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RESUMO

Os derivados pirimidinicos compreendem um diverso e interessante grupo de compostos. O
anel pirimidinico estd presente na estrutura de varios produtos farmacéuticos, tais como
drogas para hipertensao, ansioliticos, bem como em agentes antimicrobianos e antitumorais.
Em estudos anteriores, foi realizada a sintese do composto Andlise de genotoxicidade de
compostos 4-amino-2,6-diaril-5-carbonitrila-pirimidinicos, os derivados 5 a-d foram testados
em relacdo a atividades antiinflamatdrias com resultados entusiasmantes. Porém seus
efeitos na molécula de DNA sdo desconhecidos. Assim, o objetivo deste trabalho foi avaliar
a atividade mutagénica dessos compostos 5 a-d em cultura de células. A metodologia
utilizada foi o teste do micronucleo in vitro, que é referéncia para a avaliacdo de atividade
mutagénica, com células das linhagens HelLa e HepG2. Os compostos foram dissolvidos em
DMSO e depois diluidos em meio de cultura até atingirem as concentracfes testadas: 364
pug/mL, 61 pg/mL, 10 pg/mL e 1,7 pg/mL. As frequéncias de micronlcleos nas culturas com
cada concentracdo foram comparadas com culturas que receberam apenas DMSO e
serviram como controles negativos em cada experimento. As andlises estatisticas foram
realizadas utilizando-se a analise de variancia com pos-teste de Tukey. Nao houve diferenca
significativa na frequéncia de micronucleos entre qualquer dos compostos, em nenhuma das
concentragbes, e 0s controles negativos. Estes resultados demonstram que, nestas
concentracdes, 0s compostos pirimidinicos testados ndo apresentam atividade mutagénica.
Mais testes de seguranca devem ser feitos com tais compostos antes de testa-los
efetivamente como farmacos, mas danos ao DNA podem ser descartados dos riscos que

tais compostos oferecem.

Palavras-Chave: Derivados pirimidinicos, mutagénese, microndcleo



ABSTRACT

Pyrimidine derivatives comprise an interesting group of compouds and may have diverse
pharmaceutical activities. Pyrimidinic ring is part of the structure of many pharmaceutical
products, like anxiolytic, hypertension, antitumor and anti-inflammatory drugs. In a previous
study, the compounds 4-amine-2,6 diaryl-5-carbonitrile-Pyrimidines, 5a-d were synthesized
and evaluated against inflammation, showing antiiflammatory activities. However, it was not
determined if the compounds have mutagenic activities and mutagenic tests are mandatory
for drug candidates. This paper presents an in vtiro micronucleus test with the compounds N-
phthalimido pyrimidine 5A (m-nitro- pyrimidine), 5B (p-nitro- pyrimidine), 5C (p-ethoxy-
pyrimidine) e 5D (p-bromine/p-chlorine-pyrimidine). The tests were performed in HeLa and
HepG2 cell lineages and four different concentrations of each compounds was tested: 364
pg/mL, 61 pg/mL, 10 pg/mL, 1,7 pg/mL. The compounds was first dissolved in DMSO and
then, the solution was diluted in Dulbecco’s modified Eagle medium (DMEM) to the final
concentrations. The micronucleus frequency in cell cultures treated with each compound, in
different concentrations, was compared with micronucleus frequency in cell cultures treated
with DMSO in same concentrations (negative control) of that ones used to dissolve the
compounds. None of the compounds, at none of the concentrations, showed significance
increase in micronucleus frequency when compared with negative control. Our results show
that the four pyrimidinic compounds have not mutagenic activities, at the tested
concentrations. More safety tests must be performed with such compounds before use then

for pharmaceutical purpose, but DNA damage is not a concern.

Keywords: Pyrimidine derivatives, mutagenesis, micronuclei



CAPITULO 1

1.1 Introducéo

Compostos heterociclicos de pirimidina séo extensivamente estudados devido a suas
propriedades farmacolégicas e biol6gicas (LUNA et al., 2011, SILVA et al., 2008).
Pirimidinas em geral apresentam importantes atividades biolégicas. Por exemplo, algumas
sdo agentes antivirais (NASR e GINEINAH, 2002), outras sdo antagonistas seletivos dos
receptores da colecistoquinina (BARTOLOME-NEBREDA et al., 2001), e algumas sao anti-
inflamatorias (FALCAO et al., 2006).

O anel pirimidinico esta presente na estrutura de varios produtos farmacéuticos, tais
como drogas para hipertensao, ansioliticos, bem como em outros agentes antimicrobianos e
antitumorais (LUNA et al., 2011). Segundo Falcao et al (2006), quando unimos a ftalimida a
pirimidina, a atividade antiinflamatéria é ainda superior. Falcdo et al (2006) realizaram a
sintese do composto, 4-amino-2,6-diaril-5-carbonitrila-pirimidinicos. Foram sintetizados os
derivados 5 a-d, que apresentaram atividade contra a inflamacéo, além de apresentarem

baixa toxicidade. No entanto, seus efeitos na molécula de DNA sdo desconhecidos.

LesBes persistentes no DNA levam a um aumento da mutagénese pela maior
probabilidade de ocorrerem erros durante uma replicacdo. Com o objetivo de manter o
genoma integro, as células desenvolveram mecanismos de reparo ao DNA (ALBERTS et al,
2010). No entanto, estes mecanismos estdo sujeitos a erros e mutagdes genéticas em geral

se acumulam em células sométicas e, eventualmente, em células germinativas.

Mutagbes acumuladas em células sométicas sdo importantes no processo de
carcinogénese quando ocorrem em genes criticos do cancer (DE ROBERTIS 2006).
Portanto, ensaios de genotoxicidade e mutagénese possibilitam identificar substancias que
apresentam riscos a saude (CARDOSO, 2006). A avaliacdo da genotoxicidade de varios
compostos fornece informacdes de grande interesse, permitindo o conhecimento do risco

em potencial a populacdo humana (AQUINO, 2010).



Um agente mutagénico é capaz de produzir diferentes eventos mutacionais em
organismos geneticamente distintos. Contudo, a maior parte destes agentes exibem
diferentes mutacoes, e isso depende de Vvarios fatores, incluindo a natureza das alteracfes
primarias no DNA (por ex.: modifica¢cdes de base, de residuos de agucar fosfato, quebras de
filamentos, ou incorporacdes de bases modificadas), e os efeitos secundérios causados pela
resposta do organismo a estas modificacdes (PRESTON et al., 1987; AQUINO, 2010).
Esses agentes podem interagir diretamente com a molécula de DNA, ou podem se tornar
mutagénicos ao sofrerem reacdes metabdlicas no organismo vivo (AQUINO, 2010). A
determinagéo do efeito genotdxico ou mutagénico de substancias que tém potencial para ser
usadas como medicamentos é obrigatéria. O teste do micronicleo € um método de

referéncia para a avaliagédo da atividade mutagénica (MARZIN, 1997).

1.2 OBJETIVOS

1.2.1 Objetivo geral

Avaliar a acdo mutagénica dos derivados 5 a-d, do composto 4-amino-2,6-diaril-5-

carbonitrila-pirimidinicos, em cultura de células.

1.2.2 Objetivo especifico

- Avaliar a agdo mutagénica dos derivados 5 a-d, em culturas de células HeLa e HepG2

através do teste do micronucleo in vitro.
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1.3 REVISAO DA LITERATURA

1.3.1 Acidos Nucléicos

Os acidos nucléicos sdo macromoléculas responsaveis pelo armazenamento e
transmissdo da informagdo genética entre as células. Existem dois tipos de A&cidos
nucléicos: o acido desoxirribonucléico (DNA) e o acido ribonucléico (RNA), ambos
constituidos pela polimerizagdo de nucleotideos. Cada nucleotideo € composto por um
grupo fosfato, um agucar (pentose) e uma base nitrogenada. As bases nitrogenadas que
compdem os acidos nucléicos podem ser de dois tipos: purinas, compostas por dois anéis

aromaticos, e pirimidinas, compostas por apenas um anel aromatico (ALBERTS et al, 2010).

1.3.2 Derivados Pirimidinicos

Os anéis de pirimidina constituem o ndcleo de acidos nucléicos, antibidticos, co-
enzimas e vitaminas, e sdo importantes para a regulacdo dos sistemas bioldgicos
(BOOYSEN; GERBER; MAYER, 2008). Os derivados pirimidinicos compreendem um
diverso e interessante grupo de drogas (FALCAO et al, 2006). Compostos contendo
pirimidina foram extensivamente estudados devido a suas propriedades bioldgicas e
farmacoldgicas, por exemplo: atividades antifingica, antiviral, antimicrobiana, antitumorais e
anti-inflamatérias. O anel de pirimidina esta presente na estrutura quimica de varios
produtos farmacéuticos, como medicamentos para hipertenséo e ansioliticos, bem como em

outros agentes antimicrobianos e antitumorais (LUNA et al, 2011).
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Esquema 1- Sintese dos compostos 4-amino-2-aril-5-ciano-6-{3 e 4-(N-ftalimidofenil)}
pirimidina

Os Compostos sao sintetizados seguindo-se o esquema 1. Inicialmente reagem, a
temperatura ambiente e em metanol aldeidos aromaticos substituidos com malononitrila. O
produto, bisnitrilas, reage em seguida com amidinas aromaticas originando os compostos 5.

Falcdo et al (2006) incorporou um grupo ftalimido em um dos aneis fenil desta
molécula na intencao de se potencializar os efeitos antinflamatérios dos compostos 4-amino-
2,6-diaril-5-carbonitrilicos-bissubstituidos. Seus resultados comprovaram que 0 processo de
hibridizagdo molecular aumentou o efeito antinflamatério da série de compostos sintéticos

com acgao superior in vivo ao ibuprofeno.

Estes resultados incentivaram novas investigacbes envolvendo derivados
pirimidinicos, e nos ultimos anos pesquisadores tém tentado sintetizar novos compostos

pirimidinicos para avaliar suas atividades (SILVA et al., 2008), quantificar seus efeitos e
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prever a sintese de novos analogos sintéticos mais potentes através de relacdes

quantitativas entre as propriedades fisico-quimicas e a atividade biologica (QSAR)

Ainda no trabalho de Falcédo et al (2006), foi realizada a sintese do composto 4-
amino-2,6-diaril-5-carbonitrila-pirimidinicos. Os resultados sugeriram que os derivados séo
muito ativos contra a inflamac&o. Além disso, eles apresentam baixa ou nenhuma toxicidade
apés a administracdo intraperitoneal em ratos albinos (SILVA et al, 2008). Nado ha
referéncias quanto a atividade genotoxica ou antigenotédxica de tais compostos.

1.3.3 Efeito Mutagénico

Para garantir a seguranca terapéutica de um agente natural ou sintético, deve ser
comprovado que 0 seu uso nao traz agravos a saude humana por meio de estudos
farmacologicos, histopatologicos e toxicoldgicos, sendo entdo necessdaria a avaliacdo de

uma possivel atividade genotéxica e/ou mutagénica deste agente (AQUINO, 2010).

O efeito mutagénico é a consequéncia de danos genéticos causados por agentes
fisicos, quimicos e bioldgicos, induzido por mutacdes nas células de um organismo. Ja o
efeito antimutagénico é o contrario, tem acdo inversa impedindo que haja mutacdes
causadas por um determinado agente mutagénico. Para avaliar este efeito sdo utilizados
testes como do micronucleo (GAMEIRO, 2005).

A exposicao a agentes genotoxicos em nosso ambiente pode causar uma variedade
de efeitos sobre a salde humana. Alguns efeitos se expressam imediatamente, enquanto
outros levam anos para se manifestar. Efeitos tardios bem conhecidos incluem a indugéo de
cancer, notadamente as leucemias, doencas genéticas nas geracdes seguintes, desordens
de desenvolvimento, entre outros (NASRALLA, 2008).

Os testes de genotoxicidade/mutagenicidade sdo, portanto, de particular importancia,
pois sao capazes de detectarem compostos que induzem danos genéticos direta
(metabolizacdo) ou indiretamente (biotransformacao) por diversos mecanismos (AQUINO,
2010).
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1.3.4 Micronucleos

Para avaliar a seguranca no uso dessas substancias, séo utilizados testes de
genotoxicidade, como o Ensaio cometa ou Single-Cell Gel Electrophoresis (SCGE) e
mutagenicidade, como o Teste do Micronucleo, in vivo, utilizando, em geral, células de
mamiferos, geralmente camundongos, ou in vitro, quando se pode utilizar toda uma gama
de linhagens celulares, de roedores e humanos (metabolizadoras, como HTC e HepG2; ou
nao metabolizadoras, como as de ovario, CHO e OVCAR) (AQUINO, 2010).

Quando as anormalidades genéticas ocorridas sdo bastante evidentes, sé&o
chamadas de instabilidade cromossémica e podem ser evidenciadas por estudos
citogenéticos, incluindo a analise de micronucleos (DUESBERG et al., 1998). Micronucleos
sdo estruturas visualizadas, ao microscépio 6ptico, como pequenos corpos de DNA,
encontrados no citoplasma de células em divisdo. Estas estruturas sédo formadas a partir de
fragmentos cromossémicos e/ou cromossomaos inteiros que nao foram incluidos nos ndcleos
filhos durante a divisdo celular (NERSESYAN E ADAMYAN, 2004). Também podem se
originar a partir de fragmentos acéntricos, cromatinicos céntricos, ou ainda de quebras de
cromossomos multicéntricos (LOHMANN, 1995), apresentando caracteristicas cromatinicas
semelhantes as do nucleo principal da célula (CARVALHO, 2002). Tais estruturas sao,
portanto, utilizadas como biomarcadores de danos genéticos e toxicidade genética em

individuos expostos a agentes genotoxicos (CAO, 2003).

A inducdo de microndcleos nas células em cultura tem sido proposta como uma
alternativa para a andlise bioldgica de risco quimico. O teste de microndcleo é o Unico teste
in vitro capaz de detectar as aberracdes numeéricas e cromossomais, dos mecanismos

envolvidos no risco genético e cancerigeno (MARZIN, 1997).

A vantagem da utilizacdo do teste do micronucleo é o resultado rapido, sem custos
excessivos e produtos quimicos prejudiciais. E importante como um teste de triagem para a

avaliacao inicial de risco quimico (MARZIN, 1997).

1.3.5 Ceélulas HelLa
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As células HelLa sdo provenientes de um cancro epitelial do colo do Utero humano,
séo as primeiras células humanas a partir da qual foi estabelecida uma linhagem de células
permanentes. Em 9 de Fevereiro 1951, o cirurgido Lawrence Wharton Jr. removeu tecido da
paciente Henrietta Lacks, uma mulher americana de 31 anos de idade, na Clinica da Mulher
do Hospital Johns Hopkins. A paciente morreu oito meses depois da descoberta da
doenca. Uma porcao de células da bidpsia foram enviados para George Gey, o entao chefe
do laboratorio de cultura celular na Universidade Johns Hopkins Hospital. As células foram
cultivadas e propagadas em cultura celular tdo bem que até hoje séo largamente utilizadas

em pesquisa.

As células Hela sao uma linhagem celular aderente que cresce agarrada ao fundo do
frasco de cultura de célula. Elas sao capazes de crescer rapidamente até que as células
entram em contato uns com 0s outros e, em seguida, eles param de crescer. Elas costumam
se espalhar por toda a superficie do frasco e quando duas células adjacentes entram em
contato umas com as outras, elas param de crescer, um fendbmeno chamado de "inibi¢do por
contato”. O tempo de duplicagdo para as células Hela séo cerca de 24 horas. (TAVEIRA
2010).

1.3.6 Células Hep G2

Hep G2 € uma linhagem celular permanente que foi derivado do tecido do figado de
um rapaz americano caucasiano de 15 anos de idade, com um carcinoma hepatocelular
bem diferenciado. Estas células sdo de morfologia epitelial, e ndo sdo tumorgénico em
camundongos. As células secretam uma variedade de proteinas plasmaticas, por
exemplo, albumina , transferrina, e as proteinas de fase aguda fibrinogénio, alfa 2-
macroglobulina , alfa 1l-antitripsina , transferrina, e plasminogénio . Elas foram cultivadas
com sucesso em sistemas de cultivo em larga escala. As células HepG2 sdo adequados in
vitro do sistema modelo para o estudo de hepatécitos humanos polarizados. (Outra linha de
células de hepatdcitos polarizada bem caracterizada é a linha de células hibridas derivadas

de hepatoma de rato WIF-B). Com as condi¢cdes de cultivo adequadas, células HepG2


http://en.wikipedia.org/wiki/Biological_immortality
http://en.wikipedia.org/wiki/Albumin
http://en.wikipedia.org/wiki/Transferrin
http://en.wikipedia.org/wiki/Fibrinogen
http://en.wikipedia.org/wiki/Alpha-2-Macroglobulin
http://en.wikipedia.org/wiki/Alpha-2-Macroglobulin
http://en.wikipedia.org/wiki/Alpha_1-antitrypsin
http://en.wikipedia.org/wiki/Transferrin
http://en.wikipedia.org/wiki/Plasmin
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exibem diferenciacdo robusto morfologica e funcional, com uma formacdo controlavel de

dominios de superficie celular apical e basolateral (KALINAUSKIENE et al., 2009).
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ENVIRONMENTAL TOXICOLOGY AND PHARMACOLOGY
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RESUMO

O anel pirimidinico esta presente na estrutura de varios produtos farmacéuticos. Em estudos
anteriores, foi realizada a sintese do composto 4-amino-2,6-diaril-5-carbonitrila-pirimidinicos,
com atividade antiinflamatoria positiva. Porém seus efeitos no DNA sdo desconhecidos. O
objetivo deste trabalho foi avaliar a atividade mutagénica desse composto em cultura de
células. A metodologia utilizada foi o teste do micronucleo in vitro, com células HelLa e
HepG2. Os compostos foram dissolvidos em DMSO e meio de cultura até atingirem as
concentragdes: 364 pg/mL, 61 pg/mL, 10 pg/mL e 1,7 pg/mL. As frequéncias de
micronucleos nas culturas foram comparadas com culturas que receberam apenas DMSO.
As andlises estatisticas foram realizadas por ANOVA com pos-teste de Tukey. Nao houve
diferenca na frequéncia de microndcleos, em nenhuma das concentracdes, e 0s controles
negativos. Isso demonstra que nestas concentracdes, 0s compostos pirimidinicos ndo
apresentam atividade mutagénica. Mais testes de seguranca devem ser feitos,porém danos
ao DNA podem ser descartados.

Palavras-Chave: Derivados pirimidinicos, mutagénese, micronucleo



17

2.1 INTRODUCAO

Os derivados de pirimidina compreendem um interessante grupo de drogas que
estdo sendo muito estudadas (CHABNER et al. 2001; HARDMAN et al. 2001). Possuem
uma série de atividades biolégicas como, antifingica, antiviral, antimicrobiana, e
antiinflamatoria (LUNA et al. 2011). Falcao et al (2006) realizaram a sintese do composto 4-
amino-2,6-diaril-5-carbonitrila-pirimidinicos, sintetizando os derivados 5a — h e 7a — e. Tais
compostos apresentaram atividade contra a inflamacdo, além de apresentarem baixa

toxicidade. Entretanto, seus efeitos na molécula de DNA sdo desconhecidos.

A avaliacdo da genotoxicidade dos compostos fornecem informacgfes de grande
interesse, garantindo uma maior seguranca terapéutica e permitindo o conhecimento do
risco em potencial a populagdo humana (AQUINO 2010). Para avaliar a seguranga no uso
dessas substancias, sao utilizados testes de mutagénese, como o teste do micronucleo In
vitro, utilizando, em geral, uma gama de linhagens celulares (AQUINO 2010). Micronudcleos
sdo estruturas visualizadas, ao microscépio O6ptico, como pequenos corpos de DNA,
encontrados no citoplasma de células em divisdo (Nersesyan e Adamyan 2004). Tais
estruturas sdo, portanto, utilizadas como biomarcadores de danos genéticos e toxicidade

genética em organismos expostos a agentes genotoxicos (CAO, 2003).

O objetivo deste estudo foi avaliar a agdo mutagénica dos derivados 5 a-d, da 4-
amino-2,6-diaril-5-carbonitrila-pirimidinicos, em cultura de células HeLa e HepG2, uma vez
que tais compostos apresentam importantes atividades biolégicas com potencial aplicacéo

farmacologica.

2.2 MATERIAIS E METODOS

2.2.1 Cultura de células e Compostos Testados
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Os ensaios foram realizados com culturas de células das linhagens Hela (carcinoma
epidermdide de col6n de utero) e HepG2 (Hepatocarcinoma humano) em fase exponencial
de crescimento, obtidas do Banco de células do Rio de Janeiro. Para manutencdo das
células e realizagdo dos ensaios in vitro, foi utilizado o meio de cultura DMEM,
suplementado com 10% (v/v) de Soro Fetal Bovino (SFB), 1% (v/v) de Glutamina 200 mM,
1% de solucéo de antibioticos (100.000 Ul/mL de penicilina G-potéassica e 25 mg/mL de
Sulfato de streptomicina).

Os compostos N-ftalimido-pirimidinicos 5A (meta-nitro-pirimidina), 5B (para-nitro-
pirimidina), 5C (para-etoxi-pirimidina) e 5D (para-bromo-para-cloro-pirimidina) foram
sintetizados e disponibilizados pelo grupo de pesquisa em novos farmacos e produtos
naturais bioativos do Centro Académico de Vitoria (CAV) da Universidade Federal de
Pernambuco (FALCAO et al. 2006).

2.2.2 Tratamento

Previamente, os compostos foram todos dissolvidos em dimetil sulféxido (DMSQO) na
concentracdo de 2 mg/mL. Para atingir-se as concentracdes finais, cada solucdo referente
aos compostos 5 a-d foi novamente diluida em meio de cultura DMEM, de modo a atingir as
concentragdes finais de 364 pg/mL, 61 pg/mL, 10 pg/mL e 1,7 pg/mL. Assim, cada composto

foi testado nestas quatro concentracgoes.

As células foram cultivadas em placas de 12 pogos sobre laminula por 48 h em
estufa a 37°C, antes de receberem o tratamento. Em cada placa, além dos compostos
testados nas diferentes concentracdes, havia um poco destinado a um tratamento sem
composto algum que servia como controle negativo (meio de cultura); um pogo destinado a
um tratamento apenas com DMSO a 10 pg/mL, que servia de controle negativo com o
diluente; um poco destinado a um controle positivo com 0,05 mg/mL de ciclofosfamida, uma
droga mutagénica que necessita ser metabolizada; e um poco com 0,05 mg/mL de

colchicina, droga mutagénica que nao precisa ser metabolizada.
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2.2.3 Teste de micronucleo

Assim que o composto a ser testado foi aplicado, cada poco recebeu 5 pl do inibidor
de citocinese citocalasina B (Sigma — C 6762) e a placa voltou para a estufa, onde
permaneceu por 48 h. Apos esse periodo, o sobrenadante foi retirado e as células foram
fixadas com 1 ml de solu¢cdo composta por 25ml de metanol e 1ml de acido acético por 5
min. Essa solugéo foi retirada do poco e as laminulas foram deixadas para secar ao ar.
Previamente, laminas foram preparadas com laranja de acridina segundo (HAYASHI, 1990).
Depois da secagem das laminas, 10 puL de soro fisiolégico foram colocados sobre cada

lamina que recebeu, entdo, a laminula com a cultura de células fixada.

Para a andlise dos micronucleos, as laminas previamente codificadas foram
analisadas em teste cego, em microscépio de fluorescéncia, com aumento de 1000 vezes.
Os critérios para a selecdo das células foram: células binucleadas (1000 células/lamina);
nucleos intactos, com tamanhos iguais, mesmo padrdo de coloracdo e dentro do limite
citoplasméatico; membrana celular intacta; célula claramente distinguivel das células
adjacentes. Para a andlise da frequéncia de micronicleos e de células micronucledas, nao
foram incluidas na amostra de células analisadas aquelas com um ou com mais de dois

ndcleos, as células necroéticas e aquelas em apoptose.

A analise estatistica foi realizada através do teste ANOVA, e pds teste de TUKEY
utilizando-se o nivel de significancia de 5%, com a utilizacdo do software SPSS for Windows
versdao 12.0. O trabalho foi realizado nos Laboratérios de Biotecnologia e Farmacos, e
NANOBIOCEL do CAV, UFPE.

2.3 RESULTADOS E DISCUSSAO

O teste do microndcleo (Figura 1), ndo demonstrou diferenga significativa entre

qualqguer um dos compostos e o controle negativo DMSO em nenhuma das linhagens
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celulares testadas. Deste modo, nenhum dos compostos foi mutagénico em qualquer das
concentracdes. Estes compostos pirimidinicos tiveram acdo antiinflamatéria demonstrada
por Silva e colaboradores (2008), evidenciando o potencial farmacolégico de tais
componentes. A falta de acdo genotdxica dos compostos € um fator importantes em relagéo
a segurancga na sua utilizacdo como farmaco, conquanto mais testes de seguranca biologica
devam ser feitos. Ndo ha na literatura testes mutagénicos ou genotéxicos que sirvam de

parametros de comparagcao com os testes apresentados neste artigo.

Figura 1: Microntcleo em células HelLa em cultivo apés tratamento.

Houve diferenca significativa entre alguns dos tratamentos e as células que estavam
somente em meio de cultura (tabela 1). No entanto, acreditamos que tais diferencas sejam
resultado de efeito genotéxico causado pelo DMSO no qual todos os compostos foram
dissolvidos previamente. Houve diferenca significativa entre o DMSO e o Meio de Cultura
em todas as placas de culturas testadas. Tal efeito demonstra que o0 DMSO apresenta

alguma atividade mutagénica. O DMSO é largamente utilizado como solvente em estudos
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quimicos, pois tem baixa toxicidade, e boa miscibilidade com diversos compostos. Existem
poucos dados sobre a toxicidade do DMSO, mas foi demonstrado que tem efeito
mutagénico em algumas estirpes utlizadas no teste de Ames quando em altas
concentragoes (FIORE; ZANIER; DEGRASSI, 2002). Rosin e Stich (2006),0 DMSO, quando
usado como um solvente, pode afetar significativamente a eficiéncia de um antioxidante
como um inibidor de mutagénese induzida por agente carcinogénico. Deste modo, o DMSO
pode ser considerado uma substancia que potencializa a mutagénese ao inibir antioxidantes

intracelulares.

Tabela 1: Compostos e concentracdes que apresentaram diferenga significativa com o meio

de cultura, de acordo com o poés teste de Tukey (p<0,05).

Composto Linhagem Concentracéo
5B (HelLa) Todas
5A (HelLa) 10 pg/mL
1,7 pg/mL
5B (HepG2) Todas
5A (HepG2) Todas
5C (HepG2) Todas
5F (HepG2) Todas

Neste artigo, utilizamos as linhagens celulares HeLa e HepG2 para o teste do
micronucleo. Ambas as linhagens sado utilizadas com frequéncia para estudos de
genotoxicidade e mutagénese em métodos como 0 ensaio cometa e o teste do micronucleo.
As células HepG2 foram escolhidas porque, além de demonstrarem sensibilidade no teste
do micronucleo (LAMY et al., 2004) (VALENTIN-SEVERIN et al., 2003), sédo capazes de
metabolizar substancias quimicas xenobiontes de modo que, ao utilizarmos tais células,
estavamos testando se os metabdlitos das pirimidinas tinham ac¢do mutagénica; nossos
resultados demonstram que ndo. Por sua vez, as células da linhagem HelLa demonstram

ndo serem capazes de metabolizar substancias xenobiontes, além de, como HepG2,
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apresentarem sensibilidade no teste do micronucleo (JAGETIA; NAYAK, 1996a, 2000b). Ao
utilizarmos tais células, testamos a mutagénese dos compostos em sua forma original, ndo

metabolizados; tais testes demonstraram que 0s compostos ndo sdo mutagénicos.

2.4 CONCLUSAO

Este estudo demonstrou que os derivados 5 a-d do 4-amino-2,6-diaril-5-carbonitrila-
pirimidinicos ndo apresentam atividade mutagénica significativa nas condicdes testadas. E
relevante salientar os efeitos do DMSO nas células HeLa e HepG2; mais testes de
mutagénese com estes compostos devem ser feitos para determinar se este seria o melhor
agente de dissolucdo de compostos a serem testados em meio de cultura. Os testes
realizados neste trabalho demonstram certa seguranca dos compostos do ponto de vista da
mutagénese, conquanto mais testes de seguranca biologica devam ser feitos. Mais testes
farmacologicos e de seguranga, como o teste do micronucleo in vivo, devem ser realizados

no futuro com vistas a determinar se tais compostos podem ser usados como farmacos.
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DISCUSSAO GERAL E CONCLUSOES

Em nenhuma das linhagens celulares, houve diferenca significativa entre os
compostos e o controle negativo, descartando a mutagenicidade dos derivados nas diversas
concentragcdes como um problema na utilizacdo destes compostos. E isso € importante em

relacdo a seguranca desses compostos e na sua utilizacdo como um farmaco.

Detectamos diferenga significativa entre a maioria dos compostos nas diferentes
concentracbes e o controle negativo meio de cultura, o que pode sugerir a atividade
mutagénica do DMSO, ja que este era usado como diluente, além do que, existiu diferenca
significativa entre 0 DMSO e o meio de cultura. O DMSO foi escolhido como diluente por
gue ele tem boa miscibilidade e baixa toxicidade (FIORE; ZANIER; DEGRASSI, 2002).

Porém existem poucos estudos sobre o tema.

As células HeLa e HepG2, usadas neste estudo, demonstraram resultados
satisfatorios na obtencéo dos dados, e essas linhagens j& sdo utilizadas com frequéncia em

estudos de mutagenicidade como no teste de micronucleo.

No futuro, os compostos devem passar por mais testes de eficiéncia farmacolégica e
testes de seguranca para fins de utilizacdo terapéutica, mas os resultados do teste do
microndcleo in vitro sdo promissores no que se refere a seguranca em relacdo a

mutagénese.
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GUIDE FOR AUTHORS

INTRODUCTION

Environmental Toxicology and Pharmacology publishes the results of studies concermning toxic and
pharmacological effects of (human and wveterinary) drugs and of environmental contaminants in
animals and man.

Areas of special interest are: molecular mechanisms of toxidty, biotransformation and toxicokinetics
{including toxicokinetic modelling), molecular, biochemical and physiclogical mechanisms explaining
differences in sensitivity bebween species and individuals, the characterisation of pathophysiclogical
models and mechanisms involved in the development of effects and the identification of biological
markers that can be used to study exposure and effects in man and animals.

In addition to full length papers, short communications, full-length reviews and mini-reviews,
Environmental Toxicology and Pharmacology will publish in depth assessments of special preblem
areas. The |latter publications may exceed the length of a full length paper three to fourfold. A basic
requirement is that the assessments are made under the auspices of international groups of leading
experts in the fields concermed. The information examined may either consist of data that were
already published, or of new data that were obtained within the framework of collaborative research
programmes. Provision is also made for the acceptance of minireviews on (classes of) compounds,
toxicities or mechanisms, debating recent advances in rapidly developing fields that fall within the
scope of the journal.

BEFORE YOU BEGIN

For information on Ethics in publishing and Ethical guidelines for joumnal publication see
hittp: //vwerw. elsevier.comy/publishingathics and http: /fwew. elsevier.com/journal-authors/ sthics.

Environmental Toxicology and Pharmacology follows the ICMIE recommendations regarding conflict of
interest disdosures. All authors are required to report the following information with each submission:
All third-party financial support for the work in the submitted manuscaript. All finandal relationships
with any entities that could be viewed as relevant to the general area of the submitted manuscript.
All sources of revenue with relevance to the submitted work who made payments to you, or to your
institution on your behalf, in the 36 months prior to submission. Any other interactions with the
sponsor of outside of the submitted work should also be reported. Any relevant patents or copyrights
{planned, pending, or issued). Any other relationships or affiliations that may be perceived by readers
to have influenced, or give the appearance of potentially influencing, what you wrote in the submitted
work.

As a general guideline, it is usually better to disclose a relationship than not. This information will
be acknowledged at publication in a Transparency Document. Additional information on the ICMIE
recommendations can be found at: hitp://www.icmje.org. The form for conflict of interest disclosure
can be downloaded here, or at http://www.icmje.org/coi_disclosure.pdf (if this link does not display
properly in your browser, please right-click the link and select "Save Target As..." or "Save Link as...”
from the popup menu.)}

Ethics and Procedures

The editor and publisher of this Joumnal believe that there are fundamental principles underlying
schaolarly or professional publishing. While this may not amount to a formal "code of conduct”, these
fundamental principles with respect to the authors' paper are that the paper should: be the authors'
own original work, which has not been previously published elsewhere reflect the authors' own
research and analysis and do so in a truthful and complete manner, propery credit the meaningful
contributions of co-authors and co-researchers, not be submitted to more than one journal for
consideration (ensuring it is not under redundant simultaneocus peer review), and be appropriately
placed in the context of prior and existing research. Of equal importance are ethical guidelines
dealing with research methods and research funding, including issues dealing with informed consent,
research subject privacy rights, conflicks of interest, and sources of funding. While it may not be
possible to draft a "code” that applies adequately to all instances and drcumstances, we believe
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it useful to outline our expectations of authors and procedures that the Journal will employ in the
event of questions concerning author conduct. Relevant conflicts of interest should be disdosed (see
http: /vwwrw. elsevier.comy/wps/findfauthorshome. authors/ conflictsofinterest).

Hazards and Human or Animal Subjects

If the work involves chemicals, procedures or equipment that have any unusual hazards inherent in
their use, the author must clearly identify these in the manuscript. If the work involves the use of
animal or human subjects, the author should ensure that the manuscript contains a statemeant that
all procedures were performed in compliance with relevant laws and institutional guidelines and that
the appropriate instibutional committes(s) have approved them. 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.

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
pregrint, see http://www.elseviencom/postingpolicy), that it is not under consideration for publication
elsewhere, that its publication is approved by all authors and tacitly or explicithy by the responsible
autharities 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 writben
consent of the copyright-holder. To verify originality, your article may be checked by the originality
detection service CrossCheck hitp://www.elsevier.com/editors/plagdetect.

This policy concerns the addition, deletion, or rearrangement of author names in the authorship of
accepted manuscripts:

Before the accepted manuscript is published in an online issue: Requests to add or remowve an author,
or to rearrange the author names, must be sent to the Joumnal Manager from the corresponding author
of the accepted manuscript and must include: (a) the reason the name should be added or removed,
or the author names rearranged and (b) written confirmation (e-mail, fax, letter) from all authors that
they agree with the addition, removal or rearrangement. In the case of addition or remowval of authors,
this includes confirmation from the author being added or removed. Requests that are not sent by
the corresponding author will be forwarded by the Journal Manager to the corresponding author, who
must follow the procedure as described abowe. Note that: (1) Journal Managers will inform the Journal
Editors of any such requests and (2) publication of the accepted manuscript in an online issue is
suspended wntil authorship has been agreed.

After the accapted manuscript is published in an online issue: Any requests to add, delete, or rearrange
author names in an article published in an online issue will follow the same policies as noted above
and result in a corrigendum.

This journal offers authors a choice in publishing their research: Open Access and Subscription.

For Subscription articles

Upon acceptance of an article, authors will be asked to complete a "Journal Publishing Agreement' (for
maore information on this and copyright, see http://www.elseviencom/copyright). 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
{please consult http://www.elsevier.com/permissions). 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: pleasa consult
http:/vwww. elsevier.comy/ permissions.

For Open Access articles

Upon acceptance of an article, authors will be asked to complete an ‘Exclusive License
Agreement’ (for more information see hittp://www.elsevierncom/OAauthoragreement). Permitted
reuse of open access articles s determined by the author's choice of user license (see
http:f/werw. elsevier.com/openaccesslicenses).
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Retained author rights

As an author you (or your employer or institution) retain certain rights. For more information on
author rights for:

Subscription articles please see
http://vwwrw. elsevier.comyjournal-authors/ author-rights-and-responsibilities.

Open access articles please see http://www.elseviencom/OAauthoragreement.

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. Please see http://www.elsevier.com/funding.

Elsevier has established agreements and developed policies to allow authors whose articles appear in
journals published by Elsevier, to comply with potential manuscript ardhiving requirements as spedified
as conditions of their grant awards. To learn more about existing agreements and policies please visit
http:/ fwerw. elsevier.comy/fundingbodies.

US National Institutes of Health (NIH) voluntary posting (" Public Access") policy.
Elsevier facilitates author response to the NIH voluntary posting request (referred to as the NIH
"Public Access Policy”; see http://www.nih.gov/about/ publicaccess/index.htm) by pesting the peer-
reviewed author's manuscript directly to PubMed Central on request from the author 12 months after
formal publication. Upon notification from Elsavier of acceptance, we will ask you to confirm via e-
mail {by e-mailing us at NIHauthorrequest@ielsevier.com) that your work has received NIH funding
and that you intend to respond to the NIH policy request, along with your NIH award number to
facilitate processing. Upon such confirmation, Elsevier will submit to PubMed Central on your behalf
a version of your manuscript that will include peer-review comments, for posting 12 months after
formal publication. This will ensure that you will have responded fully to the NIH request policy. There
will be no need for you to post your manuscript directly with PubMed Central, and any such posting
is prohibited.

This journal offers authors a choice in publishing their research:

Open Access

* Articles are freely available to both subscribers and the wider public with permitted reuse

# An Open Access publication fee is payable by authors or their research funder

Subscription

# Articles are made available to subscribers as well as developing countries and patient groups through
our access pregrams [ http://vwww.elsevier.com/access)

* No Open Access publication fee

All articles published Open Access will be immediately and permanently free for everyone to read
and download. Permitted reuse is defined by your choice of one of the following Creative Commons
user licenses:

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 translation), to include in a collective work (such as an anthology), to text or data mine
the article, even for commerdal 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 honer or reputation.

Creative Commons Attribution-NonCommercial-ShareAlike (CC BY-NC-SA): for non-
commercial purposes, lets others distribute and copy the article, to create extradts, abstracts and
other revised versions, adaptations or derivative works of or from an article (such as a translation},
to include in a collective work (such as an anthology). to text and data mine the article, as long as
they credit the author(s), do not represent the author as endorsing their adaptation of the article, do
not modify the article in such a way as to damage the author's honor or reputation, and license their
new adaptations or creations under identical terms (CC BY-NC-SA).
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Creative Commons Abrbution-MonCommercial-NoDerivs (CC BY-NC-ND): for non-
commercial purposes, lets others distribute and copy the article, and to include in a collective work
{such as an anthology), as long as they credit the author(s) and provided they do not alter or modify
the article.

To provide Open Access, this joumnal has a publication fee which needs to be met by the authors or
their research funders for each article published Open Access.

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

The publication fee for this journal is $3,000, exduding taxes. Leamm more about Elsevier's pricing
policy: http://www.elsevier.com/openaccesspricing.

Please write your text in good English (American or British usage is accepted, but not a
mixture of these). Authors who feel their English language manuscript may require editing
to eliminate possible grammatical or spelling ermrors and to conform te correct sdentific
English may wish to use the English Language Editing service awailable from Elsevier's
WebShop (http://webshop.elseviencom/languageeaditing/) or wvisit our customer support site
(http://support.elseviercom) for more information.

Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts source files to a single PDF file of the
article, which is used in the peer-review process. Please note that even though manuscript source
files are converted to PDF files at submission for the review process, these source files are needed for
further processing after acceptance. All correspondence, including notification of the Editor’s decision
and requests for revision, takes place by e-mail removing the need for a paper trail.

Please submit, with the manuscript, the names, addresses and e-mail addresses of three potential
referees. Note that the editor retains the sole right to decide whether or not the suggested reviewears
are used.

PREPARATION

Drugs: generic names should be used. Trade names may be mentioned in parentheses the first time
the name of the drug appears in the text. The form of the drug used should be indicated.

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: http://vwwww.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 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 - numbered sections

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

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

Theory/calculation

A Theory section should extend, not repeat, the background to the artide already dealt with in the
Introduction and lay the foundation for further work. In contrast, a Calculation section represents a
practical development from a theoretical basis.

Results

Results should be clear and concise.

Di )

This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Glossary

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

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

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

+ Author names and affiliations. Where the family name may be ambiguous (e.g., a double name},
please indicate this cleardy. Present the authors' affiliation addresses (where the actual work was
done) below the names. Indicate all affiliations with a lower-case superscript letter immeadiately 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 referesing
and publication, also post-publication. Ensure that phone numbers (with country and area
code) are provided in addition to the e-mail address and the complete postal address.
Contact details must be kept up to date by the corresponding author.

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

A concise and factual abstract is required. The abstract should state briefly the purpose of the
ressarch, the prindpal results and major conclusions. An abstract is often presented separately from
the artide, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then dte the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself. Abstract
must not exceed 150 words.

A Graphical abstract is optional and should summarize the contents of the article in a condse, pictorial
form designed to capture the attention of a wide readership online. Authors must provide images
that dlearly represent the work described in the article. 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. See http://vwww.elsevierncom/graphicalabstracts for examples.

Authors can make use of Elsevier's Illustration and Enhancement service to ensure the best
presentation of their images also in accordance with all technical requirements: Illustration Service.
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Highlights are mandatory for this journal. They consist of a short collection of bullet points that convey
the core findings of the article and should be submitted in a separate file in the online submission
systemn. Please use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85
characters, incduding spaces, per bullet point). See http://www.elsevier.com/highlights for examples.

Immediately after the abstract, type 3-6 keywords or short phrases suitable for indexing. If possible.
keywords should be selected from Index Medicus or Excerpta Medica Index. First category key-words
{e.g. Hyperphagia; G-Strophantidin; Fiber shortening) will all be listed and cross-indexed. Second
category keywords (2.g. Rat, Caold, Metabolite) will only be listed under the index entry for the first
category keywords. Use American spelling and avoid 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 terms will be printed at the end of the abstract. If the editors feel
that keywords should be adjusted to the standards of the journal this will be done without consultation
of the author{s).

Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the articdle. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

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

Follow internationally accepted rules and conventions: use the intermational system of units (SI).
If other quantities are mentioned, give their eguivalent in SI. You are wrged to consult IUPAC:
Nomendature of Organic Chemistry: hittp://www.iupac.org/ for further information.

Elsavier encourages authors to connect articles with external databases, giving their readers one-
click access to relevant databases that help to build a better understanding of the described research.
Please refer to relevant database identifiers using the following format in your article: Database: oo
(e.g., TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN). See http://www.elsevier.com/databaselinking
for more information and a full list of supported databases.

Footnotes should be used sparingly. Number them consecutively throughout the article, using
superscript Arabic numbers. Many wordprocessors build footnotes into the text, and this feature may
be used. Should this not be the case, indicate the position of footnotes in the text and present the
footnotes themselves separately at the end of the artide. Do not include footnotes in the Reference
list.

Table footnotes

Indicate each footnote in a table with a supersoript lowercase letter.

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 Mew 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 printed version.
* Submit eadh illustration as a separate file.

A detailed guide on electronic artwark is available on our website:
hittp:/vwerw. elsevier.comy artworkinstructions
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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 200 dpi.

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

Please do not:

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

# Supply files that are too low in resolution;

* Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted artide, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear in
color on the Web (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed wersion. 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 on the Web only. For further information on the
preparation of electronic artwaork, please see http://vwww.elsevier com/artworkinstructions.

Please note: Because of technical complications which can arise by conwerting 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 illustrations.

Figure caplions

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

Number tables consecutively in accordance with their appearance in the text. Place footnotes to tables
below the table body and indicate them with superscript lowercase letters. Avoid vertical rules. Be
sparing in the use of tables and ensure that the data presented in tables do not duplicate results
described elsawhere in the article.

Citation in text

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

Refarenca links

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

AUTHOR INFORMATION PACE 18 Dec 2012 www.elsevier.com/locate/etap 10

39



Web raeferences

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

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

Reference management softwars

This journal has standard templates awailable in  key reference management
packages EndNote (http://www.endnote.com/support/enstyles.asp) 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.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any style
or format as long as the style is consistent. Where applicable, author{s) name(s), journal Gtle/book
title, chapter title/article title, year of publication, volume and issue/book chapter and the pagination
must be present. Use of DOI is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proof stage. Note that missing data will be highlighted
at proof stage for the author to correct. If you do wish to format the references yourself they should
be arranged according to the following examples:

Reference style

Taxt: All citations in the text should refer to:

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

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

3. Thraee or movre authors: first author's name followed by ‘et al." and the year of publication.
Citations may be made directly (or parenthetically). Groups of references should be listed first
alphabetically, then chronologically.

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

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

Examples:

Reference to a joumnal publication:

Van der Geer; )., Hanraads, 1.A.J., Lupton, R.A., 2010. The art of writing a scientific article. J. Sci.
Commun. 163, 31-59.

Reference to a book:

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009, How to prepare an electronic version of your article, in: Jones, B.5.,
Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304.

Journal abbraviations source
Joumnal names should be abbreviated according to the
List of title word abbreviations: http://www.issn.org/2-22661-LTWA-online.php.

Elsevier accepts video material and animation sequences to support and enhance your sdentific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the artide. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the files in one of our recommended file formats with a preferred maximum
size of 50 MB. Video and animation files supplied will be published online in the electronic version
of your article in Elsevier Web products, including ScienceDirect: http://www.sciencedirect.com.
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Please supply 'stills' with your files: you can choose any frame from the video or animation or
make a separate image. These will be used instead of standard icons and will personalize the
link to your video data. For more detailed instructions please visit our video instruction pages at
http: /v, elsevier.com/ arbworkinstructions. Note: since video and animation cannot be embedded
in the print version of the joumnal, please provide text for both the electronic and the print version
for the portions of the article that refer to this content.

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

Elsevier accepts electronic supplementary material to support and enhance your scientific research.
Supplementary files offer the author additional possibilities to publish supporting applications, high-
resolution images, background datasets, sound dips and more. Supplementary files supplied will be
published online alongside the alectronic version of your article in Elsevier Web products, including
ScienceDirect: http://www.sciencedirect.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 descriptive
caption for each file. For more detailed instructions please visit our arbwork instruction pages at
http:/vwww. elsevier.comy/artworkinstructions.

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 cormresponding author with contact details:

* E-mail address

# Full postal address

s Phone numbers

All necessary files have been uploaded, and contain:

s Keywords

+ All figure captions

# All tables (including title, description, footnotes)

Further considerations

# Manuscript has been "spell-checked' and "grammar-checked'

* 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 Web)
# Color figures are clearly marked as being intended for color reproduction on the Web (free of charge)
and in print, or to be reproduced in coler on the Web (free of dharge) 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 please visit our customer suppart site at http://support.elsevierncom.

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

{a) The average length of a short communication should not exceed 4 pages in print (approx.
2000-2300 words, including abstract, captions and references). A maximum of 2 illustrations (figures
or tables) is allowed.

{b) An abstract of not more that 100 words should be provided and 3-6 keywaords should be listed
immediately below the abstract.

Reviews

The organization and subdivision of review articles can be arranged at the author's discretion. Tables,
figures and references are to be arranged in the same way as research articles in the journal. Please
contact the Editor before submitting an article for this section.
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Mini-reviews

{a) The total length of a mini-review should be about 20 double-spaced typewritten pages, including
references, tables and figures.

{b) A brief introduction to the subjects, comprising not more than 500 words, in which reference is
made to recent key artides or reviews on the topic should be given.

{c) Conclusions should be summarized in 500-1000 words at the end of this article. They should be
preferentially outlined in a flow diagram or a graph.

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

Assessments
The format of an assessment will be decided upon in consultation with the editors.

Letters to the editors

The total length of a letter should not exceed one page. Please name three potential reviewers making
sure to include their name, affiliation and email address.

AFTER ACCEPTANCE

The Digital Object Identifier (*01) may be used to cite and link to electronic documents. The DOI
consists of a unigue alpha-numeric character string which is assigned to a document by the publisher
upon the initial electronic publication. The assigned D01 never changes. Therefore, it is an ideal
medium for citing a document, particularly "Articles in press’ because they have not yet received their
full bibliographic information. Example of a comrecty given D01 (in URL format; here an article in the
journal Physics Letters B):

http://dx.doi.org/10,1016/j.physleth.2010.09.059

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

Comresponding authors will receive an e-mail with a link to our ProofCentral 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 guestions from the Copy Editor
Web-based proofing provides a faster and less ermor-prone process by allowing you to directly type
yaour 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 upload
all of your cormrections within 48 hours. 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. Note that Elsevier may
proceed with the publication of your article if no response is received.

The corresponding author, at no cost, will be provided with a PDF file of the article via e-
mail (the PDF file is a watermarked version of the published article and incdudes a cower sheet
with the joumal cover image and a disclaimer outlining the terms and conditions of use). 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 comresponding and co-authors may order offprints
at any Wme via Elsevier's WebShop (http://webshop.elseviercom/myarticleservices/offprints).
Authors  reguiring printed copies of multiple articles may wuse Elsevier WebShop's
'‘Create Your Own Book' service to collate multiple artides within a single cowver
(http://webshop.elsevier.com/myarticleservices/ offprints/miyarticlesservices/booklets ).

AUTHOR INQUIRIES

For inquiries relating to the submission of articles {induding electronic submission) please visit
this jourmnal's homepage. For detailed instructions on the preparation of electronic artwork,
please visit http://www.elsevier. com/artworkinstructions. Contact details for questions arising after
acceptance of an artide, especially those relating to proofs, will be provided by the publisher
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You can track accepted articles at http://www.elsevierncom/trackarticle. You can also check
our Author FAQs at http://www.elseviencom/authorFAQ andfor contact Customer Support wvia
http://support. elsevier.com.

& Copyright 2012 Elsevier | http://'www.elsevier.com
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