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RESUMO

Os compostos 4 - tiazolidinonas tem despertado grande interesse pela sua diversidade estrutural
e descoberta de um grande numero de atividades biologicas. O presente estudo avaliou a
atividade citotdxica de novos derivados de 4- tiazolidinonas dos quais seis foram considerados
ativos com percentual de inibicdo de crescimento celular superior a 75% pelo teste do MTT. Os
compostos foram testados nas seguintes linhagens de células tumorais humanas: NCI-H 292
(carcinoma mucoepidermoide de pulméo); HT — 29 (carcinoma humano do célon, HEp — 2
(carcinoma epidermdide de laringe); HL- 60 (leucemia promielocitica aguda) e K562 (leucemia
mielocitica cronica). Nos seis compostos considerados ativos foi realizado o estudo da
concentracdo que inibe 50% do crescimento celular (ICsp) em sete concentracdes seriadas que
variaram de 0,39 a 25 pg/mL. O analogo 2-[(2-piridinyl-metileno)hydrazono]-4-thiazolidinonas
(composto 2) apresentou melhores resultados com valores de 1Cso entre 0,5 e 3,3 pg/mL nas
linhagens testadas e por esse motivo foi escolhido para prosseguir com o estudo sobre
mecanismo de morte celular frente a linhagem de células tumorais HL-60, na qual apresentou
menor valor de Clsg no tempo de 48 h (Clso = 3,04 pg/mL). A doxorrubicina foi utilizada como
controle positivo e apresentou Clso de 48 horas igual a 0,03 pg/mL. O composto em estudo nao
apresentou atividade hemolitica frente a eritrocitos de camundongos apresentando concentracao
efetiva - ECso > 250 pg/mL, sugerindo uma citotoxicidade por mecanismo de acdo mais
especifico. No teste do Azul de Tripan foi observado que apds 48 horas de incubacdo houve
reducdo do nimero de células viaveis com percentual de inibicdo de 72,22% na concentracao de
3 pg/mL e de 91,08% para a concentracdo de 6 pug/mL. A analise morfoldgica ap6s coloracdo
May- Grunwald- Giemsa indicou alteragdes celulares tipicas de células em processo de apoptose
(membrana integra, reducdo do volume celular, nacleo picnético e cromatolise). A integridade
da membrana celular e a fragmentacdo do DNA foram avaliadas por citometria de fluxo. Foi
observado na concentragdo de 6 pg/mL que um grande percentual de células apresentou
fragmentacdo do DNA e que pequeno numero de células apresentou reducdo da integridade da
membrana celular. Estes dados sugerem um mecanismo citotoxico por inducdo da via

apoptotica e apontam o potencial citotoxico do composto 2.



Palavras —chave: Citotoxicidade, 4- Tiazolidinonas, Apoptose

ABSTRACT

The 4 - thiazolidinones are compounds that have attracted great interest for their structural
diversity and a wide range of biological activities. The present study evaluated the cytotoxic activity
of twenty new 4 - thiazolidinones derivatives. Six compounds were considered active with cell
growth inhibition by 75% to 100%. The compounds were tested on the following human tumor cell
lines: NCI H-292, HT — 29, Hep - 2, HL-60 and K562. The compound 2-[(2-piridinyl-metileno)
hydrazono]-4-thiazolidinone showed better results with 1Cs, values between 0.5 to 3.3 pg/mL and
for this reason was chosen for further study on the mechanism of cell death on HL-60. The test
compound showed no hemolytic activity against mice erythrocytes (EC50 > 250ug/mL) suggesting
a more specific mechanism of cytotoxicity. On trypan blue exclusion test there was a reduction on
viable cell number after 48 hours of incubation (72.22%) at a concentration of 3pg/mL and
(91.08%) at 6 pw/mL. Morphological analysis after May-Grunwald-Giemsa staining indicated
cellular changes typical of cells undergoing apoptosis (intact membrane, decrease of cell volume,
and chromatolysis core picnotic). The integrity of the cell membrane and DNA fragmentation was
assessed by flow cytometry. DNA fragmentation was observed after 48 h treatment while no
significant reduction on cell membrane integrity was found at 6 wmL. These data suggest that

HL60 cells undergo apoptosis after treatment with compound 2.

Keywords: Cytotoxicity, 4 - thiazolidinones, Apoptosis.
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CAPITULO |

1. INTRODUCAO

O céancer € um conjunto de mais de 100 doencas que pode ocorrer nos diversos tecidos do
organismo em raz&o de alteragOes patoldgicas ocorridas na informagéo contida no DNA através de
mutacOes na expressao dos genes que codificam as proteinas envolvidas no controle da proliferacéo
e da diferenciacdo celular ou comprometidas com mecanismos de reparo do DNA. Como
consequéncia, as celulas adquirem as principais caracteristicas de células cancerigenas que sdo: a
autossuficiéncia 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 e capacidade de migracdo ou
metastase (HANAHAN & WEINBERG, 2000; INCA, 2012).

Nas ultimas décadas, o cancer se tornou um evidente problema de saude pablica mundial
dada sua crescente importancia como causa de morbidade e mortalidade em todo o mundo
constituindo a segunda causa de morte. No Brasil em 2012 foi previsto a ocorréncia de mais de 500
mil novos casos. Segundo a Organizacdo Mundial da Saude (OMS) em 2030, estdo previstos 27
milhdes de casos incidentes de cancer com 17 milhdes de mortes e 75 milhdes de pessoas
portadoras de cancer. O maior efeito desse aumento vai incidir em paises de baixa e média renda. A
maioria dos casos, cerca de 80%, esta relacionada ao meio ambiente e aos habitos ou costumes
préprios de uma sociedade, onde encontramos um grande numero de fatores de risco. As causas
internas sdo, em grande parte, geneticamente pré-determinadas, e estdo ligadas a capacidade do
organismo de se defender das agressdes externas (INCA, 2012).

A terapia adotada para o tratamento do cancer envolve remocdo cirdrgica do tumor,
quimioterapia ou radioterapia. O uso das drogas antineoplasicas tem proporcionado aumento da
sobrevida dos pacientes portadores de neoplasias diversas. Sabe-se, no entanto, que a exposi¢do
mais prolongada a essas drogas aumenta o risco de efeitos colaterais em diferentes 6rgdos e tecidos
(CHAVES et al, 2007).

A oncologia experimental contribui de forma relevante para busca de novos farmacos que
proporcionem tratamentos mais eficazes contra o cancer e que produzam menos efeitos colaterais
permitindo o estudo dos diversos aspectos relacionados aos processos neoplasicos e possibilitando a
realizacdo de experimentos in vivo e in vitro, através de testes de substancias de origem vegetal,
animal, microbiana ou de sintese. Os compostos contendo o anel 4 - tiazolidinonas possuem grande

interesse cientifico por apresentarem um amplo espectro de atividades biologicas sendo relatadas
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como potenciais agentes antimicrobianos, anti-virais, anti-inflamatdrios, antiprotozoarios e

antitumoral

(RAWAL et al, 2008; KUCUKGZEL et al, 2006; VERCOZA et al, 2009; VIGORITA et al, 2001;
KUCUKGUZEL et al, 2002; FEITOZA et al, 2012; KAVITHA et al, 2006; WANG et al, 2012,
HAVRYLYUK et al, 2009; HAVRYLYUK et al, 2010).

Em pesquisa recente foi demonstrado que o derivado 5-benzidileno- 4- tiazolidinona
apresentou resultados promissores em estudos antiproliferativos preliminares, realizados em células
NCI-H 292 (carcinoma mucoepidermoéide de pulmdo humano) apresentando resultados relevantes
quanto a citotoxicidade (FEITOZA et al, 2012).

Desse modo, este trabalho apresenta o estudo da atividade citotdxica com alguns derivados
contendo o heterociclico 4- tiazolidinona, visando investigar o seu potencial antiproliferativo e
alguns dos possiveis mecanismos de acdo pela investigacdo da atividade citotoxica, atividade
hemolitica, e da verificacdo de possiveis efeitos apoptéticos dos compostos analisados.
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2. OBJETIVOS

2.1 Gerais

v Investigar o potencial antitumoral e possiveis mecanismos de acdo de novos
derivados 4-tiazolidinonas.

2.2 Objetivos especificos

v Avaliar a citotoxicidade de derivados 4 — tiazolidinona em linhagens de células
tumorais;

v" Investigar a ocorréncia de atividade hemolitica das substancias testadas;

\

Investigar indicios de morte celular por apoptose através da analise morfoldgica;
v Investigar a fragmentacdo do DNA e integridade da membrana.
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3. REVISAO DE LITERATURA

3.1 - CANCER: ASPECTOS GERAIS

O cancer € uma doenca genética que pode ocorrer nos diversos tecidos do organismo em
razdo de mudancas patoldgicas ocorridas na informacdo contida no DNA. Essas mutacOes
promovem alteracdes na expressdo dos genes que codificam as proteinas envolvidas no controle da
proliferacdo e da diferenciacéo celular ou envolvidas nos mecanismos de reparo do DNA (SMYTH
et al., 2006).

3.1.1. CARCINOGENESE

O desenvolvimento do cancer ocorre através de um processo dindmico que acontece por
etapas determinadas de multiplos estagios da carcinogénese, podendo ser considerado em trés
estagios: iniciacdo, promoc¢do e progressdo (figura 1) (HARRIS, 1991). A primeira etapa é a
iniciacdo onde ha a ocorréncia de danos ao DNA pela exposicdo de uma populacdo de células ao
carcindgeno, causando mutac@es genéticas que constituem o primeiro passo para o desenvolvimento
neoplasico (JAKOBISIAK et al., 2003).

Eficientes mecanismos de controle acontecem em tecidos de células normais, quando sdo
detectados danos ao DNA promovendo a destruicdo das células danificadas para evitar a progressao
maligna. O gene p53, supressor de tumor, impede a proliferacdo de células mutadas, desse modo, as
mutacdes ocorridas nos genes supressores de tumor permitem que as células mutadas prossigam no
ciclo celular (FOSTER, 2008). A segunda etapa da carcinogénese é a promocéo, definida como um
processo de expressdo clonal de células iniciadas, e que resulta na formacdo de células pré-
neoplasicas que ddo origem a polipos, nddulos, ou papilomas. A progressdo € o terceiro estagio e,
compreende a fase da evolucdo da neoplasia maligna caracterizada pela transformacédo de células
pré- neoplasicas em tumor maligno (JAKOBISIAK et al., 2003).



3.1.1.1 ETAPAS DA CARCINOGENESE

- Figura 1: Etapas da carcinogénese. Fonte:
INICIACAO

Jakobisiak, et al., Immunology Letters, 2003.

-Danos ao DNA;

-Inducgéo de mutacdo em genes alvos
criticos;

-Ativacdo de protooncogenes;
-Inativacdo de genes supressores de tumor;

- Replicacdo celular e fixacdo da mutacao.

PROMOCAO
- Expanséo clonal das células iniciadas

-Desenvolvimento do tumor benigno

PROGRESSAO
- Expressao alterada de enzimas;
-Protedlises;
-Invaséo;
-Migracao;

-Metéastase.

3.1.2. CARACTERISTICAS MARCANTES DO CANCER
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Com o processo de carcinogénese as células adquirem caracteristicas marcantes que
determinam a formagdo do tumor maligno, tais como: Autossuficiéncia 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 e capacidade de migracdo (metastase) (HANAHAN; WEINBERG,
2000).

Figura 2. Caracteristicas marcantes do cancer . Adaptado de HANAHAN & WEINBERG, 2011)

Auto- suficiéncia para os sinais de
crescimento
Susrtaining prouirerauve
signaling

Evaséo da Apoptose

Resisting
(of=1| e [=F11g

Capacidade de Inducéo a Capacida
angiogénese M
(ARAS A AN '3

angiogenesis and

Imortalidade Replicativa

Enabling replicative
immortality

- Auto-suficiéncia para sinais de crescimento

Para que células normais possam passar de um estado quiescente para um estado
proliferativo ativo é necessario a presenca de sinais de crescimento 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 adesao/interacédo
célula a célula. Nas células cancerigenas o processo ocorre de maneira diferente, pois estas sao
auto-suficientes na sinalizagdo dos fatores de crescimento e para isso produzem e liberam fatores de
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crescimento que estimulam seus proprios receptores por sinalizacdo autocrina e para receptores de
celulas vizinhas por sinalizacdo paracrina. Além disso, ocorre alteracdo do numero, estrutura e
fungdo dos receptores de fator de crescimento, aumentando a propenséo destes a enviar sinais de
crescimento para o ndcleo. Nessas células também ha a desregulacdo da via de sinalizacdo dos
receptores de crescimento para que esses estejam constantemente ativados (HARRINGTON 2007;
HANAHAN e 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 proliferacdo forgando as células a sair do ciclo ativo
proliferativo para o estado quiescente (Gp) de onde a célula pode voltar ao ciclo ativo por
sinalizacdo extracelular. Ou ainda, os sinais antiproliferativos podem induzir as células a entrar num
estagio pos-mitético geralmente relacionado com a aquisicdo de caracteristicas especificas
associados a diferenciacdo (HANAHAN e 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 sinalizagdo antiproliferativa através de
alteracBes nessas proteinas, sendo comum em varios tumores a perda de Rb e de membros da
familia CDKi ou ainda pela superexpressao de determinadas ciclinas e CDK (HARRINGTON
2007).

- Evasdo da apoptose

Numa célula normal, quando ocorre um dano ao DNA, ocorre a interrupcao do ciclo celular
para se avaliar a possibilidade de reparo. Quando ndo é possivel reparar o dano, a célula é induzida
a apoptose, impedindo que as mutagdes ocorridas sejam transmitidas as células descendentes pela
divisdo celular. Os principais genes envolvidos na apoptose sdo 0 pré apoptotico p53 (supressor
tumoral) e o Bcl-2 (oncogene) anti - apoptotico. 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 moleculas pro e anti — apoptéticas em
detrimento da apoptose (HARRINGTON 2007).

- Capacidade de inducgéo a angiogénese
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O crescimento do tumor maligno esta relacionado com a capacidade de um fornecimento de
sangue necessitando da formacdo de novos vasos que € 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 pré- angiogénicas como
o fator de crescimento endotelial vascular (VEGF) e/ou por diminuir a producao das proteinas anti-
angiogénicas como a trombospondina-1 (HARRINGTON 2007).

- Imortalidade replicativa

As celulas somaticas normais, apos passar por um numero finito de divisbes celulares
entram em senescéncia replicativa, isso acontece por que essas células séo incapazes de replicar as
extremidades dos seus cromossomos (telomeros) a cada divisdo, como resultado seus telomeros
sofrem encurtamento a cada ciclo celular atuando como relégios moleculares com a contagem
regressiva do tempo das células. Diferentemente, as células do cancer conseguem manter a
replicagéo dos teldomeros a cada diviséo celular, adquirindo desse modo a imortalidade replicativa
(HARRINGTON, 2007).

- Invasdo tecidual e metéstase

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 producdo 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 € necessario a presenca de enzimas
proteoliticas. Nos processos de invasdo e metéastases, as metaloproteinases da matriz extracelular
(MMP) sdo expressas em altos niveis e apresentam importante acdo proteolitica atuando
diretamente sobre os componentes da MB. Desse modo, essas enzimas sdo cruciais na progressao
tumoral (PEREIRA, et al., 2006).

3.1.3. MORTE CELULAR

De acordo com o0 NCCD (Nomenclature committee on cell death) uma célula devera ser
considerada em processo de morte, quando apresentar qualquer uma das caracteristicas
morfoldgicas ou bioquimicas descritas a seguir: Perda da integridade da membrana, que pode ser
verificada através da incorporacéo de corantes vitais como o lodeto de Propideo in vitro; presenca
de fragmentacéo celular e nuclear dentro de pequenos corpos (corpos apoptoticos); e ou a presenca
de fagossomos (KROEMER, et al , 2005).
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A busca por estratégias para o tratamento do cancer tem gerado um grande interesse para
compreeder 0 mecanismo das vias de morte celular (SINGH et al., 2010). A morte celular pode
ocorrer por diferentes modos sendo classificada de acordo com as caracteristicas morfoldgicas e
bioquimicas inerentes a cada processo. Desse modo, a morte celular pode acontecer por:
Senescéncia, Catastrofe Mitotica, Necrose, Autofagia, e Apoptose (GRIVICICH et al., 2007).

3.1.3.1. Senescéncia

A senescéncia celular é definida pela perda irreversivel do potencial de divisdo celular das
células somaticas. Constitui um processo metabolico ativo essencial para o envelhecimento. Ocorre
através de um controle genético que envolve a deterioracdo dos teldmeros e ativagdo de genes
supressores tumorais (HAYFLICK; MOORHEAD, 1961; GRIVICICH et al., 2007).

3.1.3.2. Catastrofe mitotica

Catastrofe mitética refere-se ao processo de morte celular no qual a célula tenta se dividir
sem que 0 DNA tenha sido devidamente reparado por causa do funcionamento defeituoso do ponto
de checagem do ciclo celular, o que resulta na formacdo de células gigantes, multinucleadas com
cromossomos condensados sendo morfologicamente distinto das outras formas de mortes celulares
(SINGH et al., 2010).

3.1.3.3. Necrose

A necrose ocorre através do inchaco das células com perda da integridade da membrana
plasmatica, desorganizacdo do citoplasma, e condensacdo da cromatina, esses efeitos acontecem
devido as injurias que impedem as células de controlar seus fluidos e equilibrio i6nico. Neste
processo o conteudo celular é liberado, o que ocasiona danos as células vizinhas e inflamacéo local.
A necrose é considerada uma resposta passiva , embora alguns estudos recentes apontem que possa
haver regulacdo genética (GRIVICICH, 2007).

3.1.3.4. Autofagia

A autofagia ocorre em resposta a um estresse metabdlico que resulta da degradacdo dos
componentes celulares. Neste processo, por¢oes do citoplasma sdo encapsulados por membranas
dando origem a estruturas denominadas de autofagossomos que se fusionam com os lisossomos, e

tem seu contetido degradado pelas hidrolases lisossomais (GRIVICICH, 2007).

3.1.3.5. Apoptose
Kerr et al, em 1972 adotaram o nome ‘apoptose’ para descrever um aspecto morfoldgico

especifico de morte celular. Neste processo a celula sofre reducdo do volume celular (picnose),
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condensacdo da cromatina, fragmentacao nuclear, pouca ou nenhuma modificacéo ultraestrutural de
organelas citoplasmaticas e a desintegracdo da membrana celular sem extravasamento do contetdo
celular para 0 meio externo. Esse processo ndo gera inflamacdo pois, os restos celulares, apés 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).

A apoptose consiste na morte celular programada regulada por diversos fatores e que
participa de diferentes processos fisioldgicos tais como da morfogénese no desenvolvimento
embrioldgico, da homeostase de 6rgdos ou tecidos através da eliminacéo das células que perderam
sua funcdo, da maturacdo da eritropoese e da epiderme. A apoptose também participa de
importantes processos patoldgicos tais como inflamagdes agudas e cronicas e das neoplasias. O
processo de apoptose € bem diferente da necrose que ¢ considerada um processo “acidental” que
ocorre em virtude de exposicdo da célula a estimulos nocivos muito intensos enquanto a apoptose é
um processo ativo que envolve a sintese proteica e expressdo de antigenos de superficie (BONINI,
et al., 2000). A figura abaixo descreve as principais caracteristicas morfoldgicas que diferem a

apoptose da necrose.

Table: 1 Principais diferencas morfoldgicas entre necrose e apoptose. Fonte: Adaptado de Bonini et al, 2000

Caracteristicas Apoptose Necrose
Distribuicéo no Tecido Células isoladas Grupos de células
Fagocitose, Exudado celular,

Reacao Tecidual Sem inflamagédo Inflamagéo
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“Encolhimento” da célula; Edema celular;
Organelas Intactas; Organelas danificadas;
_ Cromatina fragmentada Cromatina fragmentada;
Morfologia condensada e distribuida na aleatoriamente
periferia do nucleo; Membrana celular
Membrana Celular Intacta. danificada.

3.1.3.5.1. Vias de transducéo de sinais da apoptose

A apoptose acontece atraves de um complexo mecanismo envolvendo uma cascata de
reacOes moleculares dependentes de energia. O processo apoptdtico é mediado pelas caspases que
séo 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 1). Para dar inicio a apoptose, as caspases que se encontram na forma inativa (pro-caspases)
precisam ser ativadas (ELMORE, 2007).

A via intrinseca € 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 esta dividida
em membros anti apoptoticos como a Bcl-2 e Bcl-xL e pro apopt6ticos como a Bax e a Bak. O Bcl-
2 é um dos mais conhecidos proto oncogenes que esta relacionado a supressdao da apoptose. Um
outro exemplo da familia Bcl-2 é 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 heterodimerizacéo
entre 0s membros proapoptotico e antiapoptéticos da familia Bcl-2 tem fungdo antiapoptética e é
mediada pela proteina BH3 (DEGTEREV et al., 2001). Estimulos, como dano ao DNA, levam ao
aumento na expressdo das proteinas pré-apoptéticas o que induz a célula a apoptose (GRIVICICH
et al, 2007). Apos ativagdo pelo estimulo apoptético, a mitocondria libera o citocromo ¢, AIF (Fator
indutor de apoptose) e outros fatores apoptogénicos do espago intermembranar para o citosol
(IGNEY; KRAMMER, 2002). Esse processo envolve a formacdo 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 citoplasma, onde participara da ativacdo da apoptose através da
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formacéo do apoptossomo, que consiste em um complexo formado pela associacdo do citocromo ¢
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 permitird a ativacdo das principais
caspases efetoras, as caspases 3, 6 e 7, que concluem o processo apoptotico (IGNEY; KRAMMER,
2002).

Figura 3. Vias de Transdugéo de sinais da apoptose. Fonte: Alenzi et al, 2010
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Figura 3. Vias de Transducéo de sinais da apoptose. O sinal apoptotico ¢ iniciado pela trimerizagdo mediada pela ligagdo direta
dos membros da familia de receptores de morte como o Fas. Isso conduzira a formagdo do complexo de DISC e a ativagdo da
procaspase-8 induzida por proximidade. A caspase-8 ativa pode diretamente clivar a procaspase-3 comegando assim a fase de
execugdo da apoptose. Alternativamente, a clivagem do membro préapoptdtico da familia Bel-2, Bid conduz a amplificagdo do sinal
pro-apoptotico por via mitocondrial. Esta via também ¢ usada na apoptose induzida pelo stress citotoxico. Isso leva a liberacdo de
fatores pro apoptoticos como o citocromo ¢ ¢ a Smac/Diablo do compartimento intramembranar da mitocondria para o citosol. A
libertagao do citocromo ¢ conduz a formagdo do apoptossomo, que ativa a caspase-3.
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A apoptose acontece de modo bastante controlado, onde diversas proteinas agem induzindo
ou inibindo este processo de morte celular. Os membros pré e anti-apoptéticos da familia Bcl-2
atuam alterando a permeabilidade da membrana mitocondrial. Outra forma de controle é exercida
pelas proteinas FLIPs (proteina inibidora) que se liga ao FADD (Fas Adaptor Death Domain), uma
proteina adaptadora ligada ao Fas, prevenindo a ativacéo da caspase-8 interronpendo deste modo a
apoptose. Também hé& o controle exercido pelas IAPs que sdo proteinas inibidoras da apoptose, tais
como a apolon e a survivina que agem através da sua ligacdo as caspases bloqueando a atividade
destas. Por outro lado a acdo anti apoptética das IAPs pode ser inibida pela acdo da proteina
SMAC/diablo (Segundo ativador mitocondrial de caspase) que durante a apoptose é liberada pela
mitocondria podendo se ligar as IAPs permitindo que as caspases sejam liberadas e ativadas para o
processo de apoptose (IGNEY; KRAMMER, 2002; GRIVICICH, et al, 2007).

3. 1. 4. Tratamento contra o cancer

O tratamento para o cancer é realizado principalmente por cirurgia, radioterapia e
quimioterapia. No entanto, a maioria dos farmacos utilizados na quimioterapia afeta apenas a
divisdo celular sendo considerados antiproliferativos, por ndo apresentar efeitos inibitorios
especificos sobre outras caracteristicas importantes do cancer como, por exemplo, o poder de
invasdo e metastase, ou a angiogénese. A ac¢do apenas antiproliferativa produz efeitos colaterais por
afetar também as células normais que se dividem rapidamente. O maior entendimento da biologia
da célula do cancer permitiu a exploracdo de novos mecanismos de acdo para o desenvolvimento de
novos farmacos, atualmente existem diversas abordagens moleculares que estdo em fase de
investigacao tais como estudos de drogas que visam a alteracdo da expressao génica, a inibicdo da
invasdo do tumor e metastase, a inibicdo da angiogénese, ou ainda o estudo de novas drogas
citotoxicas que induzem a apoptose (BERNARDI et al., 2003). Dentre as novas classes de
compostos em estudo para o tratamento do cancer estdo os heterociclicos sintéticos derivados 4-

tiazolidinonas.

3. 1. 5. Derivados das 4-Tiazolidinonas

Os compostos que contem o nucleo 4- tiazolidinona representam uma classe de compostos
de grande interesse cientifico devido as suas propriedades quimicas e ao extenso espectro de
atividades bioldgicas descrita em diversos trabalhos. O ndcleo 4- tiazolidinona pertence a uma
classe de compostos derivados das tiazolidinas, e consiste em um anel com cinco membros que
contem dois heteroatomos sendo um atomo de enxofre na posi¢cdo 1, um atomo de nitrogénio na

posicdo 3 e um grupo carbonila na posi¢do 4. Esta molécula pode apresentar diversos grupos
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substituintes nas posicdes 2, 3, e 5 (SINGH et al, 1981) o que torna possivel um grande nimero de
analogos estruturais. Deste modo, a atividade bioldgica dos derivados 4- tiazolidinonas podem ser
atribuidas aos grupos substituintes (figura 4) que causam modificacdes nos padrdes fisico-quimicos
e estruturais moleculares. (LIENSEN, et al., 2008; VERCOZA, et al., 2009).

Figura 4. Estrutura quimica do anel 4- tiazolidinona
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3. 1.5. 1. Atividade bioldgicas das 4-tiazolidinonas

Os derivados 4- tiazolidinonas exibem um amplo espectro de atividades bioldgicas tais
como anti-viral (RAWAL et al, 2008); antimicobacteriana (KUCUKGZEL et al, 2002), antifingica
(VERCOZA et al, 2009); KUCUKGUZEL et al, 2006) antiiflamatoria (ALLEN et al., 2004,
VIGORITA et al, 2001), antibiotica (KUCUKGUZEL et al, 2002; FEITOZA et al, 2012,
KAVITHA et al, 2006) e recentemente, a atencdo tem sido dedicada a constru¢cdo de novos
derivados com acdo anticancer (WANG et al, 2011; HAVRYLYUK ET AL, 2009; HAVRYLYUK
et al, 2010). Devido a essa gama de atividades bioldgicas apresentadas em varias pesquisas, estes
compostos vém ultimamente ganhando importéncia junto a comunidade cientifica. Varios trabalhos
estdo sendo desenvolvidos por grupos académicos e pela industria farmacéutica tendo por base esta
classe de compostos (LIENSEN et al. 2008).

Rawal et al (2008) demonstraram que uma serie de novos derivados 2,3 — diaril-1,3-
tiazolidin-4-ona foram avaliados quanto a sua capacidade de inibir o virus da hepatite C (VHC).
Apresentando inibicdo da atividade da RNA polomerase NS5B, in vitro (enzima que é crucial para a
replicacdo do VHC).

Uma série de 2-(2,6 dibromophenyl)-3-heteroaril-1,3-tiazolidi-4-onas foram sintetizados e
avaliados como inibidores da enzima transcriptase reversa do tipo 1 (HIV-1 RT) seletiva para o
virus da imunodeficiéncia humana. Os resultados mostraram que o teste com oito compostos
inibiram efetivamente a replicagédo do HIV-1 (RAWAL et al, 2008).

Vérios estudos demonstram a atividade antimicrobiana das 4-tiazolidinonas, pesquisas
recentes demonstraram que compostos 4-tiazolidinénicos contendo grupo &cido na posicdo 5 do

anel tiazolidinico apresentaram notaveis resultados quanto a inibicdo do crescimento de alguns
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microoganismos incluindo bactérias Gram-positivas, Gram-negativas e fungos (Vercoza, et al,
2009).

Em trabalho recente, Feitoza, et al (2012) avaliaram a atividade antimicrobiana e citotoxica
do ndcleo 4-tiazolidinona, utilizando uma série de 5-benzilideno-2-[(piridina-4-ilmetileno)
hidrazono]-thiazolidin-4-onas e seus precursores 2-[(piridina-4-ilmetileno) hidrazono]-thiazolidin-
4-onas. Esta série de compostos foi avaliada in vitro frente a bactérias e espécies de fungos, onde
um dos intermediarios apresentou consideravel atividade antibidticacontra B. subtilis e C. albicans.
A atividade citotoxica foi eficaz para a inibicdo do crescimento celular em linhagens de células de
leucemia mielocitica cronica (K-562) e carcinoma de pulmao humano (NCI-H292).

Esses resultados confirmam a atividade antibiotica apresentada por Kugukguzel et al, em
2002, que testaram novos derivados 4-tiazolidinonas, 1,3,4- oxadiazoles quanto a sua atividade
antimicobacteriana contra Mycobacterium tuberculosis H37Rv e antimicrobiana frente a varias
bactérias e fungos. Dois compostos foram mais ativos demonstrando 90 e 98% de inibicdo do
crescimento de micobactérias de M. tuberculosis H37Rv.

A atividade antimicrobiana das 4- tiazolidinonas também foi oservada por Kavitha e
colaboradores em 2006, que sintetizaram uma nova série de derivados 4-thiazolidinonas, analogos
2,3- dissubstituido - 1,3 thiazolidin-4-onas e testaram estes compostos para a avaliacdo de sua
eficacia como agentes antimicrobianos in vitro pela difusdo de disco e método de microdiluicdo
contra estirpes patogénicas, tais como Bacillus subtilis, Escherichia coli, Pseudomonas fluorescens,
Xanthomonas campestris, a Xanthomonas oryzae, Aspergillus niger, Aspergillus flavus, Fusarium
oxysporum, espécies de Trichoderma, e as espécies de Fusarium monaliforme. Cinco dos analogos
testados apresentaram atividade microbiana potente quando comparados com as drogas de uso
padréo.

Vigorita e colaboradores, 2001 demonstraram a atividade anti-iflamatéria de varios
compostos da serie 3,3-(1,2-etanodiilo)-bis [2-(3,4-dimetoxifenil)-4-tiazolidinona contendo o anel
4-thiazolidinona através do experimento de edema de patas induzida por carraginina, atividade
analgésica pelo teste de contor¢Ges abdominais pelo acido acético e teste da placa quente em ratos,
ressaltando que todos os compostos demonstraram menores efeitos ulcerosos e toxicidade aguda
que a indometacina e fenilbutazona que sao os farmacos padrdes.

Allen et al. (2004) também estudaram sobre inflamagdo demonstrando que derivados
tiazolidinbnicos 2,3,5 - trissubstituidos possuem acdo antiinflamatoria por agdo antagonista dos
receptores responsaveis pela migracdo de células T para o local da inflamacé&o.

Havrylyuk et al, (2009) sintetizaram compostos 5-benzilideno-4-tiazolidinona e realizaram
experimentos para atividade antiproliferativa em diversas linhagens de células humanas. Os

compostos testados apresentaram consideravel inibicdo do crescimento de células tumorais. O
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composto que apresentou melhor atividade anticancer demonstrou seletividade para as linhagens de
celulas de cancer de cdlon especialmente a HT-29. Em concordancia com eses resultados, alguns
compostos da série 2-fenialamino-4-tiazolidinonas tem sido estudado e considerados como
inibidores potentes do crescimento do carcinoma de célon humano (VERMA et al., 2008).

Em 2010, Havrylyuk, et al, realizaram triagem antitumoral de varios novos derivados 4-
tiazolidinonas com metade benzotiazol. A atividade antitumoral in vitro dos compostos sintetizados
foi testada pelo Instituto Nacional do Cancer e dois destes revelou atividade anticancer frente a
leucemia, melanoma, pulméo, colon, ovario, prostata, rins e mama. A atividade antiproliferativa
frente a linhagens célulares de melanoma humano metastatico também foi observada em analogos
de tiazolidinicos por Li et al, em 2007 onde os compostos testados apresentaram seletividade para
essa linhagem celular.

Em trabalho recente, Guimardes et al, 2012, verificaram a atividade citotoxica e
antimicrobiana in vitro de derivados 4- tiazolidinonas, utilizando uma série 5-benzilideno-2-
[(piridina-2-ilmetileno) — hidrazono] - tiazolidin-4-ona. Onde quatro destes compostos se
mostraram promissores como agentes anticancer, sendo mais eficazes que o farmaco padréo,
etoposide em ceélulas HEp-2. OQutros dois compostos mostraram consideravel atividade
antimicrobiana contra Mycobacterium smegmatis e Candida albicans.

Alguns mecanismos séo propostos para a agdo anticancer do derivados de 4- tiazolidinonas,
dentre eles o estudo realizado por Geronikaki et al., em 2008, que indicou alguns derivados
tiazoles/tiazolidinonas como inibidores da SHP-2, uma proteina envolvida na sinalizacdo por fatores
de crescimento cuja mutacdo nessa proteina provoca sua ativacao constitutiva que esta presente em
alguns tipos de leucemias.

Em Degterev et al., (2001) foi verificado que derivados 4- tiazolidinonas inibem a
heterodimerizacdo Bcl-2/Bcl-xL mediada pelo dominio BH3 na funcdo antiapoptoética, liberando
membros pro-apoptoticos da familia Bcl-2, os quais ddo inicio a apoptose.

Estes resultados apresentados reforcam o interesse e a importancia em estudar novos
compostos derivados de 4-tiazolidinonas, através da investigacdo da atividade citotoxica e
elucidacdo de alguns dos possiveis mecanismos de acdo a fim de verificar a acdo farmacoldgica dos

mesmaos.
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SUMMARY. A novel series of 3-benzvlidens-2-[(pyridine-2-vimethylengthydrazono]-thiazol idin-2-ones 3a-i has
been synthesized. 2-[(Pyriding-2-vimathylanethydrazono]-thia zolidin-4-onas 2a-c werg also obtained and used as
intarmediates to give the targst compounds. The in vitre cviotoXic activity was evaluated for both serigs. The
findings obtained showed that the compounds 2a, 2b, 3b and 3c werne effective against the HEp-2 cell lines with
ICq; in the 1.6 - ¢35 pg/mL range, whareas the compounds 2a (1Ce= 3.0 wp/mL), 2b (1Cq= 2.4 pg/mL} and 31
(ICsy= 335 pwp/mL) showed good inhibitory effects against HT-2% cell lings. As complementary biological tast,
all 2-thiazolidinenes were evaluated for antimicrobial activity against various bacterial and fungal species.
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INTRODUCTION

Cancer involves a pathological breakdown in
the processes which control cell proliferation,
differentiation and cell death. Worddwide, ap-
proximately 10 million people are diagnosed
with cancer annually and more than 6 million
die of the disease every vear; currently, over 22
million people in the world are cancer patients 1.

Many cancers can be cured by surgery, ra-
diotherapy or chemaotherapy, especially if they
are detected early. Multidrug resistance (MDR) is
a major factor in the failure of many forms of
chemotherapy 2. Actually, MDR in cancer is a
phenomenon in which administration of a single
chemotherapeutic agent causes cross-resistance
of cancer cells to a variety of therapies even
with different mechanisms of action. Develop-
ment of MDR against standard therapies is a ma-
jor challenge in the treatment of cancer % Thus,
circumvention of MDR s a new field of investi-
gation in cancer chemotherapy, and safe and
potent MDR inhibitors are needed for clinical
use .

4-Thiazolidinones arouse great interest in
medicinal chemistry, as numerous compounds
that have this heterocycle in their structure
showe important biological activity, such as an-
timicrohial and antitumoral properties 58 I[n-
deed, Zhou & al ? eported several 4-thizolidi-
nones (Fig. 1a) that selectively killed both non-
small cell lung cancer cell line H460 and its pa-
clitaxel-resistant variant H460,,p at an ICs; be-
tween (.21 and 293 pM while showing much
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Figure 1. 4Thiazolidinonss with anticancer proper-
ties.
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Figure 2. Reagenis and conditons: (i) CICH,CO,H,
anhydrous AcONa, EtOH, reflux, 8-24 h (67-8234); (il
ArCHO, E1OH, piperidine (car), reflux, 4-10 h (44~
63%4).

work . Compounds 2a-c and 3a-1 were synthe-
sized according to the synthetic pathway de-
scribed in Figure 2. The synthesis of 2-[{pyri-
dine-2-ylmethylene)hydrazonol-thiazolidin-4-
ones 2a-c was performed by condensation of 2-
formylpyridine thiosemicarbazones la-c with 2-
chlorcacetic acid in the presence of sodium ac-
etate anhydrous in ethanol 2, and isolation in
good vield manging from 67 to 82%. The final
mompounds S-arvlidene-d4-thiazolidinones 3a-i
were abtained by Knoevenagel condensation of
the previous products with commercially avail-
able aromatic aldehydes (benzaldheyde, 4-
dimethylaminobenzaldehvde and 4-nitroben-
zldehvde) in vields varving from 44 to 65%.
The reaction was carried owt in ethanol at reflux
with piperidine as catalyst !3 All compounds
were identified by IR, HEMS and NMRE spec-
rosCcopy.
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less toxicity to normal human fibroblasts at con-
centrations up to 195 pM. The authors also re-
vealed that the nitrogen substitution in the 4-thi-
azolidinone ring blocked cytoselective anti-
cancer activity and although the R' site was le-
nient to substitution, the R" site required an -
NMe, group at the 4-position for optimal activi-
ty.

Based on these facts, our research group has
recently investigated the cytotoxic properties of
the 4-thiazalidinone scaffold, utilizing a series of
S-benmlidene-2-[(pyridine-4-ylmethylenelhydra-
zonol-thiazolidin-4-ones (Fig. 1b). In particular,
compound [ (R= Ph, R= NMe;) showed excel-
lent anticancer activity against human lung car-
cinoma {NCI-H292) cell line with IC5;= 1.38
ng/mL. This compound showed equipotent to
methotrexate (IC;;= 1.31 pg/ml) and more ac-
tive than etoposide (IC5;= 2.75 pg/ml) at in-
hibiting cancer cell growth 12,

As a part of our continuing research directed
toward the structural development of 4- thiazo-
lidinone as a multitemplate for lead discovery,
we report here the synthesis and cvtotoxic activ-
ity of a new isomeric series of $-benzylidene-2-
[ pyridine-2-ylmethylene)hydrazonol-thiazolidin-
d-pnes 3a-d and their precursors 2-[{pyridine-2-
vmethylene)hydmzonolthiazolidin-d-ones 2a-c
{Fig. 2). As complementary work, all 4-thiazo-
lidinones were evaluated for antimicrobial activ-
ity against various bacterial and fungal species.

MATERIALS AND METHODS
Synthesis

The synthesis of the thiosemicarbazone
derivatives (la-c) are reported in our recent

Materials and Instruments

The melting points were determined on
BUCHI-535 apparatus and are uncorected. IR
spectra were measured on BRUKER IFS-56 IR
spectrophotometer. HRMS were recorded on
Varian MAT 711 spectrometer 70 eV electron
impact. NMR were recorded on UNITY PLLS-
M) MHz-VARIAN spectrometer by using tetram-
ethylsilane as internal standard. The chemical
shifts are reported in & units, and coupling con-
gants {f} are reported in hertz. TLC develop-
ment was conducted on (.25 mm silica gel
plates (60F;54, Merck).

General synthetic procedure process for
comprounds 2a-c

A solution of 4.34 mmaol of thiosemicar-
lazones la-c, 4.54 mmol of 2-chloroacetic acid,
and 6.9 mmol of sodium acetate anhydrous in
25 ml of ethanol was stired until reflux until
the completion of the reaction (8-24 h). After,
the solution was cooled to () *C, and the precip-
tate was collected with filter under vacuum and
washed with hot methanol and water.

General synthetic procedure process for
compotunds Ja-i

A solution of 1.30 mmaol of 4-thiazolidinones
Za-¢, 1.30 mmaol of aldehyde aromatic, and two
drops of piperidine in 10 ml of ethanol was
gimed until reflux until the completion of the
reaction (4-10 h). After, the solution was cooled
to {0 *C, and the precipitate was collected with
filter under vacuum and washed with hot
ethanol and water.
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Cytotoxic activity

Human larynx carcinoma (HEp-2) and hu-
man colon adenocarcinoma (HT-29) cell lines
were purchased from the Adolfo Lutz Institute,
S840 Paulo, Brazil, A DMEM (Dulbecco's Modi-
fied Eagle's Medium), enriched with 10% of fetal
bovine serum, 1% of Leglutamine and 1% of an-
tihictics (penicillin and streptomycind, was used
for cell cultivation and to perform the tests. The
cytotoxic activity was investigated using the
MTT assay (3-(4 S-dimethylthiazole-2-y[1-2 5-
diphenyltetrazolium bromide). Cell suspensions
were diluted to 105 cells/mL, suitably prepared
and distributed in plates of culture with 96 wells
{225 pl in each well), then incubated at 37 *C in
a humid atmosphere with 5% of CO;. After 24 b,
25 ul of either the synthesired compounds or
the reference drugs {doxorubicin and etoposide)
was added to each well. The plates were incu-
bated again at 37 *C for 72 h. Then, 25 pl of
MTT solution (5 mg/mL) was added to each
well, and the mixture was incubated at 37 °C for
2 h. At the end of this period, the culture medi-
um with the MTT excess was aspirated and after
that, 100 pL of DMS0 was added to each well to
dissalve the formazan cryvstals. The optical den-

sity (0D) of the wells was measured at 340 nm
and compared to the control (cells with medium
oanly). The data represent the mean of three ex-
periments in triplicate and were expressed as
means £ SD. 1Cs; and their 95% confidence in-
tervals were determined from nonlinear regres-
sion using the progmam SigmaPlot version 11.
The IC, value was defined as the concentration
at which 50% survival of cells was ohserved.

Antimicrobial Activity

Bacterial and fungal species used in the an-
timicrobial evaluation were obtained from De-
partamento de Antihidticos and Instituto de Mi-
cologia cultures collections, Universidade Feder-
al de Pernambuco, Brazil. Namely, Saphylococ-
cus aureus (UFPEDA 02), Bacilius subtilis (UF-
PEDA BA). Escherichia coli (UFPEDA 224), Pseu-
domonas aeruginosa (UFPEDA 416) Klebsiella
fmewmaoniae (UFPEDA 396), Mycobacterium
smegmatis (UFPEDA 71), Candida alkicans
{UFPEDA 1007), €. rusei (UFPEDA 1002),
Malassezia furfur (UFPEDA 1320), Aspergillus
niger (UFPEDA 2003), species. The antibacterial
and antifungal activities are reparted preliminary
utilizing disc diffusion method. In this method,
disks containing known amounts of an antimi-
crobial agent were placed on the surface of an
agar plate that has been inoculated with a stan-

dardized suspension of microorganisms tested.
Paper discs with only DMS0O were used as nega-
tive controls. The MZI (Mean Zone Inhibition)
for rifampicin (antibacterial), and nystatin (anti-
fungal) was referred to as a reference value
{mm)}. All experiments were carried out three
times and repeated if the results differed. For
MIC assays, a stock solution {1 mg/mL) of test
compounds was prepared in DMS0O solvent.
Further, the seral dilution of test compounds
was carried out and the concentrations used
ranged from 10 for 1000 pg/mL. Test com-
pounds at various concentrations were added to
culture medium in a test tube and different
srains were inoculated at 108 bacteria/mL con-
centration. Tryptic Sov Agar was utilized for cul-
ture medium. The wbes were incubated at 37
°C for 24 h and then examined for the presence
ar ahsence of growth organisms tested. The MIC
values were obtained from the lowest concen-
tration of the test compounds where the tubes
remained clear, indicating that the bacterial or
fungal growth was completely inhibited at this
concentration. The MIC values were expressed
in pg/mlL.

RESULTS AND DISCUSSION

The 4-thiazolidiones 2a-c and 3a-1 were pre-
pared with satisfactory vield, and characterized
based on their physical, analytical and spectral
data. The data for 2b and 3b are described be-
Lo

Data for 3-methyl2-(2-(pyridin-2-ylmethy-
enelhydrazonothiazolidin-4d-one 2b: Reaction
time: 24 h. Grav solid, 77%; mp 157-158 . RE
(.55 (ethyl acetate:hexane, 3:.7). IR (KBr) cm-&
v 1717 (NC=00, 1620 and 15352 {(C=N), 1298
{NCH), 1118 (N-N=C), 1055 (C5); 'H NMR (400
MHz, DMS0-d;, 400 MHz/ppm) &: 843 (s, 1H,
CH=N), 3.71 (s, 2H, 5-CH;), 3.23 (s, 3H, CH;)
pyridine ring: 858 {d, 1H, J= 8.0 Hz) 8.03 {d,
IH, /=80 Hz), 7.70 {r, 1H, /=80 Hz), 7.26 (1,
1H, j= 8.0Hz), 13C NMR (DMSO-d;, 100 MH
/ppm): & 172006 (C=0), 166,14 (N=C), 157.69
{CH=N), 32.42 (CH;-5), 29.91 {CH;) pvridine
ring: 15281 (Cog), 14588 137.09, 12484, 121.73;
HRMS (ES+): 257.0475 [M+Nal= CH,N;08 re-
quires 257 0458,

Data for S<{4-{dimethylaminalbenzylidene)-
2424 pyridine-2-ylmethylenehydrazonothiazo-
fdin-4-one 3b: Reaction time: 14 h. Red solid:
vield 56%; mp 25%5-257 *C. Rf: 0.6 (ethvl ac-
etate:hexane, 1:4). IR (KBr) cm=': v: 1694
(NC=0), 1625 and 1525 (C=N), 1583 (C=C),
1294 (NCSR), 1214 (N-IN=C), 1004 (C5); 'H NMR
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(300 MHz DMSO-dg 8: 12.18 (s, 1H, NH), 8.40
(s, 1H, CH=N), 7.78 (5, 1H, HC=C), 745 (d, / =
8.0 Hz, 2H, Ar-H), 6.90 {d, /=8.0 Hz, 2H, Ar-H,
1, 3.05 (5, GH, NiCH3):} pyridine ring: 867 (d, J
=04 He, 1H), 807 (d, /=64 He, 1H), 793 (1, J
= 6.4 He, 1H), 7.64 (r, /=64 He); HRMS (ES+):
374.1054 [M+Nal® CzH-N:08 requires 374.0801.

I spectra of the compounds Za-c revealed
the presence of lactam C=0 stretching bands
and NCS bending vibration of the ring at 1709-
1721 cm=! and 1292-1383 cm~!, respectively.
This is considered to be a strong confirmation of
the thiazolidinone nucleus formation 4. The 'H
NMR spectra revealed the presence of a single
signal at 3.71-3.98 ppm coresponding to methy-
lene moiety of thizzolidinone nucleus 5. On the
other hand, peaks resonated in the range 32.43-
3834, 165.77- 16720 and 171.69-174.04 ppm in
the 30 NMR spectra were assigned for S=CHs,
C=N and C=0 moieties 1517,

IR spectra of 3a-d showed absorption band
oorresponding to the stretching mode wC=0) of
the lactam group at about 1694-171% cm=! The
exocyelic C=C bond was also assigned by
means of the IR spectra, which showed a
gretching band in the region of 15331399 cm=!.
In their 'H NMR spectra, the introduction of 5-
arvlidene moiety was confirmed through the abe-
sence of the signal of $-CH; protons of 2a-c and
the presence of resonances assigned to the me-
thine hvdrogen appearing as singlet (7.63-7 581
ppm). Unfortunately, the very low solubility of

compounds 3a-d in usual solvents was a limita-
tion for a valuable record of their 30 NMR spec-
ra. HEMS data fully agree with the proposed
structure.

Initially, the compounds 2a-c and 3a-d were
evaluated for antiproliferative activity against the
HEp-2 (mucoepidermoid carcinoma of larynx)
and HT-29 {Human colon adenocarcinoma) cell
lines 18 12 Among the twelve compounds tested,
five drugs, named Za, Zh, 3b, 3¢ and 3f,
showed excellent to moderate cyvtotoxic effects
{Tahle 1). The remaining seven compounds
showed no significant antiproliferative activity
even at 25 pg/ml. The known antitumor agents,
doxorubicin and etoposide were included as
mference compounds. The 10, values of 2a, 2b,
3b and 3¢ against HEp-2 cell line were only in
the 1.6 = 0.5 pg/ml range, and thus were much
more active than etoposide (1C;,= 6.10 pg/ml).
As for the relationship between cytotoxicity and
the different substitution on the ring phenyl of
the compounds 3b (IC;;= 0.7 pg/mlL) and 3c
(1C.= 0.5 pg/mL), we did not observe a signifi-

Cell Lines 1Cg; (pg/mL) °

compound
HEp-2 HT-2%
2a 1.6 3.6
Zh 0.5 24
3b 07 147
3o 0.5 204
3f 13.2 3.5
Daoxorubicin it 0.4
Froposide 6.10 nit

Table 1. Cytowxic activity in wmor cells of some
compounds 2 and 3 = @ The data represented the
mean of three experiments in wiplicate, ® ICsp and
their 993 confidence intervals were determined from
nonlinear regression using the program SigmaPlot
version 11, The IC5; value was defined as the con-
centration at which 50% survival of cells was ohb-
served. it = not tested.

cant difference between electron-donating
{{CH;3);N) and electron-withdrawing (NO;)
groups for the contribution to anticancer activi-
tv. In contrast, compound 3£ (1C5= 13.2 ng/mlL)
was 2-fold less active than reference drug. On
the other hand, none of the compounds (IC.,=
204 = 24 pg/ml) were more effective than ref-
erence doxorubicin (IC;= 0.4 pg/ml) in HT-29
cells, but compounds 2a, 2b and 3f showed
good inhibitary effects with 1C,= 3.6 ug/mlL,
ICy= 2.4 pg/mL and ICy;= 3.5 pg/ml, respec-
tively.

After, the compounds Za-c and 3a-1 were al-
s0 tested to antimicrobial activity by the disc dif-
fusion method against various bacterial and fun-
gal species. The mean zone inhibition (MZ1) for
rifampicin {antibacterial) and nystatin {antifun-
gal) was referred as a reference value {in mm).
Bxcept for compounds 2a and 2b, none of the
tested compounds displaved good inhibition of
the growth (MZ] above or equal to 16 mm) of
Gram positive and Gram negative bacteria, and
fungi in relation to the reference drugs. The thi-
azolidinone 2a showed significant MZ1 for M.
smegmatis (20 mm) and for < albicans (17
mm}, but this compound demonstrated higher
values of MIC (>300 pg/mL and 62 pg/ml, re-
spectively) when compared with rifampicin
(MIC= 125 pg/mL) and nystatin (MIC= 50
ng/mL). Besides, the activity against C. alkicans
was found for compound 2b (16 mm), but this
Nemethyl-4-thiazolidinone derivative showed
higher value of MIC (300 pg/ml) regarding the
nystatin. It has been known that the introduc-
tion of arvlidene moieties at 3 position of the 4.
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thiazolidinone ring enhanced the antimicrobial
activity 2%, As regards the relationships between
the structure and the detected antimicrobial ac-
tivity, the 5-benzylidene derivatives 3a-d did not
show neither antibacterial nor antifungal effica-
oy,

CONCLUSION

Nine new S-benzylidene-2-[{pyridine-2-vl-
methylenelhyvdrazonolkthiazolidin-4-ones 3a-i
were synthetized and tested together with start-
ing 2«[(Pyridine-2-ylmethvlene)hydrazonolthia-
zolidin-d-ones 2a.c for their in vitro ovtotoxic
and antimicrobial activities. Compounds 2a, 2b,
3b and 3¢ could be good starting points for de-
veloping hetter anticancer agents, because they
were more effective than etoposide in HEp-2
cells. Antimicrobial assessment indicated that
compounds 2a against M. smegmaiis and < al-
Bicans, and 2b against < alkicans showed con-
siderahle antibiotic activity.
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Abstract

In this study we have examined the antitumor activities of six 4-thiazolidinones derivatives.
The compound 2-[(2-piridinyl-metileno)hydrazono]-4-thiazolidinone, (composto 2), showed better
results with ICsq values between 0.5 and 3.3 pg/mL after 72h of incubation on three tumor cell lines
and thus was chosen for further study on the mechanism of cell death. The test compound showed
no hemolytic activity against mice erythrocytes (EC50 > 250pug/mL). In trypan blue exclusion test
there was a reduction in the viable cell number after a 48 h treatment. Morphological analysis after
May- Grunwald - Giemsa staining showed reduction of cell volume, chromatin fragmentation and
some cellular debris. DNA fragmentation was observed after 48h treatment while no significant
reduction on cell membrane integrity was found. These data suggest that HL60 cells undergo

apoptosis after treatment with compound 2.

Keywords: Cytotoxicity activity, 4 - Thiazolidinones, Apoptosis.
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1. Introduction

The exploration of privileged structures in drug discovery has gained significant popularity
in medicinal chemistry over the past years [1]. Thiazolidinones are the derivatives of thiazolidine
which belong to an important group of heterocyclic compounds containing sulfur and nitrogen in a
five member ring. A lot of research work on thiazolidinones has been done in the past. The nucleus
is also known as wonder nucleus because it gives out different derivatives with all different types of
biological activities. Numbers of methods for synthesis by using various agents are available in the
references [2].

Thiazolidin-4-one ring systems, display a broad spectrum of biological activity such as anti-
mycobacterial [3], anti-fungal [4][3], antiinflamatory [5], antibiotic [6][7][8] and recently,
considerable attention has been devoted to the construction of new derivatives of 4-thiazolidinone
moieties with anticancer activities[9][10][11].

Zhou et al 2008, identified ten cytoselective compounds from 372 thiazolidinone analogues
by applying iterative library approaches, these compounds selectively killed both non-small cell
lung cancer cell line H460 and its paclitaxel-resistant variant H460taxR at an 1Csq between 0.21 and
2.93 uM while showing much less toxicity to normal human fibroblasts at concentrations up to 195
uM.[12].

In 2009, Havrylyuk et al., tested new derivatives of bicyclic thiazolidinones in lung,
ovarian, colon, leukemia, melanoma, ovarian, prostate and kidney human tumor cell lines. Some
compounds of the series showed cytotoxic activity in all cell lines tested, being more selective in
the lineage of melanoma (M14) and for leukemia (CCRF-CEM). In 2012, Wang et al, synthesized a
number of derivatives related to the 4-thiazolidinonas core indolin-2-one and evaluated the
cytotoxic activity of these compounds in four human cancer cell lines HT-29 (human colon cancer),
H460 (human lung cancer), MDA-MB-231 (human brain cancer) and SMMC-7721 (human liver
cancer). The results showed that most of the compounds exhibited cytotoxic activity considered
moderate to excellent against one or more strains of cancer cells. In recent work, Guimaraes Neto et
al, 2012 assessed the cytotoxic and antimicrobial activity of the 4-thiazolidinone nucleus, using a
series of 5-benzylidene-2-[(pyridine-2-ylmethylene) hydrazono]-thiazolidin-4-one derivatives. This
series of compounds was evaluated for the in vitro cytotoxic and antimicrobial activities. Four
compounds could be good starting points for the developing better anticancer agents, because they
were more effective than the etoposide in Hep-2 cells and two others compounds showed
considerable antibiotic activities against M. smegmatis and and C. albicans [10][13].
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Considering the importance of these research area, the aim of the present study was to
evaluate the in vitro antitumor activitie of some 4-thiazolidinones as well as the investigate
possibles mechanism of action of these compounds on human tumor cells.

2. Experimental

2.1. Synthesis of Compounds

The synthesis of the compounds 1 to 6 (figure 1) are reported in our recent work [13].
Briefly, the synthesis of 2-[(pyridine-2-ylmethylene)hydrazono]-thiazolidin-4-ones was performed
by condensation of 2-formylpyridine thiosemicarbazones with 2-chloroacetic acid in the presence of
sodium acetate anhydrous in ethanol, and isolation in good yield ranging from 67 to 82%. The final
compounds 5-arylidene-4-thiazolidinones were obtained by Knoevenagel condensation of the
previous products with commercially available aromatic aldehydes (benzaldheyde, 4-
dimethylaminobenzaldehyde and 4-nitrobenzaldehyde) in yields varying from 44 to 65%. The
reaction was carried out in ethanol at reflux with piperidine as catalyst [13]. All compounds were
identified by IR, HRMS and NMR spectroscopy [13].

2.2. Animals

Swiss mice (female, 25-30g) obtained from the central animal house of Universidade Federal de
Pernambuco, Brazil, were used. The animals were housed in cages with free access to food and
water. All animals were maintained on a 12 h: 12h light- dark cycle (lights on at 6:00 a. m.). The
animals were treated according to the ethical principles of animal experimentation of COBEA
(Colégio Brasileiro de Experimentagdo Animal, Brasil). The Animal Studies Committee of
Universidade Federal de Pernambuco approved the experimental protocols (Number

23076032201/2012-30).

2.3. Cell lines

Cytotoxicity studies were carried out on human cell line NCI-H292 (mucoepidermoid
carcinoma of the lung) K562 (chronic myelocytic leukemia) e HL-60 (acute promyelocytic
leukemia) obtained from cell bank of the Rio de Janeiro, Brazil. The cells were maintained in
DMEM - Minimum Essential Medium Eagle modified Dulbecco’s (Sigma), with the exception of
HL-60 cell line that was grown in RPMI 1640. All cell lines were supplemented with 10% fetal calf
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serum (GIBCO), 1% antibiotic solution (penicillin 1000 IU / mL + streptomycin 250 pug / mL) and
1 % L-glutamine 200 mM.

2.4. Citotoxic activity

The cytotoxicity tests were carried out using the 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-
tetrazolium bromide (MTT) (Sigma Aldrich Co., St. Louis, MO/USA) reduction assay. For all
experiments, tumor cells were plated in 96-well plates (10° cells/mL for adherent cells or 3x10°
cells/mL for leukemia). Tested compound (0.39-25 pg/mL) dissolved in DMSO 1% were added to
each well and incubated for 72 h. Compound 2 was also evaluated after 24 and 48 h of incubation.
Control groups received the same amount of DMSO. After 69h of treatment 25 puL of MTT (5
mg/mL) was added, three hours later, the MTT-formazan product was dissolved in 100 pL of
DMSO, and absorbance was measured at 595 nm in plate spectrophotometer. Doxorubicin (0.01-5
pg/mL) was used as positive control. Data are presented as ICsq values with their 95% confidence

intervals (Cl 95%) obtained by nonlinear regression.
2.5. Determination of hemolytic activity in erythrocytes of swiss mice (mus musculus)

This assay enables to assess the potential of test compounds in damage to the cell plasma
membrane, or by forming pores or by rupture total [14]. Blood was collected from three Swiss mice
(Mus musculus) by cardiac puncture, the animals were pre-anesthetized with a mixture of Ketamine
10% and Xylazine 2% at a concentration of 0.1 mL/10 g and 0.07 mL/10 g body weight of animal
at 2 uL and 1 pL volume of approximately, by intraperitoneally. Erythrocytes were washed with
saline (0.85% NaCl + 10 mM CaCl,) by centrifugation (3000 rpm/5min), the supernatant was
discarded and resuspended in saline to obtain a suspension of erythrocytes (SE) 2%. These
experiments were performed in 96-well plates: On 1st column were adicionados 100ul of saline
(negative control), the second column, 50 pl of saline solution and 50 pl of vehicle (white) In the
3rd column were added 80 uL saline + 20 uL Triton X - 100 1% (positive control); the 4th to the

11th column of saline + 100 ul of solution (1.95 to 250 pg / mL) diluted in 10% DMSO were
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plated. Then 100 pl 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. The scanning was
conducted in automatic plate reader (540 nm). The 50% effective concentration (ECso) and their
95% confidence intervals were determined from nonlinear regression. Products with ECs values

<200 pg/mL are considered active [14].
2.6. Study of the mechanism involved in the leukemia cell (HL-60) cytotoxicity

The following experiments were performed in order to investigate the mechanism involved in the
cytotoxic effect of (2) against HL-60 cells using a 48h exposure. The compound was dissolved in
DMSO and was added to cell cultures of HL-60 cells (3 x 10° cells/smL) to obtain final

concentrations of 3.0 and 6.0 pg/mL. Doxorubicin (0.03 ug/mL) was used as a positive control.
2.7. Trypan blue exclusion

Cell viability was determined by the trypan blue dye exclusion test after incubation of HL-60 cells
with 4 - thiazolidinone. Aliquots from wells were removed from cultures after 48 h of incubation

and cells were scored in a Neubauer chamber.
2.8. Analysis of morphological changes

Untreated or -treated HL-60 cells were examined for morphological changes by light microscopy
(Metrimpex Hungary/PZO-Labimex Modelo Studar lab®). To evaluate morphology, cells were
harvested, transferred to cytospin slides, fixed with methanol for 1min and stained with Giemsa-

May-Grunwald. Doxorubicin (0.03 ug/mL) was used as a positive control.
2.9. Flow Cytometry Analysis
The assays described below were performed with compound 2.

2.10. Analysis of DNA content and cell membrane integrity
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HL-60 cells were incubated at 25 °C for 30 min, in the dark, in a lysis solution containing 0.1%
citrate, 0.1% Triton X-100 and 50 pg/mL propidium iodide. Cell fluorescence was then determined
by flow cytometry. HL-60 cell membrane integrity was evaluated by the exclusion of propidium
iodide (50pg/mL). Cell fluorescence was determined by flow cytometry in a Guava EasyCyte Mine
using Guava Express Plus software. Five thousand events were evaluated per experiment and

cellular debris was omitted from the analysis.

2.11. Statistical analysis

For cytotoxicity assays, the ICsy values and their 95% confidence intervals were obtained by
nonlinear regression using the Graphpad program (Intuitive Software for Science, San Diego, CA).
In order to determine differences, data were compared by one-way analysis of variance (ANOVA)

followed by Tukey's test (p < 0.05).

3. Results

3.1. Evaluation of Cytotoxic and Hemolytic Activity of novel 4 — thiazolidinones

Analysis of cytotoxicity of the samples tested (Table 1) showed that the compound (2) was the most
active one, with ICsq values under 3.3 pug/mL. The results also indicated that compound (2) showed
some selectivity for leukemic cell lineages, with 1Csy values of 0.5 pg/mL for HL-60 and 0.39
pg/mL for K562 cells. None of the compounds caused murine erythrocyte hemolisis (ECsp >
250ug/mL). In order to investigate the activity of compund (2) at leukemia cell lineages, a cytotoxic
analysis after 24 and 48 was performed. It was observed that the compound (2) has 1Cso > 25ug/mL
at both lineages after 24 hours of treatment. The 48 hours treatment caused a reduction on cell

viability with 1Cso values of 3,0 pg/mL at HL-60 and 7,1 ug/mL at K562 cells (Table 2).

3.2. Analysis of Cell Viability— By Test exclusion of Trypan Blue
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The sample was analyzed after 48 hours of incubation at 3 and 6 pg/mL. Figure 2 showed a
reduction on viable cell number (72.2% at 3ug/mL and 91.01% at 6 pug/mL) compared to the
negative control. The number of non-viable cells after treatment with compound 2 at 6 pg/mL and

doxorubicin was increased.

3.4. Analysis of Cell Morphology - Colouring May — Griinwald — Giemsa

After 48h of incubation, negative control, (HL-60 cells not treated) exhibited typical non adhered
cell morphology, such as round shape, intact nuclear and plasma membrane and the presence of
mitotic cells (figure 2A). Cells treated with compound 2 exhibited morphological alterations
consistent with apoptosis, including cell volume reduction, nuclear fragmentation and cell debris at
both concentrations tested (3.0 pg/mL and 6.0 pg/mL) (figure 2 C and 2 D respectively). At group
treated with 6.0 ug/mL it was observed the appearance of necrosis features, such as eosinophilia
and loss of membrane integrity (Figure 2 D). Doxorubicin (0.03 pg/mL) induced reduction of cell
volume, chromatin condensation and nuclear fragmentation in HL-60 cells, showing all

characteristics that are consistent with apoptosis.

3.5. Analysis of membrane integrity and DNA Fragmentation By Flow cytometry

No DNA fragmentation or membrane damage was observed after treatment with compound 2 at 3
pg/mL. Otherwise after treatment with 6 pg/mL there was increase 43.33% of DNA fragmentation

(figure 3).

4. Discussion

The in vitro cytotoxic assay on three tumor cell lines (HL-60, K562- and NCI-H292) indicated that
the six compounds showed excellent cell growth inhibition in at least one of the strains tested. The
compounds tested showed the lowest ICso values for HL-60 and K562 leukemic cell lines. The
substance 2 was more active. Studies by Geronikaki et al, (2008) indicated that some derivatives

thiazoles / thiazolidinones cause inhibition of SHP-2, a protein involved in signaling by growth
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factors whose mutation causes its constitutive activation, which is present in some types of
leukemias [15] Also, Havrylyuk et al, (2009) Havrylyuk et al, (2010) and Wang et al, (2011)
reported the in vitro cytotoxic activities of various derivatives 4-thiazolidinones in tumor cell lines
of different histological types. Since compound 2 was the most active, this substance was chosen to
continue the studies. Compound 2 did not cause lysis of erythrocytes of mice (EC> 250 ug/mL)
suggesting that the cytotoxic action of the compound is not related to direct damage to the cell
plasma membrane and that possibly occurs by more specific mechanisms [9][10][11][14]. In fact,
treatment of cells for short periods (24h) with the compound 2 did not cause a reduction in cell
number. Only 48 hours after treatment was observed significant cytotoxicity, which was most
pronounced after 72h of treatment, indicating that the action of the compound is time - dependent.
The process of apoptotic cell death has some characteristics that are described by Kerr et al., at
1972, such as the reduction of cell volume, chromatin condensation, nuclear fragmentation without
leakage of cell contents into the medium external. In this case, unlike what happens in necrosis, no
inflammatory process occurs [16]. Thus, the term "apoptosis™ must be applied only to cell death
events that occur during the manifestation of these several morphological characteristics [17]. For
this purpose, we proceeded the morphological analysis of treated cells by staining with May -
Grumwald - Giemsa after 48 hours of treatment. Reduction of cell volume, chromatin fragmentation
and some cellular debris were found. Analysis of DNA fragmentation and membrane integrity was
performed by flow cytometry after treatment for 48 hours with the compound 2 that showed no
significant damage of the cell membrane in any of the tested concentrations. Otherwise, DNA
fragmentation was significantly enhanced compared to negative control after 48h treatment with
6ug/mL. The fact that no DNA fragmentation was observed in the concentration of the compound 2
with 3ug/mL may suggest that this is initially causing cell cycle arrest prior to the occurrence of
apoptosis, since it was observed a reduction in viable cells number accessed by trypan blue test.

These results are consistent with findings made by the morphological staining May - Grunwald -
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Giemsa and suggest that the cell death pattern of HL-60 cells treated with 4 - thiazolidinones

derivative occurs by apoptosis.

The mechanism by which apoptosis cell death occurs is mainly by two signaling pathways, the
intrinsic pathway or mitochondrial pathway and the extrinsic or death receptor. The intrinsic or
mitochondrial pathway of apoptosis is triggered by intra and extra cellular stress. This pathway is
mediated by Bcl-2 protein family which is divided into pro-apoptotic members such as Bax and Bak
and as antiapoptotic Bcl-2 and Bcl-xL [18]. A work done by Degterev et al., 2001, indicated that
derivatives containing the core 4-thiazolidinones bind to the binding site of the BH3 domain of anti
apoptotic protein Bcl-xL, preventing its heterodimerization with proapototicos members of the Bcl-
2 family such as BAX or BAK, leaving them free to induce cells to apoptosis [19]. Finally, our
findings to suggest the compound 2 derived from 4 - thiazolidinones as a promising molecule for

further studies in drug development against cancer.
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Hemolytic Potential Evaluation in murine erythrocytes and cytotoxicity of compound 2 on tumor

cells by the MTT method after 72 h incubation.

(ICs0) Concentration causing 50% growth

inhibition and confidence interval (Cl), Effective Concentration (ECsp).

HL-60 NCI-H K562 Murine erythrocytes
Substances
(ICs0)/ClI (ICs0)/ClI (ICs)/ClI (ECs0)

0.7 2.4 2.1 >250
Compound1  05-0.8 1.7-3.4 1.5-3.0

0.5 3.3 0.3 >250
Compound2  0.4-0.7 2.6-4.1 0.1-0.9

0.6 3.6 0.6 nt
Compound 3 0.6-0.7 3.1-4.2 0.4-0.8

1.5 2.7 0.7 nt
Compound4  13-1.7 2.4-3.1 0.5-1.0

2.0 9.7 0.11 >250
Compound5 15-25 7.6-12.3 0.09 - 0.11

1.4 8.9 0.08 >250
Compound6  10-1.9 8.0-9.8 0.06 - 0.11

0.02 0.01 0.14 nt
Doxorrubicina 0.01-0.02  0.004-0.3 0.009 — 0.23

nt — not tested
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Table 2:

HL60 and K562 tumor cells in cytotoxicity by MTT method after 24, 48 and 72 h incubation. (ICsp)
Concentration causing 50% growth inhibition, and (CI) confidence interval.

Compound (2)

ICso (g/mL)
Time/
Cell lineage 24h 48h 72 h
HL-60 >25 pug/mL 3.0 0.5
2.2-4.0 0.4-0.7
K562 25 pg/mL 7.8 0.3

6.8 -8.9 0.1-0.9
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Figure 1: Compounds and antiproliferative assay. A) Structure of the compounds of series 2-
[(pyridine-2-ylmethylene)hydrazono]-thiazolidin-4-one and 5-benzylidene-2-[(pyridine-2-
ylmethylene)hydrazono]-thiazolidin-4-one. B) Effect of compound (2) on the viability of cell line
HL-60 determined by trypan blue test after 48 hours of incubation. The negative control was treated
with vehicle (DMSO) for diluting the substances tested. Doxorubicin (0.03 pg/mL) was used as
positive control. Bars represent the mean + SE of three independent experiments. Values compared

to the negative control by Analysis of Variance (ANOVA) followed by Tukey's test (p < 0.05).
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Figure 2: Microscopic analysis of morphology of HL-60 cells after 48 h of incubation, stained with
May - Grunwald - Giemsa and viewed by light microscopy. (A) negative control treated only with
the vehicle used to dilute the substances tested. (B) positive control treated with doxorubicin (0.03
mg / mL). (C) and (D) Cells treated with compound (2) concentrations of 3.0 mg/ mL and 6.0 mg /
mL respectively. The arrows indicate apoptotic aspect observed: (short arrows) reducing the

volume, (curves arrows) nuclear fragmentation and (long arrows) cellular debris.

400X magnification MO
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Figure 3: Flow cytometric analysis of compound 2 effects in HL-60 cells. A — DNA fragmentation
was determined by nuclear fluorescence using propidium iodide, Triton X-100 and citrate, B — cell
viability by the exclusion of propidium iodide.
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6. CONCLUSOES GERAIS

A avaliacdo antimicrobiana indicou que novos derivados 4- tiazolidinonas da classe
5- benzilideno -2 - [piridina-2-ilmetileno) hydrazona] - tiazolidina - 4 - ona apresentaram
consideravel atividade antibidtica. Seis destes novos derivados 4 - tiazolidinonas
demonstraram atividade citotoxica frente as linhagens de cancer HL-60, K562, NCI-H 292,
HT-29 e HEp-2. Os melhores resultados foram observados no composto 2, apresentando 0s
menores valores de Clso para as linhagens de leucemia. Os compostos 1, 2, 3 e 4 séo
moléculas promissoras por apresentar maior efeito antiproliferativo que os apresentados pelo
etoposide, substancia utilizada como padrdo. Os compostos 1, 2, 5 e 6 ndo apresentaram
atividade hemolitica em eritrocitos murinos indicando que a morte celular ocorreu por
mecanismos mais especificos. Também foi observado que quando testado frente as células
de leucemia HL-60 o composto 2 apresentou caracteristicas morfoldgicas condizentes com o
processo de morte celular por apoptose.

Diante destes resultados, estudos posteriores deverdo ser realizados para a analise da
expressao dos genes envolvidos na morte celular por apoptose a fim de investigar por qual

via este processo ocorre.
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ANEXO

Normas da Revista Anticancer Research

Escopo e Politica
Instructions to Authors
General Policy

ANTICANCER RESEARCH (AR) will accept original high quality works and reviews on all
aspects of experimental and clinical cancer research. The Editorial Policy uggests that priority will
be given to papers advancing the understanding of cancer causation, and to papers applying the
results of basic research to cancer diagnosis, prognosis, and therapy. AR will also accept the
following for publication: (a) Abstracts of scientific meetings on cancer, following consideration
and approval by the Editorial Board; (b) Announcements of meetings related to cancer research; (c)
Short reviews (of approximately 120 words) and announcements of newly received books and
journals related to cancer, and (d) Announcements of awards and prizes.

The principal aim of AR is to provide for the prompt publication of original works of high quality,
generally within 1-2 months from final acceptance. Manuscripts will be accepted on the
understanding that they report original unpublished works on the cancer problem that are not under
consideration for publication by another journal, and that they will not be published again in the
same form. All material submitted to AR will be subject to review, when appropriate, by two
members of the Editorial Board and by one suitable outside referee.

The Editors reserve the right to improve manuscripts on grammar and style. The Editors and
Publishers of AR accept no responsibility for the contents and opinions expressed by the
contributors. Authors should warrantee due diligence in the creation and issuance of their work.

NIH Open Access Policy

The journal acknowledges that authors of NIH funded research retain the right to provide a copy of
the final manuscript to the NIH four months after publication in ANTICANCER RESEARCH, for
public archiving in PubMed Central.

Copyright

Once a manuscript has been published in ANTICANCER RESEARCH, which is a copyrighted
publication, the legal ownership of all published parts of the paper has passed from the Author(s) to
the journal. Material published in the journal may not be reproduced or published elsewhere without
written consent of the Managing Editor.

Format

Two types of papers may be submitted: (i) Full papers containing completed original work, and (ii)
short papers. Additionally, the Editors may invite review articles concerning fields of recognisable
progress. Papers should contain all essential data in order to make the presentation clear.
Reasonable economy should be exercised with respect to the number of tables and illustrations
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used. Papers should be written in clear, concise English. Spelling should follow that given in the
"Shorter Oxford English Dictionary".

Manuscripts

Submitted manuscripts should not exceed fourteen (14) pages (approximately 250 words per double
- spaced typed page), including abstract, text, tables, figures, and references (corresponding to 4
printed pages). Papers exceeding four printed pages will be subject to excess page charges. All
manuscripts should be divided into the following sections:

(a) First page including the title of the presented work [not exceeding fifteen (15) words], full
names and full postal addresses of all Authors, name of the Author to whom proofs are to be sent,
key words, an abbreviated running title, an indication “clinical”, "epidemiological™, or
"experimental™ study, and the date of submission. (Note: The order of the Authors is not necessarily
indicative of their contribution to the work. Authors may note their individual contribution(s) in the
appropriate section(s) of the presented work.)

(b) Abstract not exceeding 150 words, organized according to the following headings:
Background/Aim - Materials and Methods/Patients and Methods - Results - Conclusion

(c) Introduction

(d) Materials and Methods/Patients and Methods

(e) Results

(f) Discussion

(9) Acknowledgements

(h) References

All pages must be numbered consecutively. Footnotes should be avoided. Review articles may
follow a different style according to the subject matter and the Author's opinion. Review articles
should not exceed 35 pages (approximately 250 words per double-spaced typed page) including all
tables, figures, and references.

Figures

All figures (whether photographs or graphs) should be clear, high contrast, glossy prints of the size
they are to appear in the journal: 8.00 cm (3.15 in.) wide for a single column; 17.00 cm (6.70 in.)
for a double column; maximum height: 20.00 cm (7.87 in.). Graphs must be submitted as
photographs made from drawings and must not require any artwork, typesetting, or size
modifications. Symbols, numbering and lettering should be clearly legible. The number and top of
each figure must be indicated on the reverse side. Original karyotypes and photographs should be
provided wherever possible, and not photographic copies. Colour plates are charged.

Tables

Each table should be submitted on a separate page, typed double-spaced. Tables should be
numbered with Roman numerals and should include a short title.

Nomenclature and Abbreviations

Nomenclature should follow that given in "Chemical Abstracts”. Standard abbreviations will be
preferable. If a new abbreviation is used, it must be defined at its first usage.
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References

Citations for the reference sections of submitted works should follow the standard form of "Index
Medicus™ and must be numbered consecutively. In the text, references should be cited by number.
Examples:

1 Sumner AT: The nature of chromosome bands and their significance for cancer research.
Anticancer Res 1: 205-216, 1981.

2 McGuire WL and Chamnes GC: Studies on the oestrogen receptor in breast cancer. In: Receptors
for Reproductive Hormones (O' Malley BW, Chamnes GC (eds.). New York, Plenum Publ Corp.,
pp 113-136, 1973.

Clinical Trials

Authors of manuscripts describing clinical trials should provide the appropriate clinical trial number
in the correct format in the text.

For International Standard Randomised Controlled Trials (ISRCTN) Registry (a not-for-profit
organization whose registry is administered by Current Controlled Trials Ltd.) the unique number
must be provided in this format: ISRCTNXXXXXXXX (where XXXXXXXX represents the
unique number, always prefixed by 'ISRCTN'). Please note that there is no space between the prefix
'ISRCTN' and the number. Example: ISRCTN47956475.

For Clinicaltrials.gov registered trials, the unique number must be provided in this format:
NCTXXXXXXXX (where XXXXXXXX represents the unique number, always prefixed by
'NCT"). Please note that there is no space between the prefix 'NCT' and the number. Example:
NCT00001789.

Submission of Manuscripts

Follow the Instructions to Authors regarding the format of your manuscript and references. There
are 3 ways to submit your article (NOTE: PLEASE USE ONLY ONE OF THE ABOVE
OPTIONS. DO NOT SUBMIT YOUR ARTICLES TWICE. IN CASE YOUR SUBMISSION 1S
NOT COMPLETE, YOU WILL BE NOTIFIED ACCORDINGLY.):

1. To submit your article online please visit: IAR-Submissions.

2. You can send your article via e-mail to journals@iiar-anticancer.org. Please remember to always
indicate the name of the journal you wish to submit your paper. The text should be sent as a Word
document (*doc) attachment. Tables, figures and cover letter can also be sent as e-mail attachments.

3. You can send the manuscript of your article via regular mail in a USB stick, DVD, CD or floppy
disk (including text, tables and figures) together with three hard copies of your manuscript to the
following address:

John G. Delinassios

International Institute of Anticancer Research (11AR)

Editorial Office of ANTICANCER RESEARCH, IN VIVO, and


http://ar.iiarjournals.org/site/misc/ifora.xhtml
http://www.iiar-anticancer.org/submissions/login.php
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Submitted articles will not be returned to Authors upon rejection.
Galley Proofs

Unless otherwise indicated, galley proofs will be sent to the first-named Author of the submission.
Corrections of galley proofs should be limited to typographical errors.

Reprints

Twenty-five copies of each communication will be provided free of charge. Additional copies or
PDF files may be ordered after the acceptance of the paper. Requests for additional reprints should
be addressed to the Editorial Office.

Specific information about publishing in Anticancer Research and additional instructions to
Authors.

1. Anticancer Research (AR) closely follows the new developments in all fields of experimental and
clinical cancer research by (a) inviting reviews on topics of immediate importance and substantial
progress in the last three years, and (b) providing the highest priority for rapid publication to
manuscripts presenting original results judged to be of exceptional value. Theoretical papers will
only be considered and accepted if they bear a significant impact or formulate existing knowledge
for the benefit of research progress.

2. Anticancer Research will consider the publication of conference proceedings and/or abstracts
provided that the material submitted fulfills the quality requirements and instructions of the journal,
following the regular review process by two suitable referees.

3. An acknowledgement of receipt, including the article number, title and date of receipt is sent to
the corresponding author of each manuscript upon receipt. If this receipt is not received within 20
days from submission, the author should call or write to the Editorial Office to ensure that the
manuscript (or the receipt) was not lost in the mail.

4. Each manuscript submitted to AR is sent for review in confidence to two suitable referees with
the request to return the manuscript with their comments to the Editorial Office within 12 days from
receipt. If reviewers need a longer time or wish to send the manuscript to another expert, the
manuscript may be returned to the Editorial Office with a delay. All manuscripts submitted to AR,
are treated in confidence, without access to any person other than the Managing Editor, the journal's
secretary, the reviewers and the printers.

5. All accepted manuscripts are peer-reviewed and carefully corrected in style and language, if
necessary, to make presentation clear. (There is no fee for this service). Every effort is made (a) to
maintain the personal style of the author's writing and (b) to avoid change of meaning. Authors will
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be requested to examine carefully manuscripts which have undergone language correction at the
pre-proof or proof stage.

6. Authors should pay attention to the following points when writing an article for AR:

e The Instructions to Authors must be followed in every detail.

e The presentation of the experimental methods should be clear and complete in every detail
facilitating reproducibility by other scientists.

e The presentation of results should be simple and straightforward in style. Results and
discussion should not he combined into one section, unless the paper is short.

o Results given in figures should not be repeated in tables.

o Figures (graphs or photographs) should be prepared at a width of 8 or 17 cm with legible
numbers and lettering.

« Photographs should be clear glossy prints of high contrast, presenting the actual observation
described in the legend and in the text. Each legend, should provide a complete description,
being self-explanatory, including technique of preparation, information about the specimen
and magnification.

o Statistical analysis should be elaborated wherever it is necessary. Simplification of
presentation by giving only numerical or % values should be avoided.

o Fidelity of the techniques and reproducibility of the results, should be points of particular
importance in the discussion section. Authors are advised to check the correctness of their
methods and results carefully before writing an article. Probable or dubious explanations
should be avoided.

e Authors should not cite results submitted for publication in the reference section. Such
results may be described briefly in the text with a note in parenthesis (submitted for
publication by... authors, year).

e The Reference section should provide as complete a coverage of the literature as possible
including all the relevant works published up to the time of submission.

« By following these instructions, Authors will facilitate a more rapid review and processing
of their manuscripts and will provide the readers with concise and useful papers.

7. Following review and acceptance, a manuscript is examined in language and style, and galley
proofs are rapidly prepared. Proofs of articles accepted for urgent publication may be sent to
Author(s) without pre-correction, thus they may contain a higher than usual number of printing
errors. Second proofs are not sent unless required.

8. Authors should correct their galley proofs very carefully and preferably twice. An additional
correction by a colleague always proves to be useful. Particular attention should be paid to chemical
formulas, mathematical equations, symbols, medical nomenclature etc. Any system of correction
marks can be used in a clear manner, preferably with a red pen. Additions or clarifications are
allowed provided that they improve the presentation but do not bring new results (no fee).

9. Articles submitted to AR may be rejected without review if:

« they do not fall within the journal's policy.

o they do not follow the instructions to authors.

« language is unclear.

o results are not objectively based on valid experiments.

o they repeat results already published by the same or other authors before the submission to
AR.

e Rejection rate (2002): 64%
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Submitted articles will not be returned to Authors upon rejection.

10. Authors who wish to prepare a review should contact the Managing Editor of the journal in
order to get confirmation of interest in the particular topic of the review and to allow programming
of space availability. The expression of interest by the Managing Editor does not necessarily imply
acceptance of the review by the journal.

11. Authors may inquire information about the status of their manuscript(s) by calling the Editorial
Office at +30-22950-53389, Monday to Friday 9.00-16.00 (Athens time), or by sending an e-mail to
journals@iiar-anticancer.org.

12. Reprints of published articles are usually delivered to the corresponding Author, within 1 month
after publication.

13. Authors who wish to edit a special issue on a particular topic should contact the Managing
Editor.

14. Authors, Editors and Publishers of books are welcome to submit their books for immediate
review in AR. There is no fee for this service.

(This text is a combination of advice and suggestions contributed by Editors, Authors, Readers and
the Managing Editor of AR).
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