacillus subtilis Mieller-Hinton 35 24
Pseudomonas aeruginosa  Mdueller-Hinton 35 24
Mycobacterium smegmatis Glicose-extrato de levedura agar 35 48
Enterococcus faecalis Mieller-Hinton 35 24
Escherichia coli Sabouraud-agar 35 24
Serratia marcescens Mieller-Hinton 27 24
Candida albicans Sabouraud-agar 30 48

After the incubation period the results were read by measuring the diameter of
the inhibition halos formed around the discs. The tests were performed in triplicate and
the results expressed by the arithmetic mean of the inhibition halos in millimeters and
calculated the standard deviation. The positive controls used as standards were

ampicillin (10 ug / disc), cefotaxime (30 ug / disc) and kanamycin (30 pg / disc).

Well Methodology: Determination of Minimal Inhibitory Concentration (MIC)

and Minimum Bactericidal Concentration (CMB).

The CMI determination was assessed according to the criteria adopted by the Clinical
and Laboratory Standards Institute CLSI [2013]. Multiwell plates (96 wells) were used,
listed from 1 to 12 horizontally and in alphabetical order, from A to H, vertically. The
substances were totally dissolved in DMSO to form a homogeneous mixture at 1280 pg
/ mL titled stock solution, and a standardized suspension of the test microorganisms was

made according to the 0.5 MacFarland.

With the exception of the third column, in the other columns was placed 100 pL

of the medium Mieller-Hinton broth, the second column being the negative control, that
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is, containing only 100ul of the Mueller-Hinton broth; in the first one, 10 ul of the
standardized microbial suspension was added to the 100 pL of the Mieller-Hinton broth
(positive control). In the third column, 180 uL of the Mieller-Hinton broth was placed
and then 20 uL of the stock solution was added. From this column serial dilutions of 1:
2 were made, ie, 100uL of the current column was removed and added in the next
column, to the twelfth column. To the wells of the dilutions were placed 10 uL of the
suspension of the test microorganisms. The plate was incubated for 18-22 hours, after
the incubation period a developer dye (resazurin sodium) was applied, able to more
accurately show whether there was turbidity in the well. The CMI value was determined
at the concentration of the last well where there was no visible turbidity. From this well
seeds were made by exhaustion on plates with Miller-Hinton agar medium to establish
CMB, which will be the concentration where there is no growth of colonies. The MIC
was determined where there was 50% of the bacterial growth in relation to the positive

control. All analyzes were performed in triplicate or quadruplicate.

Cytotoxic Activity in Tumor Cell Lineages

Tumor cells were seeded in 96-well plates (10° cells / ml for adherent cells or 3
x 10° cells / ml for leukemia). The tested compounds (0.39-25 pg / ml), dissolved in 1%
DMSO, were added to each well and incubated for 72 h. Control groups received the
same amount of DMSO. After 69 h of treatment, 25 pl of MTT (5 mg / ml) was added,
three hours later, the MTT-formazan product was dissolved in 100 ul of DMSO, and the
absorbance was measured at 595 nm in plate spectrophotometer. Doxorubicin (0.01-5

ug / mL) was used as a positive control [Mosmann, 1983; Alley et al., 1988]. Data are
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presented as IC 50 values with their 95% confidence intervals obtained by non-linear

regression.

Evaluation of Cytotoxicity

The tumor cell lines used, NCI-H292 (mucoepidermoid lung carcinoma), HL60
(acute promyelocytic leukemia), HT-29 (colon adenocarcinoma), K562 (chronic
myelocytic leukemia), HEp-2 (human laryngeal squamous cell carcinoma) and MCF -7
(Breast adenocarcinoma), were obtained from the Cell Bank of Rio de Janeiro, and were
cultured in DMEM and RPMI medium for leukemic lines, supplemented with 10% fetal
bovine serum and 1% antibiotic solution (penicillin 1000 IU / ml + 250 pg / ml
streptomycin) and 1% of 200 mM L-glutamine. They were kept in an oven at 37 °C and
humid atmosphere containing 5% CO,. Cells were plated at 105 cells / mL for the HEp-
2, HT-29, MCF-7, and NCI H-292. For HL 60 and K562, the concentration was 3 x 10°
cells / mL. Substances previously dissolved in DMSO were diluted in the culture
medium to obtain serial final concentrations (0.39ug / mL- 25ug / mL) and distributed
in a 96-well plate (100 pL / well). Plates were incubated for 69 hours in a 5% CO2 oven
at 37 ° C. Then, 25 uL of the MTT solution (tetrazolium salt) was added, and the plates
were incubated for 3 h. Then the culture medium with the MTT was aspirated and 100
puL of DMSO was added to each well to dissolve the formazan crystals. Doxorubicin
was used as standard. The absorbance, after dissolution of the precipitate and compared
with the negative control, was read in a spectrophotometer at 595nm. The 1C50 value
was defined as the concentration at which 50% inhibition of cell proliferation was

observed.
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Avaliacao do potencial hemolitico em eritrocitos humanos

Blood was collected from healthy volunteers. The erythrocytes were washed
with saline (0.85% NaCl + 10mM CaCl,) by centrifugation (3000 rpm / 5min), the
supernatant discarded and the pellet resuspended in saline to obtain a 2% suspension of
red blood cells. These experiments were performed on 96-well multiplates according to
the following: 100ul of saline (negative control); 50 ul of saline and 50 pl of the vehicle
with 1% DMSO (White); 80uL saline + 20 uL Triton X - 100 (positive control); 50 ul
of saline and 50 pl of the samples (1.95 to 125 pg / ml) diluted in 1% DMSO. Then
100uL of the erythrocyte solution was added to all wells. After incubation for 1 h under
constant stirring at room temperature, the supernatant was analyzed and the optical
reading was done on automatic plate reader (450 nm). The 50% effective concentration
(EC50) and its 95% confidence interval were determined from non-linear regression

using the GraphPad Prism® program (version 5.0).

Evaluation of cytotoxicity in Peripheral Blood Mononuclear Cells obtaining

Peripheral Blood Mononuclear Cells (PBMC).

Mononuclear cells (lymphocytes and monocytes) were obtained from the
peripheral blood of healthy volunteers collected in Vacutainer-type tubes containing
Heparin solution (BD Vacutainer®) as anticoagulant. After collection, 6 mL of blood
were diluted in 3 mL of PBS and added slowly into another tube containing 2 mL of
Ficoll®-Hystopaque (Sigma). Then, centrifugation was performed at 1500 rpm for 30
minutes to separate the solution phases. Ficoll promotes the formation of a density
gradient, mononuclear cells concentrated in the layer located in the middle, between
plasma (light phase) and erythrocytes (dark phase). The PBMCs were transferred to

another tube to which PBS was added to the final volume of 11 ml and then centrifuged
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for 20 minutes at 1000 rpm. The supernatant was discarded and the PBMC pellet
resuspended in RPMI 1640 medium supplemented with 20% fetal bovine serum and 1%
antibiotics (to obtain a final concentration of 100 U / ml penicillin and 100 ug / mi
streptomycin). 2% phytohemagglutinin (Sigma), which is a mitogenic agent, was added
to the medium to stimulate lymphocyte proliferation. The cells were counted and diluted
to a final concentration of 10° cells / ml. The procedures involving blood collection
were submitted and approved by the human ethics committee of the Federal University

of Pernambuco.

Cytotoxic activity in human peripheral blood mononuclear cells

Recently identified as resazurin, alamar Blue [O’Brien et al., 2000] is a
fluorescent and colorimetric indicator with redox properties. Alamar blue is reduced to
resofurin in the presence of viable cells. The reduced form is pink (fluorescent / viable
cell) and the oxidized form is blue (non-fluorescent / non-viable cell). Initially, 10° cells
/ ml were plated in 96-well plates. After 24 h of incubation, the samples were dissolved
in DMSO and added to each well and incubated for 72 h. Doxorubicin (0.078 to 10 uM)
was used as a positive control. The negative control received the same amount of
DMSO. Twenty-four hours before the end of the incubation period, 10 ul of stock
solution of alamar blue (0.312 mg / mL) was added to each well. Absorbances were
measured at wavelengths of 570 nm and 595 nm using a plate spectrophotometer.

Anélise dos Dados

The reduction of alamar blue reflects cell proliferation. Cell proliferation was
calculated using the following formula: % proliferation = ALW — (AHW x R0) x 100, at
where, ALW e AHW are the absorbances at the lowest and highest wavelength,

respectively. RO was calculated using the following formula: RO = AOLW/AOHW,
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where AOLW and AOHW are the absorbances of the isolated medium subtracted from
the absorbances of the medium added to the alamar blue at the smaller and larger

wavelengths, respectively.

Results and discussion

Synthesis of the compounds

1 H-NMR spectra showed peaks confirming the molecular structure of the

compounds (Fig. 2) with the properties described below:

() 5-(2-bromo-6-fluorobenzylidene)-thiazolidine-2,4-dione

MF C10H5BrFNO2S, MW 302.1196, Yield. 78 (%), Rf 0.40 (9.8:0.2
CHCI3/MeOH), MP 115e116 _C, IR, (KBr, cm_1): 3164 (NeH),1703(C]04), 1445
(C]02), 1322 (C]C). 1H RMN (400 MHz, DMSO-d6):d 7.09e7.15 (t, 1H(3), Ar, J ¥ 9
Hz); 7.23e7.30 (m, 1H(4), Ar); 7.46 (d,1H(5), Ar, J ¥ 7.8 Hz); 7.64 (s, 1H(5), C]CH);
11.71 (s broad, 1H, NH). 13C RMN and DEPT (75.5 MHz, DMSO-d6): d 115.58,
127.28, 127.32,128.94, 129.98, 131.88, (115.80 heterocycle); CH]C 142.29;
167.19(C]02); 166.19 (C]O4.). HRMSp: Calculated: 302.1678; found:302.1096.

(b) 5-(2-Hydroxy-3-bromo-5-chlorobenzylidene)-thiazolidine-2,4-dione (2d)

MF C10H5BrCINO3S, MW 3345736, Yield 73%,Rf 0.47 (9.6:0.4
CHCI3/MeOH), MP 197 _C; IR, (KBr, cm_1): 3157(NeH), 1698 (C]04), 1592 (C]02),
1449 (C]C). 1H NMR (400 MHz,DMS0-d6): d, 7.07 (s, 1H(4), Ar), 7.35 (s, 1H(5), Ar);
5.18 (s, 1H, OH),8.05 (s, 1H, C]CH). 11.98 (s 1H, NH). 13C NMR and DEPT (DMSO-

d6,75.4 MHz, dppm): (d 119.83, 134.57, 122.85, 130.40, 123.59, 136.57Ar), 123.40
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heterocycle, 143.79 (C]JCH) 168.32 (C]0O2), 166.47 (C]O4). HRMSp, calculated:
334.5736; found: 335.2612.
(c) 5-(2-Hydroxy-5-chlorobenzylidene)-thiazolidine-2,4-dione (2e)

MF C10H6CINO3S, MW 255.6775, Yield 79%, Rf 0.45(0.9:0.1 CHCI3/MeOH)
MP 207 _C. IR, (KBr, cm_1): 3128 (NeH), 1723(C]04), 1645 (C]O2), 1588 (C]C). 1H
RMN (400 MHz, DMSO-d6):d 7.07 (d, 1H(3), Ar, J ¥% 7.7 Hz), 7.38 (dd, 1H(4), Ar, J ¥
7.5 Hz, J ¥ 1.5 Hz), 7.34 (s, 1H(6), Ar), 7.98 (s, 1H, C]CH), 5.15 (s 1H, OH),10.86 (s,
1H, NH). 13C NMR and DEPT (75.5 MHz, DMSO-d6):d (119.74, 121.67, 123.09,
123.86, 125.57, 127.37 Ar); 118.59 heterocycle,147.02 (C]JCH), 167.43 (C]0O2), 165.8
(C]04). HRMSD, calculated: 255.6725; found: 254.092.

(d) 5-(2-bromo-5-methoxybenzylidene)-thiazolidine-2,4-dione (29)

MF C11H8BrNO3S, MW 314.1551, yield 79%, Rf 0.5(9.6:0.4, CHCI3/MeOH),
MP 212e213 C; IR, (KBr, cm_1): 3125(NeH), 1702 (C]O4), 1603 (C]O2), 1471
(HC]C). 1H MNR (400 MHz, DMSO-d6 d ppm): 3.81 (s, 3H, OCH3), 7.31 (d, 1H (3),
Ar,J ¥ 7.3 Hz), 7.17 (dd,1H(4), Ar, J ¥4 7.5 Hz, J ¥% 1.3 Hz), (s 1H(5). Ar); 7.78(s, 1H,
C]CH), 12.76 (s broad, 1H, NeH). 13C NMR and DEPT (75.5 MHz, DMSO-d6): d
55.63 (OCH3); 134.03,114.01,134.91,127.61,117.36, 159.39 (Ar); 142.28 (C]CH);
166.12, (C]O(2), 165.49 (C]O(4). HRMSp, calculated: 314.1551; found: 314.1081.

(e) 5-(2,4-dichlorobenzylidene-thiazolidine-2,4-dione

MF C10H5CI2NO2S, MW 274.1232, Yield. 85 (%), Rf 0.51 (9.8: 0.2
CHCI3/MeOH), MP 203 _C Recrystallization: ethanol; IR, (KBr, cm_1): 3054 (NeH),
1712 (C]O), 1433 (C]C). 1H RMN (400 MHz, DMSO-d6, d ppm): 7.81 (s, 1H,
C]CH),12.64 (s broad, 1H, NeH). 7.23(s, 1H(3) Ar), 7.26 (d, 1H(5), Ar J ¥ 7.52 Hz),

7.36 (d, 1H(6), ArJ ¥ 7.51 Hz). 13C RMN and DEPT (75.5 MHz, DMSO-d6; d
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ppm):119.18, 135.58, 128.31, 137.12, 127.91, 12897, 142.12 CH]C,
125.31(heterocycle), 167.20 (C]O(2), 166.19 C]O(4). HRMSp, calculated:274.1233,
found: 274.1073.

(f) 5-(3,4-dichlorobenzylidene-thiazolidine-2,4-dione

MF C10H5CI2NO2S, MW 274.1232, Yield. 73 (%), Rf 0.50 (9.5: 0.5CHCI3/MeOH),
MP 174 _C. Recrystallization: ethanol; IR, (KBr, cm_1): 3056 (NeH), 1712 (C]O),
1433 (C]C). 1H RMN (400 MHz, DMSO-d6, d ppm): 7.26 (s, 1H(2), Ar), 7.18 (d,
1H(5), Ar J ¥4 7.355 Hz),7.14 (d, 1H(6), Ar, J ¥ 7.14 Hz), 7.76 (s, 1H, CH]C), 11.98 (s
broad, 1H,NH). 13C RMN and DEPT (75.5 MHz, DMSO-d6; d ppm): (134.21,133.75,
129.11, 131.15, 130.11, 127.12 Ar); (117.79, heterocycle) 146.15CH]C); 169.12

(C]O(2), 167.23 C]O(4). HRMSp, calculated:274.1234, found: 274.1215.

Microbiological Activity

The 5-arylidene-thiazolidine-2,4-dione derivatives (a-f) showed activity against
Gram-positive and Alcohol-acid resistant bacteria, but did not show activity against
Gram-negative bacteria (Table 2). The compounds showed better response to S. aureus
with inhibition halo of (a) (21.66 mm) and (b) (20.33 mm) and (e¢) (20mm). These
results were close to the kanamycin standard with 22.33 mm. The best results against
the strain of M. luteus was evidenced with the compounds (a), (b) e (e), the compounds
(a) and (b) presenting halo superior to the kanamycin standard for this microorganism.
For the microorganism B. subtilis, all compounds except compound (d), showed greater
inhibition halo than the Kanamycin standard. The strain of E. faecalis was more

sensitive to the compounds (c), (b), (e) e (f) with higher results than the Cefotaxime (12
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mm) and Kanamycin (13 mm) standards. The compounds that showed activity against
the alcohol resistant acid bacteria (M. smegmatis) were the (b) (15 mm), (a) (14 mm),
(c) (14.33 mm) e (e) (14mm), these results were similar to the Cefotaxime standard (15
mm). Results similar to those found in this analysis were obtained in recent studies
conducted by our research group and published by Silva et al. [2014], where it was
observed that the 5-arylidene-thiazolidine-2,4-diones derivative showed inhibition halo
greater than 30 mm for the microorganisms M. luteus and B. subtilis, the compound 5-
(2,4-Dichlorobenzylidene) -thiazolidine-2-one (32 mm and 30.7 mm) for M. luteus e B.
subtilis, respectively and the compound 5- (3,4-Dichlorobenzylidene) thiazolidine-2-one

showed (34 mm) for M. luteus.

Boja et al. [2012] showed thiazolidine-2,4-dione derivatives substituted at the 3
and 5 positions synthesized, showed activity against two Gram-negative bacteria (P.
aeruginosa e E. coli) and two fungi (C. albicans e A. niger), besides Gram-positive (S.
aureus e B. subtilis). This result suggests that the substitution at the 3-position of the
thiazolidinic ring may confer such activity for these molecules, since only the

substitution at position 5 did not present activity for these types of microorganisms.
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Table 2. Antimicrobial activity of compounds tested against strains
bacterial and yeast, using the disk diffusion method.

Microorganisms

Codes Bacteria Gram-negative bacteria Bacterium Yeast
of Gram positive Alcohol-
Compounds resistant
acid
Sa Ml Bs Ef Pa Ec Sm Ms Ca
€)) 21.66 30 19.33 9.66 + 0 0 0 14 0
+3.78 +0.57 0.57
(b) 20.33  35.33 20 15.66 0 0 0 15 0
057 +0.57 +0.57
(c) 19 18.66  20.33 16.66 0 0 0 14.33 £ 0
+1.15 £0.57 +0.57 0.57
(d) 16.33  15.66 11 0 0 0 0 0 0
+057 +0.57
(e) 20 22 17 14 0 0 0 15 0
) 12 7 27 18 0 0 0 0 0
Kanamycin( 22,33 27+ 13,33 13+ 14,6 1466 1466 4010 NT
30 pg/disc)  +£0,58 1,0 +0,58 1,0 0,58 +058 +0,58
Cefotaxime( 34 45 25 12 22 38 36 15 24+1
30 ug/disc)
Ampicillin(1 38 45 28 24 NT 20 NT NT NT
0 ug/disc)

The results represent the mean + standard deviation of the diameters of the inhibition
halos in mm of the microorganisms: Sa, S. aureus; Bs, B. subtilis; MI, M. luteus; Ef, E.
faecalis; Pa, P. aeruginosa; Ec, E. coli; Sm, S. marcescens; Ms, M. smegmatis; Ca, C.
albicans.

Compounds (a), (b), (c) and (d) were subjected to the tests to determine MIC and
CMB (Table 3). The results showed significant inhibitory effects, and most compounds
exhibited MIC values between 8-16 nug / mLThis group of thiazolidine derivatives
showed a high activity against M. luteus. In addition, it was observed that for the S.
aureus, Compound (b) showed a MIC of 16 pug / mL and compound (d) was as active as
the cephalexin standard (8 ug / mL).Compounds (b) (MIC: 16 ug / mL and CMB 32 pg
/ mL), and (c) (MIC: 32 ug / mL and CMB 64 ug / mL), achieved potency higher than

the cephalexin standard (MIC> 128 ug / mL and CMB> 128 pg / mL) for E. faecalis.
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The (2) -5- (2,3,4-Trifluorobenzylidene) - rhodanine compound synthesized by
Tomasic et al. [2010] inhibited the growth of S. aureus a 0,5 pg/mL and S. aureus
methicillin-resistant (MRSA) of 32 ug / mL. A strong antimicrobial activity against S.
aureus was observed for compounds bearing the rhodanine ring, higher than those
containing other heterocyclic groups. None of the 5-Benzylidene-thiazolidine-4-one and
5-benzylidene-pyrimidine-4,6-dione compounds inhibited the growth of Gram-negative
bacteria E. coli ou P. aeruginosa.

Table 3: Antimicrobial activity of compounds tested against strains of
Gram-positive bacteria.

Microorganisms

S. aureus M. luteus B. subtilis E. faecalis

Compounds CMI CMB CMI CMB CMI CMB CMI CMB

(a) >128  >128 32 64 128 >128

(b) 16 32 16 32 32 32 16 32
© 128 >128 8 16 128 128 32 64
(d) 8 >128 16 >128

Cefalexina 8 16 <2 2 <2 <2 >128  >128

Values represent MICs - Minimal Inhibitory Concentration and CMB-Minimum
Bactericidal Concentration (ug / mL) against strains of Gram-positive bacteria.

Cytotoxic Activity
In the present study cytotoxic activity for substances (e) and (f) was performed
against six tumor cell lines as well as for human peripheral blood mononuclear cells

PBMC. The in vitro cytotoxic activity of compounds (e) and (f) was performed by the
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MTT assay against NCI-H 292 cells (mucoepidermoid carcinoma of the lung), HL60
(promyelocytic leukemia), HT-29 (colon adenocarcinoma), K562 (chronic myelocytic
leukemia), HEp-2 (laryngeal squamous cell carcinoma) and MCF-7 (breast
adenocarcinoma). The two thiazolidine derivatives substituted at the 5-position of the
heterocyclic ring were synthesized and tested. The two compounds showed inhibition of
cell growth greater than 75%, compared to the six lines of tumor cells with a single
concentration of 25ug / mL. The compounds were serially diluted and retested to find
the concentration that inhibited 50% of cell proliferation. The results obtained in this
test are described in Table 4 and show that the chronic myelocytic leukemia (K-562)
strain was the most resistant to compounds with IC 50 above 10 ug / mL for the two
substances tested. Compound (e) showed better cytotoxic activity for HT-29 strains (1.7
pg / mL); NCI-H292 (3.5 pg / ml) and HEP-2 (4.0 ug / ml). Compound (f) was more
active in MCF-7 (3.6 ug / mL) and NCI-H (4.9 ug / mL) cells.

Table 4. Evaluation of cytotoxic activities of 2,4-dione thiazolidine

derivatives after 72 hours of incubation.

Compounds - 1Cso ng/ mL (Confidence Interval - 95% CI)

Cellular lineages dox (e) )]
HEp-2 0,7 (0,3-1,4) 4,0 (3,1-5,2) 5,3 (5,7-7,6)
HT-29 0,4 (0,3-0,5) 1,7 (0,8-3,5) 5,9 (4,8-7,3)
MCF-7 0,2 (0,1-0,2) 5,7 (4,5-7,3) 3,6 (2,8-4,7)

NCI-H292 0,2 (0,1-0,5) 3,5 (2,9-4,3) 4,9 (4,2-5,4)
HL-60 0,02 (0,01-0,02) 6,9 (4,7-10,1) 9,5 (5,2-17,2)
K562 0,8 (0,7-0,9) 17,9 (8,6-37,2) 17,5 (16,1-18,9)

ICs, values (Concentration causing 50% inhibition of cell growth) and CI (confidence of compounds (e)
and (f) against the Hep-2, HT-29, MCF-7, NCI-H292, HL-60 and K562. Doxorubicin (DOX) was used as
a positive control.



82

In recent work, Akshaya et al. [2014] synthesized and tested thiazolidine-2,4-
dione derivatives and verified cytotoxicity of the compounds against the MCF-7 breast
cancer line, corroborating our results. In the protocol established for this experiment
The compound is active when the IC 50 has a value of 4ug / mL or less [Geran et al.,
1972; Ferrari et al., 1992]. The cytotoxic action of thiazolidinediones can occur by
several mechanisms of action that are described in the literature, one of them occurs due
to the activation of the PPARYy (peroxisome proliferator-activated receptors gamma),
leading to certain cellular events such as cell cycle arrest and apoptosis [Divya et al.,
2013; Jain et al., 2013]. Another relevant aspect for the biological activity of these
molecules is the presence of halogen atoms in their chemical structures. There is a
prevalence of halogens in the current drugs because of their ability to promote a more
stable binding with the receptor site because they have the ability to form intermolecular
bonds similar to the hydrogen bonds so as to facilitate the interaction and stability of the
bonds [Hernandes et al. al., 2010]. In order to verify whether the activity of the
compounds are dependent time or even dose dependent the MTT test was performed for
the 24 and 48 hour periods for the colon and lung cancer strains. It was observed that
compound (e) did not cause cytotoxicity within 24 hours with IC 50 above 25ug / mL
for the two tested strains and that compound (f) also showed concentrations above 15ug
/ mL for both strains, indicating low cytotoxicity in this period. After 48 hours of
incubation the 1C 50 values for compound (e) were 7.7 ug / mL and 9.6 ug / mL and for
compound (f) the values were 7.9 and 8.3 for the colon and lung strains respectively

(table 5). Showing that the action of these compounds are time dependent.
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Table 5. Evaluation of cytotoxic activities of thiazolidine-2,4-diones

derivatives after 24 and 48 hours of incubation.

COMPOUNDS
Cls ug/mL
(Confidence Interval - 95% CI)
24 HOURS 48 HOURS
Cell lineages

(€) () () ()

HT-29 >25 23.2 7.78 7.9
(19.7-27.2) (6.0-10.0) (6.2-10-1)

NCI-H292 >25 15.71 9.6 8.3
(11.3-21.7) (7.4-12.4) (6.2-11.2)

IC 50: concentration that causes 50% inhibition of cell proliferation; Cl: confidence
interval;

The evaluation of hemolytic activity was performed to find out whether the
compounds cause damage to the cell membrane. The results (Table 6) showed that the
compounds did not cause membrane lysis at concentrations up to 125 ug / mL. This is
in agreement with the results seen in the 24 hour period which demonstrated that
cytotoxicity does not occur in short periods suggesting that cytotoxic activity occurs by

more specific mechanism.
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Table 6: Cytotoxic activity of thiazolidine-2,4-dione derivatives in human

peripheral blood mononuclear cells (PBMC) and hemolytic activity in human

erythrocytes.
Normal Cells
PBMC ERYTHROCYTE
Compounds (pg/mL) Cytotoxicity Hemolytic Activity
|C5o ECSO
(e >25 >125
() >25 >125

IC50: concentration that causes 50% inhibition of cell growth; EC50: Effective
concentration that causes 50% damage in human erythrocytes; PBMC peripheral blood
mononuclear cells;

One of the major challenges for developing new cancer drugs is to develop a
molecule that presents cytotoxic potential for tumor cells and is inert to normal cells
[Anazetti et al., 2003]. Thus, to analyze whether the action of these derivatives exhibit
cytotoxicity to normal cells the compounds were analyzed against CMSP-peripheral
blood mononuclear cells, where it was found that the compounds did not exhibit
cytotoxicity with IC 50 values greater than 25 ug / mL when incubated for a period of
72 hours (Table 6), suggesting that the compounds show selectivity to the tumor cells
since for these 1C50 values were lower.

Conclusions

The 5- (benzylene-thiazolidine-2,4-dione (a-f) derivatives synthesized
employing a simple procedure possess potent antimicrobial activities against strains of
Gram-positive bacteria. The compounds tested are cytotoxic to colon, lung and breast

cancer cell lines. The thiazolidinediones derivatives tested do not have cytotoxicity for
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normal cells, demonstrating characteristics of promising molecules for the development
of new drugs.
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Highlights
e Studies with the 5- (2-Bromo-5-methoxybenzylidene) thiazolidine-2,4-dione
compound demonstrated cytotoxic and antimicrobial activities.
e There was no significant difference in the concentrations tested for normal cells
with the 5- (2-Bromo-5-methoxybenzylidene) thiazolidine-2,4-dione compound.
e In tumor cells the damage index was significant suggesting compound

selectivity.

Abstract

Thiazolidine-2,4-dione derivatives comprise an important group of compounds having a
range of biological activities such as hypoglycemic, anti-inflammatory, antimicrobial
and antitumor. Previous studies have demonstrated cytotoxic and antimicrobial
activities of the compound (5- (2-Bromo-5-methoxybenzylidene) thiazolidine-2,4-
dione) with promising results, but its genotoxic effects have not yet been studied. In this
work the mutagenic activity in tumor cells and normal by the micronucleus and comet
assay tests were evaluated. The compound was used at concentrations based on the
IC50 and 2x at the IC50. The damage index and micronucleus frequencies in the cells at
each concentration were compared to the negative control by ANOVA with Dunnet's
post test and the Chi-square test. It was observed that there was no significant difference
in the concentrations tested for the normal cells, whereas in the tumor cells the damage

index was significant suggesting the selectivity of the compound.

Key words: Thiazolidine-2,4-diones, Comet assay, Micronucleus test, Tumor cells.
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1.0 INTRODUCTION

The thiazolidine derivatives have a heterocyclic ring that is being extensively
investigated and appears in several studies. The compounds containing the thiazolidine-
2,4-dione nucleus are described as having multiple biological actions such as
antimicrobial (Alegaon and Alagawadi, 2012), anti-inflammatory, analgesic
(Reanmongkol and Songkram, 2013), anticonvulsant (Amin et al.,2008), and its
anticancer action has recently been extensively studied (Romagnoli et al., 2013).

The action of these compounds has been mainly related to the activation of PPARy
(receptors activated by peroxisome proliferators). PPAR-y agonist substances cause
several biological actions besides the hypoglycemic action also interfering in the control
of cell growth, motility, differentiation and apoptosis (Divya, 2013). The 5- (2-Bromo-
5-methoxybenzylidene) thiazolidine-2,4-dione) or compound (5) derivative was
synthesized and tested in previous work showing excellent cytotoxic activity against
tumor cell lines, however. its genotoxic effect is not yet described in the literature. The
study of the genotoxic action of several compounds allows the knowledge of the
possible threats to which the human population is exposed and for substances with
possible uses as drugs, this analysis is indispensable (Aquino, 2010; Marzin, 1997). In
this study, compound (5) was investigated in its ability to cause genotoxic effects
through the in vitro micronucleus test (MNvit) which is a genotoxicity test for the
detection of micronuclei (MN) in the cytoplasm. Micronuclei can originate from
chromosomal fragments (without a centromere), or entire chromosomes that are unable
to migrate to the poles during the anaphase stage of cell division. The compound was
also evaluated by the Single Cell Gel Electrophoresis assay which is very sensitive and
can be performed with any type of eukaryotic cell. The Cometa Assay is a rapid and
efficient technique to detect genomic damage in mammalian cells exposed to genotoxic
agents (Fairban et al., 1995; Singh et al., 1988). Thus, this work aimed to evaluate the
mutagenic action of the derivative (5- (2-Bromo-5-methoxybenzylidene) thiazolidine-
2,4-dione) in HL60 (acute promyelocytic leukemia), MCF-7 (Adenocarcinoma breast)
and PBMC (peripheral blood mononuclear cells), through micronuclei tests and comet
assay, since this compound presents important biological activities with potential

pharmacological application.
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2.0  Methods
2.1  Synthesis of the compounds

The synthesis methodology of compound 5 has already been described (Leite et al.,
2016). Briefly, the compound was synthesized in a series of six molecules (Fig. 1). The
thiazolidine-2,4-dione (1) was obtained by the method described by Lieberman et al.
(1948) and modified by Albuquerque et al. (1995) and Gouveia et al. (2009). This
reaction occurs by condensation of monochloroacetic acid and thiourea in an aqueous
medium under reflux for 24 h (Bzdag-Dindar et al., 2007; Bruno et al., 2002). They
were synthesized according to the protocol described previously (Pikkemaat et al.,
2002; Silva et al., 2014; Vicini et al., 2006) (Figure 1). All compounds were identified
by the method of IR spectroscopy, NMR and HRMS.

2.2 Maintenance of tumor lines

The tumor lines used in this study were: MCF-7 (breast adenocarcinoma), and HL-60
(human promyelocytic leukemia). Tumor cell lines were assigned by the Laboratory of
Cell Cultures and Pharmacological Tests of the Department of Antibiotics of the
Federal University of Pernambuco - UFPE. The strains were cultured (2 x 10° cells / ml)
in flasks (25 cm 2/60 ml) in Sigma DMEM (Dulbecco’'s Modified Minimum Eagle
Medium) supplemented with 10% fetal bovine serum (Gibco), 1% antibiotic solution
(penicillin 1000 IU / mL + streptomycin 250 pg / mL) and 1% of 200 mM L-glutamine

and incubated at 37 ° C in a humidified atmosphere containing 5% CO..
2.3 Obtaining Peripheral Blood Mononuclear Cells (PBMC)

Mononuclear cells (lymphocytes and monocytes) were obtained from the peripheral
blood of healthy volunteers collected in Vacutainer-type tubes containing Heparin
solution (BD Vacutainer®) as anticoagulant. The protocol was approved by the Human
Research Ethics Committee N° CAAE 48809515700005208 After collection, 6 mL of
blood were diluted in 3 mL of PBS and added slowly into another tube containing 2 mL
of Ficoll®-Hystopaque (Sigma). Then, centrifugation was performed at 1500 rpm for 30
minutes to separate the solution phases. Ficoll was used to promote the formation of a

density gradient where the mononuclear cells were concentrated in the layer between
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the plasma (light phase) and the erythrocytes (dark phase). The PBMCs were
transferred to another tube to which PBS was added to the final volume of 11 ml and
then centrifuged for 20 minutes at 1000 rpm. The supernatant was discarded and the
PBMC pellet resuspended in RPMI 1640 medium supplemented with 20% fetal bovine
serum and 1% antibiotics (to obtain a final concentration of 100 U / ml penicillin and
100 pg / ml streptomycin). Phytohemagglutinin (Sigma) 2%, a mitogenic agent, was
added to the medium to stimulate lymphocyte proliferation. Cells were counted and
diluted to a final concentration of 1 x 10° cells / ml.

2.4 Genotoxic effect of compound 5 on normal and tumor cell lines

The genotoxic effects of compound (5) were evaluated by the Comet and Micronucleus
Assays according to the method described by Fenech et al. (1985); Singh et al. (1988);
Tice et al. (2000) respectively. The MCF-7 and HL-60 strains were cultured at 2x105
cells / mL and PBMC at the concentration of 106 cells / mL in 24 well plates in medium
(1 mL / well) Dulbecco’'s Modified Minimum Eagle Medium (DMEM, Sigma),
supplemented with 10% fetal bovine serum (Gibco), 1% antibiotic solution (penicillin
1000 IU / ml + streptomycin 250 mg / ml) and 1% of 200 mM L-glutamine and
incubated at 37 ° C in a humidified atmosphere containing 5% CO2, and incubated for
24 hours. After the incubation period, the solutions of compound 5 at concentrations
relative to 1C50 and double the IC50 for each lineage were added. Doxorubicin (0.2 pg /
mL) was used as a positive control. After this time the medium was aspirated and the
cells were washed with 300 pL of buffer (PBS, pH 7.2) and then treated with 300 uL of
trypsin / EDTA. Subsequently, for the inactivation of the trypsin was added 600 pL of
DMEM medium following the aspiration of the samples, which were transferred to
Eppendorf tubes for further processing. Processing was started with the samples being
washed with 60 pL buffer (PBS, pH = 7.2) and centrifuged at 2000 rpm for 20 minutes.
As a negative control the culture medium (DMEM) was used with the same amount of
DMSO used to dissolve the test substance. After centrifugation, the culture medium was

discarded and the cells resuspended with 60 pl of PBS.

2.5  Comet test
About 15 pL of the cell suspension was homogenized in 100 puL of low melting point

(LM) agarose preheated in a 37 ° C water bath. The homogenate was then transferred to
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standard agarose coated glass sheets, covered with coverslips and incubated for 10
minutes under refrigeration at 4 © C. After this period, the coverslips were removed and
the slides were immersed in a lysis solution for 2 hours under refrigeration at 4 ° C.
After this period, the slides were electrophoresed (40V for 20 minutes and at 300 mA).
The slides were then immersed in neutralization solution for 15 minutes and then fixed
in absolute ethanol solution for 5 minutes. After drying, they were stored in a
refrigerator until the time of staining. For staining, Gel Red dye (Biotarget GelRed®)
was used, where 1 ul of the dye was homogenized in 1000 uL of sterile deionized water
(1: 1000). The slides were analyzed by fluorescence microscopy (Olympus-BX series)
and then the cell counts were performed where about 100 cells per slide were analyzed,

with scores of 0-4 being assigned according to the level of nucleoid damage.

2.6 Micronucleus Test

In this assay only two drops of the cell suspension were used after treatment with
compound (5). The two drops of the cell suspension were transferred to previously
washed slides, still wet and in the horizontal position. The slides were allowed to dry at
room temperature. After drying, the slides were fixed with absolute ethanol for 5
minutes and then washed in running water and stained using Giemsa (Merck) dye,
which was added evenly over the slides by a average time of 5 minutes. After staining,
the slides were again washed with running water and put to dryness at room
temperature. The counting was performed under an optical microscope with
magnification of 400x. For each treatment, 1000 cells were counted per slide to
determine the number of micronuclei. Considering as micronuclei the structures
observed in the same focal plane, with the intensity of coloration similar to that of the
associated nucleus and volume less than one third of the volume of the associated
nucleus located within the cytoplasm.

2.7  Statistical tests
Statistical analyzes were performed using the ANOVA with Dunnett's post-test for
comparisons between the damage indexes by the comet test and the chi-square (X2) for

the analysis of the frequencies of micronucleated cells. The analysis was done by
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treatment / lineage in relation to the negative control with a level of significance of 0.05.

3.0 Results and discussion
3.1 Comet test

The analysis of damage indices obtained in the Cometa Assay demonstrated that in the
normal cell lines (PBMC) no significant damage index was observed (Figure 3). For
tumor cell lines significant differences were observed in relation to the negative control.
Faced with MCF-7 breast cancer cells, compound 5 was used at concentrations of 3.5
and 7.0 ug / mL showing significant damage to both concentrations (Figure 4). In the
HL-60 line only at the concentration of 4.0 ug / mL presented a significant damage
index (Figure 5). The results were analyzed by ANOVA followed by Dunnett's post-
test. In previous study, a good cytotoxic activity of this derivative was observed for the
lung cancer (NCI-H292), breast (MCF-7) and leukemia (HL-60) lines without cell
cytotoxicity normal PBMC (peripheral blood mononuclear cells) (Rodrigues et al.,
2017). This shows important features of a drug candidate molecule that selectively acts
on cancer cells (Geran et al., 1972). The assays were performed with compound 5 at
concentrations that do not provide cytotoxicity to the cells, since the cytotoxic action
causes the formation of breaks of the DNA strands (Ribeiro et al., 2003). To evaluate
the genotoxic action of the compound in normal cells, peripheral blood mononuclear
cells (PBMCs) were used as the experimental model for this study because of the
sensitivity to genotoxic agents, because they have a relatively long life and are easily
obtained (Albertine et al. al., 2000). The thiazolidine derivatives are known to exhibit a
diverse range of biological activities such as antihyperglycemic, anti-inflammatory,
antimicrobial and lately much research has been done on its antitumor action (Gouveia
et al., 2009; Verma and Saraf, 2008). However, information on its genotoxic activity is
scarce, so there are no genotoxic studies in this literature with this class of compounds

that serve as parameters for comparison with the results presented here.

3.2  Micronucleus test

In this study, micronuclear formations were observed (Figure 6) after exposure to the
different concentrations of compound 5 (Table 1). The concentrations used were based
on the IC 50 values and twice the IC 50 of compound 5 presented for each lineage in
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cytotoxicity tests performed in previous work by our research group (Rodrigues et al.,
2017). For the MCF-7 line (3.5 ug / mL and 7.0 ug / mL) and HL60 (2.0 ug / mL and
4.0 ug / mL). The compound did not present statistically significant genotoxic effects at
tested concentrations (Table 2). Although an increase in the number of micronuclei
related to the increase in concentration has been observed. In the analysis by the X? test
it was observed that there was no significant difference between treatment with
compound 5 and the negative control in any of the cell lines tested. Indicating that it did
not present genotoxic effects in the concentrations tested in relation to the negative
control (table 2).

4.0 Conclusions

Compound 5 - (2-bromo-5-methoxybenzylidene) thiazolidine-2,4-dione had no
significant genotoxic effect on human normal lymphocytes (PBMCs) exposed for 48
hours at different concentrations of compound 5 as compared to the negative control. In
tumor cells MCF-7 and HL-60, a significant increase in the damage index was observed
in the cells analyzed after incubation with the compound. In the micronucleus test, no
significant difference was observed between micronucleus frequencies in the lines that
were treated and the negative control indicating that the type of damage caused by
compound 5 was selective for tumor cells and that could mean a mechanism of
induction to cell death by apoptosis due to DNA damage. This discloses that compound
5 has desirable characteristics for a possible antineoplastic drug.
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Figures Captions

Fig. 1: Scheme of synthesis of compound 5.
Fig. 2: Levels of damage analyzed by the comet assay.

Fig. 3: Damage index (I1D) obtained by the Comet assay peripheral blood
mononuclear cells (PBMC).

Fig. 4: Damage index (ID) obtained by the Comet assay adeno breast carcinoma
cells (MCF-7).

Fig. 5: Index of damage (ID) obtained by the Comet assay in promyelocytic
leukemia cells (HL-60).

Fig. 6: Presence of micronuclei.
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Fig. 1: Scheme of synthesis of compound 5 (d) Derivative (5- (2-Bromo-5-
methoxybenzylidene) thiazolidine-2,4-dione).
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Fig. 2: Levels of damage analyzed by the comet assay. Damage levels ranging from 0 to 4

obtained from breast cancer cells (MCF-7) after treatment for 48 hours with compound 5. Level 0 = no
damage (<5%); level 1 = low levels of damage (5-20%); level 2 = medium level of damage (20-40%);

level 3 = high levels of damage; 4 = maximum damage (> 95%).
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Fig. 3: Damage index (ID) obtained by the Comet test. Mononuclear cells of peripheral
blood (PBMC) isolates from healthy human volunteers treated with DMEM 0,5%
DMSO (NC); Doxorubicin 0.2 ug / mL as positive control (Dox) and compound 5 for
48 hours. Values (damage index of 100 cells in 2 slides, n = 2) corresponds to the mean
+ SD of two independent experiments. * P < 0.05 compared to negative control (NC)
and analyzed by ANOVA followed by Dunnett's posttest.
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Fig. 4. Damage index (ID) obtained by the Comet test. Adeno breast carcinoma cells
(MCEF-7) treated with DMEM 0,5% DMSO (NC); Doxorubicin 0.2 ug / mL as positive
control (Dox) and compound 5 for 48 hours. Values (damage index of 100 cells in 2
slides, n = 2) corresponds to the mean + SD of two independent experiments. * P < 0.05
compared to negative control (NC) and analyzed by ANOVA followed by Dunnett's
posttest.
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Fig. 5: Damage index (ID) obtained by the Comet test in promyelocytic leukemia cells
(HL-60) treated treated with DMEM 0,5% DMSO (NC); Doxorubicin 0.2 ug / mL as
positive control (Dox) and compound 5 for 48 hours. Values (damage index of 100 cells
in 2 slides, n = 2) corresponds to the mean £ SD of two independent experiments. * P <
0.05 compared to negative control (NC) and analyzed by ANOVA followed by
Dunnett's posttest.
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Fig. 6: Presence of micronuclei.
Image made in Optical microscope with magnification of 400x. Micronuclei (arrows) (A) in PBMC cells
and in (B) MCF-7 cells after 48 hour treatment with compound 5.
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Table 1: Evidence of micronuclei.

Compound Cell Lineages
Sug/mL MCF-7 HL-60 PBMC
CM FMN CM FMN CM FMN
CN 13 0,013 10 0,010 1 0,001
Clso 18 0,018 16 0,016 4 0,004
2Clso 19 0,019 14 0,014 6 0,006
Dox 23 0,023 21 0,021 19 0,019

CMN (Micronucleated cells) and FMN (Micronucleus frequency) observed in tumor lines and normal
(PBMC) concentrations after exposure for 48 hours at different concentrations of compound 5 (IC50 and
2xCI50) in pg / ml.
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Table 2: P-values relative to the micronucleate cell frequency comparisons.

Concentrations in pg / mL (Compound 5)

Cell Lineages Negative Control - NC
Clgo 2Clsg Dox 0,2
PBMC >0.05 >0,05 < 0,0001**
MCF-7 >0.05 >0.05 > 0,05
HL-60 >0.05 >0.05 <0,05*

Obtained in the different cell lines with their respective negative controls after treatment by 48 hours with
the compound (5), obtained by the chi-square test (X2). Significance level 0.05 * Values significant **
highly significant values
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7 CONCLUSOES

Os derivados das 5- (benzileno- tiazolidina-2,4-diona) analisados séo citotoxicos
para as linhagens de células tumorais: célon (HT-29), pulmdo (NCIH-292),
mama (MCF-7) e leucemia (HL-60). O composto 5 - (2-bromo - 5 -
methoxybenzylidene) - thiazolidine-2, 4-dione mostrou resultados condizentes
com processo de morte celular por apoptose nos estudos de mecanismos de agéo
para as células NCI-H292 de cancer de pulméo.

A citotoxicidade do derivado 5 - (2-bromo — 5 - methoxybenzylidene) -
thiazolidine-2, 4-dione foi mais evidente contra as celulas de cancer de pulmao
NCI- H292.

A acdo citotoxica dos compostos ocorre por mecanismos mais especificos, pois
ndo causam hemdlise em eritrécitos humanos e nem foram citotdxicos quando

testados nas células normais PBMC.

Os derivados das 5- (benzileno- tiazolidina-2,4-diona) analisados possuem

potentes atividades antimicrobianas frente a cepas de bactérias Gram-positivas.

O composto 5 - (2-bromo — 5 - methoxybenzylidene) - thiazolidine-2, 4-dione
apresentou genotoxicidade apenas para as células tumorais revelando uma acdo
mais especifica deste composto pois ndo foi genotdoxico em células normais
PBMC.
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GUIDE FOR AUTHORS

INTRODUCTION

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

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

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

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

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

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

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

An abstract should not exceed 250 words.

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

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

All animal experiments should comply with the ARRIVE guidelines and should be carried out in
accordance with the U.K. Animals (Scientific Procedures) Act, 1986 and associated guidelines, EU
Directive 2010/63/EU for animal experiments, or the National Institutes of Health guide for the care
and use of Laboratory animals (NIH Publications No. 8023, revised 1978) and the authors should
clearly indicate in the manuscript that such guidelines have been followed.

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

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

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

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

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

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

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

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

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

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

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

Green open access

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

This journal has an embargo period of 12 months.

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

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

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

Referees

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

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

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

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

PREPARATION

This journal uses double-blind review, which means that both the reviewer and author name(s) are
not allowed to be revealed to one another for a manuscript under review. The identities of the authors
are concealed from the reviewers, and vice versa. More information is available on our website. To
facilitate this, please include the following separately:

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

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

Use of word processing software

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

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

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

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

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

Authors should adhere very carefully to the ethical standards for animal experimentation. Appropriate
guidelines for the acquisition and care of animals can be found in the NIH Guide for the Care and Use
of Laboratory Animals (National Institutes of Health Publications No. 8023, revised 1978).

Results
Results should be clear and concise.

Discussion

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

+ Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.
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* Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.

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

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

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

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

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

Graphical abstract

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

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

Highlights

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

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

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

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

AUTHOR INFORMATION PACK 29 Jan 2017 www.elsevier.com/locate/pharep 7

126



127

Footnotes

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

Electronic artwork

General points

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

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

* Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.

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

* Use a logical naming convention for your artwork files.

» Provide captions to illustrations separately.

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

+ Submit each illustration as a separate file.

A detailed guide on electronic artwork is available.

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

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

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

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

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

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

Please do not:

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

» Supply files that are too low in resolution;

* Submit graphics that are disproportionately large for the content.

Color artwork

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

Figure captions

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

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

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

Linking Services Requirements

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

A DOI can be used to cite and link to electronic articles where an article is in-press and full citation
details are not yet known, but the article is available online. A DOI is guaranteed never to change,
50 you can use it as a permanent link to any electronic article. An example of a citation using DOI for
an article not yet in an issue is: VanDecar 1C, Russo RM, James DE, Ambeh WB, Franke M. Aseismic
continuation of the Lesser Antilles slab beneath northeastern Venezuela. 1 Geophys Res, 2003, http://
dx.doi.org/10.1029/2001JB000884i. Please note the format of such citations should be in the same
style as all other references in the paper.

Web references

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

Data references

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

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

Reference management software

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

Reference management software

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

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:
http://open.mendeley.com/use-citation-style/pharmacological-reports
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When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

Reference style

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

Model of reference to a journal publication:

Last name, initial, full paper title, journal abbreviated title, year, volume (number) first and last page.
Examples:

Reference to a journal publication:

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

Reference to a book:

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

Reference to a chapter in an edited book:

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

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

Reference to a dataset:

[5] Oguro M, Imahiro S, Saito S, Nakashizuka T. Mortality data for Japanese oak wilt disease
and surrounding forest compositions, Mendeley Data, vi; 2015. http://dx.doi.org/10.17632/
xwj98nb39r.1.

Supplementary material can support and enhance your scientific research. Supplementary files
offer the author additional possibilities to publish supporting applications, high-resolution images,
background datasets, sound clips and more. Please note that such items are published online exactly
as they are submitted; there is no typesetting involved (supplementary data supplied as an Excel
file or as a PowerPoint slide will appear as such online). Please submit the material together with the
article and supply a concise and descriptive caption for each file. If you wish to make any changes to
supplementary data during any stage of the process, then please make sure to provide an updated
file, and do not annotate any corrections on a previous version. Please also make sure to switch off the
Track Changes' option in any Microsoft Office files as these will appear in the published supplementary
file(s). For more detailed instructions please visit our artwork instruction pages.

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

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

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

This journal enables you to enrich your online article by including interactive network diagrams created
with the latest version of Cytoscape. Each network should be exported from Cytoscape as a ZIP file
containing a pair of network (.cyjs) and visual style (.json) files, which is most easily done using the
green "SD" button. The recommended maximum file size of a dataset is 150 MB or less.

Once the article is accepted, your ZIP datasets will appear as supplementary material on ScienceDirect
and will be visualized inside the Cytoscape application which is displayed alongside your article.
Readers will then be able to interactively explore your netwarks while reading the article. Please note
that you must use the latest available version of Cytoscape. More information.

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

Ensure that the following items are present:

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

* E-mail address

* Full postal address

* Phone numbers

All necessary files have been uploaded, and contain:

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

* Keywords

» All figure captions

* All tables (including title, description, footnotes)

Further considerations

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

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

» Each table, figure, photograph, or illustration included as a separate file

* All symbols converted correctly in the PDF file

» References are in the correct format for this journal

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

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

Printed version of figures (if applicable) in color or black-and-white

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

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

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

AFTER ACCEPTANCE

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

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

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

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

AUTHOR INQUIRIES

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

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

© Copyright 2014 Elsevier | http://www.elsevier.com
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NORMAS PARA SUBMISSAO - ARTIGO 2
Author Guidelines - DRUG DEVELOPMENT RESEARCH

NIH Public Access Mandate
For those interested in the Wiley-Blackwell policy on the NIH Public Access Mandate, please visit our

policy statement
For additional tools visit Author Resources - an enhanced suite of online tools for Wiley Online Library

journal authors, featuring Article Tracking, E-mail Publication Alerts and Customized Research Tools.
° Copyright Transfer Agreement
° Permission Request Form

Author Guidelines

Submission Instructions
Wiley's Journal Styles and EndNote

Note to NIH Grantees. Pursuant to NIH mandate, Wiley-Blackwell will post the accepted version of
contributions authored by NIH grant-holders to PubMed Central upon acceptance. This accepted version
will be made publicly available 12 months after publication. For further information,

see www.wiley.com/go/nihmandate .

Scope

DRUG DEVELOPMENT RESEARCH documents all aspects of the research focusing on the discovery,
development and post-marketing surveillance related to new therapeutic entities. The pharmacology,
biotechnology and biopharmaceuticals, toxicology, and drug delivery, formulation, and pharmacokinetics.
The journal welcomes manuscripts on new compounds and technologies in all areas focused on human
therapeutics, as well as global management, health care policy, and regulatory issues involving the drug
discover'y and development process. In addition to full-length articles, DRUG DEVELOPMENT
RESEARCH publishes in-depth review articles. The journal will also feature periodic special thematic
issues devoted to specific compound classes, disease areas, new technologies, and broad aspects of drug
discovery and development. Submissions with data focused solely on in vitro physiochemical and
pharmacokinetic data and do not contain any supporting pharmacodynamic data are outside the
scope and intent of the journal and will not be considered for publication.

Statement of Responsibility

The opinions expressed and statements in articles, editorials or other materials in this journal are those of
the authors. They are neither endorsed by nor represent official policy of the journal or the publisher, and
neither shall have any liability in respect thereto. Neither the editor nor the publisher assumes any
responsibility for any injury and/or damage to persons or property, as a matter of product liability,
negligence or otherwise, or from any use or operation of any methods, products, instructions or ideas
contained in the material herein. No suggested test, treatment or procedure should be carried out unless,
in the reader’s sole and independent judgment, its use is appropriate and justified. Given that advances in
medical science are rapid, it is recommended that independent verification of diagnoses, treatments,

therapies and drug dosages be made. Discussions, views and recommendations as to medical
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procedures, treatments, therapies, choice of drugs, and drug doses are solely those of the authors, and

not of the editor or the publisher.
What to submit

1. Digital file(s) only in Microsoft Word 2003 or higher via online submission. Please do not mail a
hardcopy of the manuscript. If all programs used for the preparation of the manuscript are Microsoft Word-

based, submissions must be made electronically  tohttp://mc.manuscriptcentral.com/ddr.

2. Where necessary, copyright permission for use of data previously published must be submitted.

Submit to:

To submit your manuscript online to Drug Development Research, please

1. Prepare your manuscript and illustrations in the appropriate format according to the instructions below
and those given at http://mc.manuscriptcentral.com/ddr under the "Instructions and Forms" button. Please

also be sure that your paper conforms to the scientific and style instructions of the Journal, given below.

2. Check on the manuscript central site, to see if you are already in the system by simply clicking on the
"Check for Existing Account" button, and follow the instructions given there. If you are not already in the
system, create an account for yourself by clicking on the "Create an Account” button.

3. Before submitting, please be sure to carefully study the appropriate Instructions and Forms and then let
the system guide you through the submission process. Online help is available to you at all times. You are
also able to exit/re-enter the process at any stage before finally submitting your work.

All submissions are kept strictly confidential.

Format

English, double-spaced in 10-point size type. Typeface is Arial or Helvetica.

Title page with:
° title;
affiliation of authors with phone, fax, and e-mail information of corresponding author;
running title with a maximum length of 50 characters including spaces;
three to five keywords;
funding/support information;
total number of text pages, figures, tables.

Abstract: Maximum of 250 words on a separate page. Abstract should be intelligible without reference to
the rest of the paper.

Text divided into:

Introduction;

Methods and Materials;
Results;

Discussion;
Acknowledgment.

References
Wiley's Journal Styles Are Now in EndNote
EndNote is a software product that we recommend to our journal authors to help simplify and streamline

the research process. Using EndNote's bibliographic management tools, you can search bibliographic
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databases, build and organize your reference collection, and then instantly output your bibliography in any
Wiley journal style.

Download Reference Style for this Journal: If you already use EndNote, you can download the
reference style for this journal.

How to Order: To learn more about EndNote, or to purchase your own copy, click here .

Technical Support: If you need assistance using EndNote, contact endnote@isiresearchsoft.com , or

visit www.endnote.com/support .

References should be listed in alphabetical order with older papers cited first.

Tables with full legends on a separate page, numbered in Arabic in order of appearance, with a title, and
keyed into text.
Legends to figures on a separate page, numbered in Arabic in order of appearance.

lllustrations

Figures should not duplicate information already presented in tabular form. Black and white figures and
illustrations must be submitted in electronic format with the software used clearly identified. All graphics
and lettering must be legible after reduction to 25% of original size. Figures must be numbered in order of
appearance in the text with Arabic numerals. Color figures should be used sparingly and where the use of
color is essential to conveying pertinent scientific information. Authors are responsible for the cost of
color reproduction ($500 for each page printed in color) and must indicate agreement to pay such
charges prior to acceptance of their paper. For best reproduction, bright, clear colors should be used. Dark
colors against a dark background do not reproduce well; please place your color images against a white
background wherever possible. Please contact Larry Graup via e-mail at lgraup@infionline.net for further

information. All graphics and lettering must be legible after reduction in size. lllustrations must be
numbered in order of appearance with arabic numerals and keyed into the text. An illustration or group of
illustrations should not exceed 6-3/4” wide by 8-3/4” long (approximately 17.1 cm by 22.2 cm).

Reference style

Cite in text as Smith and Jones [2001], Smith and Jones [2002a,b], or Smith et al. [2002]. Parenthetical
citations appear as [Smith and Jones, 2002], etc. Abbreviations for journals used in the reference list
should conform to Index Medicus . Refer to the following examples when preparing citations:

Journal Article (list all authors and avoid use of et al.):

Smith A, Jones B. 2002. Full article title. Jrnl Abbr 1:20-29.

Book:

Smith A, Jones B. 2002. Complete book title. New York: John Wiley & Sons. 300 p.

Chapter in Book:

Smith A. 2002. Full chapter title: including subtitle, if any. In: Jones B, editor. Book title in full. New York:
Wiley-Liss. p 12-34.

Manuscripts for consideration by Drug Development Research must be submitted solely to this journal,
and may not have been published in another publication of any type, professional or lay. The journal will
not be responsible for loss of manuscripts at any time. Upon acceptance of a manuscript for publication,
the corresponding author will be required to sign an agreement transferring copyright to the publisher. All

such manuscripts become the property of the publisher, and no material published in Drug Development
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Research may be reproduced or published elsewhere without written permission from the publisher, who
reserves copyright.

Conflict of Interest

Any possible conflict of interest, financial or otherwise, or the absence of conflict related to the submitted
work must be clearly stated in a footnote on the first page of the submitted manuscript. Failure to provide

this information will result in delays in the review process and/or automatic rejection.
Ethical Compliance

Where applicable, the editorial office should receive assurance that work performed on human subjects
complies with standards established by an appropriate ethics review committee (IRB in the United States)
and the granting agency. If the manuscript includes data or description of humans, the authors must
provide: a statement in the manuscript that (1) the research was prospectively reviewed and approved by
a duly constituted Institutional Review Board (IRB) from the author's originating institute that adheres to
state and/or federal guidelines for Informed Consent or (2) that the manuscript is a retrospective case
report that does not require IRB approval at that institution. Failure to provide this information will result in

delays in the review process and/or automatic rejection.

Animal Studies

Manuscripts that describe results of vertebrate animal research must include a statement that the research
was prospectively reviewed and approved by a duly constituted institutional animal care and use
committee and adheres to the Guide for the Care and Use of Laboratory Animals . 8th Edition, National
Academies Press, Washington, DC http://oacu.od.nih.gov/regs/quide/quide.pdf. Failure to provide this

information will result in delays in the review process and/or automatic rejection.
All statements in, or omissions from, published manuscripts are the responsibility of authors, who will be
asked to review proofs prior to publication. Reprint order forms will be sent with the page proofs. No page

charges will be levied against authors or their institutions for publication in the journal.

Submission Instructions

The Journal strongly encourages authors to deliver the original submission and then the final, revised
version of their accepted manuscripts (text, tables, and illustrations) digitally by using the Manuscript
Central submissions system. Given the near-universal use of computer word-processing for manuscript
preparation, we anticipate that this process will be convenient for you, and it carries the added advantages
of maintaining the integrity of your keystrokes and expediting typesetting. Please contact the executive
editor, Michael Williams at email: rivolil635@comcast.net or the production editor Larry

Graup lgraup@infionline.net for further information.

Guidelines for Electronic Submission

Software and format . Microsoft Word 6.0 or higher is mandatory. Pdf files will not be accepted for review.
Refrain from complex formatting; the Publisher will style your manuscript according to the Journal design

specifications.
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File names . Submit the text, tables and figures of each manuscript as a single file . Name each file with
your last name (up to eight letters). Text files should be given the three-letter extension that identifies the
file format.

Labels .

lllustrations

All print reproduction requires files for full color images to be in a CMYK color space. If possible, ICC or
ColorSync profiles of your output device should accompany all digital image submissions.

Software and format . All illustration files should be in TIFF or EPS (with preview) formats. Do not submit
native application formats.

Resolution . Journal quality reproduction will require greyscale and color files at resolutions yielding
approximately 300 ppi. Bitmapped line art should be submitted at resolutions yielding 600-1200 ppi. These
resolutions refer to the output size of the file; if you anticipate that your images will be enlarged or reduced,
resolutions should be adjusted accordingly.

File names . lllustration files should be given the 2- or 3-letter extension that identifies the file format used
(i.e., .tif, .eps). Reprints: Reprints may be purchased

at https://caesar.sheridan.com/reprints/redir.php?pub=10089&acro=ddr
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GUIDE FOR AUTHORS

INTRODUCTION

Environmental Taxicology and Pharmacology publiches the results of studies concaming toxic and
pharmacclogical effects of (human and veterinary) drugs and of environmental contaminants In
erimals and man.

Araas of special intarest are: molacular machanisms of tovidty, biotranstarmation and toxicolanetics
(induding toxicokinetic modelling), molecular, biochemical and physiclogical mechanisms explaining
differences in sensitivity between species and individuals, the cheracterisation of pathophysiclogical
modelz and mechanicms involved in the davelopmant of offects and the identification of biclegical
markers that can be usad to study exposurs and effects in man and animals.

Types of paper

In addition to full length papars, short communications, full-length reviews and mini-reviews,
Environmental Toxicolegy and Pharmacology will publish in depth assessments of spacial problem
ar=as, The latter publications may exceed the length of & full length paper three to fourfold. A basic
raquiremant iz that the assescmenks are made under the auspices of intemational groups of leading
exparts in the fields concemed. The information examinad may ether consist of data that were
already published, or of new date that were obtained within the framework of collsborative reseaich
programmas. Provizion iz also made for the acceptance of minireviews on (clazses of) compounds,
toxicties ar mecharssms, debating recent advances in rapidly developing fields that 3l within the
scope of the journal.

BEFORE YOU BEGIN

Frhics i publishing

For information on Ethics in publishing and Ethical guidelines for journal publication sse
httpi//vrvew.elseviercom{ publishingethics and httpi//vwww. e zeviencom/journal-authars/ethic=.

Conflict of interes?

Environmental Toxicology and Phammacology follows the ICMIE recommendations regarding conflict of
interest discdlosures. All authors are required to report the Following information with each submission:
Al third-party financial support for the work in the submitted manuscript. All finandal relabionships
wih any entittes that could be viewed as relevant to the general area of the submittad manuscript.
All zaurces of revenue with relevance to the submitted work who made payments to you, or to your
institution on your behalf in the 235 months prior ta submission. Any cther interactions with the
sponsor of outside of the submitted work should also be raported. Any relevant patents or copynghts
(plenned, perding, or issued). Any other relationships or affilistions that may be perceived by readers
to have influenced, or give the appearance of pctentially influencing, what you wrotz in the submittad
work.

Az a general guiddine, it iz usually botter to dizdoze a relationship than not Thic information will
be acknowledged at publicabon n a Transparency Document. Additional information on the ICMIE
recommendations can be found at: hito ./ www. icmije.org. The form for conflict of interest discdosure
can be downloaded hers, or at http://wwwicmje.org/coi_disclozure pd? (if this link does not display
properly in your browser; please right-click the link and selact "Save Targat As..." or “Save Link as...”
from the popup menu.)

Ethics and Procedures

The editor and pubksher of this Journal belleve that there are fundamental principles underlying
scholarly or professional publishing. While this may not amcunt to a formal "code of conduct”, these
fundamantal principlas with recpect ta the authors' papar are that the paper should: ba the authors'
own original work, whech has not been previously published elsewhere refiect the authors’ own
research and analysis and do so in a truthful and complete manner, properly credit the meaningful
contributionz of co-authors and co-researchaers, not be zubmitied to more than one journal for
cansideration (ensunng it is not under redundant simuitaneous peer review). and be approprately
placed in the cont=xt of prior and existing research, Of equal importance are ethical guidelines
dealing with recearch metheds and research funding, including issues dealing with informed conzent,
reseaich subject privacy nghts, conflicts of interest. and sources of funding. While & may not be
possible to draft a "code" that applies adequately to all instances and drcurmstances, we believe
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it useful to outline our expactations of authors and procedures that the Joumal will emplay in the
event of questions concerning author condudt, Relevant conflicts of interest should be disdosed (s=e
httpi//vivew.elzeviencom! wps/find/authorshome.outhors/conflictsofintere=t).

Hazards and Human or Animal Subjects

If the work involves chemicals, procedures or equipment that have any unususl hazards inberent in
their use, the author must clearly identify these in the manuscript. ¥ the work involves the uss of
animal or human subjects, the author should ensure that the manusaipt contains a statement that
all procedures were performed in complisnce with refevant laws and institutional guidedines and that
the appropriate inctitutional committea{z) have approved them. Authors chould include a statement
in the manusanpt that informed consent was obtained for experimentation with human subjects, The
privacy rights of human subjedts must always be observed.

Submission daeclaration and verilication

Submission of an article imples that the work desorbed has not been pubiished praviously (except
in the form of an abstract or as part of a published lecture or academic thesis or as an electronic
preprint, see hitpi//www, elseviencom/pastingoolicy), that it is not under consideration for publication
elsewhere, that its publication is approved by all authors and tactly or axplicitly by the responsibla
authorities where the work was carried out, and that, if accepted, it will not be published elsewhere
in the same form, in Englizh or in any other language, including electronically vithout the written
cansent of the copyright-holder. To verify onginality, your articls may ba chackad by the originality
detection service CrossCheck http://www. elseviencom/editors/plagdetect.

Changes to authorship

This policy concerns the addition, daletion, or rearrangement of author names in tha autharship of
accepted manuscrpts:

Before the accepted manuscript ix published in an online issue; Requests to add or remove an author,
or to rearrange the author names, must be sent to the Joumal Managaer from the corresponding author
of the accepted manuscnpt and must include: (a) the reason the name should be added or removed,
ar the author names resiranged and (b) writt=n confirmetion (=-mail, fax, l=tter) from all suthors that
thoy agree with the addition, removal or rearrangement. In the caze of addition or removal of authors,
this mcludes confirmation fram the author being added or removed. Requests that are not sant by
the corresponding author will be forwarded by the Journal Manager to the corresponding author, who
must follow the procedurs as described above. Note that: (1) Journal Managers will inform the Journal
Editors of any such requests and (2) publication of the accepted manusoipt in an online 1ssue 15
suspended untd authorship has been agreed.

After the accepted manuscript iz published in an oniine issue: Any requests to add, delete, or rearange
author names in an artide published in an enline issue will follow the same policies as noted zbove
and result in a corngendum,

Copyright
This journal affers authars a choice in publiching their research: Open Access and Subseription.

For Subscaription articles

Upon acceptance of an article, authors will be acked to complete a "Journal Publizhing Agroemeant’ (for
more infarmation on this and copynght. see hito: //www.2lseviercom/copynght]. An e-mail will be
sent to the corresponding suthor confirming receipt of the manuscript together with & "Journal
Publizhing Agreamaent’ form or a3 link to the online varsion of thiz agreement.

Subscnbers may reproduce tables of contents or prepars lists of arbicdles including abstracts for internal
dirculation within their institutions, Permission of the Publisher is required for resake or distribution
outside the inztitution and for all other derivative works, including compilations and transiations
(pleasa consult http //www elsewvnencom/permissions), If excerpts from other copyrnghted works are
included, the author(s) must obtain written pesmission from the copyright owners and aedit the
source(s) in the artide. Eisavier has preprinted forms for use by authors in these caszes: please consult

http:/)www . slssvier.com{ parmissions.

For Open Acces= articles

Upon =zcreptance of an article, authors will be zsked to complete an ‘Exclusive Licenze
Agreement’ (for mora nfarmation see htip://www.2lsaviencom/OAzuthoragreament). Permitted
reuse of open access articles iz determined by the author's choice of user boense (s=e

http://vwww.elcoviar.com/ opanaccesclicanses).
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Retained author rights

A= an author you [or your employer or institution) retain certain rights. For more information on
author rights for:

Subscription artdes please sea

http://vrvw edseviencomy journal-asuthors/authorrights-and -resporsibibbies.
Open access articles pleasa see bHp: [/www.skevier.com/OAzsuthoragreement.

Roie of the funding source

You are= requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to bricfly describe the role of the sponscr{s), if any, in study decign; in
the collection. analysis and interpretation of data: in the writing of the report: and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated. Pleaze see hitp://wwwi. alzeviar. com funding.

Fanding body agreements and polices

Elsevier has established agreements and developed policies to allow authors whose articles appear in
joumals published by Elsevier; to comply with potential manusaript ardhiving requirements as specified
as caonditions of thew grant awards, To am more about existing agreements and policies please visit
http://www . elsevierncomy/ fundingbodies,

US National Inctitutec of Health (NTH) voluntary posting (* Public Accaces”) policy.

Elsevier facillitates author response to the NIH voluntary posting request (referred to as the NIH
"Public Access Policy”; see hittpi//wiwnw.nih.gov/about/publicaccess/index.him) by posting the peer-
reviewsd author's manuscript directly to PubMad Cantral on requast from tha author, 12 manths aftar
formal publication. Upon notification from Eisevier of acceptanca, we will ask you to confirm via e-
mail (by =-maifing us at NIHauthorrequest@elseviercom) that your work hes received NIH funding
and that you intend to recpond to the NIH pclicy request, along with your NIH award number to
facilitate processing. Upon such confirmation, Elsevier will submit to PubMed Cental on your behalf
& version of your manuscript thet wil indude peer-review comments, for posting 12 months after
formal publication. Thic will ansure that you will have responded fully to the NIH requast policy. Thare
wil be no need for you to post your manuscrpt diractly wath PubMed Central, and any such poshing
is prohibited.

Opan access

This journal offers authors a choice in publishing ther reseanch:

Open Access

e Artidles ara freely availabls tn both subscribars and the wider public with permittad reuse

* An Open Access publication fea Is payable by authors or thelr resesarch funder

Subscription

» Articles are made available to suhaenbers as wall as developing countries and patient groups through
our access programs (htip://www.2lsavier.com/access)

* No Open Access publication fes

All artides published Opan Access will be immediately and permanently free for everyons to read
ard download, Permitted reuse is defined by your choice of one of th= following Creative Commons
usar licenzasz:

Creative Commons Attribution (CC BY): lets others distribute and copy the article. to create
extracts, abstracts, and other revised versions, adaptations or derivative works of or from an article
(such as a banslation), to include in a collective work (such as an anthology), to text or data mine
the article, even for commeraal purposes. as long as they credit the author(s). do not represent the
author as endorsing their adaptation of the article, and do not modify the article in such a way as
to damage the author's honor or reputation.

Creative Commons Attribution-NonCommercial-SharaAlike (CC BY-NC-SA): for non-
commercal purposes, lets others distribute and copy the article, to create extracts, abstracts and
other revised versions, adaptations or derivative works of or from an articde (such a3 a translation),
to include in a collective wark (such as an antholagy), to text and data mine the artide, as long ac
they credit the authaor(s), do not represent the author as endorsing their adaptation of the article, do
not modify the article in such & way as to damage the author's honor or reputation, and licenss their
new adaptations or aeations under identical tarms (CC BY-NC-SA).
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Creative Commonce Abribution-NonCommercial-NoDerive (CC BY-NC-ND): for non-
caommercial purposes, lets others distribute and copy the article, and tw include in a collective wark
(such as an anthology), a= long as they credit the author(s) and provided they do not alter or modify
the article.

To provide Open Access, ths jourmal has a publicetion fee which needs to be met by the suthors or
their research fundars for sach artide publiched Opan Acress.

Your publication choice will have no affect on the peer review process or acceptance of submitted
articles.

The publication fee for thic journal is $2,000, excluding taxes. Leam more about Elsaviar's pricing
policy: http://www.elsevier.com/openaccessoncing,

Language (usage and editing services)

Please write your text in good English (American ar Britich usage is accepted, but nat a
moxture of these). Authors who feel their Enghsh language manusapt may requers editing
to diminste possible grammatical or spelling ernurs and to conform to cormect sdientific
Englich may wich to use the Englich Language Editng szarvice available from Bszovier's
webshop (htto://webshop.elsevier.com/ianguageediting/) or visit our customer support site
(http: //support.elseviencom) for more informastion.

Submrsssion

Submission to this journal proceads totally online and you will be guided stepwnse through the creation
and uploading of your files, The system automaticaly converts source files to a single PDF file of the
articla, which iz usad in the peer-review process. Please nete that even though manuscipt cource
files are converted to PDF files at submission for the review process, thesa source files are needed for
further processing after acceptance. All correspondence, including notification of the Editor’s dedision
and requests for revision, takes place by e-mail removing the need for a paper tail.

Referees
Please submit, with the manuscript, the names, addresses and e-mail addressas of three potential
referces, Note thot the editor retains the scle right to decde whether or not the suggested reviewers

are usad.

PREPARATION

Drugs: generic names should be used. Trade names may be mentioned in parenthases the fast time
the name of the drug appears In the text. The form of the drug used should be Indicated.

Usc of word processing software

It iz important that the file be saved in the native format of the word proceszor used. The text
should be m single-column format, Keep the layout of the text as simple as possible, Most formatting
codes will be removed and replaced on processing the article, In particular do not use the word
processor's options to justify taxt or to hyphenata words. However, do use bold face, italics, subzaripts,
superscripts etc, When prepanng tables, if you are using a table gnd, use only one gnd for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.,
The electronic text should be prepared in 3 way very similar to that of conventional manuscripts
(s=e also the Guide to Publishing with Blsevier: http://wrew.elsevier.com/guidepublication ). Note that
source files of figures, tables and text graphics will be required whether or not you embed your figures
in the text. See al=o the section on Electronic artwork.

To aveid unnecessary errors you are strongly adwvised to use the ‘spell-chack' and 'grammar-chack’
functions of your word processor.

Article structure

Subdivision - numbarad sections

Divide your article into clearly defined and numbered sections. Subsactions should be numberad
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numberng also for intarnal crozs-referencing: do not just refer to ‘the text'. Any subsection may ba
given a brief heading. Each heading should appear on its own separate line.

Introducton

State the objectivac of the work and provide an adequate background, avoiding a detzilad I#eratura
survey or 2 summary of the results,
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Matarial and methods

Provide suffident detail to allow the work o be reproduced. Metheds already published should be
indicated by o reference: only relevant modifications should be described.

Theory/calculation

A Theory section should extend, not repeat, the badkground to the artide already dealt with in the
Inbroduction and lay the foundabion for further work. In contrast, 2 Calculstion section represents a
prachcal development from a theoretical basis.

Results
Rezults chould be dear and concize.

Discussion
This should axplore the significance of the results of the work, not repaat them. A combined Rezults
and Discusson section is often appropnate. Avasd extensive citations and discussion of published
literature,

Conclusionz
The mamn conclusions of the study may be presentad in a short Conclusions sechon, which may stand
slone or form e subsection of s Discussion or Results and Discussion section.

Clossary
Please supply, as a separate list, the definitions of field-spedfic terms used in your article.

Appandicas

If there is more than one appendx, they should be identified as A, B, etc. Formulae and equabons in
eppe=ndices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subseguent appendix,
Eq. (B.1) and =o on. Similarly for tables and figures: Table A.1; Fig. A1, ctc.

Fssential tirle page mformation

« Title. Concdise and informative, Titles are often used n informaticr-retrieval systems. Avoid
abbreviations and formulae wheare pozsible.

¢ Author names and affiliations. Whare tha famely name may be ambeguous (e.9.. a double name).
please indicate this dearly. Present the authors' affiliation addresses (where the actual work was
done) below the names. Indicate all affilistions with 2 bower-caze supersaipt letter immediately after
tha author's name and in front of tha appropriate addrecs. Provide the full postal addrecs of sach
affiliation, Induding the country name and, If avaiiable, the e-mall address of each author,

« Corresponding author. Clearly indicate who will handle correspondence at all stages of referecing
and publication, alko post-publication. Encure that phone numbers (with country and araea
code) are provided n addition to the e-mail address and the complete postal address.
Contact details must be kept up to date by the comesponding author.

* Presant/permancnt address. If an author has moved cince the work desaribed in the article was
done, or was visiting at the ime, a "Present address’ (or "Permanent address’) may be indicated as
& footnot= to that author's name, The address at which the author actually did the work must be
retained ac the main, affiliabion addrecs. Supersaript Arabic numerals are used for such footnotas,

ADSIract

A concise and factual abstract is required. The abstract should state briefly the purpose of the
racearch, tha princpal recults and major conclusions. An abstract is often presanted scparstely from
the artide, so t must he able to stand alone, For this reasan, References should be avoided, but
essential, then dte the author(s) and year(s). Also, non-standard or uncommeon abbreviations should

be avoided, but  essential they must be defined at their first mention in the abstract itself. Abstract
must not axcead 150 words.

Graphiical abstract

A Graphical abstract iz optional and should summarize the contents of the article in a condse, pictonal
form designad to captura the sttention of 2 wide readarship online. Authors must provide images
that clearly represent the work describad In the article. Graphical abstracts should be submitted as 2
separate file in the online submission system. Imege size: Pleas= provide an image with a minimum
of 531 ¥ 1228 pixels (h X w) or proportionally mors. The image shauld be readable at a sza of 5 %
13 cm using a regular sarzen resolution of 96 dpl. Preferrad fe types: TIFF, EPS, PDF or MS Office
files. See hitp://vrww elseviencom/graphicalabst acts for examples.

Authors can make use of Elcavier's lllusbston and Enhancement saervice to ensure the best
prasentation of their images alko in accardance with all techrecal requirements: lllustration Servies,

AUTHOR INFORMATION PACK 10 Dec 2013 vewwv.elsevier.com/flocate/ etap 3



144

Highhghts

Highlights are mandatory for this journal. They consist of a short collection of bullat points that convey
the core findings of the artide and should be submitted in a separate file in the online submission
zystemn. Please use 'Highlights' in the file nome and include 3 to 5 bullet points (maximum 85
characters, including spaces, per bullet point). See htip /v slssvier.com/highlights for examples.

Keywords

Immediately after the abstract, type 3-6 keywords or short phrases suitable for indexing. If possible.
keywords should be selactad from Index Madicus or Excerptz Madica Index. First catagory keay-words
(e.q. Hyperphagia; G-Strophantdin; Fiber shortening) will all be ¥sted and aross-indaxed. Second
category keywords (=.g. Rat, Cold, Metabolite) will only be listed under the ind=x entry for the first
category keywords. Uze American zpalling and avoid general and plural termz and multiple concepts
(avoud, for example, “and”, "of ). Be sparing with abbreviaticns: only abbreviations firmly established
in the fi=ld may be eligble, These terms will be print=d at the =nd of the abstract. If the editors feel
that keywords chould be adjustad to the standardsz of the journal thiz will be done without conzultation
of the author(s).

Abbreviations

Define abbreviations that are not ctandard in this field in 2 footncts to be placed on the first pags
of the article. Such abbreviations that are unavoldable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensur= consistency of sbbre=viations throughout the article,

Acknowledgements

Collate acknowiedgements i 2 separate secbon at the end of the article before the references and do
not, therefore, indude them on the titls page, a3 a footnote to the tith= or ctherwise. List here those
individuals who provided help during the resaarch (e.g., providing language help, writing assistance
or proof reading the article, etr,),

Nomenclsture and units

Follow intarnationally accepted rules and conventions: use the international system of units (SI).
If other quantities are mentioned, give their equivalent in SI. You are urged to consult IUPAC:
Nomendature of Organic Chemistry: hito://www.ivpac.omg/ for further information.

Database linking

Elcevier encourages authars to connact articles with extenal databaces, giving their readers one-
dick access to relevant databases that help to buld a better understanding of the desaribed research.
Pleaze refer to relevant database identifiers using the following format in your article: Databaze: soox
(e.g.. TAIR: AT1GD1020; CCDC: 734053; PDB: 1XFN). See htip://www slsaviercom/databasalinking
for more information and a full list of supported databases.

Footnoics

Footnotes should be used sparingly. Number them corsacutively thraughout the article, using
superscript Arabic numbers. Many wordprocessors bulld footnotes Into the text, and this feature may
be used. Should this not be the case, indicate the position of foctnotes in the text and present the
footnotes thamsalves separately at the end of the artide. Do net indude footnotes in the Reference
hst,

Table footnotes

Indicata each footnote in a table with 3 supersaript lowaercaza ketton

Artwork

Electronic artwork

General points

¢ Make sure you use uniform lettaring and sizing of your original artwork.

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

* Aim to use the following fonts in your illusbations: Arial, Courier; Times New Roman, Symbol, or
use fonts that look similar

¢ Number the flustabons according to thewr sequence In the text.

* Use a logicel naming convention for your artwork files,

« Pravide captions to illusbabons separataly.

¢ Size the lllustrations close to tha desrad dmensions of the printed version.

» Submit e=ach ilustration as a separst= fie,

A detailed guide on electronic arbwork iz available on our websita:

http://wwww.elsaver.com/ armworlanstructiaons
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You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

If your slactronic artweork is created in 3 Micrasaft Office application (Word, PowerPoint, Excal) then
pleaze supply 'as iz’ in the native document format.

Regardless of the application used other than Microsoft Office, when your elecbonic artwork is
finalized, please ‘Save az' or convart the images to one of the following formats {note the recolution
requirements for ine drawings, halftones, and line/halftone combinations given below):

EPS (or POF): Vector drawings, embed zll used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to 2 minimum of 300 dpi.

TIFF {or JPEG): Bitmapped (pure black & white pixels) line drawings. keep to a3 minimum of 1000 dpe.
TIFF (or JPEG): Combinatons bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.

Pleace do not:

* Supply fées that are optimzad for screen use (e.g.. GIF, BMPB, PICT, WEG): these typically have a
low numbesr of pixels and limited s=t of colors;

« Supply files that are too low in resolution;

« Submit graphics that are disproportionately largs for the content.

Color artwork

Please make zure that artwork files are in an acceptable format (TIFF (or IPEG), EPS {or PDF), or
MS Office files) and with the correct resolution. Tf, togethar with your accepted artide, you submit
usable color figures then Elsevier wil ensure, at no additional charge, that these figures will appear in
color on the Web (e.g., ScienceDirect and other sit=s) regardless of whether or not these illustrations
are reproduced n color in the printed version. For color reproduction in print, you will reccive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: In print or on the Web only. For further nformation on the
preparation of electronic artwork, please see httpi//www.elseviencom/artorkinstructions.

Plezse note: Baczuss of tachnical complications which can arise by convarting color figures to 'gray
scale’ (for the printed version should you not opt for color in print) please submit in addition usable
black and white versions of all the color illustiations.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figurs, A
caption should comprise a brief title (not on the figure kself) and a description of the dlustration. Keep
taxt in the ifustrations themselves to 2 minimum bat axplain all symbols and abbraviations used.

Tables

Number tables consecutively in accordance with their appearance in the text. Place footnotes to tables
below the tsble body and indicate them with superscript lowescases letters, Avoid vertical rules. Be
cparing in the usa of tables and encurc that the data presented in tablez do not duplicate results
described elsewher= in the artide.

References

Citation in text

Plezce ensure that every reference cited in the taxt i alce present in the refarence hist (and vice
versa). Any references otad In the abstract must be given in full, Unpublished results and personal
communicatiors are not recommended in the reference list, but may be mentioned in the text. If these
raferances are incduded in tha raferance list thay should follow the standard reforence style of the
joumal and should indude a substitution of the publication date with either ‘Unpublished results’ or
'Personal communication’ . Glation of a reference as "in press’ implies that the item has been acceptad
for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to
the sources ctad. In order to allow us to aeate links to absctracting and indaxing sarvices, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorredt swrnames, journal/book titles, publication year and pagination may prevent link
areation. When copying references, please be careful a= they may already contain errors, Use of the
D01 s encouraged.
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Web references

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

Reforences in a special issus
Please ensure that the words "this 1ssue’ are addad to any references in the list (and any ctations in
the text) to other articles n the same Spedial Issue,

Reforance managament softwars

This journal has standard templates avallsble =n  key reference  management
packages EndNote (hitp://www.endoole,com/support/enstyles, asp) and Reference Manager
(http://rafman com/zupport/rmstylec.azp). Using plug-ins to wordprocessing packages, authors only
nead to select the sppropriate Jjournal template when prepanng their article and the list of references
and ditations to these will be formatted according Lo the journal style which is described below.

Refarance formatting

There are no strict requirements cn reference formatting at submission. References can be m any style
or format as long a5 the style is consistent. Where applicable, author{s) name(s), journal title/book
ttie, chapter title/article title, year of publication, velume and izsua/bock chapter and the pagination
must be presant. Use of DOI i1s highly encnuragad. The reference style usad by the joumnal will he
apgplied to the acceptad artide by Elsevier at the proof stage. Note that missing data will be highlighted
ot proof stage for the author to comrect. If you do wizh to format the references yoursdlf they should
be armanged acrording ta the following examples:

Reference styfe

Text: All citations in the text should refer to:

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

2, Two auvthors: both authors' names and the year of publcation;

3. Three or more authors: first author's name followed by 'st al." and the year of publication.
Citatons may be made directly (or parenthetically). Groups of references should be listed first
alphabetically, then chronologicaly.

BExamples: 'az demonstrated [Allan, 2000a, 2000k, 1999; Allan and Jones, 1999). Kramer ot al
(2010) have recently shown ...."

List: References should be arrenged first alphabetically and then further sorted chronclogically if
necessary. More than one reference from the same author{s) in the same year must be identified by
the letters "3", B', 'c", atc., placed after the year of publication,

Examples.

Reference to a joumnal publication:

Van der Geer. 1. Hanraads. 1.A.J.. Lupton. R.A.. 2010, The art of writing a3 scientific artide. 1. Sci,
Commun. 163, 31-33.

Reference to a book:

Strunk Jr, W., White, £.B., 2000. The Elameants of Styla, fowrth ad. Longman, Naw Yark.

Reference to a chapter in an edited book:

Mcttam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your artide, in: Jones, B.S.,
Smith , R.Z. (Eds.), Inbroduction ta the Electronic Age. E-Publishing Inc., Naw York, pp. 281-304.

Journal abbrevistions source
Journal names chould be abbraviated according to the
List of title word abbreviations: hitp://www.ssn.org/2-2 2661-LTWA-onlme.php,

Videe data

Elzavier accepts video material and animation sequances to support and enhanca your sdentific
research. Authors who have wwdeo or animation files that they wish to submit wath their article are
strongly encouraced to indude links to these within the body of the artidle, This can be done in the
zama way ac a figure or table by referring to the video or animation content and noting in the body
text where t should be placed. All submitted files should be propedy labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
uzable, pleass provide the files in one of our recommended file formats with a preferred maximum
<ize of 50 MB. Video and animatan files suppked will be published online in the slectronic version
of your article in Elsevier Web products, induding Scdencebirect: hitp //www.scencedicect,com.
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Please supply 'stills' with your files: you can choose any frome from the video or animation or
make a separate image. Theze wil be used instead of standard icons and will perconzlize the
Iink to your video data. For more detalled Instructions please visit our video Instruction pages at
hitp://vevew = semviencom/ artworkinsbructions, Note: since video and animation carmot be embedde=d
in tha print version of the joumal, pleasa provide taxt for both the clectronic and tha print varsion
for the portions of the article that refer to this content.

AudioSlides

The journal encournges authors to create an AudioSlides prezentation with their published article.
AudioSlides ars brief, webinar-style precentations that are shown next to the online artide on
SaenceDirect. This gives authors the opportunity to summanze their research in their own words and
to help reads=rs understand what the paper is about. More information end examples are available at
https/Jwwew elzaviencom/audicslides. Authors of this journal will automatally reccive an invitakion
e-mail to create an AudioSlides presentation after acceptance of thew paper.

Supplementary dato

Elsevier accepts electronic supplementary material to support and enhance your scientific rezearch.
Supplementary files offar the author additional possibdities to publish supporting applications, high-
resolution iImages, background datasets, sound dips and more. Supplementary files supplied will be
published online alongside the el=ctronic version of your article in Elsevier Web products, including
SdencaDiract: http://vwww srisncediract.com. In order to ensure that your submitted material is
directly usable. please provide the data in one of our recommended file formats., Authors should
submit the material in electronic format together with the artide and supply a concise and desariptive
caption for sach file. For more detniled instructions please visit our artwork instruction pages at
http://www slsawnar.com artwonanstructions.

Submission chrecklist

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

Ensure that the following tems are present:

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

« E-mail address

« Full pastal address

¢ Phone numbers

All necessary files have been uploaded, and contain:

« Keywords

« All figure caphions

« All tables (induding title, description, footnotes)

Further conziderations

« Manuscript has been 'spel-rhecked' and 'grammar-chacked’

& Referencas are in the correct format for this journal

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

« Parmission has been obtained for uze of copyrighted material from other cources (including the Wab)
« Color figures are clearly marked as being intended for eolor reproduchon on the Web (free of charge)
and in print, or to be reproduced in color on the Wb (free= of charge) and in black-and-white in print
« If only color on the Web is required, black-and-white versions of the figures are also supplied for
printing purposes

For any further information pleasa visit our customer support site at http://support.elseviencom,
Additional information

Short communications should be prepared as desorbad under 2, except for the following:

(3) The average length of 3 shot communication should not excead 4 pages in pnnt (3pprox.
2000-2300 words, including abstract, captions and references), A maximum of 2 illustrations (figures
or tables) is 2llowed.

(b) An ahstract of not more that 100 words should be prowvided and 3-6 keywords should be listed
immediat=ly below the abstract.

Reviews

The organization and subdivision of review articles can be arranged at the author's discrebion, Tables,
figures and references are to be arranged in the same way as research articles In the journal. Please
contect the Editor before submitting an article for this s=ction.
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Minr-reviews

(a) The total length of a mini-review should be about 30 double-spaced typewsitten pages, including
references, tables and figures.

(b) A brief introducton to the subjects, comprsing not mare than 500 wards, n which referencs 1
made to recent key artides or reviews on the topic should be given.

{c) Conclusions should b= summarized in 500-1000 words et the end of this article, They should be
preferentially cutined in a flow diagram or a graph.

(d) A maximum of 40 references may be used.

Asscszmeonts
The format of an assessmant will be dedded upon in consultation with the editors.

Letters to the editors

The total length of & letter should not exce=d one page. Pleas= name three pot=ntial reviews=rs making
sure to include their name, affiliation and email address,

AFTER ACCEPTANCE

Uce of the Ihgital Object fdentifiar

The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. The DOL
consists of a unigue slpha-numeric dharacter string which is assigned to s document by the publisher
upon the initial clactronic publication. The azzigned DOI never changes. Tharafore, it iz an ideal
meadium for citing a document, particulardy ‘Articles n press’ hecausa thay have not yet received thair
full bébliographic infeemation. Example of a correctly given DOI (in URL format; here an artide in the
joumal Phy=ics Letters B):

http://dx.dei.org/10. 1016/j.physieth 2010.09.059

When you use 2 DOI to create links to documents on the web, the DOIs are guaranteed never to
change.

Online proot correction

Carresponding authors will receive an e-mall with a ink to our ProofCentral system, allowing
armotetion and correction of proofs online. The environment is similar to MS Ward: in addition to
oditing text, you can alzo commant on figures/tsbles and answer questions from the Copy Editor
Weab-hased proofing provides a faster and less error-prona process by sllowing you ta directly type
your corrections, eliminating the potential introduction of errors.

If preferred, you can =till choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be gvan in the e-mazil we send to authars, inchuding alternative methads to the onlina
version and PDF.

We will do everything possible to get your artidle published quickly and accurately - pleasze upload
all of your comrections within 48 hours. Tt is important to ensure that all corvections are sent hack
to us In one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot b= guarent=ed. Proofre=ading = solely your responsibility. Note that Elsevier may
proceed with the publication of your article if no responze iz received.

oriprinis

The comesponding author, at no cost, will be provided with 2 PDF file of the artide via e-
mail (the PDF file is a watermarked version of the published article and indudes a cover sheet
with the joumal cover image and a disclaimer outhning the terms and conditions of use), For
an extra charge, paper offprints can be ordered via the offprint order form which s sent once
the article i accepted for publication. Both conesponding and co-authors may order offprints
at any time wvia Elsevier's WebShep (http://webshop clesviercnmd/ myarticesarvices/ offprirts).
Authors regunng prnted coples of multple articles may wuse Elsevier WebShop's
'Creste  Your Own DBook' service to  collate multiple artides within & single cover
(http://vebshop.elzavier. com/myarticlesarvices/offprints/ myarticlesservices /booklats).

AUTHOR INQUIRIES

For inquirics relating to the submission of articles (induding electronic submizsion) please visit
this jounal's homepage, For detaled insbruchons on tha preparation of slectronic artwork.
please visit hito://www.elseviescomy/antworkinstructons, Contact details for questions arising after
acceptance of an arbde, especinlly those relating to proofs, will be provided by the publizher
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