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Resumo

Introdugdo: O d6leo essencial (OE) das folhas de Piper gaudichaudianum
Kunth possui propriedades biologicas, tais como anti-inflamatoria,
antimicrobiana e antitumoral. Previamente, foi demonstrado que este OE
possui pronunciada agao citotoxica, mutagénica e genotoxica em células V79,
como consequéncia do potencial oxidativo do mesmo. O presente trabalho
pretende ampliar o conhecimento sobre o seu mecanismo de citotoxicidade.
Objetivos: Avaliar a citotoxicidade e o mecanismo de agcdo do OE em ceélulas
V79, por meio da analise da composi¢cao quimica do OE, viabilidade celular,
funcdo mitocondrial, formag¢do de radicais livres, proteinas envolvidas na
resposta celular, indugdo de morte celular e agdo da N-acetilcisteina, apds o
tratamento com diferentes concentragdes do OE, durante 3 h e 24 h.

Material e Métodos: O OE foi extraido por hidrodestilagao e analisado por GC-
FID e GC-MS. A viabilidade celular e o efeito da N-acetilcisteina foram
verificados com Azul de Trypan; a formagao de espécies reativas, com DCFH-
DA; a funcdo mitocondrial com Rodamina 123; o tipo de morte celular, com
Anexina V-PE e 7-AAD; a atividade da superéxido dismutase e catalase por
espectrofotometria; e, a expressao de PADPR e SIRT-1 por Western Blotting.
Resultados: Foram identificados como componentes maijoritarios (E)-nerolidol
(31,13%), a-humuleno (14,83%) e (E)-cariofileno (6,79%). O OE diminuiu a
viabilidade celular, com ICsy de 4,15 ug/mL (3 h) e 4,49 ug/mL (24 h);
aumentou a despolarizacdo mitocondrial e a produgao de espécies reativas;
reduziu a atividade da superdoxido dismutase; aumentou a expressdo de

PADPR e diminuiu a de SIRT1; induziu a morte celular por necrose e apoptose
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tardia; O pré-tratamento celular com N-acetilcisteina restabeleceu a viabilidade
celular.

Conclusdao: O OE exerce efeito citotoxico, concentracdo-dependente, pela
inducéo de estresse oxidativo celular com envolvimento de dano mitocondrial e
modulagao da resposta antioxidante e de reparo no DNA.

Palavras-chave: Piper gaudichaudianum Kunth, 6leo essencial, citotoxicidade.
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Abstract

Introduction: The essential oil (EO) of Piper gaudichaudianum Kunth leaves
has biological properties such as anti-inflammatory, antimicrobial and antitumor
activities. Previously, it was shown that EO showed pronounced cytotoxic,
mutagenic and genotoxic effects in V79 cells as a result of its oxidative
potential. This work aims to increase the knowledge about EO cytotoxic
mechanism.

Purpose: To evaluate the cytotoxicity and the mechanism of action of EO in
V79 cells, by analyzing the chemical composition of EO, as well as cell viability,
mitochondrial function, free radicals formation, proteins involved in cellular
response, cell death induction and N-acetylcysteine action, after treatment with
different concentrations of EO, for 3 h and 24 h.

Material and Methods: EO was extracted by hydrodistillation and analyzed by
GC-FID and GC-MS. Cell viability and the effects of N-acetylcysteine were
checked with Trypan Blue; ROS formation with DCFH-DA; mitochondrial
function with Rhodamine 123; cell death with Annexin V-PE and 7-AAD;
superoxide dismutase and catalase activities by spectrophotometry; and the
expressions of SIRT-1 and PADPR by Western Blotting.

Results: The molecules identified as major components of EO were
(E)-nerolidol (31.13%), a-humulene (14.83%) and (E)-caryophyllene (6,79%).
EO decreased cell viability, with IC50 of 4.15 pg/ml (3 h) and 4.49 pg/ml (24 h);
increased mitochondrial depolarization and ROS production; decreased

superoxide dismutase activity; increased PADPR levels and decreased levels of
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SIRT1; induced cell death by necrosis and late apoptosis. Cellular pretreatment
with N-acetylcysteine restored cell viability.

Conclusion: EO exerts cytotoxic effect in a concentration-dependent manner,
by the induction of cellular oxidative stress with involvement of mitochondrial
damage and modulation of antioxidant response and DNA repair.

Keywords: Piper gaudichaudianum Kunth, essential oil, cytotoxicity.
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1. Introdugao

O Brasil possui uma rica biodiversidade de plantas naturais, sendo, ha
muitos anos, alvo de pesquisa de inumeros botanicos e estudiosos nacionais e
internacionais. Como exemplo, podem ser citados os manuscritos de Auguste
de Saint-Hilaire, um naturalista francés que identificou cerca de 7000 espécies
de plantas na América do Sul, das quais 4500 espécies pouco conhecidas até
o momento. Ele publicou dois livros em 1824 denominados Plantes usuelles
des Brasiliens e Histoire des plantes plus remarcables du Brésil et du
Paraguay. Sua colegéo esta depositada no Museu Nacional de Histéria Natural
em Paris e tem dados de 283 plantas nativas brasileiras dos estados de Minas
Gerais, Espirito Santo, Rio de Janeiro e Goias, identificadas quando a flora

desta regido ainda era preservada e inexplorada (Brand&o et al., 2012).

Outro botanico taxondmico que dedicou 50 anos estudando a familia
Piperaceae, com énfase nos géneros Peperomia e Piper, foi Truman George
Yuncker. Este pesquisador descreveu 839 novas espécies, 211 novas
variedades e teve como sua ultima grande obra, The Piperaceae of Brazil
(1972-1975), completada com o auxilio de Ethel Claflin Yuncker. Sua colegao
esta depositada no New York Botanical Garden Herbarium (Yuncker, 1958;

Yuncker, 1961; Holmgren et al., 1996).

O Brasil possui 20% da flora mundial e a habitagdo humana de areas
florestais, antes preservadas, conduziu ao desmatamento, comércio irregular e
consequente extingdo de varias espécies vegetais nativas. Este fato, aliado ao
pouco conhecimento sobre muitas outras espécies ainda existentes, ressalta a

necessidade de implantacdo de politicas publicas eficazes no intuito de
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preservar e identificar esta imensa biodiversidade vegetal brasileira (Brandao et

al., 2013).

A identificacdo de espécimes vegetais € essencial, pois medicamentos a
base de plantas medicinais vém sendo utilizados ao longo do tempo (Rates,
2001; Thomas et al., 2011; Petrovska, 2012), sempre com crescente interesse
na pesquisa e no desenvolvimento de novos farmacos contendo produtos de
origem vegetal (Cordell, 1995; Shu et al.,1998; Simdes et al., 2007; Chen et al.,
2011; Groussin e Antoniotti, 2012; Sireeratawong et al., 2012a; Sireeratawong
et al., 2012b). Sdo exemplos de alcaloides derivados de plantas medicinais,
utilizados como medicamentos: a quinina, antimalarica, e a quinidina, utilizada
no tratamento de arritmias cardiacas (oriundas da casca da Cinchona spp);
além de tantos outros, como a atropina, que possui agao anticolinérgica
(derivada das folhas e flores da Atfropa belladonna); a fisostigmina, com
atividade parassimpaticomimética (obtida das sementes da fava-de-calabar),
utilizada no tratamento do glaucoma; e a morfina (derivada do épio obtido do
latex da flor da papoula, Papaver sominiferum), ainda considerada um dos
analgésicos opioides de agao central mais utilizados (Phillipson, 2001; Gurib-
Fakim, 2006). Cabe ressaltar que o mercado da industria farmacéutica é um
dos mais lucrativos (Lobo, 2013) e a inovagéao tecnoldgica aliada a unido entre
universidade, empresa e governo sao consideradas impulsionadoras do
conhecimento, na busca por medicamentos para o tratamento de diversas

doencas (Santos e Siani, 2012).

Com o aumento da expectativa de vida também se elevaram os indices

de doencgas cronicas degenerativas e tumorais. Com o propésito de amenizar
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sintomas e buscar a cura de doencgas infecciosas, neurodegenerativas e
tumorais, diversos estudos, aliados ao desenvolvimento biotecnoldgico, visam
identificar novas moléculas, derivadas de plantas medicinais, que tenham
interagcbes com alvos moleculares especificos (Cragg e Newman, 2013;
Phillipson, 2007; Mishra e Tiwari, 2011; Ansari et al., 2013; Lee et al., 2013).
Como exemplo de agentes antitumorais comercializados, oriundos de plantas
medicinais, podemos citar os alcaloides derivados da Vinca résea Linn,
Vimblastine e Vincristine; o quimioterapico Paclitaxel (Taxol), originario da
casca da arvore do Teixo do Pacifico (Taxus brevifolia); e o Topotecan,
antitumoral procedente da Camptotheca acuminata (Prakash et al., 2013;

Sisodiya, 2013).

A busca por novas drogas antitumorais, com eficacia superior as ja
utilizadas ou com mecanismos de acgao diferentes, que tenham resultados
significativos, no que se refere a resisténcia aos medicamentos atuais, aliada a
menor toxicidade para o paciente (Alfaro et al., 2013; Yousef e Hussiem, 2015)
sao fundamentais, especialmente quando se considera que, somente em 2012,
ocorreram 14,1 milhdes de novos casos de cancer e 8,2 milhdes de mortes por
cancer no mundo. A previsao para 2030 é de uma incidéncia de 21,4 milhdes
de casos de cancer, com 13,2 milhdes de &bitos (Ferlay et al., 2012). Nos
Estados Unidos, os tipos de tumores mais prevalentes foram os de pele,
pulmao, colon e reto, em ambos os sexos. Os homens foram mais acometidos
por cancer de prostata e as mulheres por cancer de mama (Siegel et al., 2014).
No Brasil, em 2014, a estimativa foi de 576 mil novos casos, portanto um
problema de saude publica. Os tumores de pulmao, colon e reto também

acometeram os brasileiros de ambos os sexos. Os canceres de prostata,
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estbmago e da cavidade oral foram mais prevalentes nos homens. Ja os
tumores de mama, colo do utero e glandula tireoide apresentam uma
frequéncia maior em mulheres (Instituto Nacional de Cancer José Alencar

Gomes da Silva, 2014).

A correta identificacdo e preservacao de plantas medicinais, aliada ao
conhecimento sobre a composigdo quimica, efeitos bioldgicos, segurancga e
interacdo medicamentosa de produtos de origem vegetal sdo indispensaveis
para a comercializagao e utilizagdo destes compostos na pesquisa cientifica,
industria farmacéutica e pela populagdo (Hu et al., 2005; Bhattarai, 2012;

Rodrigues e Barnes, 2013).

1.1. Piper gaudichaudianum Kunth

Piper gaudichaudianum Kunth € uma planta medicinal da familia das
angiospermas, pertencente a ordem Piperales e a familia Piperaceae, que
compreende aproximadamente trés mil espécies distribuidas em oito géneros,
dos quais se destacam os géneros Piper, Peperomia e Pothomorphe. A familia
Piperaceae se destaca por produzir substancias com grande potencial
comercial na produgdo de novas drogas terapéuticas, sendo as pertencentes
ao género Piper as mais estudadas e conhecidas quanto a sua composi¢cao
quimica e suas propriedades bioldgicas. Destas, se destacam espécies como a
pimenta, Piper nigrum, e outras de grande utilizacdo medicinal, como a Piper
betle, Piper longum, Piper angustifolium e Piper methysticum, de grande
importancia na medicina chinesa e indiana (Di Stasi e Hiruma-Lima, 2002).

Azevedo e Silva (2006) destacam também o uso destas plantas por motivo
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religioso, contribuindo de forma negativa para o extrativismo vegetal na Mata

Atlantica.

As espécies do género Piper sdo as mais abundantes, com localizagao
pantropical, podendo ser encontradas nas Américas Central e do Sul e em
outros continentes, como a Asia (Yuncker, 1958; Yuncker, 1961; Callgjas,
1989; Callejas e Johnson, 1989; Callejas, 1990; Meurer-Grimes, 1989; Luziatelli
et al., 2010). No Brasil, comumente localizam-se na regido da Mata Atlantica,
compreendendo em torno de 460 espécies dispostas em cinco géneros.
Normalmente, predominam em locais Umidos abaixo das copas de arvores,
mas também ocupam locais secos nas beiras de florestas (Carvalho-Okano e
Alves, 1998; Figueiredo e Sazima, 2000; De Lima e Dos Reis, 2004; Medeiros,

2006; Bardelli, 2008; Cavalheiro et al., 2013; Sarnaglia Junior et al., 2014).

As plantas do género Piper caracterizam-se como arbustos, lianas,
epifitas, ervas e pequenas arvores aromaticas, por possuirem células
produtoras de oOleos essenciais (Carvalho-Okano e Alves, 1998; Figueiredo e
Sazima, 2000, Bratti et al., 2013). Apresentam caule nodoso, folhas pecioladas
ou raramente sub-sésseis e estipulas adnatas ao peciolo ou ausentes

(Carvalho-Okano e Alves, 1998; Albiero et al., 2005).

A andlise quimica de espécies de Piper tem sido amplamente
investigada em diversas partes do mundo com a identificagdo de varios
compostos biologicamente ativos, como alcaloides (Gutierrez et al., 2013),
fenilpropanoides, lignanas, terpenos, esteroides, flavonas, derivados do acido
benzoico, benzopirenos, dentre outros (Parmar et al., 1997; Figueiredo e

Sazima, 2000; Lopes et al., 2007, Puhl et al., 2011; Yamaguchi et al., 2011).
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Estes compostos derivados das espécies de Piper se destacam como potencial
terapéutico por apresentarem propriedades analgésicas, anti-inflamatérias,
antifungicas, antimicrobianas (Di Stasi e Hiruma-Lima, 2002; Lago et al., 2004;
Colvard et al., 2006; Koroch et al., 2007; Péres et al., 2009; Schmit e Riffel,
2010; Puhl et al., 2011), antiprotozoarias (Batista Junior et al., 2008, Batista
Junior et al., 2011) e antitumorais (Rai et al., 2011; Tak et al., 2011; Lai et al.,

2012; Bezerra et al., 2013; Wang et al., 2014).

Piper gaudichaudianum €& referida popularmente como iaborandi,
jaborandi, murta ou pariparoba (Albiero et al., 2005). Esta planta assemelha-se
ao jaborandi verdadeiro e casos de troca ou até de falsificagdo comercial
podem ocorrer. Embasado neste fato, Albiero et al. (2005) realizaram o estudo
morfo-anatdmico do caule e da folha de P. gaudichaudianum, a fim de
estabelecer caracteres estruturais como auxilio na identificacdo e avaliagao do
controle de qualidade durante a comercializacdo desta planta como droga

vegetal.

Piper gaudichaudianum caracteriza-se como um arbusto de pequeno
porte com folhas simples, alternas, curto-pecioladas, membranaceas, um
pouco asperas, acuminadas no apice, assimétricas na base, estipuladas, com
limbo inteiro de formato ovado-eliptico, de base obliqua e de apice cuspidado
(Figura 1). A nervura principal apresenta, na base, oito feixes vasculares
colaterais, que se reduzem a apenas um na regido meédia e apical da folha. Na
nervura, o colénquima esta presente em ambas as faces da folha e, no
parénquima, constam idioblastos cristaliferos, contendo rafides e monocristais,

bem como idioblastos oleiferos. Ainda, esta planta possui inflorescéncias do
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tipo espiga, levemente curvadas, podendo atingir até oito centimetros de
comprimento (Di Stasi e Hiruma-Lima, 2002; Albiero et al., 2005; lwazaki et al.,

2006; Medeiros, 2006).

Figura 1: Arbusto de Piper gaudichaudianum Kunth (Imagem do Laboratério de
Palinologia da ULBRA).

Insetos e morcegos utilizam a P. gaudichaudianum como fonte de
alimento (De Lima e Dos Reis, 2004; Ramos, 2009), contribuindo para a
dispersdao de suas sementes, bem como para o processo evolutivo e a

diversidade das florestas (Mikich et al., 2003; Teixeira, 2003).

Na regido da Mata Atlantica, popularmente se utiliza a infusdo das
folhas frescas de P. gaudichaudianum para aliviar a dor nos dentes e as raizes
frescas sdo mastigadas produzindo efeito anti-inflamatério (Figueiredo e

Sazima, 2000; Di Stasi e Hiruma-Lima, 2002; Di Stasi et al., 2002).

Péres et al. (2006a) estudaram a espécie P. gaudichaudianum
comparando o método de extragao classico Soxhlet com o de extragcdo por
liquido pressurizado (PLE), relacionando a quantidade de material extraido com

a sua composicao quimica. Neste estudo foi utilizado éter de petréleo e etanol
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na extragdo de terpenos, acidos graxos e vitamina E das folhas de P.
gaudichaudianum, a fim de verificar o efeito da polaridade do solvente no
processo de extragdo. A analise dos extratos foi realizada por cromatografia
gasosa (GC) com detecgcao por espectrometria de massas (MS). Como
resultados, os autores identificaram que o processo de extragao por PLE foi
mais eficaz, simples e realizado em menor tempo. Os principais compostos
identificados foram nerolidol, fitol e acido palmitico. A maior concentracao de
nerolidol foi obtida na extragcdo de Soxhlet com éter de petréleo, enquanto a
maior concentracao de acido palmitico foi encontrada no extrato por PLE e éter
de petréleo. Seguindo o estudo, no mesmo ano, estes autores investigaram a
influéncia de alguns parametros experimentais relacionados com a extragédo de
compostos das folhas de P. gaudichaudianum por PLE utilizando éter de
petréleo como solvente extrator e identificando os compostos majoritarios dos
extratos deste espécime por GC-MS, encontrando como principais constituintes
acido palmitico, acido estearico e nerolidol. Além do extrato etandlico, outro
componente biologicamente ativo muito estudado da espécie P.

gaudichaudianum é o seu 0Oleo essencial, objeto de estudo desta dissertagao.
1.2. Oleo essencial de P. gaudichudianum Kunth
1.2.1. Aspectos gerais dos 6leos essenciais

Oleos essenciais sdo compostos naturais volateis complexos,
decorrentes do metabolismo secundario das plantas, caracterizados por
apresentar odor forte e caracteristico (Bakkali et al., 2008). Sao sintetizados
pelas plantas e costumam atrair insetos, contribuindo para a polinizagdo, mas

também atuam como fator de protegdo do vegetal contra pragas e predadores
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(Bakkali et al., 2008; Ramos, 2009; Muller e Buchbauer, 2011; Mithofer e

Boland, 2012; Tisserand e Young, 2014).

O teor dos compostos presentes no o6leo essencial no vegetal é
determinado geneticamente, mas a quantidade e a natureza dos constituintes
ativos sofrem influéncia do ambiente, pela disponibilidade hidrica, temperatura,
luz, radiacdo ultravioleta e nutrientes do solo. Neste sentido, torna-se
importante respeitar a época em que o espécime vegetal é coletado, devendo
ser observados a sazonalidade, bem como o periodo do dia ou da noite e a
temperatura. Além disso, a idade e o desenvolvimento do vegetal também
devem ser considerados, pois tecidos novos podem ter maior taxa
biossintética, influindo diretamente na quantidade dos metabdlitos produzidos e
nas propor¢des relativas dos componentes da mistura (Gobbo-Neto e Lopes,

2007; Tisserand e Young, 2014).

Os oleos essenciais sao liquidos apolares, lipossoluveis e soluveis em
solventes organicos, apresentam cor limpida ou claro-amarelada. S&o
sintetizados pelo vegetal e armazenados em células secretoras, células
epidérmicas ou tricomas glandulares. Podem ser extraidos de varias partes das
plantas, como raizes, brotos, caules, cascas, folhas, flores, frutos e sementes

(Bakkali et al., 2008).

Geralmente, os Oleos essenciais sado obtidos pelo método da
hidrodestilacao por arraste de vapor d’agua em aparelho do tipo Clevenger
(Ferhat et al., 2006). Por ser uma mistura volatil e complexa, a analise de seus
compostos requer a utilizagcdo de mecanismos precisos de alta resolucgao,

tendo a combinagdo da cromatografia gasosa (GC) acoplada a espectrometria
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de massas (MS) o método de escolha (Baser e Buchbauer, 2010). Ainda, a
cromatografia gasosa correlacionada acoplada a espectrometria de massas de
relacdo de isétopos (GC-IRMS) por meio de uma interface de combustao tem
provado ser um método ideal para avaliar a autenticidade de 6leos (Tisserand e
Young, 2014). Além disso, a utilizagdo da Cromatografia Liquida de Alta
Eficiéncia com detector ultra violeta (HPLC-UV) pode representar um método
alternativo ou complementar para a analise de 6leos volateis, devido a sua
versatilidade, sensibilidade e seletividade, constituindo-se o método de escolha
para os compostos menos volateis (Pourmortazavi e Hajimirsadeghi, 2007;
Adams e Dev, 2010; Baser e Buchbauer, 2010; Smelcerovic et al., 2013;

Bagheri et al., 2014; Tisserand e Young, 2014).

ApoOs a extragao, Tisserand e Young (2014) preconizam que o Oleo
essencial deve ser corretamente armazenado, pois todos os compostos
organicos estdo sujeitos a degradacao quimica, o que leva a perda das
propriedades biologicas. Portanto, destacam que o oleo essencial deve ser
armazenado em frasco ambar fechado e refrigerado, ou seja, protegido da luz,
do oxigénio e do calor, a fim de evitar a degradagao decorrente da oxidagao
das suas moléculas. Ressaltam ainda que a presenga de agua provoca a
deterioracdo, promovendo a oxidacao e hidrélise de moléculas, tornando o d6leo

essencial opaco.

Os Oleos essenciais sao amplamente conhecidos pelas suas
propriedades biologicas com utilizagdo na industria de alimentos (Frutuoso et
al., 2013), na cosmética e na agricultura, como larvicidas e pesticidas (Ferraz et

al.,, 2010; Oh et al., 2012). Na industria farmacéutica sdo empregados no
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tratamento de diversas doengas, sendo incorporados em formulagdes de
medicamentos antiespasmddicos, analgésicos locais, antinflamatérios,
antiparasitarios, antimicrobianos, fungicidas e antitumorais (Bakkali et al.,

2008).

A resisténcia de micro-organismos aos antibidticos existentes, a
resisténcia de diversos tumores a varias drogas antitumorais e a toxicidade
elevada para o paciente, na utilizacdo de inumeros medicamentos no
tratamento do cancer, conduziu a necessidade de alavancar a pesquisa e 0
desenvolvimento de novos antimicrobianos e antitumorais para tratar diversas
doencas, impulsionando a busca por novos medicamentos derivados de 6leos
essenciais e de seus componentes. Para tal, ha a necessidade da elucidacao
do mecanismo de acao destes compostos para a identificacdo de novos alvos
terapéuticos, a fim de atingir vias biossintéticas nao inibidas pelas drogas

atuais (Alfaro et al., 2013; Boire et al., 2013).

1.2.2. Caracteristica quimica do 6leo essencial de P. gaudichaudianum

A analise quimica do 6leo essencial de espécies de Piper tem sido
amplamente investigada, identificando como compostos majoritarios
hidrocarbonetos monoterpenos, sesquiterpenos e o0s derivados de
fenilpropandides (Martins et al., 1998; Mundina et al., 1998; Sumathykutty ef al.,
1999; Dos Santos et al., 2001; Mesquita et al., 2005; Péres et al., 2009; Ferraz

et al., 2010; Morandim et al., 2010; Do Carmo et al., 2012; Santos et al., 2014).

Von Poser et al. (1994) investigaram o 6leo essencial das folhas frescas
de P. gaudichaudianum e P. mikanianum, coletadas no sul do Brasil,

encontrando pequenas quantidades de monoterpenos, dentre os quais, B-
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pineno e linalol foram os mais abundantes. Dos sesquiterpenos identificados, a-

humuleno (37,5%) e B-cariofileno (17,4%) foram majoritarios.

Andrade et al. (1998) verificaram duas amostras das folhas de P.
gaudichaudianun denominadas A e B, encontrando como compostos
majoritarios do O6leo essencial, respectivamente, 12,1% e 19,3% de B-
cariofileno, 13,3% e 29,2% de a-humuleno, 15,7% e 3,7% de [B-selineno e
16,6% e 8,9% de a-selineno. Calderari (2002) encontrou 0s mesmos
compostos maijoritarios no 6leo essencial das folhas de P. gaudichaudianum,
porém em menores concentragcdes, a-humuleno (6%), B e a-selineno (ambos
com 5%), além de outros como espatulenol (5%) e oOxido cariofileno (6%).
Seguindo, De Morais et al. (2007) identificaram como constituintes majoritarios
do dleo essencial das folhas de P. gaudichaudianum, B-selineno (15.77%) e

oxido de cariofileno (16.63%).

Péres et al. (2009) também investigaram a composi¢do quimica do dleo
essencial extraido das folhas secas de P. gaudichaudianum pelo método de
hidrodestilagdo durante 4 horas, utilizando um aparelho do tipo Clevenger, em
conformidade com o método recomendado pela European Pharmacopoeia
(1983), produzindo 0,51% (w/v) de oleo essencial. O 6leo destilado foi seco, em
uma coluna de sulfato de sédio anidro, armazenado em frascos escuros
fechados, acondicionados a 4°C até a caracterizacdo quimica realizada por
cromatografia gasosa com detector de ionizagao de chama (GC-FID) e GC-MS.
Foram identificados 47 componentes no 6leo essencial bruto, representando
92,3% do total de picos cromatograficos. Os compostos majoritarios

sesquiterpénicos totalizaram 87,6% da amostra, dentre os quais se destacaram
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o (E)-nerolidol (22,4%), (E)-cariofileno (8,9%), a-humuleno (16,5%) e
biciclogermacreno (7,4%). Monoterpenos e fenilpropandides foram identificados

em pouca quantidade (4,7%).

1.2.3. Atividades farmacolégicas de 6leos essenciais, do 6leo essencial

de P. gaudichaudianum e de seus componentes majoritarios

Diversas propriedades biolégicas decorrentes de 6leos essenciais de
plantas tém sido descritas na literatura, tais como anti-inflamatéria, analgésica,
anticonvulsivante, anti-ulcerativa, antiprotozoaria, antimicrobiana, antifungica,
antioxidante, antitumoral, larvicida, pesticida e repelente (Crowell, 1996;
Ruberto e Baratta, 2000; Sylvestre et al., 2005, Sylvestre et al., 2006; De
Morais et al., 2007; Autran et al., 2008; Bakkali et al., 2008; Ferraz et al., 2010;
Miguel, 2010; Morandim et al., 2010; Nerio et al., 2010; Prakash et al., 2010; De
Almeida et al., 2011; Lang e Buchbauer, 2012; De Sousa, 2011; Afoulous et al.,
2013; Frutuoso et al., 2013; Guimaraes et al., 2013; Nogueira Neto et al., 2013;
Nuzhat e Vidyasagar, 2013; Bagheri et al., 2014; Dias et al., 2014; Ghosh et al.,
2014, Oliveira et al., 2014; Da Silva et al.; 2014). Ademais, o uso de compostos
derivados de Oleos essenciais como potencializadores da acdo de
antimicrobianos e outros agentes convencionais utilizados em quimioterapia e
radioterapia tem se mostrado uma estratégia promissora no tratamento de
doencas infecciosas e tumorais (Legault e Pichette, 2007; Hemaiswarya et al.,
2008; Ravizza et al., 2008; Chiu et al., 2011; Gongalves et al., 2011; Lesgards

et al., 2011; Lesgards et al., 2014; Monteiro et al., 2014).

Bakkali et al. (2008) realizaram uma revisdo sobre os efeitos bioldgicos

dos d6leos essenciais, referindo que a maioria dos 6leos essenciais estudados
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foi considerada antioxidante, esta propriedade também foi reportada no estudo
de Anthony et al. (2012). Entretanto, estudos recentes em células eucarioticas
revelaram que os 6leos essenciais também poderiam agir como pro-oxidantes,
afetando principalmente as membranas celulares internas e organelas, tais
como as mitocdndrias. Destacam ainda que estes compostos nao sao
considerados genotdxicos, mas que, mesmo assim, podem exibir efeitos
citotoxicos, de forma dose-dependente em células vivas. Estes autores
enfatizaram que, em alguns casos, mudangas no potencial redox intracelular e
disfungbes mitocondriais, induzidas por Oleos essenciais, poderiam estar

associadas a capacidade de exercer efeitos anti-genotoxicos.

As atividades bioldgicas dos 6leos essenciais sao consequéncia da sua
composicdo, da acdo e do sinergismo de seus componentes majoritarios,
agindo sobre diversos alvos moleculares celulares, como membranas e
organelas, podendo interferir na sintese de energia celular (Bakkali et al., 2008;
Tisserand e Young, 2014). Apesar dos beneficios da utilizagdo de Oleos
essenciais, alguns de seus componentes podem comprometer a instabilidade
gendmica de ceélulas de mamifero, induzindo alteragdes como o aumento de
células micronucleadas e multinucleadas, mitoses irregulares com fusos
multipolares e mal localizados, bem como quebras cromossémicas,
consequentes do aumento de espécies reativas de oxigénio intracelular

(Catanzaro et al., 2012).

Péres et al. (2009) investigaram os efeitos citotoxicos, mutagénicos e
genotdxicos do 6leo essencial das folhas de P. gaudichaudianum em células

V79. Os resultados obtidos neste estudo revelaram que os efeitos citotdoxicos
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foram dose-dependentes, e uma diminui¢do significativa na sobrevivéncia
celular foi observada a partir das concentragées de 0,5 ug/mL. Além disso,
foram verificadas quebras simples no DNA em concentragbes acima de 2
pg/mL, bem como um aumento significativo na frequéncia de micronucleos nas
concentragdes de 4 pg/mL, 6 ug/mL e 10 pg/mL. Os autores também referiram
um aumento na peroxidagao lipidica em doses crescentes a partir de 0,5
Mg/mL, sugerindo que o potencial oxidante observado foi, provavelmente, o
responsavel pelo efeito citotdxico e pelos efeitos genotdxicos no modelo celular
estudado. Confirmando estes achados, Piculo et al. (2011), ao testar a
atividade do nerolidol, um dos compostos majoritarios do 6leo essencial de P.
gaudichaudianum, em células de mamifero, demonstraram que houve uma
fraca inducdo dose-dependente nos niveis de danos no DNA das células
analisadas, com aumento do numero médio de células micronucleadas, nas
doses mais elevadas testadas, apoiando a visdo de que o nerolidol induziu
clastogénese e genotoxicidade muito fraca nas células de ratos testadas.
Entretanto, ao analisar a citotoxicidade do oleo essencial de P.
gaudichaudianum em Saccharomyces serevisiae, Sperotto et al. (2013)
revelaram que tanto o éleo essencial quanto o nerolidol ndo foram mutagénicos

e que a citotoxicidade estava relacionada com a formacao de lesées oxidativas.

Arruda et al. (2005) avaliaram a atividade do nerolidol contra os
protozoarios Leishmania amazonensis, L. braziliensis, L. chagasi promastigotas
e L. amazonensis amastigotas, causadores de Leishmaniose, demonstrando
uma inibigdo no crescimento dos protozoarios com IC-50 de 85 uM, 74 uM, 75
MM, e 67 uM, respectivamente. Com a dose de 100 yM ocorreu uma diminui¢ao

de 95% da infecgdo, mas em longo prazo, a infecgdo nao foi curada. Os
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autores atribuiram o efeito da droga ao bloqueio de um passo inicial na via do
mevalonato, interferindo na sintese de isoprendides e inibindo a biossintese de
dolicol, ergosterol e ubiquinonas, gerando danos as membranas celulares
destes parasitas. Marques et al. (2011) consideraram o efeito do (E)-nerolidol
sobre L. amazonensis decorrente da inibicdo da arginase, uma metaloenzima
dependente de magnésio, essencial para a producdo de ornitina e
sobrevivéncia do protozoario. Monzote et al. (2010) mencionam a atividade do
safrol (IC-50 de 22,3 £ 1,8 ug/mL) contra espécies de L. donovani. Do Carmo et
al. (2012) também destacam a ag&o antiprotozoaria do limoneno (IC-50 de 278
MM) e do cariofileno (IC-50 de 96 uM), referindo que estes compostos podem

ser promissores coadjuvantes no tratamento da leishmaniose.

Fernandes et al. (2007) descrevem as propriedades anti-inflamatorias de
dois sesquiterpenos isolados do 6leo essencial de Cordia verbenacea, mas
também presentes no 6leo essencial de P. gaudichaudianum, a-humuleno e
(E)-cariofileno, demonstrando que o tratamento oral com ambos os compostos
reduziu o fator de ativacdo de plaquetas, a bradicinina e o edema induzido por
carragenina nas patas dos camundongos utilizados no estudo, bem como
diminuiu a producéo de prostaglandina E2 (PGE2), a sintese de 6xido nitrico e
a expressao de ciclo-oxigenase 2 (COX-2). Os autores também consideraram
estes efeitos anti-inflamatérios comparaveis aos observados em animais

tratados com dexametasona.

Brehm-Stecher e Johnson (2003) inferem que os componentes
sesquiterpendides de 6leos essenciais, nerolidol, farnesol, bisabolol, e apritone,

poderiam agir como coadjuvantes no tratamento de doencgas infecciosas,
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potencializando o efeito de drogas como a ciprofloxacina, clindamicina,
eritromicina, gentamicina, tetraciclina, e vancomicina contra Staphylococcus
aureus e, da polimixina B contra Escherichia coli, por promoverem maior

permeabilidade bacteriana aos agentes antimicrobianos.

Também, Gautam et al. (2014) expuseram a acgado citotoxica do
a-humuleno e do B-cariofileno sobre células tumorais em estudos in vivo e o
efeito citotoxico do d6leo essencial de P.gaudichaudianum sobre células V79.
Os compostos [B-cariofileno e a-humuleno demonstraram atividade contra
células cancerigenas, sendo que o f3-cariofileno otimizou o efeito antitumoral do
a-humuleno, com agéao superior quando utilizados juntos. B-cariofileno também
facilitou a passagem de paclitaxel através da membrana mitocondrial,
potencializando a ac¢do deste medicamento antitumoral (Legault e Pichette,

2007).

Park et al. (2011) relataram que o B-cariofileno induziu a produgao de
espécies reativas de oxigénio na mitocéndria de células tumorais, sem
aumentar o estresse oxidativo em células saudaveis. Este composto também
apresentou propriedades antitumorais contra células de cancer de prostata e
de mama, bem como em varios outros tipos de tumores solidos (Kubo et al.,
1996), além de induzir apoptose em células de linfoma (Amiel et al., 2012).
Nerolidol e a-humuleno foram ativos contra cancer de pulmdo e colon
(Sylvestre et al., 2007). O a-humuleno ainda apresentou atividade antitumoral
contra cancer de proéstata (Loizzo et al., 2007) e de mama (Legault e Pichette,
2007). Em contrapartida, Amiel et al. (2012) inferem ao B-cariofileno atividade

pro-apoptoética e antiproliferativa contra células tumorais, mas nao contra as
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células normais, revelando uma possivel agao seletiva deste composto contra

células tumorais.

1.2.4. Mecanismos celulares e moleculares envolvidos na citotoxicidade
do d6leo essencial de P. gaudichaudianum e de seus componentes

majoritarios

Os Oleos essenciais e seus componentes majoritarios sdo compostos
lipofilicos e pro-oxidantes, o que Ihes confere a capacidade de atravessar a
membrana plasmatica celular (Bakkali et al., 2008), induzir citotoxicidade,
genotoxicidade e mutagenicidade (Péres et al., 2009; Park et al., 2011; Cha e
Kim, 2012). Mendanha et al. (2013) avaliaram a toxicidade de terpenos, dentre

eles o nerolidol, constatando o aumento na fluidez da membrana celular.

Buscando demonstrar o mecanismo antitumoral de diversos 6leos
essenciais de plantas, Gautam et al. (2014) realizaram uma revisdao em
aproximadamente 130 estudos disponiveis na literatura, destacando, em
profundidade, varios mecanismos de acao dos diferentes Oleos essenciais e
seus constituintes reportados nas estratégias de tratamento para diferentes
tipos de cancer. Este estudo verificou que os 6leos essenciais e 0s seus
constituintes agem por multiplas vias e mecanismos que envolvem a indugéo
de apoptose, alteracdo do ciclo celular, efeitos antimetastaticos e anti-
angiogénicos, além de promover o aumento dos niveis de espécies reativas de
oxigénio (ERO) e nitrogénio (ERN), modulagdo do reparo do DNA, dentre
outros que demonstraram ter um efeito antiproliferativo em células tumorais,

resumidos na Figura 2.
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Figura 2: Mecanismo de acao dos 6leos essenciais em células tumorais: OE
podem permear a membrana celular e atuar em diferentes alvos celulares,
induzindo a formacao de ERO e ERN. O estresse oxidativo mitocondrial conduz
a despolarizagcdo mitocondrial com a liberagdo do citocromo C para o
citoplasma, clivagem da PARP, ativagdo de caspases e indugdo de apoptose

em células cancerosas (adaptado de Gautam et al., 2014).

Cha e Kim (2012) também destacaram a acdo de monoterpenos na
indugdo de morte celular em células de carcinoma oral epiderméide. Os
autores constataram que o estresse oxidativo mitocondrial desempenhou papel
fundamental na morte celular por apoptose, correlacionando este fato com a
diminuicdo mitocondrial de proteinas Bcl2, liberacdo do citocromo C
mitocondrial para o citosol com consequente ativagao da via das caspases 3 e
9, além da clivagem da proteina poli (ADP-ribose) polimerase (PARP) e

alteracao do ciclo celular com o aumento do numero de células na fase sub-G1



33

(Jo et al., 2012). Além do mais, Lesgards et al. (2014) inferem que estes efeitos
poderiam ocorrer com pequenas modificagcdes em células saudaveis e que, em
células tumorais, também estariam relacionados com a superexpressdo e
regulacdo de enzimas de detoxificagcdo do figado, alteragdes no potencial de
membrana mitocondrial, produgdo de radicais livres e modificagdo de genes

indutores de tumor.

A inducao de apoptose tem sido relatada como o principal mecanismo
de acdo de drogas sintetizadas de plantas medicinais e de medicamentos
antitumorais existentes (Chen et al., 2011). Além disso, Ueta et al. (2008)
destacam que sistemas de reparo do DNA mitocondrial estdo associados com
a susceptibilidade de células cancerosas a agentes antitumorais. Estudando
células de carcinoma oral de células escamosas, estes autores verificaram que
a inibigao da capacidade de reparo do DNA mitocondrial e a baixa regulagao da
8-oxoguanina-DNA glicosilase (OGG1) poderia ser uma estratégia util no

tratamento do cancer combinado com a radiacédo e a quimioterapia.

Diversos autores, como ja mencionado, referem alteragbes em
membranas celulares e em organelas como a mitocéndria, alteragdes no ciclo
celular, modulacdo no processo de reparo do DNA, modificagdo em genes
indutores de tumor, dentre outras que culminam na indugcdo de morte celular,
devido a acado do d6leo essencial de P. gaudichaudianum e de compostos
majoritarios como o nerolidol, a-humuleno e B-cariofileno (Kubo et al., 1996;
Legault e Pichette, 2007; Loizzo et al., 2007; Sylvestre et al., 2007; Amiel et al.,
2012; Cha e Kim, 2012; Gautam et al., 2014), capazes de gerar espécies

reativas de oxigénio (ERO).
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Espécies reativas de oxigénio (ERO), incluindo os radicais livres, fazem
parte do processo celular fisioldgico e sado resultantes do metabolismo do
oxigénio, gerados principalmente na cadeia transportadora de elétrons
mitocondrial, na peroxidacdo de lipidios e durante o processo inflamatério
(Halliwell e Chirico, 1993; Shen et al., 2000; Barreiros e David, 2006; Burton e
Jauniaux, 2011; Martin-Ventura et al., 2012). Fontes exdgenas como a radiagéo
ultravioleta (Farrukh et al., 2014) e agentes quimicos, como 0s quimioterapicos,
também sao indutores de ERO intracelular (Campos et al., 2014). Radicais
livres s&o atomos ou moléculas com um elétron desemparelhado em seu orbital
de valéncia, conferindo alta reatividade quimica a estes elementos, dentre os
quais se destacam, como os mais importantes, os radicais hidroxil (HO’), &nion
superoxido (O3’), 6xido nitrico (NO"), alcoxil (RO"), peroxil (ROO") e peroxinitrito
(ONOQ"). Outros elementos, como o acido hipocloroso (HOCI), o peréxido de
hidrogénio (H20;), o oxigénio singlete (102) e 0 ozbnio (O3) ndo sado radicais
livres, mas estdo envolvidos em reagdes que geram estes produtos (Halliwell,
2001; Picada et al., 2003; Burton e Jauniaux, 2011; Da Silva e Ferrari, 2011;

Halliwell, 2012).

Além de constituirem-se produtos inevitaveis, ERO fazem parte da
regulacdo de funcdes celulares importantes, como no controle de fatores de
transcrigdo, proteinas cinases e fosfatases (Mansfield et al., 2005; Jones, 2006;
Bartosz, 2009), bem como podem elevar os niveis de enzimas envolvidas nos
mecanismos de defesa antioxidante e metabolizacdo de xenobiodticos (Valko et
al., 2007; Halliwell, 2008; Circu e Aw, 2010; Ma, 2010; Prochazkova et al.,
2011; Altenhofer et al., 2014; Bereiter-Hahn, 2014). Elmann et al. (2009)

revelaram efeito protetor neuronal contra perdoxidos de hidrogénio decorrente
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do estimulo do sistema antioxidante no uso de alguns compostos encontrados
em Oleos essenciais, dentre os quais se destacam o a-humuleno e o B-
cariofileno. Por outro lado, quando ha excesso na producdo de ERO, estas
podem oxidar irreversivelmente lipidios (Halliwell e Chirico, 1993; Lima e
Abdalla, 2001; Sultana et al., 2011; El-Beltagi e Mohamed, 2013), proteinas
(Burton e Jauniaux, 2011) e o DNA (Berquist e Wilson, 2012; Alexeyev et al.,

2013).

A oxidagcdo de lipidios pode desencadear reagdes em cadeia,
danificando diferentes polissacarideos, acidos graxos, alterando a
permeabilidade da membrana celular e de diferentes organelas como a
mitocdndria, reticulo endoplasmatico e peroxissomos (Bakkali et al., 2008; Cao
e Kaufman, 2014; Chaudhari et al., 2014). O aumento da fluidez da membrana
mitocondrial leva a perda de radicais, proteinas e ions, diminuindo o potencial
de membrana mitocondrial e induzindo a sua despolarizagdo (Kowaltowski et
al., 2009; Brand e Nicholls, 2011). Estes fatores levam a redugédo na geragéo
de ATP e consequente colapso bioenergético da célula (Chandel, 2014). Além
disso, a passagem do citocromo C mitocondrial para o citosol conduz a
ativagdo da morte celular por apoptose (Candé et al., 2002; Bogner et al., 2010;
Cha e Kim, 2012). Ferreira et al. (2012) testaram a a¢ao do nerolidol em células
hepaticas de ratos e em células de carcinoma hepatico humano, revelando a
reducdo da producdo de ATP mitocondrial e diminuigdo da bioenergética
destas células, refletida na diminuicdo da viabilidade celular e morte por

apoptose.
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Ainda, a abertura de canais de ions induzida pelo estresse oxidativo,
como ocorre no reticulo endoplasmatico com a abertura dos canais de calcio,
pode interferir no dobramento de proteinas e consequente perda de funcgao,
bem como o acumulo de proteinas intracelulares, o que também pode levar a

morte celular (Burton e Jauniaux, 2011).

Os danos no DNA estido relacionados com alteragdes nas bases
nucleotidicas e na estrutura acgucar-fosfato do DNA, originando um amplo
espectro de lesbes nao volumosas, como a oxidagdo da guanina (8-oxo-7,8-
dihidro-2’-desoxiguanosina) e volumosas, como sitios abdsicos, quebras
simples (SSB) e duplas (DSB), pontes intra e inter cadeia e formagao de adutos

nas fitas de DNA (Hoeijmakers, 2001; Berquist e Wilson, 2012).

A oxidagcdo da guanina, pela adicdo de um oxigénio na posi¢ao do
carbono 8 e de um hidrogénio na posi¢ao do nitrogénio 7, gerando a 7,8-
dihidro-8-oxoguanina (8-oxo0-G), ja € considerada um biomarcador estabelecido
do efeito da oxidagdo no DNA. Seu potencial mutagénico consiste na formagéao
de pareamentos 8-0xoG+C ou 8-0xoG°eA; este ultimo, uma transversao no
pareamento entre as bases, pareando com adenina ao invés de parear com a
base citosina, podendo passar despercebido durante a replicacdo do DNA e
induzir mutagdes (Cooke et al., 2003; German et al., 2013; Kasymov et al.,

2013).

Como forma de defesa contra os efeitos deletérios das ERO, as células
desenvolveram sistemas antioxidantes, de adaptagao e vias de reparo como o
reparo por excisdo de bases (BER), reparo por excisdo de nucleotideos (NER),

recombinacdo homdloga (HR) e recombinagcdo nao homdéloga (NHEJ)
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(McCullough et al., 1999; Hoeijmakers, 2001; Picada et al., 2003; Sancar et al.,
2004; Agnoletto, 2006; Jackson e Bartek, 2009; Ciccia e Elledge, 2010;

Berquist e Wilson, 2012; Damasceno, 2013; German et al., 2013).

O sistema de defesa antioxidante visa neutralizar espécies reativas,
evitando danos as estruturas celulares. Para Halliwell e Gutteridge (1995),
caracteriza-se como antioxidante qualquer substéncia que, quando presente
em baixas concentragcdes, em comparacdo com um substrato oxidavel, impede
os danos oxidativos de moléculas alvo. Segundo Lépez-Alarcon e Denicola
(2013), a acao antioxidante engloba a regulacdo positiva de enzimas
antioxidantes e desintoxicantes, modulacao do redox celular e a expressao de
genes, além de neutralizar os danos produzidos pela agao de radicais livres.
Participam deste processo as enzimas superdoxido dismutase (SOD), catalase
(CAT) e glutationa peroxidase (GPx) (Barbosa et al., 2010; Reczek e Chandel,
2015), assim como as proteinas ligadas ao ferro, transferrina e ferritina,
coenzima Q10, dentre outras, além dos antioxidantes adquiridos pela dieta,
como as vitaminas C, E, A e os compostos flavonoides (Forbes-Hernandez et
al., 2014; Vasconcelos et al., 2014). Cabe ressaltar que, dependendo de sua
concentragdo, muitos destes compostos podem agir como antioxidantes ou
pré-oxidantes (Aust, 1995; Duarte e Lunec, 2005; Villanueva e Kross, 2012;

Carocho e Ferreira, 2013).

A SOD é uma metaloproteina localizada na matriz mitocondrial (SOD-
Mn), no espacgo intermembrana mitocondrial e no citoplasma da célula (SOD-
CuZn). Catalisa a dismutagdo do anion superoxido em oxigénio molecular e

peréxido de hidrogénio (20, + 2H+ — O + Hy0;). Varios estudos
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correlacionam alteragdes na SOD com doencgas degenerativas (Buettner, 2011;
Candas e Li, 2014). Outra enzima que catalisa o peroxido de hidrogénio em
agua é a CAT (H202, — 1/2 O, + H20). Esta enzima esta presente em todos os
tecidos e contém um atomo de ferro™ em cada uma de suas quatro
subunidades. A literatura associa doencas metabdlicas, como o diabetes, com
mutagdes no gene da CAT (Camara et al., 2010; Angeli, 2011). Da mesma
forma que a CAT, a GPx transforma o perdxido de hidrogénio em agua. Sua
atividade depende da glutationa reduzida (GSH), por meio de NADPH, que é
oxidada (GSSG), conforme a reagédo: 2GSH + H,0, — 3GSSG + 2H,0 ou
2GSH + ROOH — GSSG + ROH + H»0 (Angeli, 2011). Baixos niveis de GPx
podem estar correlacionados com doengas cardiovasculares (Arthur, 2000).
Para a manutencdo de um nivel basal de GSH no organismo, a conversao de
GSSG em GSH é catalisada pela enzima glutationa redutase (GSSG + NADPH
+ H" — 2GSH + NADP") (Arthur, 2000; Camara et al., 2010). Além disso, o
tratamento com N-acetilcisteina (NAC), um aminoacido precursor da glutationa,
poderia proteger as células de danos oxidativos por meio da manutengédo dos
niveis deste peptideo (Raza et al., 2014). Outras proteinas antioxidantes séo as
tiorredoxinas (Trx), com agao sobre diferentes substratos, como o peroxido de
hidrogénio, peroxinitrito e hidroperdoxidos organicos. Sua atividade é regulada
por fosforilagdo de um residuo de cisteina, catalisando as reagdes: H,O, +
Trx(SH)2 — 2H,0 + Trx(SS) e R-0O-OH + 2 RSH — R-OH + H,O + RSSR

(Camara et al., 2010).

Segundo Kannan et al. (2014), células com maior numero de
mitocdndrias podem apresentar maior absor¢gao de oxigénio e suportar maior

nivel de ERO, bem como o acumulo de mutagcdes por oxidagcdo do DNA.
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Hipoteses como estas podem estar relacionadas com a adaptagao celular ao
estresse oxidativo e maior predisposi¢cao a doengas tumorais. Além do mais,
falhas nos processos de reparo ou na indugdo de morte celular estédo
envolvidas com a etiopatogenia de diversas doencgas hereditarias,
degenerativas e tumorais (Barzilai et al., 2002; Barzilai e Yamamoto, 2004;
David et al., 2007; Ziech et al., 2010; Kryston et al., 2011; Vurusaner et al.,
2012; Federico et al., 2012; Wallace et al., 2012; Yan et al., 2013; Bogeski e
Niemeyer, 2014; Mofluoglu et al., 2014; Pagano et al., 2014; Scott et al., 2014;
Wang et al., 2014), como ocorre nas sindromes de Cockayne, Xeroderma
Pigmentoso e Anemia de Fanconi, bem como nos defeitos de desenvolvimento,
anomalias neuroldgicas e envelhecimento precoce (Da Silva e Ferrari, 2011;

Berquist e Wilson, 2012; Dizdaroglu, 2012).

A ativagdo da resposta ao dano no DNA é mediada por proteinas
cinases e poli (ADP-ribose) polimerase (PARP), comumente ativadas pela
ruptura nas fitas de DNA (SSB ou DSB) e formacao de sitios abasicos no DNA
(Huber et al., 2004; Ciccia e Elledge, 2010; Ko e Ren, 2012; Gospodinov e
Herceg, 2013). A poli (ADP-ribose) polimerase 1 (PARP-1) é a mais abundante
de uma familia de 18 proteinas que atuam em diversas vias, como na
replicacdo do DNA e na regulagcdo de processos celulares como transcrigao,
diferenciacao celular, atividade da telomerase, organizagdo do citoesqueleto e
reparo do DNA (Damasceno, 2013). A PARP-1 atua como um sensor de danos
no DNA e, quando ativada, pode contribuir para a sinalizacdo de proteinas
envolvidas no reparo do DNA, colaborando para a estabilidade genémica e a
sobrevivéncia celular (Bouchard et al., 2003; Lilyestrom et al., 2010; Ko e Ren,

2012). PARP-1 media o acumulo de proteinas cinases do complexo MRN
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(Mre11, Rad 50 e Nbs1) que identificam quebras nas fitas do DNA e recrutam
duas proteinas transdutoras, Ataxia Telangiectasia mutada (ATM) e Ataxia
Telangiectasia relacionada (ATR), que promovem a fosforilagdo de outras
proteinas efetoras no processo de reparo do DNA (Huber et al., 2004; Lisby et
al., 2004; Guo et al., 2010; Polo e Jackson, 2011; Williams et al., 2011; Chen et
al., 2012; Ditch e Paull, 2012; Hegde et al., 2012; Ray et al., 2012; Gobbini et
al., 2013). Além disso, PARP-1 e PARP-2 também ativam modificagcbes em
histonas pela fosforilacdo de yH2AX, contribuindo para a expanséao local da
cromatina, dependente de ATP, a fim de possibilitar o acesso dos fatores
envolvidos no reparo do DNA ao local da lesdo (Huber et al., 2004; Yélamos et
al., 2008; Ciccia e Elledge, 2010; Zhu e Wani, 2010; Ko e Ren, 2012). Outras
alteracdes, como a acetilagcdo e desacetilacdo, também desempenham papel
fundamental no reparo de DSBs, promovendo o relaxamento de histonas pela
diminuicdo da interagcdo N-terminal destas proteinas com grupos fosfato do

DNA (Tamburini e Tyler, 2005).

As proteinas sirtuinas, em especial a SIRT-1, também atuam na
homeostase bioenergética celular e no controle da transcrigdo por meio de
acetilacédo, agindo em diversos locais como nucleo, citoplasma e mitocondria
(Chang e Guarente, 2014). Sirtuinas sdo proteinas dependentes de NAD", e
contribuem na regulagdo da resposta ao estresse oxidativo (Liu et al., 2009;
Nakagawa e Guarente, 2011; Cho et al., 2013), além de atuar no reparo de
DSBs (Rahman e Islan, 2011). Como a ativagdo de PARP-1 consome NAD?,
leva a diminuicdo da atividade de SIRT-1. Ja a inibicado de PARP-1 conserva os
niveis de NAD", modulando a atividade de SIRT-1, importante no controle de

doencgas metabdlicas e tumorais (Deng, 2009; Bai et al., 2011).
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A PARP-1 desempenha papel chave ativando a via do BER (Sodhi et al.,
2010), que atua primariamente no reparo da 8-oxoG. As proteinas DNA
glicosilases OGG1 removem a 8-0xoG do par 8-oxoG+C e as MUTYH do par 8-
oxo0G+A, gerando um sitio apurinico (AP) no DNA (Lu et al., 2001; Paz-Elizur et
al., 2008). Apos a identificacdo e remogao da base alterada por endonucleases,
a DNA polimerase e a DNA ligase restabelecem a integridade da fita do DNA
concluindo o processo de reparo (David et al., 2007), conforme ilustrado na
Figura 3. Sperotto et al. (2013) correlacionaram o dano oxidativo no DNA,
induzido pelo 6leo essencial de P. gaudichaudianum, em Saccharomyces

cerevisiae, com o BER.
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Figura 3: Mecanismo de reparo da via curta do BER na remogao da 8-oxoG:
Apos a identificagdo do dano (G-O), as DNA glicosilases OGG1 e MUTYH, em
conjunto com endonucleases, removem a base alterada, gerando um sitio AP.
A proteina PARP1 atua neste processo como um sensor de danos, atuando no

reparo de quebras de fita simples (SSBs) no DNA. PARP1 inicia a sintese do
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polimero de PADPR, o que promove sua ativagdo, e adiciona polimeros de
ribose em outras proteinas, como a DNA polimerase B e a DNA ligase,
recrutando-as para o reparo no DNA que é fielmente reconstituido. PARP1 e
SIRT1 sdo dependentes de NAD" e a ativacdo de uma promove a inibicdo da
outra (adaptado de David et al., 2007; Ko e Ren, 2012).

Todavia, dependendo da extensao do dano no DNA ou da inibigdo da
atividade das proteinas envolvidas no processo de reparo, pode ocorrer a
parada no ciclo celular e a ativacdo da morte celular por apoptose e/ou necrose
(Boonstra e Post, 2004; Kroemer et al., 2007; Cairrao e Domingos, 2010).
PARP-1 pode induzir a morte celular por apoptose ou necrose e a transcricdo
de genes pro-inflamatorios (Sodhi et al., 2010), pois toda a atividade da PARP
ocorre com deplegao energética celular e sua ativagdo consistente pode levar a
morte celular por necrose, decorrente do colapso celular (Ying, 2008). Na morte
celular por apoptose, a PARP-1 (113 kDa) sinaliza a liberagao de AIF (fator
indutor de apoptose) da mitocondria para o nucleo, promovendo a clivagem da
PARP-1 em 2 fragmentos, de 24 kDa e 89 kDa, pelas caspases 3 e 7.
Pressupbe-se que isto ocorra, provavelmente, para preservar o ATP celular,
inibindo o processo de reparo da célula, poupando a energia para 0s processos

de morte por apoptose (Bouchard et al., 2003; Sodhi et al., 2010).

Na terapia contra o cancer, a inibicdo da PARP-1 pode aumentar a
eficiéncia da terapia antitumoral, por impedir a inflamacao por necrose induzida
pela superexpressao de PARP-1, decorrente do dano no DNA (Giansanti et al.,
2010). Javle e Curtin (2011) destacam o uso de inibidores da PARP (PARPI)
como potencializadores no tratamento contra o cancer, pois estes PARPI
atuariam em tecidos deficientes no mecanismo de reparo por recombinacéo

homdloga (RH), sem danificar os tecidos normais.
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Tendo em vista as diferentes propriedades biolégicas atribuidas ao 6leo
essencial de P. gaudichaudianum, ainda ha a necessidade de uma melhor
compreensao sobre o seu mecanismo de agado. Neste sentido, este trabalho
busca contribuir para o conhecimento dos processos celulares e moleculares

envolvidos na citotoxicidade do 6leo essencial de P. gaudichaudianum.
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2. Objetivos

2.1. Objetivo Geral

A proposta deste trabalho é ampliar o conhecimento sobre os
mecanismos envolvidos na citotoxicidade do 6leo essencial das folhas de P.
gaudichaudianum em células de fibroblastos de pulmdo de hamster chinés

(V79).

2.2. Objetivos especificos

a) Identificar a composigcdo quimica do Oleo essencial de P.
gaudichaudianum, utilizando as técnicas de cromatografia gasosa com
ionizagdo de chama (GC-FID) e cromatografia gasosa acoplada a

espectrometria de massa (GC-MS).

b) Avaliar a viabilidade celular apés o tratamento com diferentes
concentragdes do 6leo essencial de P. gaudichaudianum utilizando o ensaio de

azul de trypan.

c) ldentificar o tipo de morte celular induzida pelo 6leo essencial de P.

gaudichaudianum utilizando marcagado com anexina V-PE e 7-AAD.

d) Avaliar a interferéncia do 6leo essencial de P. gaudichaudianum no

potencial mitocondrial através de marcacdo com rodamina 123.

e) Verificar a formagcdo de espécies reativas induzidas pelo 6leo

essencial de P. gaudichaudianum utilizando a marcagédo com DCFH.
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f) Analisar a atividade das enzimas envolvidas na resposta ao estresse
oxidativo, superoxido dismutase e catalase, apos o tratamento com o 6leo

essencial de P. gaudichaudianum.

g) Verificar a acdo da N-acetilcisteina na citotoxicidade induzida pelo

Oleo essencial de P. gaudichaudianum.

h) Verificar o nivel de expressdo das proteinas SIRT-1 e PADPR apoés

tratamento com o 6leo essencial de P. gaudichaudianum.
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3. Artigo cientifico

“Piper gaudichaudianum essential oil triggers cell death by necrosis through
mitochondrial dysfunction and ROS-dependent mechanisms involving PARP

activation”

Fabiana Ramos, Dinara Jaqueline Moura, Ana Moira Moras, Paula Pellenz Tomasini,

Veronica Bidinotto Brito, Valéria Flores Péres, Jenifer Saffi

O artigo sera submetido para publica¢do na Revista “Food and Chemical Toxicology”

Para facilitar a leitura do artigo, as figuras foram introduzidas ao longo do texto.
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Abstract

The Piper gaudichaudianum Kunth essential oil (EO) has pharmacological
properties such as anti-inflammatory, antimicrobial and antitumor activities as a result
of the synergistic action of its major components. In order to improve the understanding
of the cytotoxicity and the mechanism of action of the EO in mammalian cells, our
study aims to evaluate the chemical composition of the EO, as well as cell viability,
mitochondrial function, formation of free radicals, proteins involved in cellular response
and induction of cell death after 3 h and 24 h of treatment with different concentrations
of EO. 93.32% of EO components were identified by GC-FID and GC-MS. The major
components were (E)-nerolidol (31.13%) and a-humulene (14.83%). The EO decreased
the percentage of viable V79 cells, exerting dose-dependent cytotoxic effect, with IC50
4.15 pg/ml and 4.49 pg/ml, after 3 h and 24 h treatment, respectively; increased
mitochondrial depolarization, indicating that mitochondrial membranes are damaged by
permeabilization; increased ROS production and reduced SOD activity, resulting in a
pro-oxidant state; increased PADPR and decreased SIRTI1 levels, acting in the cell
death induction, by necrosis and late apoptosis. Furthermore, pretreatment of cells with
N-acetyl cysteine (2 mM) restored cell viability, confirming the involvement of ROS in
mediating the induced effects. Therefore, this work is an important contribution to the
understanding of the cytotoxicity and the mechanism of action of the EO in mammalian

cells.

Keywords: Piper gaudichaudianum Kunth, essential oil, citotoxity.
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1. Introduction

Medicinal plants have been used over time, always with growing interest in the
research and development of new drugs containing their active principles (Chen et al.,
2011; Gurib-Fakim, 2006; Monteiro et al., 2014; Rai et al., 2011; Shu, 1998). Essential
oils are natural and volatile aromatic compounds, consisting of a variety of terpenes and
terpenoids (Bakkali et al., 2008). They can be extracted from different parts of the plant
by different methods, among them hydrodistillation (Ferhat et al., 2006), and their
composition can be analyzed through gas chromatography coupled to mass
spectrometry (GC/MS) (Bakkali et al., 2008; Baser and Buchbauer, 2010; Smelcerovic
et al.,, 2013). Essential oils have biological properties such as analgesic, anti-
inflammatory (Fernandes et al., 2007), bactericidal, virucidal, fungicidal (Boire et al.,
2013; Schmit and Riffel, 2010), antiparasitic (Ferraz et al., 2010; Marques, et al., 2011),
insecticidal and larvicidal (De Morais et al., 2007; Dias and Moraes, 2014; Ferraz et al.,
2010; Mithofer and Boland, 2012), with applications in medicine, agriculture and food
industry (Frutuoso et al., 2013; Gutierrez et al., 2013). Some studies characterized some
essential oils as antioxidants (Anthony et al., 2012; Ruberto and Baratta, 2000) and
antitumoral agent (Legault et al., 2003; Legault and Pichette, 2007; Lesgards et al.,
2011; Lesgards et al., 2014; Monteiro et al., 2014). On the other hand, other studies
show that essential oils may have pro-oxidant effects by acting on cell membranes and
organelles such as mitochondria (Forbes-Hernandez et al., 2014). These effects are
dependent on the concentration used and the synergism of the major compounds of the
EO (Bakkali et al., 2008). They can induce cytotoxicity, genotoxicity and mutagenicity
(Bakkali et al., 2008; Tisserand and Young, 2014.). Cytotoxicity appears to be related to
the formation of reactive oxygen species (ROS) and induction of cell death by apoptosis

and/or necrosis (Gautam et al., 2014; Jo et al., 2012).
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The family Piperaceae comprises about three thousand species distributed in
eight genera, of which Piper and Peperomia are the largest (Callejas, 1989, 1990;
Callejas and Johnson, 1989; Meurer-Grimes, 1989; Luziatelli et al., 2010; Yuncker,
1958, 1961), with 265 and 166 described species in Brazil, respectively, which were
found particularly in the Atlantic Forest (Bardelli et al., 2008; Carvalho-Okano and
Alves, 1998; Cavalheiro et al., 2013; Figueiredo and Sazima, 2000; Medeiros, 2006;
Sarnaglia Junior et al., 2014). The species Piper gaudichaudianum Kunth belongs to the
Piperaceae family and is popularly known as jaborandi or iaborandi, or as murta and
pariparoba (Di Stasi and Hiruma-Lima, 2002). In folk medicine, the leaves of P.
gaudichaudianum are used to relieve toothache, and several studies have been
conducted to identify analgesic, anti-inflammatory and antifungal activities (Di Stasi et

al., 2002; D1 Stasi and Hiruma-Lima, 2002; Péres et al., 2009).

The first published work on P. gaudichaudianum species deals with the analysis
of the essential oil and phytochemical study of the leaves, reporting as major
compounds flavonoids, triterpenes and alkaloids (Gutierrez et al., 2013; Parmar, 1997).
Our group started the study on the essential oil of P. gaudichaudianum (EO) with Péres
et al. (2006a, 2006b, 2009) by investigating the chemical composition, as well as
cytotoxicity, mutagenicity and genotoxicity of the EO in Chinese hamster fibroblasts
lung cells (V79 cells). Oxidative damage was probably the cause of genotoxic damage;
however, we have suggested the need for further testing to validate this hypothesis.
Continuing, Sperotto et al. (2013) suggested that neither the essential oil nor one of its
major compounds, nerolidol, were mutagenic. The authors also claimed that the
cytotoxicity induced by the EO was related to the formation of oxidative lesions,

nerolidol being primarily responsible for biological effects induced by the EO.



71

Some of the components present in the EO, such as nerolidol, caryophyllene and
a-humulene, have cytotoxic activity against tumor cells (Legault et al., 2003; Loizzo et
al., 2007; Sylvestre et al., 2007). There is evidence that the lipophilic character of the
essential oil may affect the structure of cell walls and membranes, particularly
mitochondrial membranes, which may interfere with the cellular redox state as a result
of a pro-oxidant effect. This might cause damage to lipids, proteins and DNA, inducing
apoptosis and/or necrosis (Bakkali et al., 2008; Gautam et al., 2014; Lesgards et al.,
2014; Ueta et al., 2008). In order to improve the understanding of the cytotoxicity and
the mechanism of action of the EO in mammalian cells, our study aims to evaluate the
chemical composition of the essential oil, as well as cell viability, mitochondrial
function, free radicals formation, proteins involved in the oxidative stress response and

cell death induction in V79 cells after treatment with P. gaudichaudianum essential oil.

2. Materials and methods

2.1. Materials

Dulbecco’s modified Eagle Medium (DMEM), fetal bovine serum (FBS),
trypsin—ethylenediaminetetraacetic  acid  (EDTA),  L-glutamine,  antibiotics
(penicillin/streptomycin) were purchased from Gibco BRL (Grand Island, NY, USA).
Annexin V-Phycoerythrin (PE) and 7-Amino-Actinomycin (7-AAD) were purchased
from BD Biosciences (San Diego, CA). Trypan blue, hydrogen peroxide (H,0,), 2°,7’-
dichlorofluorescein diacetate (DCFH-DA), dimethylsulfoxide (DMSO) and rhodamine
123 were purchased from Sigma—Aldrich (St. Louis, MO, USA). Anti-PADPR antibody
and horseradish peroxidase-conjugated anti-mouse IgGs were supplied by Abcam

(Cambridge, UK). Anti-SIRT1 and anti-actin specific antibodies, horseradish
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peroxidase-conjugated anti-rabbit and anti-mouse IgGs were purchased from Santa Cruz

Biotechnology (Dallas, TX, USA). All others reagents were analytical grade.

2.2. Sample

The leaves of P. gaudichaudianum were acquired from Riozinho (Rio Grande do
Sul) in January, 2013. The leaves were dried outdoors in the shade. The essential oil
was obtained by hydrodistillation process for 4 h, using a Clevenger type apparatus, in
accordance with the method recommended by the British Pharmacopoeia Commission
(2013), producing 0.5% (w/v) of essential oil. The oil was dried over anhydrous sodium
sulfate and stored in a closed dark vial at 4 °C until use. The essential oil was diluted

(1:100 v/v) in hexane prior to GC-FID and GC-MS.

2.3. Analysis by Gas Chromatography-Flame Ionization (GC-FID) and Gas

Chromatography-Mass Spectrometry (GC-MS)

Analyses were performed with a Shimadzu GC-FID (Model G17A) and two
capillary columns: OV-05 and Supelcowax 10 (60 m x 0.25 mm i.d., film thickness 0.25
um). A Shimadzu GC-MS (Model QP5050-A) was also employed using 70 eV as the
ionization energy in the electron impact mode. The carrier gas was helium with a flow
rate of 1 mL/min. Initial column temperature for the OV-05 was 60 °C and it was
programmed to reach 250 °C at a rate increase of 3 °C/min. For the Supelcowax the
temperature program was set to start at 40 °C with a rate increase of 3 °C/min to a final
temperature of 220 °C. Triplicate analyses were performed in both chromatographic
systems with 1 uL of a 1% (v/v) hexanic solution of the essential oil. Compounds were
identified by (I) comparison of their retention indexes (RI) relative to C9-C22 n-alkanes
obtained on OV-05 columns, with those provided in the literature and (II) comparison

of their mass spectra with those recorded in NIST 08 (National Institute of Standards
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and Technology) and Wiley 275 libraries or with mass spectra from the literature
(Adams and Dev, 2010). The percentage composition of the essential oil was computed
by the normalization method from the GC peak areas, assuming identical mass response
factor for all compounds. Results were calculated as mean values of two injections from
essential oil, without using correction factors. All determinations were performed in

triplicate and averaged.

2.4. Cell culture and treatments

V79 cells were cultured under standard conditions in DMEM supplemented with
10% heat-inactivated FBS, 0.2 mg/mL L-glutamine, 100 IU/mL penicillin, and 100
png/mL streptomycin. Cells were kept in tissue-culture flasks at 37 °C in a humidified
atmosphere containing 5% CO, and harvested by treatment with 0.15% trypsin-0.08%
EDTA in PBS. The EO, dissolved in DMSO, was added to FBS-free media to achieve
the different designed concentrations (1, 2.5, 5 and 10 pug/mL). The final DMSO
concentration in the media never exceeded 0.2%, and the negative control was exposed
to an equivalent concentration of solvent. Hydrogen peroxide (H,0O,) and doxorubicin
were used as a positive controls. Cells (5 x 10° cells) were seeded in complete media
and grown for one day prior to treatment with the essential oil. The cells were treated
for 3 h and 24 h under standard conditions. After treatment, cells were analyzed with
trypan blue (survival), DCFH-DA (reactive species formation), rhodamine
(mitochondrial function), Annexin V-PE and 7-AAD (cell death). To measure SOD and

CAT activity, 1 x 10° cells were grown overnight before treatment, as described below.
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2.5. Trypan blue exclusion assay (TB)

Cell viability was measured by TB exclusion, as previously described by Uliasz
and Hewett (2000). Briefly, after treatment cells were detached using trypsin,
resuspended in PBS, stained with trypan blue, and counted using a Neubauer chamber,
and then their viability was calculated. The survival was calculated as a relative

percentage to the survival of the negative control (considered 100% viability value).

2.6. Assessment of cell death by flow cytometric analysis

Annexin V-PE was used in conjunction with a vital dye, 7-AAD, to distinguish
apoptotic (Annexin V-PE positive, 7-AAD negative) from necrotic (Annexin V-PE
positive, 7-AAD positive) cells. After treatment, cells were trypsinized, collected and
resuspended in 40 pL of binding buffer with 2 ul. Annexin V-PE. Cells were incubated
for 15 min in the dark at room temperature. After incubation, 160 puLL of binding buffer
and 2 pL of 7-AAD were added. Cells were incubated for 5 min and additional 200 uL
of binding buffer were added. Before analysis, cells were filtered through a cell strainer
cap fitted to a polystyrene round bottom flow cytometric tube. Data were collected and
analyzed by a FACS Calibur flow cytometer with CellQuest software, in a total of
10,000 events per sample; fluorescence was quantified and the percentage of viable,

early apoptotic, late apoptotic and necrotic cells was determined.

2.7. Rhodamine assay to determination of mitochondrial depolarization

Transmembrane mitochondrial potential was evaluated wusing Rho-123
incorporation according to the method described by Marinho-Filho et al. (2010). Rho-
123 is a cell-permeable, cationic, fluorescent dye that is readily sequestered by active

mitochondria without inducing cytotoxic effects. After treatment cells were washed and
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incubated with Rhodamine 123 for 15 min in the dark at 37 °C. After incubation, cells
were washed and incubated with PBS for 30 min in the dark. Rho-123 fluorescence was
measured using 488 nm excitation and 530/30 nm band pass emission filters using a
FACS Calibur flow cytometer with CellQuest software. A total of 10,000 events were
quantified per sample and the percentage of mitochondrial depolarization was

determined.

2.8. DCFH-DA assay for the determination of ROS generation

Levels of intracellular ROS were estimated after different treatments using 2',7'-
dichlorofluorescein diacetate (DCFH-DA) as a fluorescent probe. The dye is a non-polar
compound that readily penetrates into cells. Intracellular peroxides oxidize DCFH-DA
to a highly fluorescent compound 2°-7’-dichlorofluorescein (DCF) (Kumar et al., 2014).
After treatment cells were washed and incubated with 10 uM DCFH-DA for 30 min at
37 °C in the dark. After incubation, cells were washed with PBS and analyzed using
FACS Calibur (Becton Dickinson, San Jose, CA, USA). The DCFH-oxidation was
measured using 488 nm excitation and 530/30 nm band pass emission filters. As a rule,
10,000 cells were counted in each experiment. The Cell Quest software (Becton
Dickinson) was used to calculate the mean fluorescence. Data were expressed as

percentages of control values.

2.9. SOD and CAT activity determination

SOD activity was evaluated by quantifying the inhibition of superoxide-
dependent autoxidation of epinephrine, verifying the absorbance of the samples at 480
nm (Misra and Fridovich, 1972). Briefly, to each sample aliquots were added a mixture
containing 50 mM Glycine buffer pH 10.2 and 10 mM catalase. After that, epinephrine

was added and the absorbance was immediately recorded each 30s for 12 min at
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480 nm in SpectraMax M Microplate Reader (Molecular Devices, Sunnyvale, CA,
USA). The inhibition of autoxidation of epinephrine occurs in the presence of SOD,
whose activity can then be indirectly assayed spectrophotometrically. One SOD unit is
defined as the amount of SOD necessary to inhibit 50% of epinephrine autoxidation and
the specific activity is reported as SOD Units/mg protein. CAT activity was assayed
according to the method described by Aebi (1984), based on the disappearance of H,O,
at 240 nm. Briefly, each sample aliquots were added to 20 mM potassium phosphate
buffer pH 7.2. Subsequently, 10 mM H,0O, were added and the absorbance was
immediately recorded each 30 s for 10 min at 240 nm using SpectraMax M*® Microplate
Reader. One CAT unit is defined as one pumol of H,O, consumed per minute and the

specific activity is calculated as CAT Units/mg protein.

2.10. Effect of N-acetyl cysteine on P. gaudichaudianum essential oil-induced V79 cell

death

To investigate the mechanism underlying the EO effect, V79 cells were initially
pretreated for 2 h with NAC (2 mM), cells were then washed and treated with EO at 2.5,
5 and 10 pg/mL. Cell viability, using trypan blue assay, was then evaluated after 3 h,

and compared to cells treated only with EO.
2.11. Protein expression analyses

After treatment, cells were lysed in lysis buffer [SO mM Tris-HCI, 200 mM
NaCl, 1 mM EDTA, 1% DMSO, 1 mM PMSF, plus protease inhibitors EDTA-free
tablets (Roche)]. Proteins were first separated by SDS-PAGE (10%) and then
transferred to a nitrocellulose membrane. Nitrocellulose sheets were then blocked by
incubation with blocking buffer (3% BSA and 0.05% Tween 20 in PBS) for 2 h at room

temperature. Afterwards, membranes were incubated with a monoclonal anti-PADPR
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antibody (1:1000) or polyclonal anti-SIRT1 antibody (1:1000) in blocking buffer for 18
h. The monoclonal anti-actin antibody was used as a constitutive control. Assays were
performed in triplicate. Secondary antibodies peroxidase-conjugated (1:3000) were then
used and visualized using an ECL advanced western blotting detection kit. Photos of

protein bands were taken by Molecular Imager Gel Logic 2200 (Carestream, Rochester,

NY, USA).

2.12. Statistical analysis

All experiments were independently repeated at least three times, with triplicate
samples for each treatment. Results are expressed as means + standard deviation (SD).
Data were analyzed by one-way analysis of variance (ANOVA), and means were

compared using the Dunnets test, with P < 0.05 considered as statistically significant.

3. Results

3.1. Essential oil analysis

Composition of the essential oil of the P. gaudichaudianum leaves was
established by GC-FID and GC-MS and 53 components in total were identified
representing 93.32 % of essential oil. Table 1 shows the identified compounds and their
percentages obtained by GC-FID as well as the retention times listed in order of their

elution from the capillary column used.



Table 1. Composition of the P. gaudichaudianum essential oil.
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Compounds % RI*  Identification

1 n.i. 0,11 - -

2 Tricyclene 0,09 935 MS, RI
3 a-Pinene 0,38 936 MS, RI
4 n.i. 0,09 940 -

5 B-Pinene 0,28 983 MS, RI
6 Myrcene 0,23 987 MS, RI
7 Linalool 0,21 1099 MS, RI
8 A-Elemene 0,56 1338 MS, RI
9 a-Copaene 0,41 1383 MS, RI
10 B-Bourbonene 0,09 1393 MS, RI
11 B-Elemene 0,82 1395 MS, RI
12 a-Gurjunene 0,11 1417 MS, RI
13 n.i. 0,25 1428 -

14 (E)-Caryophyllene 6,79 1431 MS, RI
15 Elemene gamma 0,21 1435 MS, RI
16 n.i. 0,12 1440 -

17 a-Guaiene 0,47 1443 MS, RI
18 Aromadendrene 1,90 1450 MS, RI
21 Muurola-3,5-diene trans 0,10 1456 MS, RI
22 a-humulene 14,83 1469 MS, RI
23 Allo-aromadendrene 2,48 1472 MS, RI
24 Gurjunene gamma 0,61 1483 MS, RI
25 Muurolene gamma 1,68 1486 MS, RI
26 Germacrene D 0,81 1491 MS, RI
29 Germacrene A 2,55 1501 MS, RI
30 Butylated hydroxytoluene 5,66 1506 MS, RI
31 a-Bulnesene 0,84 1511 MS, RI
32 n.i. 0,08 1513 -

33 Cadinene gamma 0,80 1522 MS, RI
34 Cadinene delta 0,90 1525 MS, RI
35 Calamenene trans 0,26 1529 MS, RI
36 n.i. 0,13 1531 -

37 Nerolidol Z 0,10 1534 MS, RI
38 Cubebol 10-epi 0,14 1539 MS, RI
39 Cadinene alpha 0,09 1545 MS, RI
40 Calacorene alpha 0,05 1551 MS, RI
41 Elemol 0,29 1556 MS, RI
42 n.i. 0,17 1559 -

43 (E)-Nerolidol 31,13 1566 MS, RI
44 Longipinanol 0,29 1574 MS, RI
45 n.i. 0,24 1584 -

46 Spathulenol 2,80 1590 MS, RI
47 Caryophyllene oxide 3,33 1597 MS, RI
48 Globulol 0,79 1600 MS, RI
49 viridiflorol 0,18 1609 MS, RI



50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74

Bisabolol-11-0l Z

Eudesmol 10-epi-gamma
Citronellyl pentanoate
Alloaromadendrene epoxy-allo
n.i.

ni

n.i.
Caryophylla-4(12),8(13)-dien-5.alpha-ol
Muurolol alpha

Cadinol alpha

n.i.

n.i.

n.i.

Valerianol

Bulnesol

n.i.

Caryophyllene 14-hydroxy-9-epi-(E)
abaixo do S/N

n.i.

Bisabolol alpha

n.i.

n.i.

n.i.

n.i.

n.i.

Total identified

0,63
0,73
5,55
0,31
1,40
0,22
1,43
0,41
0,46
0,24
0,19
0,45
0,70
0,55
0,71
0,71
0,41
0,00
0,10
0,08
0,04
0,06
0,04
0,05
0,08
93,32

1613
1620
1626
1631
1638
1644
1647
1651
1652
1654
1654
1667
1667
1669
1672
1672
1681
1684
1688
1693
1697
1704
1742
1754
1824

MS, RI
MS, RI
MS, RI
MS, RI
MS, RI
MS, RI
MS, RI
MS, RI
MS, RI
MS, RI
MS, RI
MS, RI
MS, RI
MS, RI
MS, RI
MS, RI
MS, RI
MS, RI
MS, RI
MS, RI
MS, RI
MS, RI
MS, RI
MS, RI
MS, RI
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a = The retention index on the OV-05 column relative to C8 to C22 n-alkanes.

3.2. Cytotoxicity in V79 cells

Dose-dependent changes in the viability of EO-treated cells were evaluated

based on their effects on cell growth. As previously demonstrated by our group (Péres et

al., 2009), results indicated that the essential oil exerts cytotoxic effect in a dose-

responsive manner in both treatment times used (3 h and 24 h) (Figure 1). The response

parameter (ICsy) was calculated and shows similar values regardless the treatment time,

with values of 4.15 pg/mL and 4.49 ug/mL after 3 h and 24 h treatments, respectively.

Since the cell death profile was very similar in both times of treatment used, the

investigation of the cell death mechanism induced by EO was then conducted after 3 h

of exposure.
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Figure 1. Cytotoxic effects of EO oil upon V79 cells, after 3 h and 24 h treatment, by
trypan blue exclusion assay. Results are expressed as mean percentage in treated cells
compared to control (solvent) + standard deviation of three independent experiments. In
detail the ICsy value for each cell line. *Significant difference as compared to negative
control treatment at P<0.05; **P<0.01; ***P<0.001/One-way ANOVA/Dunnett's

Multiple Comparison Test.

3.3. Cell death type determination

To verify the type of cell death induced by treatment of V79 cells with EO, flow
cytometry analysis was conducted using dual staining with annexin V-PE and 7-AAD,
which were used to distinguish viable, early apoptotic, late apoptotic or necrotic cells.
As expected, there is a decrease in viable cells (unlabeled with either annexin-V or 7-
AAD) treated with increasing concentrations of EO (Figure 2). After 3 h of treatment
with EO at the highest tested concentration (10 pg/mL), approximately 24% of the V79
cells were in necrosis (labeled with 7-AAD), 25% of cells were in late apoptosis
(labeled with both annexin V-PE and 7-AAD), and 12% in apoptosis (Figure 2). A

similar profile of cell death was observed at 5 ug/mL of EO.
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Figure 2. Cell death induction in V79 cells after P. gaudichaudianum essential oil
treatment. Quantification of the viable cells (unlabeled with either annexin-V or 7-
AAD), early apoptosis (labeled with annexin V-PE), late apoptosis (labeled with both
annexin V-PE and 7-AAD) and necrosis (labeled with 7-AAD). a) Bars represent the
mean =+ standard deviation of three independent experiments in triplicate. b)
Representative dot blot of the cell death profile and the quadrants represent, LL: Viable
cells, LR: early apoptotic cells, UL: necrotic cells and UR: late apoptotic. *Significant
difference as compared to negative control (NC) treatment, in each type of labeling, at
P<0.05; **P<0.01; ***P<0.001/One-way ANOVA/Dunnett's Multiple Comparison
Test. The negative control (NC) was treated with the vehicle (DMSO) used to dilute the
essential oil. Doxorubicin was used as positive control (PC). The percentage of annexin-
V-positive cells was determined in the whole-cell population (10,000 cells) by FACS

Calibur flow cytometry and Cell Quest software.



82

3.4. Alteration in mitochondrial potential

To examine the role of mitochondria in the EO-induced effect on V79 cells, the
effect of varying essential oil concentration was determined by rhodamine cell
incorporation. Our flow cytometry results with V79 cells showed that, after treatment
with EO, there is an alteration in mitochondrial function resulting in depolarization of

this organelle (Figure 3).
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Figure 3. Evaluation of P. gaudichaudianum essential oil on V79 cells mitochondrial
depolarization at the indicated concentrations for 3 h. a) Bars represent the mean +
standard deviation of three independent experiments in triplicate. b) Representative
histogram as measured of thodamine cell incorporation. In detail the overlay of negative
control (NC) and 10 pg/mL treatments. The NC was treated with the vehicle (DMSO)
used to dilute the essential oil. Hydrogen peroxide was used as positive control (PC).

*Significant difference as compared to negative control treatment at P<0.05; **P<0.01;

**#%P<0.001/One-way ANOVA/Dunnett's Multiple Comparison Test.
3.5. ROS generation
In previous studies, our research group described EO as having cytotoxic

activity in yeast and mammalian cells and that the mechanism of action is related to

induction of reactive oxygen species generation (ROS) (Péres et al., 2009; Sperotto et
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al., 2013). Continuing the study we analyzed the possible involvement of the EO in the
generation of ROS using DCFH-DA assay. Our results confirm that EO caused an

increase in the intracellular levels of ROS (Figure 4).
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Figure 4. Evaluation of P. gaudichaudianum essential oil on V79 cells inducing ROS
formation at the indicated concentrations for 3 h. a) Bars represent the mean + standard
deviation of three independent experiments in triplicate. b) Representative by DCF
oxidation as measured of the ROS formation. In detail the percent increase of
fluorescence intensity of dye fluorescent compound DCF after 10 ug/mL essential oil
treatment. The negative control (NC) was treated with the vehicle (DMSO) used to
dilute the essential oil. Hydrogen peroxide was used as positive control (PC).
*Significant difference as compared to negative control treatment at P<0.05; **P<0.01;

*#%P<0.001/One-way ANOVA/Dunnett's Multiple Comparison Test.

3.6. Effect of P. gaudichaudianum on SOD and CAT activity

Our results showed that, in V79 cells exposed to EO, the SOD activity was
significantly reduced in all concentrations tested after 3 h of treatment when compared
to the unexposed cells (negative control), while no significant changes in CAT activity

was observed after treatment with EO (Figure 5).
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Figure 5. SOD and CAT level in V79 cells treated with EO. The negative control (NC)
was treated with the vehicle (DMSO) used to dilute the essential oil. Doxorubicin was
used as positive control (PC). Bars represent the mean + standard deviation of three
independent experiments in triplicate. *Significant difference as compared to negative
control treatment at P<0.05; **P<(0.01; ***P<0.001/One-way ANOVA/Dunnett's
Multiple Comparison Test.

3.7. Antioxidant NAC suppresses the cytotoxic effects of P. gaudichaudianum essential

oil

Results showed that the pretreatment with NAC (2 mM), a glutathione precursor,
protected V79 cells from the cytotoxic effect of EO as estimated by trypan blue

exclusion assay (Figure 6).
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Figure 6. Effect of treatment with NAC (2 mM) for 2 h prior to EO on cell viability
assessed by trypan blue exclusion assay. The negative control (NC) was treated with the
vehicle (DMSO) used to dilute the essential oil. Bars represent the mean + standard
deviation of three independent experiments in triplicate. *Significant difference as
compared to negative control treatment at P<0.05; **P<0.01; ***P<(0.001/One-way

ANOVA/Dunnett's Multiple Comparison Test.
3.8. P. gaudichaudianum essential oil upregulated Sirtl and PADPR expression

Various enzyme systems are on duty to cope with free radical-induced damage
and hence to protect against free radical-provoked damage, among them, PARPs and
SIRTs play prominent roles. Therefore, we examined whether EO could affect SIRT1
and PADPR in V79 cells. As shown in Figure 7, treatment with 5 pg/mL EO for 3 h
induces a slight decreased in SIRT1 expression. On the other hand, treatment with the
EO induces an increase in PADPR expression (Figure 7). These results indicated that

EO may exert its effects by modulating SIRT1 and PADPR expression in V79 cells.
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Figure 7. P. gaudichaudianum essential oil (EO) affected the protein levels of PADPR
and SIRT1 in V79 116 cells. Cells were treated with 5 pg/mL of EO for 3 h. The total
proteins were harvested and the levels of PADPR and SIRT1 were analyzed by Western

Blotting. Actin was used as a loading control.

4. Discussion

The essential oil of P. gaudichaudianum analyzed in the present study showed
similar composition of the EO described by Péres et al. (2009). The amount of
components identified (93.32%) was also similar to the amounts identified by Péres et
al. (2009) (92.3%) and Sperotto et al., (2013) (93.86%). However, we identified
compounds that were not reported in the previous studies. We have unpublished data
demonstrating that the EO is more efficient in the induction of cytotoxic activity than its
isolated major compounds (£)-nerolidol, a-humulene and B-caryophyllene. Therefore,
we conducted the further experiments on the cytotoxic mechanisms using the essential

oil.

Previously, we have shown that EO presents strong cytotoxic, genotoxic and
mutagenic effects in V79 cells, which can be related to its oxidative potential (Péres et

al., 2009). In addition, it was shown that this essential oil induces significant cytotoxic
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effects on Saccharomyces cerevisiae that are related to ROS generation and the
formation of single-strand breaks (Sperotto et al., 2013). Now, we deepen our
understanding of the oil toxicity mechanisms using V79 cells. The EO cytotoxicity was
confirmed using trypan blue exclusion assay after 3 h (ICso = 4.15 pg/mL) and 24 h
(4.49 pg/mL) of cell exposure to the EO (Figure 1). To further investigate the means by
which EO kills V79 cells, anexin V-PE/7-AAD double staining and flow cytometry
analyses were performed, and showed that the cells mostly die by necrosis and late
apoptosis (Figure 2). This could be the consequence of mitochondrial dysfunction and
extensive DNA damage (previously demonstrated by Péres et al., 2009), which in turn
leads to ATP depletion. Because apoptosis requires ATP, the necrotic pathway will be
activated. The late apoptosis may be a result of cell membrane disruption; as typical
lipophiles, the essential oil compounds pass through the cytoplasmic membrane, disrupt
the structure of their different layers of polysaccharides, fatty acids and phospholipids,

thus permeabilize them (Bakkali et al., 2008).

Some works suggested that the essential oils, by penetrating through the cell
wall and cytoplasmic membrane, disrupt and permeabilize them and especially damage
mitochondrial membranes (Azmi et al., 2006; Bakkali et al., 2008; Park et al., 2011;
Lesgards et al., 2014). The mitochondria, by changes in electron flow through the
electron transport chain, produces free radicals which oxidize and damage lipids,
proteins and DNA. Our results confirmed that mitochondrial dysfunction and oxidative
stress are involved in essential oil-induced toxicity. Cells treated with EO showed
significant increase in the mitochondrial depolarization (Figure 3) that probably results
in ROS formation increase (Figure 4), indicating that the mitochondrial membranes are

first damaged by permeabilization and this results in a prooxidant status thereafter. The
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relationship between EO cytotoxicity and mitochondrial function (R*= 0.964) or ROS

production (R*= 0.528) confirms this hypothesis.

The production of free radicals has been found in a diverse range of essential oil,
which is one of the mechanisms of toxicity (Rathore et al., 2008; Ferreira et al., 2014;
Sinha et al., 2014). It may result in oxidative stress, inflammation, and consequent
damage to proteins, membranes and DNA (Schieber et al., 2014; Zorov et al., 2014).
Thus, in our study we investigated the SOD and CAT antioxidant enzymes levels in the
cells exposed to EO. Depletions in the SOD level were found after 3 h exposure,
however no significant changes were observed in the CAT levels (Figure 5). The SOD
decrease indicates a condition of oxidative stress in the cells, which may arise due to
imbalance in the reactive oxygen species (ROS) formation and antioxidant defense

system of the cells (Halliwell et al., 2012).

Interestingly, pretreatment of cells with an antioxidant prior to EO treatment
exerted a protective effect. A restoration in V79 cells viability was obtained when cells
were pretreated with NAC (Figure 6). Besides being used as a drug, NAC is a well-
established antioxidant that acts by increasing intracellular GSH and by scavenging
ROS directly (Raza et al., 2014). NAC protection against the decrease in cell viability

confirms the involvement of ROS in mediating the observed induced effects.

Bioenergetic regulators such as SIRT1 and PARP1 are nicotinamide adenine
dinucleotide (NAD")-dependent enzymes that play a vital role in many cellular events;
in particular, they act as decision makers in oxidative stress-induced cell death (Liu et
al., 2009). In this work we have measured the PADPR [Poly (ADP-ribose)] level, a
polymer synthesized by PARP that becomes attached to nuclear proteins, that under

normal conditions has low basal level, but can dramatically increase in cells exposed to
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DNA damaging agents. Our results showed a decrease in SIRT1 with concomitant
increase in PADPR-1, suggesting that bioenergetic regulators have the same kind of
involvement in the death induced by EO (Figure 7). Apparently, PARP and SIRT-1,
under oxidative conditions, regulate the activity of each other through various
mechanisms. SIRT-1 induction leads to protection against oxidative damage, while
PARP-1 activation is a detrimental consequence of oxidative stress (Cant6 et al., 2013).
Early observations indicated that the decline of NAD" and the rise of NAM promoted
by enhanced PARP activity correlates with a downregulation of sirtuin activity (Bai et
al., 2011). PARP synthesis reflects an early cellular reaction especially to DNA single
strand break, which reinforces our previous results showing that the increase in ROS,
which oxidize and damage DNA, induces formation of single-strand breaks and
activation of base excision repair (BER) machinery (Péres et al., 2009; Sperotto et al.,
2013). Furthermore, this increase in PARP activity results in the massive synthesis of
poly (ADP-ribose) (PADPR) from NAD+ and, in consequence, intracellular NAD+ and
ATP are rapidly depleted (Xu et al., 2006). The lack of energy prevents the progression
of the apoptotic program and turns cell death into necrosis (Leist et al., 1997; Leist et

al., 1999).

In conclusion, the molecular cell death mechanism induced by EO is
summarized in Figure 8. The present study revealed that EO (I) decreased the
percentage of viable cells; (II) increased the mitochondrial depolarization; (III)
increased the ROS production; (IV) reduced SOD activity; (V) upregulated the protein
levels of PADPR and dowregulated the protein levels of SIRT1; and (VI) induced cell
death by necrosis and late apoptosis. Moreover, our previous results showed the DNA
damage and increased lipid peroxidation. In general terms, this work is an important

contribution for understanding the P. gaudichaudianum essential oil cytotoxicity in
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mammalian cells. Further studies are required to determine its potential use as an
antimicrobial or antitumor, alone or in combination with other conventional drugs. In
this sense, P. gaudichaudianum essential oil-activated cell death in tumoral cell lines is

under intensive investigation in our lab.

P. gaudichaudinum essential oil in V79 cells
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Figure 8. A proposed model for the action of P. gaudichaudianum essential oil (EO) on
V79 cells. EO induces necrosis by decreasing in NAD+ and ATP, which results from
mitochondrial dysfunction, and PARP activation as consequence of ROS increase (see

text for details).
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4. Conclusoes e Consideragoes Finais

O estudo sobre a analise quimica de Piper gaudichaudianum Kunth
teve inicio no nosso grupo de pesquisa em 2005, gerando a publicagdo dos
artigos “Comparison of soxhlet, ultrasound-assisted and pressurized liquid
extraction of terpenes, fatty acids and Vitamin E from Piper gaudichaudianum
Kunth” (Péres et al., 2006a) e “Optimization of pressurized liquid extraction of
Piper gaudichaudianum Kunth leaves” (Péres et al., 2006b). Em 2009, foi
realizada a analise citotoxica, genotdéxica e mutagénica deste espécime
vegetal, com a publicagdo do artigo “Chemical composition and cytotoxic,
mutagenic and genotoxic activities of the essential oil from Piper
gaudichaudianum Kunth leaves” (Péres et al., 2009). Em 2013, o grupo avaliou
as propriedades dos compostos majoritarios contidos no éleo essencial de P.
gaudichaudianum com a realizagédo do trabalho intitulado “Cytotoxic mechanism
of Piper gaudichaudianum Kunth essential oil and its major compound nerolidol”
(Sperotto et al., 2013).

Neste trabalho, o 6leo essencial das folhas de P. gaudichaudianum foi
extraido por hidrodestilacdo e 93.32% dos seus componentes foram
identificados por GC-FID e GC-MS. Os componentes majoritarios encontrados
foram (E)-nerolidol (31,13%), a-humuleno (14,83%) e (E)-cariofileno (6,79%).
Portanto, observa-se que a composigcao deste 6leo manteve-se estavel durante
os diferentes periodos em que foi realizada a sua analise quimica, mostrando o

predominio de sesquiterpenos.

O tratamento com o 6leo essencial, durante os periodos de 3h e de

24h, diminuiu a viabilidade celular, com IC50 de 4,15 ug/mL e 4,49 ug/mL,
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respectivamente. O pré-tratamento com N-acetilcisteina restabeleceu a
viabilidade celular, mostrando efeito protetor contra a citotoxicidade induzida
pelo 6leo essencial de P. gaudichaudianum. Observou-se um aumento da
despolarizacdo mitocondrial, da producédo de espécies reativas e a reducéo da
atividade da superoxido dismutase. Verificou-se também o aumento da
expressao de PADPR e a diminuigdo da expressao de SIRT1. O tratamento
com o Oleo essencial de P. gaudichaudianum induziu a morte celular por
necrose e apoptose tardia, exercendo efeito citotdxico, concentragao-
dependente, pela indugao de estresse oxidativo celular com envolvimento de

dano mitocondrial e modulacdo da resposta antioxidante e de reparo no DNA.

O conjunto destes resultados, somados aos trabalhos anteriores,
fornece uma contribuicdo importante para a compreensao da citotoxicidade do
Oleo essencial de P. gaudichaudianum. Nosso objetivo principal & contribuir na
identificacdo de novos principios ativos celulares e no desenvolvimento de
novas drogas com potencial antimicrobiano e antitumoral, com efetividade
superior as existentes, ou que potencialize o efeito de outras drogas atuais,
promovendo uma menor toxicidade para o paciente e contribuindo para uma

melhora na sua qualidade de vida.
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5. Perspectivas

Os resultados obtidos neste estudo revelam o mecanismo de
citotoxicidade do O6leo essencial de P. gaudichaudianum em células de
mamifero, com envolvimento de danos na mitocéndria e no DNA, com indugao
de estresse oxidativo e de morte celular por apoptose e/ou necrose, bem como
a modulacédo da atividade de proteinas dos sistemas antioxidante e de reparo
do DNA. Estudos adicionais sdo necessarios para identificar a capacidade
antimicrobiana ou antitumoral do 6leo essencial de P. gaudichaudianum e de
seus componentes majoritarios. Para tal, podem ser realizados ensaios como a
quantificacdo dos niveis de ATP, ensaios de viabilidade combinando diferentes
concentragdes do Oleo essencial ou de seus componentes majoritarios com
antimicrobianos e quimioterapicos conhecidos, além de novas abordagens em

células tumorais.
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6. Anexos
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and all financial support.
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We now differentiate between the requirements for new and revised submissions. You may choose to
submit your manuscript as a single Word or PDF file to be used in the refereeing process. Only when
your paper is at the revision stage, will you be requested to put your paper in to a 'correct format'
for acceptance and provide the items required for the publication of your article.

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

INTRODUCTION

Food and Chemical Toxicology (FCT), an internationally renowned journal, aspires to publish original
research articles and reviews on toxic effects, in animals or humans, of natural or synthetic chemicals
occurring in the human environment with particular emphasis on food, drugs, and chemicals,
including agricultural and industrial safety, and consumer product safety. Areas such as
safety evaluation of novel foods and ingredients, biotechnologically-derived products, and
nanomaterials are included in the scope of the journal. FCT also encourages submission of papers
on inter-relationships between nutrition and toxicology and on in vitro techniques, particularly
those fostering the 3 Rs.

The principal aim of the journal is to publish high impact, scholarly work and to serve as a
multidisciplinary forum for research in toxicology. Papers submitted will be judged on the basis of
scientific originality and contribution to the field, quality and subject matter. Studies should address
at least one of the following: Physioclogical, biochemical, or pathological changes induced by specific
substances Techniques for assessing potential toxicity, including molecular bioclogy Mechanisms
underlying toxic phenomena Toxicological examinations of specific chemicals or consumer products,
both those showing adverse effects and those demonstrating safety, that meet current standards of
scientific acceptability

Manuscripts concerning materials/substances of only local interest for which the chemical composition
of the material/substance is not clearly defined will not be considered. Manuscripts addressing only
pharmacological properties, or only potentially beneficial effects using in in vitro or in vivo systems,
are not within the scope of the journal.

FCT is committed to the highest standards. Only papers that have not been previously published,
that fit in the above mentioned scope, and that have been reviewed by experts in the field prior to
publication will be accepted. Cover letters must state that the paper is new and original and not under
consideration for publication elsewhere. Papers pending in other journals will not be considered. Co-
authors should be individuals who have contributed substantially to the content of the papers.

The Journal's main purpose is the publication of papers reporting and interpreting original unpublished
toxicological research, particularly studies promoting an understanding of the mechanisms underlying
toxic effects or improvements in methods for predicting adverse effects. Papers reporting the
toxicological examination of specific foods, chemicals or consumer products will be published,
irrespective of the positive or negative nature of the results, provided the tests and reporting meet
current standards of acceptability. In addition, Short Communications will also be considered, as
will concise interpretative Reviews of toxicological topics of contemporary significance. Letters to the
Editor will be limited to comments on contributions already published in the journal; if a letter is
accepted, a response (for simultaneous publication) will be invited from the authors of the original
contribution. All Letters to the Editor should be submitted to the Editor in Chief, A. Wallace Hayes at
the following address: awallacehayes@comcast.net.

BEFORE YOU BEGIN

For information on Ethics in publishing and Ethical guidelines for journal publication see
http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.
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Submission declaration and verification

Submission of an article implies that the work described has not been published previously (except
in the form of an abstract or as part of a published lecture or academic thesis or as an electronic
preprint, see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication
elsewhere, that its publication is approved by all authors and tacitly or explicitly by the responsible
authorities where the work was carried out, and that, if accepted, it will not be published elsewhere
in the same form, in English or in any other language, including electronically without the written
consent of the copyright-holder. To verify originality, your article may be checked by the originality
detection service CrossCheck http://www.elsevier.com/editors/plagdetect.

Each manuscript must also be accompanied by a cover letter outlining the basic findings of the
paper and their significance. Furthermore, it is understood that with submission of this article the
authors have complied with the institutional policies governing the humane and ethical treatment of
the experimental subjects (i.e. animals and human subjects), and that they are willing to share the
original data and materials if so requested.
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This policy concerns the addition, deletion, or rearrangement of author names in the authorship of
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Before the accepted manuscript is published in an online issue: Requests to add or remove an author,
or to rearrange the author names, must be sent to the Journal Manager from the corresponding author
of the accepted manuscript and must include: (a) the reason the name should be added or removed,
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After the accepted 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
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This journal is part of our Article Transfer Service. This means that if the Editor feels your article is more
suitable in one of our other participating journals, then you may be asked to consider transferring the
article to one of those. If you agree, your article will be transferred automatically on your behalf with
no need to reformat. Please note that your article will be reviewed again by the new journal. More
information about this can be found here: http://www.elsevier.com/authors/article-transfer-service.
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Copyright
Upon acceptance of an article, authors will be asked to complete a Journal Publishing Agreement' (for
more information on this and copyright, see http://www.elsevier.com/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: please consult
http://www.elsevier.com/permissions.

For open access articles: Upon acceptance of an article, authors will be asked to complete an 'Exclusive
License Agreement' (for more information see http://www.elsevier.com/OAauthoragreement).
Permitted third party reuse of open access articles is determined by the author's choice of user license
(see http://www.elsevier.com/openaccesslicenses).

Author rights

As an author you (or your employer or institution) have certain rights to reuse vyour
work. For more information on author rights for (a) subscription articles please see
http://www.elsevier.com/journal-authors/author-rights-and-responsibilities; (b) for open access
articles please see http://www.elsevier.com/OAauthoragreement.

Role of the funding source

You are required 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.

g poay agre

Elsevier has established a number of agreements with funding bodies which allow authors
to comply with their funder's open access policies. Some authors may also be reimbursed
for associated publication fees. To learn more about existing agreements please visit
http://www.elsevier.com/fundingbodies.
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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 on their behalf e.g. by their research funder
or institution

Subscription

* Articles are made available to subscribers as well as developing countries and patient groups through
our universal access programs (http://www.elsevier.com/access).

* No open access publication fee payable by authors.

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

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

Creative Commons Attribution (CC BY)

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

work (such as an anthology), as long as they credit the author(s) and provided they do not alter or
modify the article.

The open access publication fee for this journal is $2,200, excluding taxes. Learn 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 errors and to conform to correct scientific
English may wish to use the English Language Editing service available from Elsevier's
WebShop (http://webshop.elsevier.com/languageediting/) or visit our customer support site

(http://support.elsevier.com) for more information.

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

The Editors require submissions by the authors of the names and addresses of 4 potential reviewers for
this submission. The institutional address and e-mail address are required. At least 2 of the referees
should be from a different country to the corresponding author's. The Editors reserve the right to

use these or other reviewers.

PREPARATION

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 your files to a single PDF file, which
is used in the peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your manuscript as a single file
to be used in the refereeing process. This can be a PDF file or a Word document, in any format or lay-
out that can be used by referees to evaluate your manuscript. It should contain high enough quality
figures for refereeing. If you prefer to do so, you may still provide all or some of the source files at
the initial submission. Please note that individual figure files larger than 10 MB must be uploaded
separately.

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 title/book
title, chapter title/article title, year of publication, volume number/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.

Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the essential elements
needed to convey your manuscript, for example Abstract, Keywords, Introduction, Materials and
Methods, Results, Conclusions, Artwork and Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should be included in
your initial submission for peer review purposes.

Divide the article into clearly defined sections.
Please ensure the text of your paper is double-spaced- this is an essential peer review requirement.

Figures and tables embedded in text
Please ensure the figures and the tables included in the single file are placed next to the relevant text
in the manuscript, rather than at the bottom or the top of the file.
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Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with an
editable file of the entire article. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. 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://www.elsevier.com/guidepublication). 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 numbered
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.

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

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

Results
Results should be clear and concise.

Discussion
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.

Ao infarm atFinn
AL = FOT NIt

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

* Author names and affiliations. Where the family name may be ambiguous (e.g., a double name),
please indicate this clearly. Present the authors' affiliation addresses (where the actual work was
done) below the names. Indicate all affiliations with a lower-case superscript letter immediately after
the author's name and in front of the appropriate address. Provide the full postal address of each
affiliation, including the country name and, if available, the e-mail address of each author.

* Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that 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 described in the article was
done, or was visiting at the time, a 'Present address’ (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

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

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form

designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
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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://www.elsevier.com/graphicalabstracts for examples.

Authors can make use of Elsevier's Illustration and Enhancement service to ensure the best
presentation of their images and in accordance with all technical requirements: Illustration Service.
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Please amend your research highlights so that they consist of 3 to 5 brief bullet points which convey
the core findings of your work. Please ensure EACH bullet point does NOT exceed 125 characters
(including spaces). An example is given below:

RESEARCH HIGHLIGHTS EXAMPLE:

* Research highlights are a mandatory field of a submitted paper & therefore should not exceed 125
characters including spaces.

Imrrnediately after the abstract, provide a maximum of 6 keywords, using British spelling and avoiding
general and plural terms and multiple concepts (avoid, for example, 'and’, 'of'). Be sparing with
abbreviations: only abbreviations firmly established in the field may be eligible. These keywords will

be used for indexing purposes.

=2 tions

Abbreviations should be used sparingly; they should be defined when first used in the paper but also
listed in alphabetical order under Abbreviations as a footnote to the title page (see above).

Acknowledgements

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

All measurements should be expressed in metric, preferably SI, units. Test chemicals and enzymes
must be clearly identified, IUPAC and CAS names being used, wherever possible with the aid of
CAS Registry and EC numbers. Pesticides should be referred to be their ISO names and human and

veterinary drugs by their INNs.

Dat ase [InKing

Elsevier 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: xxxx
(e.g., TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN). See http://www.elsevier.com/databaselinking
for more information and a full list of supported databases.

Footrnorte

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

Electronic artwork

General points

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

* Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

Number the illustrations according to their sequence in the text.

Use a logical naming convention for your artwork files.

Indicate per figure if it is a single, 1.5 or 2-column fitting image.

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

* Please note that individual figure files larger than 10 MB must be provided in separate source files.
A detailed guide on electronic artwork is available on our website:
http://www.elsevier.com/artworkinstructions.

AUTHOR INFORMATION PACK 4 Feb 2015 www.elsevier.com/locate/foodchemtox 10



114

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

Regardless of the application used, 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 the font or save the text as 'graphics'.

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

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi
is required.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.
* Supply files that are too low in resolution.

« Submit graphics that are disproportionately large for the content.

Color artwork

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

Please note: Because of technical complications that can arise by converting 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 captions

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

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

Citation in text

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

Reference links

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

This  journal has standard templates available 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 title/book
title, chapter title/article title, year of publication, volume number/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 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 title/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

Text: All citations in the text should refer to:

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

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

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

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

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

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a scientific article. J. Sci.
Commun. 163, 51-59.

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.S.,
Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations:
http://www.issn.org/services/online-services/access-to-the-ltwa/.

v/

Elsevier accepts video material and animation sequences to support and enhance your scientific
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 article. 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.
Please supply 'stills' with your files: you can choose any frame from the video or animation or
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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://www.elsevier.com/artworkinstructions. Note: since video and animation cannot be embedded
in the print version of the journal, please provide text for both the electronic and the print version
for the portions of the article that refer to this content.

Anndin<lidac
AUUIOS) £3

The journal encourages authors to create an AudioSlides presentation with their published article.
AudioSlides are brief, webinar-style presentations that are shown next to the online article on
ScienceDirect. This gives authors the opportunity to summarize their research in their own words and
to help readers understand what the paper is about. More information and examples are available at
http://www.elsevier.com/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 clips and more. Supplementary files supplied will be
published online alongside the electronic 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 article and supply a concise and descriptive
caption for each file. For more detailed instructions please visit our artwork instruction pages at

http://www.elsevier.com/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 corresponding author with contact details:

e E-mail address

* Full postal address

* Telephone

All necessary files have been uploaded, and contain:

* Keywords

* All figure captions

* All tables (including title, description, footnotes)

Further considerations

* Manuscript has been 'spell-checked' and 'grammar-checked'

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

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

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

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

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

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

AFTER ACCEPTANCE

I~y iFal O
Lr § U

The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. The DOI
consists of a unique alpha-numeric character string which is assigned to a document by the publisher
upon the initial electronic publication. The assigned DOI 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 correctly given DOI (in URL format; here an article in the
journal Physics Letters B):

http://dx.doi.org/10.1016/j.physletb.2010.09.059

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

change.

- Fhe et Toear
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Online proof correction

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

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

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

Off, 5

The corresponding author, at no cost, will be provided with a personalized link providing 50
days free access to the final published version of the article on ScienceDirect. This link can
also be used for sharing via email and social networks. For an extra charge, paper offprints
can be ordered via the offprint order form which is sent once the article is accepted for
publication. Both corresponding and co-authors may order offprints at any time via Elsevier's
WebShop (http://webshop.elsevier.com/myarticleservices/offprints). Authors requiring printed copies
of multiple articles may use Elsevier WebShop's 'Create Your Own Book' service to collate multiple
articles within a single cover (http://webshop.elsevier.com/myarticleservices/booklets).

AUTHOR INQUIRIES

You can track your submitted article at http://help.elsevier.com/app/answers/detail/a_id/89/p/8045/.
You can track your accepted article at http://www.elsevier.com/trackarticle. You are also welcome to
contact Customer Support via http://support.elsevier.com.

© Copyright 2014 Elsevier | http://www.elsevier.com
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