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RESUMO

Os oleos essenciais (EOs) de plantas utilizadas na medicina tradicional sdo conhecidos como
uma rica fonte de compostos quimicamente diferentes com diversas atividades bioldgicas.
Neste estudo, analisamos a composi¢cdo quimica e investigamos o efeito tripanocida,
leishmanicida e a citotoxicidade in vitro do 6leo essencial obtido a partir das folhas de Eugenia
stipitata McVaugh. O OE foi extraido pelo método de destilacdo por arraste a vapor e sua
composi¢do quimica analisada por GC/MS e testado em sete concentragdes (15.75, 31.25, 62.5,
125, 250, 500 e 1000 pg/mL) contra as formas epimastigotas de Trypanosoma cruzi e as formas
promastigotas de Leishmania braziliensis e de Leishmania infantum, bem como contra
fibroblastos. De modo geral, 48 componentes foram identificados na analise quimica do 6leo e
0s constituintes mais abundantes foram: f-Eudesmol (15,28%), y-Eudesmol (10,85%), Elemol
(10,21%), Caryophyllene oxide (6,5%), Clovene (6,18%) e Espatulenol (6,14%). Na avaliagio
das atividades antiparasitarias, 0 OE de Eugenia stipitata McVaugh em concentracdes de 125
pug/mL e 62.5 pg/mL inibiu, respectivamente, 80.69% e 71.91% da forma promastigota de L.
braziliensis. Inibicdo semelhante foi observada para as mesmas concentraces do 6leo contra
L. infantum, que inibiu 76.51% da forma promastigona de L. infantum na concentragio de 125
pg/mL e 73.51% na concentragdo de 62.5 pg/mL. Contudo, na concentracdo de 125 pg/mL foi
observada uma menor inibicdo parasitaria do 6leo essencial de Eugenia stipitata McVaugh
frente as formas epimastigotas de T. cruzi, com 22.85%. O 6leo essencial de Eugenia stipitata
McVaugh apresentou uma baixa citotoxicidade na concentracdo de 62.5 pg/mL e nenhuma
citotoxicidade nas concentracdes de 31.25 pg/mL e 15.75 pg/mL. Desse modo, o OE estudado
apresentou-se como promissora fonte antiparasitaria contra as formas de vida da L.

braziliensis e L. infantum.

Palavras chaves: Oleo essencial. Caatinga. Antiprotozoario. Eugenia stipitata McVaugh.



ABSTRACT

The essential oils (EOs) of plants used in traditional medicine are known as a rich source of
chemically different compounds with different biological activities. In this study, we analyzed
the chemical composition and investigated the trypanocidal, leishmanicide, effect and in vitro
cytotoxicity of essential oil obtained from the leaves of Eugenia stipitata McVaugh. EO was
extracted by the distillation method by steam stripping and its chemical composition analyzed
by GC/MS and tested in seven concentrations (15.75, 31.25, 62.5, 125, 250, 500 e 1000 pg/mL)
against the forms of Trypanosoma cruzi epimastigotes and promastigotes forms of Leishmania
braziliensis and Leishmania infantum, as well as against fibroblasts. Generally, 48 components
were identified in the oil chemical analysis and the most abundant constituents were: /-
eudesmol (15.28%), y-eudesmol (10.85%), Elemol (10.21%), caryophyllene oxide (6.5%),
Clovene (6.18%) and Espatulenol (6.14%). In the evaluation of the parasitic activities, EO of
Eugenia stipitata McVaugh at concentrations of 125 pg/mL and 62.5 pg/mL inhibited,
respectively, 80.69% and 71.91% of the promastigote form of L. braziliensis. Similar inhibition
was observed for the same concentrations of the oil against L. infantum, which inhibited 76.51%
of promastigote form of L. infantum in concentration of 125 pg/mL and 51.1% in the
concentration of 62.5 pg/mL. However, in the concentration of 125 pug/mL a smaller parasitic
inhibition was observed of essential oil of Eugenia stipitata McVaugh bedore the
epimastigotes forms of T. cruzi, with 22.85%. The essential oil of Eugenia stipitata McVaugh
presented a low cytotoxicity in the concentration of 62.5 pg/mL and no cytotoxicity in
concentrations of 31.5 pg/mL and 15.75 pg/mL. Therefore, the studied EO presented itself as
a promising antiparasitic source against the ways of life of L. braziliensis and L. infantum.

Keywords: Essential Qil. Caatinga. Antiprotozoal. Eugenia stipitata McVaugh.
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1 INTRODUCAO

A utilizacdo das plantas como medicamento é uma das mais antigas armas empregadas
para o tratamento das enfermidades humanas e muito ja se conhece a respeito de seu uso por
parte da sabedoria popular. A Organizacdo Mundial de Satde comenta que, na busca incessante
do homem por bem-estar e qualidade de vida, a fitoterapia tornou-se uma alternativa devido a
credibilidade terapéutica e ao baixo custo, o que favorece sua utilizagdo por uma grande parcela
da populacdo mundial (LUCHESSI et al., 2005).

Em regides que abrangem a Caatinga, espécies vegetais sdo amplamente utilizadas pelas
comunidades no tratamento de suas enfermidades. Estas comunidades possuem uma vasta
farmacopeia natural, grande parte proveniente dos recursos vegetais encontrados nos ambientes
naturais habitados por estas populagfes, ou cultivados em ambientes transformados pelo
préprio homem (GOMES et al., 2008). De acordo com Matos (2002), 90% da populacédo
economicamente carente do Nordeste utiliza a medicina tradicional, em busca da cura de seus
problemas de saude.

A busca de plantas medicinais e seus derivados como agentes terapéuticos naturais vem
sendo priorizada, a fim de amenizar as enfermidades sofridas pela populacdo. A utilizagéo
destes fitoterapicos € incentivada por apresentarem um custo mais acessivel a populacao e aos
servicos publicos de salde, em comparacdo aos farmacos obtidos por sintese quimica
(TOLEDO et al., 2003; SILVA, 2006).

Dentre 0s agentes terapéuticos vegetais destacam-se 0s 06leos essenciais (OES),
produzidos nas folhas em estruturas chamadas tricomas glandulares, provenientes do
metabolismo secundério das plantas que atuam nos mecanismos de defesa contra as condicdes
adversas (MICHELIN, 2008). A obtencéo de uma droga vegetal de qualidade tem correlagdo
direta com o conhecimento prévio das classes de componentes quimicos encontrados nesses
vegetais. Quando confirmada a presenca de determinados grupos quimicos, o estudo
fitoquimico e bioldgico € direcionado através de ensaios que avaliam substancias oriundas de
plantas, em extratos ou substancias isoladas. Apesar do interesse na utilizacdo desses produtos
vegetais, ainda s@o poucas as pesquisas que relatam as propriedades biologicas de espécies em
vegetaces predominantemente brasileiras como a Caatinga (LOBO et al., 2010).

A familia Myrtaceae, no Brasil, é representada por 23 géneros e cerca de 1000 espécies.
Estudos apontam que as plantas pertencentes a essa familia sdo fontes de dleos essenciais
responsaveis por importantes beneficios associados a saude (D’ANGELIS; NEGRELLE,

2014). O género Eugenia encontra-se representado por 400 espécies nos diversos dominios
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fitogeograficos do Brasil, e muitas destas espécies destacam-se pela producdo de 6leos
essenciais que apresentam diversas propriedades farmacoldgicas (QUEIROZ et al., 2015).

Especificamente, as espécies E. brasiliensis e E. uniflora ja tiveram seus potenciais
antiparasitarios investigados anteriormente frente ao T. cruzi e o OE das flores de E.
klotzschiana apresentou satisfatdria atividade tripanocida frente as formas tripomastigota desse
parasita (AZEVEDO et al., 2014; CARNEIRO et al., 2017; DONATO; MORRETES, 2007).
Além disso, atividade leishmanicida de produtos naturais, com atividade citotoxica contra o
parasita, obtidos de plantas, tem sido considerado promissor no desenvolvimento de farmacos
(RODRIGUES et al., 2015).

Eugenia stipitata McVaugh é uma frutifera, conhecida popularmente como aracé-boi
(MCVAUGH, 1956). Na medicina popular, é utilizado no tratamento de desordens intestinais
e urinarias, além de também aliviar os sintomas do resfriado, o que indica que 0s compostos
bioativos presentes na planta podem ter potenciais beneficios para a salide humana
(FERNANDEZ-TRUJILLO et al., 2011). Entre as propriedades bioldgicas investigadas,
podem-se destacar a atividade antioxidante na eliminacdo de radicais livres, potencial
antimicrobiano do OE produzido a partir de suas folhas e atividades antimutagénica e
antigenotdxica de extratos do fruto, sugerindo que estes podem funcionar como agentes
preventivos contra o cancer (DUKE, 2017; MEDEIROS et al., 2003; NERI-NUMA et al.,
2013).

As infecgbes por protozoarios sdo consideradas um problema mundial de saude publica,
especialmente em paises subdesenvolvidos, onde aproximadamente 14% da populacdo sdo
considerados como risco de infeccdo (KONDRASHIN et al., 2011; WALDRON et al., 2011).
Neste contexto, destacam-se: a doenca causada pelo protozoario Trypanosoma cruzi,
denominada doenca de Chagas, cujo tratamento quimioterapico apresenta varios efeitos
colaterais, como: anorexia, nauseas, alteracbes gastrointestinais, dermatopatia alérgica,
polineurite, depressdo da medula dssea, neuropatia periférica entre outros; e a leishmaniose,
causada pelo protozoario Leishmania, considerada pela Organizacdo Mundial de Saide (OMS)
como uma das seis principais doencas infecciosas com alta incidéncia e capacidade de produzir
deformidades, cujos tratamentos convencionais sdo limitados, inseguros e tém uma série de
efeitos colaterais, além de contribuirem para a resisténcia do parasita ao tratamento
(ALIZADEH et al., 2008; FERREIRA, 2012; MITROPOULOQOS et al., 2010; OLIVEIRA et al.,
2008).

Devido a estas complica¢des causadas pelos farmacos disponiveis, torna-se cada vez

mais relevante a busca por novos agentes quimioterapicos, com menos efeitos colaterais quando
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comparado a terapia alopatica e mais acessivel a populacdo. Dessa forma, o isolamento, a
caracterizagdo e a aplicacdo bioldgica de compostos naturais, sobretudo de plantas nativas da
Caatinga devido a sua grande biodiversidade, possuem um elevado grau de significancia na
producdo de novas drogas com perfil farmacoldgico.

Nesse contexto, 0 presente estudo objetiva avaliar as atividade citotoxica, leishmanicida
e tripanocida do Oleo essencial de Eugenia stipitata McVaugh, além de quantificar os
compontentes quimicos do mesmo utilizando cromatografia gasosa acoplada a espectrometria

de massa.



16

2 OBJETIVOS

2.1 OBJETIVO GERAL:

Avaliar a composi¢do quimica e os efeitos tripanocida, leishmanicida e a citotoxicidade
in vitro do 6leo essencial obtido a partir das folhas de Eugenia stipitata McVaugh.

2.2 OBJETIVOS ESPECIFICOS:

e Obter o dleo essencial das folhas de Eugenia stipitata McVaugh.

e Quantificar os constituintes quimicos do Oleo essencial de Eugenia stipitata
McVaugh através da cromatografia gasosa acoplada a espectrdometro de massas.

e Auvaliar a citotoxicidade e as atividades tripanocida, contra a forma epimastigota de
Trypanosoma cruzi e leishmanicida, contra as formas promastigotas de Leishmania braziliensis

e Leishmania infantum do 6leo essencial.
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3 REVISAO BIBLIOGRAFICA

3.1 O BIOMA CAATINGA

A caatinga é um ecossistema de florestas tropicais secas localizadas na regido semiarida
do nordeste do Brasil. O termo caatinga (“floresta branca”) se refere a um mosaico de
fisionomias vegetais de florestas secas, xerofitas, lenhosas, espinhosas e deciduas, com uma
vegetacdo arbustiva sazonal. Essas varia¢Ges sdo atribuidas principalmente em decorréncia das
alteracOes climéticas, padrbes orogréficos, modificacbes em pequena escala na topografia e nos
solos (ANDRADE-LIMA, 1981; SAMPAIOQ, 1995).

Abrangendo a maioria dos estados do Nordeste como: Piaui, Ceara, Rio Grande do
Norte, Paraiba, Pernambuco, Alagoas, Sergipe, Bahia e no nordeste de Minas Gerais, no Vale
de Jequitinhonha, ocupando uma area que se estende por cerca de 850.000 km? e esta cercada
por regides Amazonicas e da Mata Atlantica a leste e oeste, e de savanas do Cerrado ao sul
(Figura 1) (BASSO et al., 2005). Isso corresponde a 10% do territorio brasileiro e 60% da regido
nordeste. Sua precipitacdo média anual varia de 240 a 1500 mm, estando restrita a trés meses
consecutivos, com temperatura média anual de 27,5 °C (ANDRADE-LIMA, 1981; LEAL et
al., 2005; ALVES et al., 2011).

Anteriormente, a Caatinga era considerada um bioma pobre em espécies vegetais e,
portanto, indigno de medidas de conservacdo. Entretanto, é de conhecimento geral que existem
510 géneros e 5344 espécies de plantas vasculares na Caatinga, dentre as quais 18 géneros e
318 espécies sao endémicos (GIULIETTI et al., 2002). Dessa forma, o bioma é dominado por
um dos poucos tipos de vegetacdo cuja distribuicdo € totalmente restrita ao Brasil (SILVA;
ALBUQUERQUE, 2005).

Espécies de plantas medicinais pertencentes a Caatinga, como Myracrodruon
urundeuva Allemao, Amburana cearensis (Arr. Cam.) A.C. Smith., e Anadenanthera colubrina
(Vell.) Brenan var. cebil (Griseb) Altschul, s&éo amplamente conhecidas e utilizadas na medicina
popular, e para confecgdo de produtos fitoterapicos (ALMEIDA; ALBUQUERQUE, 2002;
ALBUQUERQUE et al., 2007). Apesar da sua diversidade de recursos, a vegetacdo da Caatinga
faz parte de um bioma altamente ameacado e ainda pouco estudado do ponto de vista
etnobotanico, fitossocioldgico e farmacologico, dada a riqueza cultural e bioldgica que la existe
(VANDESMET, 2015).
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Figura 1: Localizacdo das Caatingas na América do Sul
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Fonte: LEAL; SILVA; TABARELLI, 2005.

3.2 CONSIDERACOES GERAIS SOBRE MYRTACEAE

Myrtaceae, uma das maiores familias de Angiospermas, engloba cerca de 129 géneros
e aproximadamente 4.620 espécies de arvores e arbustos, que por suas caracteristicas e atributos
sdo incluidas em duas subfamilias: Psiloxyloideae, com duas tribos e Myrtoideae, com quinze
tribos (WILSON et al., 2001, 2005). A familia apresenta ampla distribuicdo geogréafica, com
particular ocorréncia na Austréalia, india, América tropical e varias outras regides de clima
temperado e semiarido (DI STASI; HIRUMA-LIMA, 2002; OLIVEIRA et al., 2005).

Apresenta-se distribuida em todos os dominios fitogeograficos brasileiros, ocorrendo
guase 1000 espécies subordinadas a 23 géneros. As mirtaceas estdo entre as 10 familias com
maior riqueza de espécies na flora do pais, sendo a Floresta Atlantica um de seus centros de
diversidade, onde é a sexta maior familia em niveis de diversidade. A mesma engloba os
géneros Myrtus, Psidium, Pimenta, Eugenia, Sygyzium, Eucalyptus, Leptospermum e
Malaleuca (FORZZA et al., 2010; FERNANDES, 2011).
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As mirtaceas desempenham um grande papel na economia, uma vez que varias espécies
sdo cultivadas, seja por seus frutos comestiveis, com propdsito ornamental, pela extragdo de
esséncias ou madeiras com alto valor comercial. Seus representantes também possuem varias
propriedades medicinais, grande parte destas atribuidas aos 0leos essenciais das estruturas
secretoras de seus 0rgaos vegetativos e reprodutivos (BARROSO et al., 1984; MELO, 2009).

Do ponto de vista quimico, vérias substancias com atividade farmacologica foram
isoladas em estudos a partir de espécies dessa familia, tais como o -cariofileno,
biciclogermacreno, espatulenol, carotenoides, 4acido ascorbico e compostos fendlicos
(MORENO et al., 2014; MIRANDA et al., 2017; PEREIRA et al., 2017).

O uso medicinal das muitas espécies desta familia justifica-se pelas diversas atividades
comprovadas, como antimicrobiana, antiviral, hipoglicemiante, antioxidante e anticancerigena.
Entre os exemplos mais frequentes, podem-se citar a goiabeira, araca, jabuticaba, ponhema,
sabard, pitanga, uvéria, cabeludinha, quimixama, guabiroba e o cambuci (SILVA; CASALI,
2000; APEL et al., 2006; SERAFIM, 2006). Ainda revisando a literatura, encontra-se algumas
pesquisas que revelam inGmeras plantas pertencentes a familia Myrtaceae com atividade
antiparasitaria como, por exemplo, o estudo realizado por Silva (2007) que revelou potente
atividade tripanocida e leishmanicida da planta Myrcia hiemalis (Myrtaceae), além da pesquisa
de Correia et al (2016) que mostrou satisfatéria atividade Leishmanicida do extrato de
Myrciaria dubia (Myrtaceae).

3.3 GENERO EUGENIA

O género Eugenia encontra-se bem representado nos diversos dominios fitogeogréaficos
do Brasil, destacando-se pelo vasto potencial medicinal, econdémico, alimenticio, bem como
para exploracdo comercial de madeiras e 6leos essenciais, além de seu uso como plantas
ornamentais (ROMAGNOLO; SOUZA, 2006; ALVES; TRESMONDI; LONGUI, 2008;
LAGO etal., 2011).

Possuem representantes na forma de arbustos, subarbustos e arvores, nas quais o caule
pode atingir de trés a doze metros de altura. As flores exibem-se em racemos, dicasios ou
isoladas, com antopodio presente e profilos livres, persistentes ou caducos. Os botdes florais
abertos apresentam quatro sépalas que frequentemente sdo desiguais, e as pétalas tetrameras
semelhantes. Os estames sdo numerosos; ovario bilocular podendo apresentar de quatro a vinte
Ovulos por l6culo. Os frutos apresentam coloragdo heterogénea podendo ser amarelos,

alaranjados, vermelhos, vinaceos e até pretos quando maduros, sendo as bagas globosas a
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elipsoides, com célice persistente. O nimero de sementes pode variar de uma a trés, o embrido
é do tipo eugenidide. Entre os cotilédones existe uma linha de separacéo e o eixo hipocétilo-
radicula apresenta-se pouco desenvolvido (QUEIROZ et al., 2015).

As espécies do género Eugenia sdo alvos constantes de pesquisas, uma vez que Sao
detentoras de 6leos essenciais e diversos metabdlitos secundarios que apresentam importantes
acOes bioldgicas (VICTORIA et al., 2012). Em estudos realizados com a espécie Eugenia
uniflora L. importantes propriedades terapéuticas foram descritas, tais como: antiparasitaria,
antibacteriana, antioxidante, antidepressiva, antinociceptiva e hipotérmicas. Ja& no Viés
fitoquimico, os principais marcadores descritos s&o: &cido galico, &cido elagico e miricitrina,
porém, podem ser encontrados nesta planta outros metabdlitos, tais como as antacioninas e
sesquiterpenos (OGUNWANDE et al., 2005; AMORIM et al., 2009; BEZERRA et al., 2017,
OLIVEIRA et al., 2017; SOUZA et al., 2017).

Em consonancia, as atividades biologicas de Eugenia jambolana L. incluem:
antibacteriana, antidiarreica, antiparasitaria, antidiabética, antinociceptiva e anti-inflamatéria
(MUKHERJEE et al., 1988; SAHA et al., 2013; Ll etal., 2017; PEREIRA et al., 2017; SOUZA
et al., 2017). A avaliacdo dos constituintes presentes nessa espécie aponta para a presenca de
compostos fendlicos nos extratos, como taninos, alcaloides, esteroides, flavonoides,
terpendides, acidos graxos, fenois, minerais, carboidratos e vitaminas (MARGARET,;
SHAILAJA; RAO, 2015; VEBER et al.,, 2015). Além disso, um rastreio quimico e
quimiopreventivo realizado com extratos e fraces de folhas e frutos de E. jambolana levaram
a purificagéo de flavonoides (tricetina-4’-O-a-1-rhamnopiranosido e miricitrina) e antacioninas
(malvidina-3-O-gentibiosideo), sugerindo que esta espécie pode agir como um agente
preventivo contra danos ao DNA (DAMETTO et al., 2017).

Outras espécies pertencentes a este género que vém sendo estudadas sdo Eugenia
punicifolia (Kunth) DC. e Eugenia dysenterica DC. apresentando, respectivamente, tais
atividades  bioldgicas: neuroprotetora, gastroprotetora, antioxidante, antidiarreica,
antileucémica e antifungica; e anti-inflamatdrias, antinociceptiva, gastroprotetora, anti-
diabética e antioxidante. Analises quimicas dessas espécies sugerem a presenca de terpenos,
flavonoides, saponinas e taninos como responsaveis por suas propriedades farmacoldgicas
(LEITE etal., 2014; GALENO etal., 2014; SALES etal., 2014; BASTING etal., 2014; COSTA
et al., 2000; PRADO et al., 2014; GALHEIGO et al., 2015; PEIXOTO, 2015; VITEK et al.,
2017).

E cabivel citar outros estudos, como o de Carneiro et al (2017), cujos resultados

demonstraram satisfatoria atividade tripanocida do 6leo essencial de Eugenia klotzschiana e
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Santos et al (2013) em que os resultados indicam que Eugenia uniflora apresenta atividade

leishmanicida.

3.4 CONSIDERACOES GERAIS SOBRE A ESPECIE EUGENIA STIPITATA

O aracgazeiro-boi (Eugenia stipitata McVaugh) é uma frutifera pertencente a familia
Myrtaceae. E originaria da Amazonia Ocidental, comumente cultivada em pequena escala no
Peru, Bolivia, Equador, Colémbia e Brasil (MCVAUGH, 1956).

O arbusto do aragazeiro-boi alcanga de trés a cinco metros de altura (Figura 2), com
abundante ramificacdo e folhagem, se adaptando muito bem ao clima tropical umido. Suas
folhas séo elipticas, verde-escuras e as pequenas inflorescéncias possuem de trés a dez flores
hermafroditas, com pétalas brancas e 75 a 100 estames (CHAVES-FLORES; CLEMENT,
1984; EMBRAPA, 1996).

Figura 2: Arbusto de Eugenia stipitata, conhecida popularmente como araca-boi.

e SCR
=

Fonte: http://www.fruitipedia.com/araca_boi.htm

Seu fruto é uma baga globosa, de formato redondo ou achatado, com casca delgada e
coloracdo amarelo-canério quando madura. Sua polpa é suculenta, pouco fibrosa, e bastante
acida, de coloracdo amarelo-clara, possuindo de 4 a 10 sementes oblongas de 0,5 a 1,0 cm de
comprimento (SACRAMENTO; BARRETTO; FARIA, 2008).

Devido sua intensa acidez, a polpa do araca-boi ndo é adequada para 0 consumo in

natura. Porém, esta possui aroma e sabor agradaveis, podendo ser consumida em forma de
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sucos, sorvetes, geleias, néctar, licores e outros (EMBRAPA, 1996; ANDRADE et al., 1997;
SOARES, 2009).

Entre as propriedades bioldgicas investigadas, podem-se destacar a atividade
antioxidante na eliminacéo de radicais livres (DUKE, 2017), potencial antimicrobiano do 6leo
essencial produzido a partir de suas folhas (MEDEIROS et al., 2003) e atividades
antimutagénica e antigenotoxica de extratos do fruto, sugerindo que estes podem funcionar
como agentes preventivos contra o cancer (NERI-NUMA et al., 2013).

Na medicina popular local, o araga-boi € utilizado no tratamento de desordens intestinais
e urinarias, além de também aliviar os sintomas do resfriado, o que indica que os compostos
bioativos presentes na planta podem ter potenciais beneficios para a salde humana
(FERNANDEZ-TRUJILLO et al., 2011).

3.5 LEISHMANIA

As leishmanioses sdo antropozoonoses, causadas por protozoarios do género
Leishmania, consideradas um grande problema de salde publica, representando um conjunto
de doencas com grande importancia clinica e diversidade epidemiol6gica (BRASIL, 2007).

A Leishmaniose Tegumentar Americana (LTA) é uma enfermidade causada por
protozoarios do género Leishmania, transmitida ao homem pela picada de mosquitos
flebotomineos. Existem atualmente 6 espécies de Leishmania responsaveis pela doenca humana
no Brasil, e mais de 200 espécies de flebotomineos envolvidos em sua transmissdo (BASANO,
2004).

A enfermidade apresenta-se na forma cutanea ou mucosa (PALMEIRO et al., 2007),
sendo que a forma mucosa €, na maioria das vezes, secundaria as lesdes cutaneas, surgindo,
geralmente, meses ou anos depois das lesdes de pele (BRASIL, 2007). Quando acometem a
mucosa bucal, a doenca se torna destrutiva ou ulcerovegetativa e granulomatosa, acompanhada
pela presenga de granulagdes grosseiras e sulcos profundos. Geralmente, a dificuldade de
deglutir e a dor sdo os principais sintomas relatados, além de sialorréia, odor fétido e o
sangramento (GONTIJO; CARVALHO, 2003).

O protozoario Leishmania infantum chagasi, no Brasil, é o agente causador da
leishmaniose visceral (LV), enfermidade que atinge cerca de 65 paises, com incidéncia
estimada de 500 mil novos casos e 59 mil 6bitos anuais, e é transmitida por flebotomineos do
género Lutzomyia, sendo o cdo considerado a principal fonte de infeccdo no meio urbano.

Considerada uma doenca grave com poucas opgOes terapéuticas, mesmo quando
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adequadamente tratada, a mesma tem letalidade de cerca de 5% (WERNECK, 2010).

As formas promastigotas metaciclicas de Leishmania sdo responsaveis por causar
infeccdo e sdo transmitidas aos hospedeiros vertebrados pelos vetores (Figura 3). Além da
forma promastigotas metaciclicas, o parasito também apresenta as formas paramastigotas e
promastigota ndo metaciclica, que se multiplicam no trato digestivo do vetor, e as formas
amastigotas, que sdo parasitas obrigatorios das células do sistema fagocitico mononuclear
(Figura 4) (ALBERNAZ, 2010).

Figura 3: Ciclo Bioldgico da Leishmania
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Fonte: CDC, 2014

Figura 4: A) Forma Promastigota de Leishmania sp; B) Forma Amastigota de Leishmania sp.

Fonte: VANDESMET, 2014.

No tratamento, além da necessidade do desenvolvimento de melhores farmacos para o

tratamento da Leishmaniose, ainda ndo ha vacinas contra o parasita Leishmania e, também, ndo
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ha acbes eficazes no controle do vetor. Desta forma, o tratamento utilizado atualmente é
baseado na quimioterapia com farmacos caros, toxicos e ineficientes que ndo atendem a
variedade de agentes etiologicos da doenca (REBOLLO; OLIVERO-VERBEL,; REYES, 2013).

3.6 TRYPANOSOMA CRUZI

Trypanosoma cruzi € o protozoario causador da doenca de Chagas, uma infeccdo
sistémica cronica que atinge cerca de 18 milhdes de pessoas na América Latina e 30% do
infectados apresentam a forma sintomética da enfermidade. Os problemas cardiacos sdo 0s
principais responsaveis pelo 6bito dos pacientes chagasicos, por arritmias ventriculares ou
disfuncdo ventricular grave (RASSI JUNIOR et al., 2006). A infeccdo por T. cruzi pode ser
transmitida por um vetor invertebrado, os triatomineos, conhecidos no Brasil como barbeiros,
a principal espécie é o Triatoma infestans (DE ARAUJO-JORGE; DE CASTRO, 2000).

O Trypanosoma cruzi possui ciclo de vida complexo que requer passagem obrigatoria
por um hospedeiro invertebrado, o inseto vetor triatomineo, e um hospedeiro vertebrado (Figura
5) (BONNEY; ENGMAN, 2010). Durante seu ciclo de vida, o parasito apresenta basicamente
trés formas evolutivas: 1- epimastigota, forma replicativa ndo infectante, presente no intestino
superior do inseto; 2- tripomastigota, forma ndo replicativa infectante, presente na porgéo
posterior do intestino do inseto; 3- amastigota, forma replicativa intracelular (Figura 6). As
formas sdo classificadas e diferenciadas a partir da posicdo do cinetoplasto em relacdo ao
nucleo, flagelo e morfologia (FERRAZ et al., 2007; ABE et al., 2002; ROMERO; MORILLA,
2010).
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Figura 5: Ciclo Biol6gico do Trypanosoma cruzi
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Figura 6: A: Forma amastigota do T. cruzi.; B: Forma tripomastigota do T. cruzi; C: Forma epimastigota do T.
cruzi.

AR’ . n ) s

Fonte: VANDESMET, 2014
O ciclo no inseto tem inicio quando durante o repasto sanguineo no vertebrado
infectado, o vetor ingere os tripomastigotas sanguineos que, no intestino do vetor, serdo
transfomados na forma epimastigota (exclusiva do hospedeiro invertebrado) onde se prolifera
e, novamente, transforma-se na forma tripomastigota metaciclica que sera eliminada com as
fezes durante o repasto sanguineo, podendo penetrar no organismo do hospedeiro vertebrado

por meio da picada ou mucosas (DUTRA et al., 2006).
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As formas tripomastigotas metaciclicas sdo capazes de sobreviver e reproduzir-se em
uma variedade de células nucleadas (SILVA et al., 2007), onde se diferenciam em formas
amastigotas; ocorre proliferacdo intracelular por sucessivas divisdes binarias e diferenciacdo
em formas tripomastigotas que rompem a célula e caem na circulacéo sanguinea (LIMA et al.,
2010). Apds a ruptura celular, as formas tripomastigotas liberadas na corrente sanguinea podem
infectar células vizinhas, se espalhar para outros érgdos ou serem ingeridas por outro inseto
vetor reiniciando o ciclo (MUNOZ-SARAIVA et al., 2012).

Ap0s a invasdo, a doenca de Chagas pode ser classificada em fases aguda e crénica, de
acordo com o tempo da infec¢do e caracteristicas do soro do vertebrado infectado. Por cerca de
30 a 90 dias, observa-se a fase aguda, sendo uma caracteristica marcante desta fase o grande
nimero de parasitas presentes na circulacdo, enquanto a fase crénica € caracterizada pela
parasitemia baixa e pelo elevado numero de imunoglobulinas circulantes. As manifestacfes
observadas nesta fase séo decorrentes do efeito intracelular do parasitismo (FERRAZ et al.,
2007).

A infeccdo aguda tende a ser uma doenca febril autolimitante leve. Aproximadamente
30% dos individuos infectados desenvolvem doenca de Chagas cronica, que na maioria dos
casos afeta 0 coracdo (causando cardiomiopatia e disritmias) ou o intestino (causando mega-
esdfago ou mega-cdlon). A supressdo imune de qualquer causa pode resultar na reativacdo da
infeccdo latente, causando graves problemas cardiacos e sequelas neuroldgicas (TEIXEIRA et
al., 2006).

Nifurtimox e benznidazol sdo os medicamentos disponiveis para o tratamento de
pacientes infectados com T. cruzi. Entretanto, devido a sua conhecida toxicidade e efeito
limitado para diferentes isolados de parasitas e fases da doenga, a producdo de novos farmacos
é urgentemente necessaria (DUSCHAK; COUTO, 2007; MCKERROW et al., 2009; URBINA,
2009; SOEIRO et al., 2009).

3.7 OLEOS ESSENCIAIS

Os Oleos essenciais (OE) sdo misturas complexas de substancias volateis e lipofilicas
usadas desde tempos antigos por suas propriedades farmacéuticas e como aromatizantes de
cosméticos e perfumes. Sdo conhecidos cerca de cerca de 3000 OE, dos quais 300 sdo
comercialmente importantes por suas aplicacdes agronémicas, alimenticias, farmacéuticas,
sanitarias, cosméticas e na perfumaria (BAKKALI et al., 2008; FIGUEIREDO et al., 2008).

Essas substancias podem ser obtidas de diversos Orgaos vegetais, tais como flores,
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caules, folhas, galhos, frutas, sementes, raizes, madeira ou casca, e sdo armazenados em células
secretdrias, canais, cavidades, células epidérmicas ou tricomas glandulares (NIETO, 2017).

Os OE sao produtos do metabolismo secundario vegetal e desempenham importantes
papéis protetores, atuando como agentes alelopaticos, antivirais, antifungicos, antibacterianos,
inseticidas, sendo capazes de reduzir o apetite de animais herbivoros. Além disso, possuem
funcdo crucial para o processo de polinizacgdo, atraindo insetos para favorecer a dispersdo de
polens e sementes, e repelindo aqueles indesejaveis. As mais bem estabelecidas atividades de
oOleos essenciais sdo antimicrobiana, sedativa, anti-inflamatoria, bactericida, antiviral, fungicida
e como conservante de alimentos (BAKKALI et al., 2008; NIETO, 2017).

Do ponto de vista quimico, os OE sdo constituidos de misturas de 20-60 compostos
organicos nas mais diversas concentracdes, que podem pertencer a classe dos alcoois, éteres ou
oxidos, aldeidos, cetonas, éesteres, aminas, amidas, fenois, heterociclos e principalmente os
terpenos. Além destes, também podem conter compostos ndo-terpénicos como os derivados de
fenilpropandides (DHIFI et al., 2016).

O fato destes 6leos serem naturais e biodegradaveis, aliado a baixa toxicidade em
mamiferos, podendo atuar sobre véarias moléculas-alvo simultaneamente, torna essas
substancias pecas-chave na pesquisa de novos medicamentos. Assim, os Oleos podem ser
explorados como alternativa ou complemento aos compostos sintéticos utilizados pela indUstria
farmacéutica, diminuindo ou sem induzir os efeitos secundarios indesejaveis (FIGUEIREDO
et al., 2008; DHIFI et al., 2016).

3.8 OLEOS ESSENCIAIS COM ATIVIDADE ANTIPARASITARIA

A acdo antiparasitaria de plantas medicinais, atualmente, pode ser considerada, ao
revisar a literatura, como um dos campos de mais interesse aos pesquisadores, principalmente
acerca de OE. Dito isto, se faz necessario citar alguns estudos que comprovam a atividade
antiparasitaria de OE, como Estevam e colaboradores (2018) que fez analise do OE dos frutos
verdes de Protium ovatum (Burseraceae) que apresentou forte atividade tripanocida contra as
formas tripomastigota do Trypanosoma cruzi (ICso = 1,2 pg/mL), 0s principais compostos
encontrados no OE dos frutos verdes de P. ovatum foram: -mirceno (62,0 %), a-pineno (11,3
%) e limoneno. Carneiro e colaboradores (2017) onde o OE das flores de Eugenia klotzschiana
(Myrtaceae) apresentou promissora atividade tripanocida contra formas tripomastigotas de
Trypanosoma cruzi (20,2 ug/mL) e 0s principais compostos encontrados no OE das flores foram

sesquiterpenoides: B-cariofileno (21,1%), biciclogermacreno (10,2%) e espatulenol (20,9%).
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Em especial, o potencial Leishmanicida de OE tem sido descrito na literatura. Por
exemplo, Rosa e colaboradores (2003) que relata que o 6leo das folhas de Croton cajucara,
apresentou 1Cso de 0,008 pg/mL frente a promastigotas da espécie L. amazonenses e Dutra e
colaboradores (2009) que estudou o OE e fragdes (6,25 — 100 pg/mL) obtidas das sementes
de P. emarginatus que apresentou nas fracfes hexanica (ICso= 50,06 pg/mL) e butanolica
(ICso= 46,65 pg/mL) atividade leishmanicida frente as formas promastigotas de L.

amazonensis.
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ABSTRACT

The essential oils (EOs) of plants used in traditional medicine are known as a rich source of
chemically different compounds with different biological activities. In this study, we analyzed
the chemical composition and investigated the trypanocidal, leishmanicide, effect and in vitro
cytotoxicity of essential oil obtained from the leaves of Eugenia stipitata McVaugh. EO was
extracted by the distillation method by steam stripping and its chemical composition analyzed
by GC/MS and tested in seven concentrations (15.75, 31.25, 62.5, 125, 250, 500 e 1000 pg/mL)
against the forms of Trypanosoma cruzi epimastigotes and promastigotes forms of Leishmania
braziliensis and Leishmania infantum, as well as against fibroblasts. Generally, 48 components
were identified in the oil chemical analysis and the most abundant constituents were: f-
eudesmol (15.28%), y-eudesmol (10.85%), Elemol (10.21%), caryophyllene oxide (6.5%),
Clovene (6.18%) and Espatulenol (6.14%). In the evaluation of the parasitic activities, EO of
Eugenia stipitata McVaugh at concentrations of 125 pg/mL and 62.5 pg/mL inhibited,
respectively, 80.69% and 71.91% of the promastigote form of L. braziliensis. Similar inhibition
was observed for the same concentrations of the oil against L. infantum, which inhibited 76.51%
of promastigote form of L. infantum in concentration of 125 pg/mL and 51.1% in the
concentration of 62.5 pg/mL. However, in the concentration of 125 pg/mL a smaller parasitic
inhibition was observed of essential oil of Eugenia stipitata McVaugh bedore the
epimastigotes forms of T. cruzi, with 22.85%. The essential oil of Eugenia stipitata McVaugh
presented a low cytotoxicity in the concentration of 62.5 pg/mL and no cytotoxicity in
concentrations of 31.5 pg/mL and 15.75 pg/mL. Therefore, the studied EO presented itself as
a promising antiparasitic source against the ways of life of L. braziliensis and L. infantum.

Keywords: Essential Oil. Caatinga. Antiprotozoal. Eugenia stipitata McVaugh.
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1. INTRODUCTION

Essential oils (EOs) are a complex mixture of compounds arising from plants secondary
metabolism, which serve as a protective mechanism, acting as antimicrobial , antiviral and
antifungal agents (Bakalli et al., 2008; Sharifi-Rad et al., 2017). Since the middle age, EOS has
been widely used as a bactericide, virucides, fungicides and pesticides. Furthermore, their use
has been shown to be safe, with few side effects and low toxicity to mammalian cells (Bakkali
et al., 2008; Dubey et al., 2010; Santoro et al., 2007).

American trypanosomiasis, also known as Chagas disease (CD), is a neglected tropical
disease which is Brazil in Latin America. CD was first described in 1909 and is caused by the
parasite Trypanosoma cruzi (Moncayo; Silveira, 2017). According to the World Health
Organization more than 65 million people live at risk of infection and of 6 to 7 million are
infected (WHO, 2018a). The transmission occurs by contact with hematophagous triatomine
insects of the genus Triatoma, Panstrongylus and Rhodnius infected by the protozoan parasite,
by blood transfusion, via the placenta, by eating contaminated food with the flagellate parasite
or, less frequently, ingestion of contaminated raw meat, organ transplants from infected donors
and sexual contact (Coura, 2015).

There is no vaccine for CD and the treatment for this disease is based on two
chemotherapeutic agents: benzonizadole and nifurtimox. These drugs have a low effectiveness
during the chronic phase of the disease and high toxicity (Bermudez et al., 2016). Moreover,
the absence of a liquid pharmaceutical form leads to a low adherence of the patient, especially
for elderly people and children (Bernardes; Zani; Carvalho, 2013). Therefore, it is necessary to
seek more effective and less toxic treatment to this disease (De Paula et al., 2015; Pinheiro et
al., 2017). In an attempt to develop new drugs, many compounds of natural and synthetic

sources, have been tested against Trypanosoma cruzi (Cerecetto; Gonzélez, 2010; Gonzalez;
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Cerecetto, 2011).

The leishmaniasis is caused by parasites of the genus Leishmania, also being considered
neglected tropical diseases (Arango, Descoteaux, 2014). Leishmaniasis is classified in
cutaneous, subcutaneous and visceral forms, affecting 12 million people in 98 countries
(Hamzavi et al., 2018; WHO, 2018b). The treatment occurs through the administration of
antimonial mutipurpose drugs, liposomal amphotericin B and pentamidine, paromomycin,
miltefosine, among others; all with high cost and a lot of side effects. Therefore, drugs
originating from natural products have been studied (Carneiro et al., 2015; Dias; Dassoy, 2013).

Seasonally dry tropical forests (SDTF) present the circum-Amazonian distribution in
South America and have been the main focus of many recent biogeographic and conservation
studies (DryFlor et al., 2016). These forests are usually associated with fertile soils and climates
marked by highly seasonal rainfall with the severe dry season from three to six months, when
most of the vegetation is leafless (Mcleodet al.,2006; DryFlor et al., 2016). SDTFs are patchily
distributed in South America in several "nuclei” of which the Caatinga biogeographical
province (Morrone, 2014) from Northeastern Brazil is the largest one (Prado; Gibbs, 1993).

Chapada do Araripe, Ceara, Pernambuco and Piaui state, Brazil, harbors a humid forest
enclave within the dry forest mosaic of the Caatinga dryland domain. The humid forest grows
in an area with relatively abundant water resources provided by many streams and springs, in
spite of the long, regional dry season (DNPM, 1996) constituting a type of oasis in the midst of
a semiarid region that supports a wide floral and faunal diversity (FLONA, 2004; Silva et al.,
2011). The humid forest acts as a refuge for many specific species to that region, including
endemic taxa suchAntilophia bokermanni(the Araripe Soleil Bleu,"soldadinho do Araripe")
which is critically threatened with extinction (Auler et al., 2004; Linhares; Silva, 2015), and
other taxa with disjunct distributions between the Atlantic and Amazon forests

(e.g.,spermatophytes, ferns and angiosperms) (Loiolaet al., 2015; Collinset al., 2015) -
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http://www.scielo.br/scielo.php?pid=S0102-33062018000200303&script=sci_arttext#B91
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illustrating the biological importance of that area and the necessity of its protection (MMA,
2000).

The genus Eugenia is well represented in the various phytogeographic domains in Brazil
and are constant targets of research, once they are in possession of essential oils and various
secondary metabolites which have important biological actions (Romagnolo; Souza, 2006;
Victoria et al., 2012). Eugenia stipitata McVaugh, popularly known as ara¢é-boi, is used in folk
medicine in the treatment of intestinal and urinary disorders, in addition to relieving the
symptoms of cold, which indicates that the bioactive compounds present in the plant may have
potential benefits for human health (Fernandez-Trujillo et al., 2011).

This study aimed to investigate the trypanocidal, the leishmanicide effect and in vitro
cytotoxicity , as well as to identify the chemical components present in the essential oil obtained

from the leaves of E. stipitata.

2 MATERIALS AND METHODS

2.1 Collection Area

The leaves of the species E. stipitata were collected in the area of native vegetation,

located in Serra dos Paus - Chapada do Araripe, municipality of Exu, Pernambuco (7°21"S,

39°53"W and altitude 884m), in the month of May in the year 2017.

2.2 Botanical Material

The plant material was identified by PhD. Maria Arlene Pessoa da Silva of the

Laboratory of Microbiology and Molecular Biology, Regional University of Cariri - URCA.


http://www.scielo.br/scielo.php?pid=S0102-33062018000200303&script=sci_arttext#B59
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Specimens of the species were produced and deposited at the Herbarium Caririense Dardano

de Andrade Lima of the University aforementioned, under the number 13.054.

2.3 Extraction and chemical composition of the essential oil

To obtain the oil from the leaves of E. stipitata (EOESL), the plant material was ground
into small pieces and subjected to the distillation method by stream stripping (4500g, 3h).
The obtained EO was filtered, weighed and the oil yield was calculated in % (w/w). EO was
then stored in a dark bottle and chilled (at + 5 °C) until use.

EO was analyzed through the Model of Gas chromatography-mass spectrometry (GC-
MS) Shimadzu GCMS-QP2010 using capillary column Rtx®-5MS (30 m x 0.25 mm x 0.25
pm). The MS operation conditions were optimized in the following way: 70 eV, stream
stripping gas (He) 13.6 mL.min! and pressure of 53.5 KPa. The following temperature program

was used: 100 °C (3 min) to 310 °C (3.5 °C/min) (Karmeling; Verluis; schauer, 1975).

2.4 Cell lines used

For the in-vitro tests with T. cruzi, CL-B5 clone was used (Buckner et al., 1996). The
parasites stably transected with the gene for S-galactosidase of Escherichia coli (lacZ) were
provided by PhD. F. Buckner through Commemorative Gorgas Institute (Panama).
Epimastigotes forms were cultured at 28 °C in Liver Infusion Tryptose Broth (Difco, Detroit,
MI) supplemented with 10% Fetal Bovine Serum (FBS) (Gibco, Carlsbad, CA), penicillin (Ern,
SA, Barcelona, Spain) and streptomycin (Reig Jofr SA, Barcelona, Spain) as described by Le
Senne et al. (2002). The cells were collected for testing in the exponential growth phase.

Cultures of Leishmania spp. were obtained from the Health Science Research Institute,
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Asuncion, Paraguay - 11CS and identified by isoenzyme analysis. The lines maintenance, forms
of cultivation and isolation of promatigotes forms of Leishmania spp. followed procedures
described by Roldos et al. (2008). The inhibitory action of these promastigotes forms were
performed using the L. braziliensis (MHOM / CO / 88 / UA301) and L. infantum lines
(MHOM/ES/92/BCN83), cultured at 22 °C in Schneider’s Drosophila supplemented with 20%
FBS. In the cytotoxicity assays, the NCTC-929 murine fibroblast line, obtained from the
National Collection of Type Cultures and cultivated in Minimal Essential Medium, was used.
The culture medium was supplemented with heat inactivated FBS (10%), penicillin G (100
U/mL) and streptomycin (100 mg/mL). Cultures were maintained at 37 °C in a humidified
atmosphere with 5% CO?2. The lines viability was evaluated through the use of the resazurin

colorimetric method (Rolén et al., 2006).

2.5 Reagents

Resazurin sodium was obtained from Sigma-Aldrich (St Louis, MO) and stored at 4 °C
away from light. The Resazurin solution was prepared with 1% phosphate buffer, pH 7 and
sterilized by filtration before use. Chlorophenol red-p-D galactopyranoside (CPRG; Roche,
Indianapolis, IN) was dissolved in a 0.9% Triton X-100 (pH 7.4) solution. Penicillin G (Ern,
S.A., Barcelona, Spain), streptomycin (Reig Jofré S.A., Barcelona,

Spain) and dimethyl sulfoxide (DMSQ) were also used.

2.6 Trypanocidal activity

For the trypanocidal assays, 96-well microdilution plates (Sarstedt, Sarstedt, Inc.) were

used with cultures that did not reach the stationary phase, as described by Vega et al. (2005).
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The T. cruzi epimastigote forms were seeded at 1x10° per millilitre in 200uL and the plates
were incubated with EOESL at the 15.75, 31.25, 62.5, 125, 250, 500 and 1000 pg/ mL
concentrations at 28°C for 72h, with 50uL of the CPRG solution to give the final concentration
of 200uM. The plates were incubated at 37°C for an additional 6h period and then read at 595nm
In a spectrophotometer.

Benzonidazole was the reference drug tested in triplicates at 1, 10, 50 and 100ug/mL
concentrations. Each experiment was performed twice separately. The antiepimastigote
percentage (%AE) was calculated following the formula: %AE= [(AE - AEB)/(AC - ACB)] x
100, where AE=absorbance of the experimental group; AEB=blank compound;
AC=absorbance of the control group; ACB=culture medium blank. The natural product solution
to be analyzed was diluted in dimethyl sulfoxide, with the final concentration DMSO never

exceeding 0.2% of the final solvent.

2.7 Leishmanicidal activity

The method used in this assay was developed by Mikus; Steverding (2000) and
modified, where the promastigote cultures (2.5x10° parasites/well) were grown in microdilution
plates. The EOESL was dissolved in DMSO at 15.75, 31.25, 62.5, 125, 250, 500, 1000 pg/mL
concentrations. After an incubation period of 48h at 26°C, 20ul of resazurin solution was added
and the oxidation was quantified in a spectrophotometer with 570-595nm wavelengths. The
concentrations were tested in triplicates along with miltefosine which was used as a positive
control. The antipromastigote percent (%AP) was calculated following the formula %AP =
((A570 X 117,216 - Asgs X 80,586) of test compounds / (As7o X 117,216 - Ases X 80,586) of

untreated posite growth control))X100. Thus testing the substances efficacy.
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2.8. Cytotoxicity test

The clones were seeded (3x10%) in 96-well flat-bottom microdilution plates with 100uL
culture medium. RPMI 1640 per well. Cells were grown overnight at 37°C and 5% CO2
atmosphere. The medium was then replaced with the isolated tested substance and added at
different concentrations in 200uL of the medium for 24h. Growth control wells were also
included. After the incubation, 20uL of Resazurin solution was added to each well. The plates
were incubated again for 3h; The Resazurin reduction was determined by wavelength
absorbance measurement at 570 and 595 nm in a microplate reader.

Each concentration of EOESL (15.75, 31.25, 62.5, 125, 250, 500, 1000 ug/mL) was
tested three times. The percent cytotoxicity (%C) of the natural products was determined as
follows: %C=[(A570%x117, 216—A595%80,586) test samples/(A570x117, 216 - A595x%80,586)
control]x100, where A570 and A595 represented the values 80,586 and 117,216 of optical
media density at 570 and 595nm, respectively, recorded for wells with cells containing different
natural product doses or the value recorded for wells with cells and without natural
product(respectively positive growth controls)(Rolo6n et al., 2006). Then, the Selectivity Index
(SI) was calculated as the 50 inhibitory concentration rate (IC50) of the cells / 50 inhibitory
concentration (IC50) of parasites. The value resulting from this calculation reflects how many

times the used EO is more selective to parasites than the host cell.

2.9 Statistical analysis

Statistical analysis was performed using ANOVA. The data were analyzed by GraphPad Prism

5.0 program (GraphPad Software, San Diego, CA, USA).
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The fresh leaves of E. stipitata provided oil yield of 0.13%. Table 1 presents the

chemical composition of the essential oil (EO) analyzed by GC/MS. In the EO of Eugenia

stipitata leaves 46 compounds were identified, corresponding to 100% of the total oil, which is

composed by 45.83% of sesquiterpene hydrocarbons, 28.26% of oxygenated sesquiterpenes,

15.22% of oxygenated monoterpenes, 4.35% of monoterpenes hydrocarbons and 4.35% other

elements. The most abundant constituents of the analyzed EO were f-eudesmol (15.28%), y-

eudesmol (10.85%), Elemol (10.21%), caryophyllene oxide (6.5%), Clovene (6.18%) and

Espatulenol (6.14%).

Table 1. Chemical composition of the essential oil from Eugenia stipitata McVaugh

RT Area
Peak Compound
(min) (%)

1 4440 p-Pinene 0.41
2 5.140 0-Cymene 0.12
3 5315 Eucalyptol 2.61
4  6.451 Linalool 0.24
5 7465 Pinocarveol 0.49
6 8.274 Terpinen-4-ol 1.51
7 8.558 a-Terpineol 2.62
8 8717 Myrtenol 0.40
9 8770 Myrtenal 0.26
10 11.147 (E)-Pinocarvyl acetate 0.24
11 12.076 o-Elemene 0.53
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13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

12.960

13.077

13.330

13.431

14.028

14.204

14.280

14.460

14.547

14.674

14.779

15.026

15.211

15.818

15.870

16.012

16.074

16.189

16.629

16.974

17.126

10.21

17.392

Ylangene
a-Cubebene
S-Bourbonene
pS-Elemene
a-Chamigrene
Caryophyllene
S-Cedrene
S-Cubebene
a-Amorphene
Aromadendrene
y-Cadinene
1,4,7,-Cycloundecatriene, 1,5,9,9-tetramethyl-,
VAVAVA
Espatulenol
S-Selinene
Anthracene, 1,2,3,4,5,6,7,8-octahydro-2-
methyl, (R)-
Ledene
a-Muurolene
[S-Bisabolene
Cadina-1,3,5-triene
a-Cadinene
a-Calacorene
Elemol

Alloaromadendrene oxide-(1)

0.19

0.95

1.99

1.09

0.49

4.38

4.33

4.19

0.86

0.45

4.03

0.76

6.14

0.51

0.24

0.79

0.92

0.70

2.08

0.52

0.31

10.21

1.06

39
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36

37

38

39

40

41

42

43

44

45

46

17.761
18.152
18.589
18.812
18.969
19,118
19,389
19,688
19,730
20,063

20,421

25,458 Tetramethyltricyclo[5.3.1.0(4,11)]undec-2-en-

Total

Viridiflorol
Caryophyllene oxide
Epiglobulol
Cubenol
y-Eudesmol
8-Cedren-13-ol
tau-Cadinol
S-Eudesmol
Clovene
[-Caryophyllene oxide
Xenitorin A

1s,4R,7R,11R-1,3,4,7-

8-one

1.56

6.50

0.81

0.48

10.85

1.20

2.53

15.28

6.18

0.15

0.29

0.18

100.00

RT: retention time (minutes); Area (%): percentage of compound on the sample
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In the evaluation of the antiparasitic activities, OEESL at concentrations of 125 pug/mL

and 62.5 pg/mL inhibited, respectively, 80.69% and 71.91% of the promastigote form of L.

braziliensis. Similar inhibition was observed for the same concentrations of the oil against L.

infantum, which inhibited 76.51% of promastigote form of L. infantum in concentration of 125

png/mL and 51.1% in the concentration of 62.5 pg/mL. However, in the concentration of 125

png/mL a smaller parasitic inhibition of EOESL was observed for the epimastigotes forms of

T. cruzi, with 22.85%. EOESL presented a low cytotoxicity in the concentration of 62.5 pg/mL

and no cytotoxicity in concentrations of 31.5 ug/mL and 15.75 pg/mL. At the dose of 125

pg/mL  toxicity of 25.73% was observed, staying on the margin the maximum tolerated
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cytotoxicity to mammalian cells (25%). The cytotoxicity against mammalian cells was

compared to those of parasite by determining the SI: L. braziliensis, SI= 13.59; L. infantum,

S1=9.35; T. cruzi, SI= 0.50.

It is noteworthy that in relation to the parasitic activities that presented results less than

or equal to 20% of inhibition, the results were not considered because they did not have

important biological activities.

Table 2: Anti-Leishmani, trypanocidal activity and cytotoxicity of the essential oil of Eugenia

stipitata.
Natural Conc. % AP % AP % AE
%C
Product (pg/mL) L.braziliensis L.infantum  T. cruzi
LC50
37.65 54.71 1019 5115
(ug/mL)
1000  91.04+0.64 84.80+0.45 41.46+0.28 *
500 88.39+0.39 84.69+0.01 30.85+0.53 *
250 87.61+0.51 83.82+0.42 27.97+0.81 *
EOESL 125 80.69+£0.75 76.51+0.32 22.85+0.70 25.73+2.69
625  71.91+0.14 73.91+0.15 - 5.09+0.34
31.25 41.40+0.42 27.7148.15 - 0.00+1.12
15.75  22.17#0.99 0.00+0.14 - 0.00+0.95

EOESL- essential oil from Eugenia stipitata McVaugh; SI — selectivity index; Conc. - Concentration; ug/mL -

micrograms per milliliters; % AP - Percent Antipromastigote; % AE- Percent Antiepimastigote; % C - Percent of

Cytotoxicity in Fibroblasts; * - No determined and + - Standard Deviation.
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Table 3 presents the results for the positive control of benznidazole. At a concentration
of 100 pg/mL, the drug inhibited 96.59% of forms of T. cruzi epimastigotes and caused the

death of 1.43% of the fibroblasts.

Table 3: Positive control of benzonidazole against Trypanosoma cruzi (ug/mL)

Conc. %AE
Drug

(ug/mL) (T. cruzi)

100 96.59+2.13

50 81.84+2.74
Benzomidazole

10 50.61+5.83

1 10.53+5.87

Conc. - Concentration; pg/mL - micrograms per milliliters; % AE - Percent Antiepimastigote and + - Standard

Deviation.

Table 4 presents the results for the positive control of Miltefosine, which behaved
differently before the two species of Leishmania. For L. infantum, the concentration of 128
pug/mL had the largest percentage inhibition of parasites, however, caused the death of 2.42%
of the fibroblasts. In relation to L. brasiliensis, the concentration of 64 pg/mL of miltefosine
had the highest rate of inhibition, 83.69% of the promastigotes forms without registration of

fibroblasts deaths.

Table 4: Positive control of miltefosine against Leishmania braziliensis and Leishmania

infantum (uM).

Conc. % AP % AP
Drug
(ng/mL) L.braziliensis  L.infantum
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256 97.07+0.41 80.45+0.27

128 98.75+0.28 81.64+0.19

64 08.65+0.21 83.69+0.32
Miltefosine

36 95.43+0.79 83.22+0.22

16 50.49+0.70 73.69+0.03

8 1.57+0.80 46.45+0.14

uM- Micromols; % AP - Percent Antipromastigote; + - Standard Deviation;Conc. - Concentration; pg/mL-

Micrograms per microliter.

4 DISCUSSION

The analysis of chemical composition performed by GC/MS, of essential oil of E.
stipitata leaves , collected in Sdo Miguel Island, in Portugal, identified that the main
components of the oil were monoterpenes and sesquiterpenes, as a-pinene (14.1%), f-
caryophyllene (22.7%), caryophyllene oxide (15.4%) (Medeiros et al., 2003). In another study,
the analysis of the essential oil from E. stipitata leaves of the city of Macas, in Ecuador,
revealed the presence of 30 compounds, of which y-Muurolene, E-Caryophyllene and ¢-
Cadinene were the majoritarian (Ronquillo; Galarza, 2016). The mentioned EOs chemical
analysis showed distinct chemical elements or the same element in different concentrations of
those observed in the present study, as shown in Table 1. According to Douglas et al. (2004),
variations in the EO chemical composition of the same species from distinct regions can be
attributed to differences in the climatic and geographical parameters, such as temperature,
altitude, wind direction, rainfall, soil type, etc.

The chemical analysis of volatile compounds from the fruit of E. stipitata collected in

the city of Manaus, was characterized by the presence of complex sesquiterpenes and the main
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majoritarian elements were germacrene D (37.65%), f-pinene (12.2%) and a-pinene (10.4%)
(Franco; Shibamoto, 2000). According to Garzon et al. (2012) this fruit has important
antioxidant activity. This analysis showed different chemical composition of the oil
composition of the leaves of this study.

The EO analysis of Eugenia hiemalis Cambess leaves collected in Blumenau, Santa
Catarina, in four different seasons of the year, revealed that the elements espatulenol, -
cadinene, Bicyclogermacrene and f-caryophyllene were among the four main compounds
present in at least three of the tations analyzed (Zatelli et al., 2016). Similar results were
observed in the EO of Eugenia brejoensis Mazine leaves collected in Catimbau, Pernambuco,
whose majoritarian constituents were J-cadinene, f-caryophyllene and bicyclogermacrene
(Silva, 2015). Souza et al. (2017) verified the presence of o-cadinene, trans-caryophyllene and
a-Muurolol as majority elements of EO of leaves of the species Eugenia brejoensis.

The composition of the oil of the Eugenia natalitia leaves, collected in the Southern
Africa, was dominated by oxygenated sesquiterpenes (54.4%), consisting mainly of selina-1,3,7
(11)-trien8-one (27.5%) and oxidoselina-1,3,7 (11)-trien-8-one (21.9%). The main constituents
of a class of compounds of hydrocarbons monoterpenes (33.0%) were a-phellandrene (13.0%)
and sabinene (9.7%) (Lawal et al., 2016). While the EO of Eugenia platysema leaves had in
diterpnes the main class of identified compounds (66.05%), followed by the sesquiterpenes
(32.95%). No monoterpenes were found in EO, different from other species of the genus
Eugenia (Tenfen et al., 2016).

Sesquiterpenes predominate in OE composition of Eugenia klotzschiana leaves,
collected in Goiéds. The following main terpenic components were identified: a-copaeno
(10.6%), p-Bisabolene (17.4%), a- (E) -bergamottin (29.9%) and germacrene D (13.3%)
(Carneiro et al., 2017). The OE obtained from the leaves of Eugenia uniflora, collected in the

vicinity of the plant leaves this research shows a high percentage of isoflurane-Germacrene
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(65.80%), followed by germacra-3,7,9-trien-6-one (16.19%), p-elemenona (4.47%), y-elemeno
(3.97%), Germacrene B (2.19%) and (Z)-p-elemeno (0.39%) (Pereira et al., 2017).
Sesquiterpenos also predominated in the composition of the essential oil of the leaves of
Eugenia stipitata of this research.

There are many biological properties attributed to EO. Because of the chemical
complexity, it is difficult to correlate these properties to a single substance, since that the same
may be determined by the chemical synergism (Chaieb et al., 2007). The synergism of the
main chemical EO constituents or the presence of other constituents which may also be active
at even lower concentrations is an important factor that can lead to good performance of
antiparasitic activity (Melo et al., 2011). The EO activity in this study is probably due to the
presence of sesquiterpenes (77.08%), whose biological activities are already well known
(Sauter et al., 2011). The p-caryophyllene (a sesquiterpenic hydrocarbon ) and the nerolidol ( a
oxygenated sesquiterpene ) are examples of terpenic substances with well characterized anti-
Leishmania activity, possibly related to the inhibition of the biosynthesis of isoprenoid cells
(Arruda et al., 2005; Santos et al., 2008). Two sesquiterpene lactones were isolated from the
organic extract of Ambrosia teunifolia leaves , both presenting in vitro trypanocidal activity
against epimastigote forms of T. cruzi and promastigotes forms of Leishmania sp. (Sisen et
al., 2008).

Of the majoritarian components, S-eudesmol has important anticancer activity observed
in different animal models (Kotawong et al., 2018) and antibacterial activity (Bankova;
Trusheva, 2014); Elemol can be considered as one of the main EO antimicrobial components
(Mevy et al., 2006). p-eudesmol (51.9%) and y-eudesmol (18.9%) were the majoritarian EO
elements of Guatteria friesiana, plant with excellent antiparasitic activity against Plasmodium
falciparum and different forms of T. cruzi (Meira et al., 2016). The EO chemical composition

of Alpinia zerumbet presents caryophyllene oxide (18.0%) and f-eudesmol (8.9%) and a good
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antiparasitic activity (Mendiola et al., 2015). Caryophyllene oxide was also isolated in different
species of Lippia spp, known by the relevant antiparasitic activity (Escobar et al., 2010).

Phytotherapy has become a promising alternative in the parasitic diseases treatment,
especially when it is a question of leishmaniasis, since the existing chemotherapy is considered
inadequate due to the high drugs toxicity, to the high costs and the growing resistance of pests
to these drugs (Gonzélez; Cerecetto, 2011; Tasdemir et al., 2006). It is likely that the
multicomponent nature of EOs may reduce the occurrence of resistance to them, because
multiple targets need to adapt to hinder their action (Yap et al., 2014).

This is the first report of antiparasitic activity of Eugenia stipitata and essential oils
from the genus Eugenia are little explored regarding this activity.

The ethanolic extract of Eugenia uniflora L. leaves collected in Campo Grande, Mato
Grosso do Sul, showed no leishmanicide activity on the promastigote forms of L. amazonensis
(Ribeiro et al., 2014). Studies of Braga et al. (2007) with ethanolic extract of Eugenia uniflora
L leaves, collected in Juiz de Fora, Minas Gerais, verified the inhibition on the growth of
48.33% of the promastigote forms of L. amazonensis and L. chagasi in the extract
concentrations greater than 250 pug/mL for both parasites. According to Croft et al. (2006),
different results may be due to the type of solvent used, moreover, it must be taken into account
the genomic difference among the used strains.

The essential oil of the Eugenia uniflora L. leaves, collected in Sdo Luis, in Maranhdo,
showed a significant reduction dependent on the concentration on the parasite viability L.
amazonensis, with 100% of the promastigote growth inhibition at concentrations of 400, 200
and 100 g/mL (1C50= 1.75g/mL). In the determination of cytotoxicity, the oil was 20 times
more toxic for amastigotes than for murine macrophages. The hemolytic activity was 63.22%
in the highest tested concentration (400g/mL); however, showed no toxicity to 50g-mL™*

(Rodrigues et al., 2013). The cytotoxic activity evaluation of natural products before the
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mammalian cells is an essential target in search of active compounds with biological activity
(Santos et al., 2008).

It has been demonstrated that the EO lipophilic components can affect layers of
polysaccharides, fatty acids and phospholipids in plasma membranes of promastigotes forms
of Leishmania spp., inducing cell lysis and the release of macromolecules (Di Pasqua et al.,
2007). Inthe cytoplasm, these substances can break down specific metabolic pathways of lipids
and proteins or stimulate the mitochondrial membrane depolarization, leading to cell necrosis
or apoptosis (Armstrong, 2006; Tarikou et al., 2010).

Concerning Chagas disease, the current treatment is based on the use of nifurtimox and
benznidazole, very toxic drugs to patients with various side effects (Marin-Neto et al., 2009;
Urbina, 2002). Thus, the development of new safer and more effective therapeutic agents are
necessary.

Borges et al. (2012) proposes that the EOs trypanocidal activity occurs mainly by their
terpene composition, responsible for the hydrophobic character of essential oils, which allows
their diffusion through the parasite cellular membrane, affecting the metabolic pathways and
intracellular organelles.

The ethanolic extract of Eugenia uniflora L. leaves showed 80% inhibition of T. cruzi
epimastigotes forms at a concentration of 100 pg/mL. Low cytotoxicity of this extract against
J774 macrophages was observed, 8% in the concentration of 100 pg/mL, and no toxicity in the
concentration of 10 pg/mL. Nifurtimox was used as positive control and, in the highest tested
concentration, 10 pug/mL inhibited 89.1% of epimastigotes forms (Santos et al., 2012a).

The trypanocidal activity of ethanolic extract of Eugenia jambolana L. leaves,
harvested in the city of Crato, Ceara, showed activity against the CL-B5 strain of T. cruzi, with
100% of inhibition at a concentration of 100 pug/mL. However, it showed cytotoxicity of 37%

in the same concentration (Santos et al., 2012b).
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Of the six species of Caatinga plants from different families analyzed by Souza et al.
(2017), EO of Eugenia brejoensis leaves had the best dose-dependent inhibitory effect on the
epimastigotes , trypomastigote and amastigote forms of T. cruzi .

According to 1S, EO was more selective for the promastigotes forms of L. braziliensis
(1S=13.59) and L.infantum (1S=9.35), and not selective for forms of T. cruzi (1S=0.50). The
higher the selectivity index the more efficient and less toxic the EO used (Azevedo, 2013).

5. Conclusion

The study revealed that the EO from Eugenia stipitata leaves showed no relevant
antiparasitic effect on the epimastigotes forms of T. cruzi. However, presented antiparasitic
effect against the ways of life of L. braziliensis and L. infantum. Probably, the majoritarian
compounds of the analyzed EO are responsible for the observed effect, however additional

tests are required to elucidate their action mechanisms.
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5 CONCLUSAO GERAL

Os resultados obtidos nesse estudo permitem concluir que:

o O OE de Eugenia stipitata tem atividade Leishmanicida;

o O OE ndo apresentou efeito antiparasitario relevante frente as formas
epimastigotas de T. cruzi;

o O OE da pesquisa apresentou moderada citotoxicidade frente a fibroblastos;

o Foi o primeiro relato de atividade antiparasitaria do OE extraido das folhas de
Eugenia stipitata e a primeira caracterizacdo quimica do 0leo dessa espécie encontrada no
Brasil;

o Os constituintes quimicos mais abundantes do OE das folhas de Eugenia

stipitata extraidas do bioma Caatinga foram: p-eudesmol (15.28%), y-eudesmol

(10.85%), Elemol (10.21%), caryophyllene oxide (6.5%), Clovene (6.18%) e

Espatulenol (6.14%).
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DESCRIPTION

Food and Chemical Toxicology (FCT), an internationally renowned journal, that publishes original research
articles and reviews on toxic effects, in animals and 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: Adverse physiological/biochemical, or
pathological changes induced by specific defined substances New techniques for assessing
potential toxicity, including molecular biology 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

Authors must clearly and briefly identify what novel toxic effect (s) or toxic mechanism (s) of the chemical are
being reported and what their significance is in the abstract. Furthermore, sufficient doses should be included in
order to provide information on NOAEL/LOAEL values.

Manuscripts describing research involving the following areas will not be considered:
materials/substances of only local interest materials/substances for which the chemical
composition is not clearly defined only pharmacological properties, or potentially beneficial
effects using in vitro or in vivo systems chemical analyses of toxins in foods without addressing
the toxic implication to humans [risk assessment should be included] unrealistic human doses,
inappropriate route of exposure, or in vitro experiments that do not reflect serum levels in
humans

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 manuscript is
new and original and not under consideration for publication elsewhere. Co-authors should be
individuals who have contributed substantially to the content of the papers. All authors must
declare any potential conflict of interest and all financial support.

Benefits to authors

We provide many author benefits, such as free PDFs, a liberal copyright policy, special
discounts on Elsevier publications and much more. Please click here for more information
on our author services .

Please see the Guide for Authors for information on article submission. If you
require further information or help, please visit our Support Center

AUDIENCE

Food scientists, toxicologists, chemists and researchers working in the pharmaceutical
industry.
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GUIDE FOR AUTHORS

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
yourarticle.

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: Physiological, biochemical, or pathological
changes induced by specific substances Techniques for assessing potential toxicity, including
molecular biology 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 thepapers.

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
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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, Jose L. Domingo through
the online submission system of the Journal.

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

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
e E-mail address

e Full postal address

All necessary files have been uploaded:
Manuscript:
¢ Include keywords
¢ All figures (include relevant captions)
e All tables (including titles, description, footnotes)
e Ensure all figure and table citations in the text match the files provided
¢ Indicate clearly if color should be used for any figures
inprint Graphical Abstracts / Highlights files (where
applicable) Supplemental files (where applicable)

Further considerations
e Manuscript has been 'spell checked' and 'grammar checked'
¢ All references mentioned in the Reference List are cited in the text, and viceversa
e Permission has been obtained for use of copyrighted material from other sources (including
the Internet)
e A competing interests statement is provided, even if the authors have no competing interests
to declare
¢ Journal policies detailed in this guide have been reviewed
¢ Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.
BEFORE YOU BEGIN

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

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

All animal experiments should comply with the ARRIVE guidelines and should be carried
out in accordance with the U.K. Animals (Scientific Procedures) Act, 1986 and associated
guidelines, EU Directive 2010/63/EU for animal experiments, or the National Institutes of



http://service.elsevier.com/app/home/supporthub/publishing/
https://www.elsevier.com/publishingethics
https://www.elsevier.com/journal-authors/ethics
https://www.elsevier.com/journal-authors/ethics
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
http://www.icmje.org/
http://www.icmje.org/
http://www.icmje.org/
http://www.nc3rs.org.uk/page.asp?id=1357
http://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm
http://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm

72

Health guide for the care and use of Laboratory animals (NIH Publications No. 8023, revised
1978) and the authors should clearly indicate in the manuscript that such guidelines have been
followed.

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

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

Submission of an article implies that the work described has not been published previously
(except in the form of an abstract, a published lecture or academic thesis, see 'Multiple,
redundant or concurrent publication' for more information), that it is not under consideration
for publication elsewhere, that its publication is approved by all authors and tacitly or
explicitly by the responsible authorities where the work was carried out, and that, if accepted,
it will not be published elsewhere in the same form, in English or in any other language,
including electronically without the written consent of the copyright- holder.

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.

Preprints
Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing
policy. Sharing your preprints e.g. on a preprint server will not count as prior publication (see
‘Multiple, redundant or concurrent publication' for more information).
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Authors are expected to consider carefully the list and order of authors before submitting
their manuscript and provide the definitive list of authors at the time of the original
submission. Any addition, deletion or rearrangement of author names in the authorship list
should be made only before the manuscript has been accepted and only if approved by the
journal Editor. To request such a change, the Editor must receive the following from the
corresponding author: (a) the reason for the change in author listand (b) written confirmation
(e-mail, letter) from all authors that they agree with the addition, removal or rearrangement.
In the case of addition or removal of authors, this includes confirmation from the author being
added or removed.

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

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

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

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

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

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

You are required to identify who provided financial support for the conduct of the research
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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 gold open access publication fee for this journal is USD 2800, excluding taxes. Learn more
about Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing.

Green open access

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

This journal has an embargo period of 12 months.

Elsevier Researcher Academy
Researcher Academy is a free e-learning platform designed to support early and mid-career
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researchers throughout their research journey. The "Learn™ environment at Researcher
Academy offers several interactive modules, webinars, downloadable guides and resources to
guide you through the process of writing for research and going through peer review. Feel free
to use these free resources to improve your submission and navigate the publication process
with ease.

Language (usage and editing services)
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.

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.

References
Thereare nostrictrequirements on reference formatting at submission. References can be inany
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


http://webshop.elsevier.com/languageediting/
http://webshop.elsevier.com/languageediting/

76

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. The corresponding
caption should be placed directly below the figure or table.

This journal operates a single blind review process. All contributions will be initially assessed
by the editor for suitability for the journal. Papers deemed suitable are then typically sent to
a minimum of two independent expert reviewers to assess the scientific quality of the paper. The
Editor is responsible for the final decision regarding acceptance or rejection of articles. The
Editor's decision is final. More information on types of peer review.

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). 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 details to allow the work to be reproduced by an independent researcher.
Methods that are already published should be summarized, and indicated by a reference. If
quoting directly from a previously published method, use quotation marks and also cite the
source. Any modifications to existing methods should also 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 Discussionsection.

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

e Author names and affiliations. Please clearly indicate the given name(s) and family name(s) of
each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with alower-
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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.

e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details are
kept up to date by the corresponding author.

e 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 abstractitself.

Graphical abstract

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

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

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 85 characters including spaces.

Immediately 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 keywordswill be used for indexing purposes.

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 herethose individuals who provided help during the research (e.g., providing language
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help, writing assistance or proof reading the article, etc.).

All measurements should be expressed in metric, preferably Sl, 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 INNSs.

Footnotes
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.

Electr
onic
artwo
rk
Gene
ral
points
e 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 fittingimage.
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.
Youareurged tovisit 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:
e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.
e Supply files that are too low in resolution.
e Submit graphics that are disproportionately large for the content.

Color artwork

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

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
inthetext. 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, CrossRefand PubMed, please ensure that data provided in the references are correct.
Please note that incorrect surnames, journal/book titles, publication year and pagination may
prevent link creation. When copying references, please be careful as they may already contain
errors. Use of the DOI is encouraged.

A DOI can be used to cite and link to electronic articles where an article is in-press and full
citation details are not yet known, but the article is available online. A DOI is guaranteed
never to change, so you can use it as a permanent link to any electronic article. An example
of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M., James
D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab
beneath northeastern Venezuela. Journal of Geophysical Research,
https://doi.org/10.1029/2001JB000884. Please note the format of such citations should be in
the same style as all other references in the paper.

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

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

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the
following link:
http://open.mendeley.com/use-citation-style/food-and-chemical-toxicology

When preparing your manuscript, you will then be able to select this style using the
Mendeley plug- ins for Microsoft Word or LibreOffice.

Reference formatting
Thereare nostrictrequirements on reference formatting at submission. References can be inany
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 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 identifiedby 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.

Reference to a website:

Cancer Research UK, 1975. Cancer statistics reports for the UK.
http://www.cancerresearchuk.org/ aboutcancer/statistics/cancerstatsreport/ (accessed 13

March 2003).
Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese
oak wilt disease and surrounding forest compositions. Mendeley Data, V1.
https://doi.org/10.17632/ xwj98nb39r.1.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

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.
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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 file in one of our
recommended file formats with a preferred maximum size of 150 MB per file, 1 GB in total.
Video and animation files supplied will be published online in the electronic version of your
article in Elsevier Web products, including ScienceDirect. Please supply 'stills' with your files:
you can choose any frame from the video or animation or make a separate image. These will
be used instead of standard icons and will personalize the link to your video data. For more
detailed instructions please visit our video instruction pages. 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 thiscontent.

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

Include interactive data visualizations in your publication and let your readers interact and
engage more closely with your research. Follow the instructions here to find out about
available data visualization options and how to include them with your article.

Supplementary material such as applications, images and sound clips, can be published with
your article to enhance it. Submitted supplementary items are published exactly as they are
received (Excel or PowerPoint files will appear as such online). Please submit your material
together with the article and supply a concise, descriptive caption for each supplementary file.
If you wish to make changes to supplementary material during any stage of the process, please
make sure to provide an updated file. Do not annotate any corrections on a previous version.
Please switch off the Track Changes' option in Microsoft Office files as these will appear in
the published version.

This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles.
Research data refers to the results of observations or experimentation that validate research
findings. To facilitate reproducibility and data reuse, this journal also encourages you to share
your software, code, models, algorithms, protocols, methods and other useful materials related
to the project.

Below are a number of ways in which you can associate data with your article or make a
statement about the availability of your data when submitting your manuscript. If you are
sharing data in one of these ways, you are encouraged to cite the data in your manuscript and
reference list. Please refer to the "References" section for more information about data citation.
For more information on depositing, sharing and using research data and other relevant
research materials, visit the research data page.

Data linking
If you have made your research data available in a data repository, you can link your article
directly to the dataset. Elsevier collaborates with a number of repositories to link articles on
ScienceDirect with relevant repositories, giving readers access to underlying data that gives
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them a better understanding of the research described.

There are different ways to link your datasets to your article. When available, you can directly
link your dataset to your article by providing the relevant information in the submission
system. For more information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your
published article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC:
734053; PDB: 1XFN).

Mendeley Data
This journal supports Mendeley Data, enabling you to deposit any research data (including
raw and processed data, video, code, software, algorithms, protocols, and methods) associated
with your manuscript in a free-to-use, open access repository. Before submitting your article,
you can deposit the relevant datasets to Mendeley Data. Please include the DOI of the
deposited dataset(s) in your main manuscript file. The datasets will be listed and directly
accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw
data into one or multiple data articles, a new kind of article that houses and describes your
data. Data articles ensure that your data is actively reviewed, curated, formatted, indexed,
given a DOI and publicly available to all upon publication. You are encouraged to submit
your article for Data in Brief as an additional item directly alongside the revised version of
your manuscript. If your research article is accepted, your data article will automatically be
transferred over to Data in Brief where it will be editorially reviewed and published in the
open access data journal, Data in Brief. Please note an open access fee of 500 USD is payable
for publication in Data in Brief. Full details can be found on the Data in Brief website. Please
use this template to write your Data in Brief.

MethodsX

You have the option of converting relevant protocols and methods into one or multiple
MethodsX articles, a new kind of article that describes the details of customized research
methods. Many researchers spend a significant amount of time on developing methods to fit
their specific needs or setting, but often without getting credit for this part of their work.
MethodsX, an open access journal, now publishes this information in order to make it
searchable, peer reviewed, citable and reproducible. Authors are encouraged to submit their
MethodsX article as an additional item directly alongside the revised version of their
manuscript. If your research article is accepted, your methods article will automatically be
transferred over to MethodsX where it will be editorially reviewed. Please note an open
access fee is payable for publication in MethodsX. Full details can be found on the MethodsX
website. Please use this template to prepare your MethodsX article.
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Data statement
To foster transparency, we encourage you to state the availability of your data in your
submission. This may be a requirement of your funding body or institution. If your data is
unavailable to access or unsuitable to post, you will have the opportunity to indicate why
during the submission process, for example by stating that the research data is confidential.
The statement will appear with your published article on ScienceDirect. For more
information, visit the Data Statement page.

AFTER ACCEPTANCE

Corresponding authors will receive an e-mail with a link to our online proofing system,
allowing annotation and correction of proofs online. The environment is similar to MS Word:
in addition to editing text, you can also comment on figures/tables and answer questions from
the Copy Editor. Web-based proofing provides a faster and less error-prone process by
allowing you to directly type your corrections, eliminating the potential introduction of errors.
If preferred, you can still choose to annotate and upload your edits on the PDF version. All
instructions for proofing will be given in the e-mail we send to authors, including alternative
methods to the online version and PDF.

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

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

AUTHOR INQUIRIES

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

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