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“Por vezes sentimos que aquilo que fazemos
ndo é sendo uma gota de agua no mar. Mas o

’

mar seria menor se lhe faltasse uma gota.’

Madre Teresa de Calcuta
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RESUMO

A contaminacdo por metilmercario (MeHg) é um sério problema de salude publica no estado
do Pard e um motivo de preocupacdo nacional, ja que o mesmo € uma das substancias mais
toxicas encontradas na natureza. Varios estudos demonstram que os niveis de MeHg
encontrados em populag0es ribeirinhas da Amazonia ultrapassam os limites preconizados pela
Organizacdo Mundial da Saude, o que € algo alarmante ja que o MeHg pode interferir em
funcBes estruturais tanto celulares quanto sub-celulares gerando radicais livres e causando
graves danos, especialmente ao cérebro, o principal 6rgéo alvo. Desta forma, substancias com
efeitos antioxidantes, como é o caso do acai (Euterpe oleracea), poderiam minimizar os
efeitos do estresse oxidativo. Assim, o objetivo deste trabalho foi investigar a possivel
atividade neuroprotetora do acai em modelo de exposicdo aguda ao metilmercurio, analisando
tantos indicadores de estresse oxidativo quanto aspectos comportamentais. Foi possivel
observar prejuizos causados pelo MeHg e que, na dose de 10 pl/g utilizada, o acai possuiu
efeito antioxidante potente, oferecendo protecdo contra danos oxidativo. Desta forma, este
trabalho demonstra pela primeira vez que o acai, utilizado na dose de 10 pl/g em modelo de
exposicdo aguda, possui efeito neuroprotetor potente, diminuindo os danos causados pelo
MeHg. Logo, o consumo regular do suco auxilia na protecdo de danos causados pela

substancia.

Palavras-chave: Euterpe oleracea, Acai, Metilmercurio, Estresse oxidativo, Antioxidante,

Exposigéo.



ABSTRACT

Contamination by methylmercury (MM) is a serious public health problem in the state of Para
and it is a cause of national concern, since it is one of the most toxic substances found in
nature. Several studies have demonstrated that the levels of MM found in Amazonian
riverside populations exceed the limits recommended by the World Health Organization. That
is alarming because MM can interfere in both cellular and subcellular structural functions,
generating free radicals and to cause grave damage, especially in the brain, the main target
organ. Thus, substances with antioxidant effects, such as acai (Euterpe oleracea), could
decrease the effects of oxidative stress. The aim of this study was to investigate a possible
neuroprotective activity of acai in an acute methylmercury exposure model, analyzing
indicators of oxidative stress as well as behavioral aspects. It was possible to observe damage
caused by MM and that at the dose of 10 ul/g used, the acai had a potent antioxidant effect,
offering protection against oxidative damages. This work demonstrates for the first time that
acai, used in a model of acute exposure, has potent neuroprotective effect, decreasing the
damages caused by MeHg. Therefore, the regular consumption of acai juice helps to protect

against damage caused by the substance.

Keywords: Euterpe oleracea, Acai, Methylmercury, Oxidative stress, Antioxidant, Exposure.
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1. INTRODUCAO

A contaminacdo por metilmercurio é um sério problema de satde publica no
Estado do Para. Essa contaminacdo € de origem tanto antropogénica (atividade garimpeira)
como ndo antropogénica (por exemplo, o solo da regido é rico em mercurio) [1]. Os riscos
para a saude das populagdes expostas e os varios problemas ambientais relacionados tém sido
vistos como um desastre iminente [2]. O merclrio € uma das substancias mais toxicas
encontradas na natureza e a sua forma metilada, o metilmercirio (MeHg), é altamente
neurotoxica tanto para humanos como para outros seres vivos [3,4]. O MeHg é formado
especialmente em ambientes aquaticos onde ions de mercurio sofrem acdo de bactérias
anaerdbicas, transformando-se em metilmercurio [5].

Estima-se que as emissdes globais de mercurio estejam na faixa de 5,000 a 8,000
toneladas por ano [6]. No Brasil, o seu principal fim € a amalgamacdo do ouro [7,2]. O
decreto 97.507/89 proibe a utilizagdo de mercirio para extrair ouro, a ndo ser que as

atividades sejam licenciadas por 6rgdos ambientais. J& 0 decreto 97.632/89 regulamenta a



obrigatoriedade da recuperacdo de areas degradadas pela atividade garimpeira. Porém sabe-se
que pouco ou mesmo nada disso é seguido e os maiores prejudicados sdo os moradores de
areas proximas.

Estudos ja realizados demonstram que os niveis de MeHg encontrados em
populagdes ribeirinhas da Amazonia ultrapassam os limites preconizados pela Organizacao
Mundial da Saude (OMS) [8,9,10]. Tais dados s&o alarmantes, j& que no corpo humano a
grande afinidade do metilmercudrio por grupamentos sulfidrilas e em menor grau por grupos
fosforilas, carboxilicos, amidas e aminas, pode interferir nas fungdes estruturais tanto
celulares quanto sub-celulares. Uma das consequéncias deletérias é a producdo excessiva de
radicais livres, gerados pelo processo de fosforilacdo oxidativa mitocondrial, que supre a
necessidade energética cerebral [11]. Esta producdo excessiva ocasiona estresse oxidativo,
onde espécies reativas atacam biomoléculas, comprometem a liberacdo de neurotransmissores
e causam graves danos ao cérebro e ao sistema nervoso periférico [12,13,14]. Assim, percebe-
se a importancia da utilizacdo de biomarcadores sensiveis 0 bastante para detectar e mensurar
0 estresse oxidativo no tecido cerebral.

Na exposic¢do, 0 MeHg reage com outros grupos do organismo e ocasiona dano
oxidativo [15] Além disso, acredita-se que o aumento de radicais livres também tenha relagéo
com a neurotoxidade do mesmo [16,17]. E dentre os radicais gerados destaca-se 0 éxido
nitrico (NO), um radical livre gasoso e um dos principais responsaveis pelo estresse oxidativo
na célula [11]. Ele ¢ sintetizado a partir de arginina pela 6xido nitrico-sintase, uma enzima
citosélica que pode ser encontrada em grande quantidade no cérebro [12]. As moléculas de
NO produzidas reagem rapidamente com as biomoléculas préximas e acabam se
transformando em moléculas de nitratos e nitritos, que sdo subprodutos dessa reacdo mais
estaveis que o NO. A concentracdo de nitritos, portanto, indica de forma indireta a producéo
de NO; assim, a dosagem de nitritos € um dos métodos mais utilizados para deteccdo de NO
em amostras biologicas [18].

Uma das consequéncias mais graves do estresse oxidativo celular € a peroxidacao
lipidica [19]. A peroxidacdo de lipideos ocorre através da interagdo de &cidos graxos poli-
insaturados com espécies reativas, gerando peroxidos que produzem hidroperoxidos. Estes
ultimos produzem mais perdxidos ainda, o que pode afetar os lipideos das membranas
celulares. Ao ocorrer esta lesdo nas membranas, as consequéncias sdo a destruicdo de sua
estrutura, a perda das trocas metabolicas e em ultimo caso, a morte celular [20]. Um dos
produtos da peroxidacdo lipidica é o malonaldeido (MDA), utilizado para medir a intensidade

da peroxidacdo lipidica [21].



Estudos demonstram que a intoxicagdo diminui a funcdo motora [22,23],
induzindo estresse oxidativo e apoptose nas células granulares do cerebelo [24,25]. O cortex
cerebral e o cerebelo, em especial, sdo muito afetados e sofrem neurodegeneracdo. Como
estdo envolvidos na atividade locomotora, os deficits motores tornam-se evidentes
[26,27,28,22]. Como um desses déficits, pode-se citar a bradicinesia onde ha uma limitacéo
nos movimentos [29].

Algumas substancias naturais demonstram diminuir os danos causados pelo
estresse oxidativo. A Amazonia, por exemplo, € um dos maiores reservatorios naturais do
mundo, com alta biodiversidade e riqueza de produtos naturais utilizados no dia a dia das
populacdes, destacando-se aquelas com atividade antioxidante jA& comprovada, uma vez que
existe uma relacdo entre estresse oxidativo e intoxicacdo mercurial [15]. Desta forma,
substancias com efeitos antioxidantes poderiam minimizar os efeitos do estresse oxidativo,
através de varios mecanismos de acdo, tais como captura de radicais livres por doacdo de
hidrogénio (antioxidantes primarios) ou decomposicdo de perdxidos, inibicdo de enzimas
oxidativas e quelacdo de metais (antioxidantes secundarios) [30]. Alguns estudos demonstram
gue antioxidantes possuem um papel protetor frente aos efeitos do MeHg. Por exemplo,
Manzolli et al., (2015) [31], utilizando o flavondide crisina encontrado principalmente no
maracuja (Passiflora sp.) e De Paula et al., (2016) [32], utilizando niacina (também conhecida
como vitamina Bg) observaram reducdo nos danos causados pela exposi¢do no figado e nos
rins e cérebro, respectivamente. Assim, os frutos sdo fontes naturais ricas em flavonoides e
substancias antioxidantes que seriam de facil acesso para a populacdo exposta.

Um dos frutos mais consumidos na Amazonia, especialmente na forma de suco, e
que apresenta uma grande capacidade antioxidante é o acai [33,34]. Ele provém da Euterpe
oleracea, MART., uma monocotiledénea da familia Arecaceae. O aumento da atividade de
enzimas antioxidantes e a diminuicdo da peroxidacdo lipidica sdo caracteristicas da alta
capacidade antioxidante do fruto [35].

Recentemente, Brasil et al., (2016) [36] comprovou que uma dieta enriquecida
com o fruto é capaz de prevenir as alteracbes causadas pelo MeHg na resposta
electroretinogréfica a estimulos e na peroxidacao lipidica da retina de ratos anestesiados.
Entretanto, a sintomatologia usualmente associada a intoxicacdo humana por MeHg é
originada pelas alteracfes em outras partes do SNC, especialmente aquelas relacionadas com
o controle motor. Assim, torna-se necessario saber se 0 acai seria capaz de proteger todo o
cérebro, e ndo s a retina, transformando-se em uma alternativa real para ajudar a prevenir 0s

efeitos do mercurio em sua forma metilada.



Desta forma, o objetivo deste trabalho foi avaliar o possivel papel protetor do agai
no controle motor e estresse oxidativo cerebral de animais expostos agudamente a intoxicacao

mercurial



2. MATERIAL E METODOS

2.1 ANIMAIS

Camundongos Swiss machos, de 6 a 8 semanas, pesando entre 20 e 30 g, foram
mantidos em condicdes padronizadas de temperatura (22 = 1 °C), exaustdo, ciclo de luz
claro/escuro de 12 horas e com &gua e comida ad libitum. Os animais foram manipulados de
maneira apropriada para evitar o estresse desnecessario. Os procedimentos experimentais
propostos neste estudo estdo de acordo com os Principios Eticos na Experimentagdo Animal,
adotados pelo Colégio Brasileiro de Experimentacdo Animal (COBEA). O projeto foi
aprovado pelo Comité de Etica em Pesquisa com Animais de Experimentacio — CEPAE (BIO
91/15 — UFPA).

2.2 SUCO DE ACAI CLARIFICADO (EUTERPE OLERACEA, MART.)
Através de um processo patenteado (Pl 1003060-3), o suco de agai clarificado foi
produzido e cedido pela Amazon Dreams (Belém, Pard, Brasil). O suco passa por um

processo de microfiltracdo e centrifugacdo que elimina as fibras, lipideos e proteinas.

2.3 TRATAMENTOS

Vinte e quatro animais foram randomicamente distribuidos em quatro grupos, com
seis animais cada um. Todos receberam suco de acai clarificado (10 ul por grama de peso
corporal) [37] ou salina (10 ul/g) por gavagem durante 8 dias, as 9:00 horas. A partir do
quarto dia de tratamento, todos os animais receberam também uma injecdo intraperitoneal
diaria de tampdo fosfato-salino (PBS) ou de uma solucdo de 2,5 mg/kg de MeHg [38] diluida
em PBS, compondo os grupos Controle (animais tratados com salina e PBS), EO (animais
tratados com suco de acai e PBS), MeHg (animais tratados com salina e MeHg) e EO+MeHg

(animais tratados com suco de acai e MeHg).

2.4 AVALIACAO COMPORTAMENTAL
Apbs aclimatacdo, um dia apds a ultima dose dos tratamentos, os animais foram
submetidos a uma bateria de testes comportamentais: teste de campo aberto, teste de descida

em viga vertical (pole test) e teste de Rotarod.



2.4.1 Teste de campo aberto

Para analisar os parametros de ansiedade e atividades locomotora e exploratoria
[39] utilizou-se o teste de campo aberto [40]. O aparato consiste em uma arena quadrada de
madeira, com piso dividido em 25 quadrantes iguais. Os animais eram colocados no centro do
campo por 5 minutos, analisando-se 0 numero de levantamentos exploratérios (rearing) e a
distancia total percorrida (medida através do sistema de monitoramento de video ANY-

maze™ versdo 4.99).

2.4.2 Teste de rotarod

Para avaliar déficits neurologicos, utilizou-se o teste de Rotarod [41]. O
aparelho (Insight®, EFF-411) consiste em uma caixa de acrilico com um cilindro de 8 cm de
didmetro mantido em rotacdo através de um motor. Os animais eram colocados sobre este
cilindro em rotacdo, sendo cronometrado o tempo para a primeira queda (laténcia) e o nimero
total de quedas. Primeiramente era feito um teste de 120 segundos a dez rotagdes por minuto
(rpm) e apds 300 segundos de descanso, 0s animais passavam por trés exposicoes de 10, 16 e

20 rpm [42], de 120 segundos cada e com 300 segundos de descanso entre as exposicoes.

2.4.3 Teste de descida em viga vertical (pole test)

O teste de descida em viga vertical avalia distarbios de movimento [43],
consistindo em uma viga vertical aspera (2 x 50 cm) apoiada em uma plataforma circular (1
cm; r =25 cm). O objetivo do teste é que, uma vez no topo da viga com a cabeca voltada para
cima, 0s animais sejam capazes de virar e descer até a base da plataforma. Primeiro passavam
por um periodo de aclimatacdo de 300 segundos e em seguida por cinco exposicdes de 120
segundos, com 60 segundos de descanso entre cada uma. Foram anotados o tempo de virada e
de descida da viga e caso ndo conseguissem virar ou caissem, recebiam o tempo maximo. A
média foi calculada com base nos trés melhores tempos de cada animal para os dois

parametros analisados.



2.5 AVALIAC;AO DO ESTRESSE OXIDATIVO

2.5.1 Coleta de Amostras

Apbés 24 horas do fim da avaliagio comportamental, os animais foram
anestesiados (Xilasina: 100mg/kg; Quetamina: 10mg/kg) e posteriormente sacrificados para

coleta do cérebro total, que foi congelado em nitrogénio liquido e armazenado a -20° C.

2.5.2 Peroxidacao lipidica

A peroxidacg&o lipidica das amostras foi determinada de acordo com Esterbauer &
Cheeseman (1990) [44] através da quantificacdo do cromdforo produzido pela reacdo do
MDA com N-metil-2-fenilindol (NMFI) em presenca de acido metanosulfénico. A quantidade
de cromoforo produzido foi mensurada por espectrofotometria, sendo proporcional a
concentracdo de lipideos oxidados. Trezentos e vinte cinco microlitros de NMFI a 10,3mM,
diluido em 650 pL de metanol, e 75 pL de &cido metanosulfénico foram adicionados a 100
uL de solucdes padroes de MDA ou das amostras, incubadas por 40 minutos a 45° C. A
leitura foi feita no comprimento de onda de 570 nm e os resultados expressos como picomoles

de MDA por miligrama de proteina.

2.5.3 Conteudo em Proteina total

Apdbs descongelamento, as amostras foram centrifugadas a 5600 rpm por 10
minutos a 4° C. O sobrenadante foi separado em aliquotas para determinacdo dos niveis de
peroxidacao lipidica e quantificacdo de proteina total. Para determinacdo do teor de proteina
total utilizou-se o método de Bradford [45], baseado na interacdo entre o reagente de Bradford
(corante Coomassie Brilliant Blue G-250, etanol e acido fosférico) e macromoléculas de
proteinas que contém aminoacidos de cadeias laterais basicas ou aromaticas. Brevemente, as
amostras foram incubadas com o reagente de Bradford por 05 minutos a temperatura ambiente
e posteriormente foi medida a absorbancia a 590nm. Os resultados das amostras foram
comparados com aqueles de solugdes de concentragdes conhecidas de albumina sérica bovina
(BSA).



2.5.4 Determinacao dos niveis de Nitritos

Para determinacdo dos niveis de nitritos seguiu-se 0 método de Green et al. (1982)
[46], onde os nitritos reagem com a sulfanilamida em meio &cido formando diazo que reage
com o cloridrato de N-(1-naftil)-etilenodiamina (NEDA), formando um composto de
coloragéo intensa. As amostras foram descongeladas e homogeneizadas com Tris
(tris(hidroximetil)aminometano)-HCI em uma proporgdo 1:10 (grama de tecido: mililitros).
Logo apos centrifugacdo (14000 rpm por 10 minutos) em centrifuga refrigerada, o
sobrenadante foi incubado com sulfanilamida e NEDA (1:1) a temperatura ambiente por 20
minutos. A absorbancia foi medida a 540 nm e comparada com medic¢Oes de concentracfes
padrdo de nitrito de sddio. Os dados foram expressados em pmol de nitritos por mg de

proteinas.
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Figura 1: Desenho experimental adotado para avaliar o efeito do suco clarificado de acai em modelo de

exposicao ao MeHg.

2.6 ANALISE ESTATISTICA

A analise estatistica foi realizada através do software GraphPad Prism® versdo
6.01. A distribuicdo gaussiana dos dados foi testada pelo teste de Kolmogorov-Smirnov.
Quando paramétrica, os dados experimentais foram expressados como média + erro padrédo da
média e analisados com o teste de ANOVA de uma via seguido do teste post hoc Tukey.
Quando a distribuicdo foi ndo-paramétrica, os dados foram representados como mediana *
intervalos interquartis e analisados por meio do teste de Kruskal-Wallis seguido do teste post
hoc Dunn. O valor de p<0,05 foi considerado como estatisticamente significativo para todas

as analises.



3. RESULTADOS

3.1 AVALIAQAO COMPORTAMENTAL

3.1.1 Teste de campo aberto

O teste de campo aberto mostrou que o tratamento com acai e MeHg (Figura 2 A
e B), néo afetou a atividade locomotora dos animais ao se analisar os parametros de distancia
total percorrida e levantamentos exploratérios, quando comparados entre si € com 0 grupo

controle.

A B
407
301
20

104

Levantamentos (n)

Distancia total percorrida (m)

Controle MeHg EO EO+MeHg

Controle MeHg EO EO+MeHg

Figura 2: Efeito do suco clarificado de acgai (EO) e/ou metilmercirio (MeHg) na atividade locomotora e
exploratéria de camundongos no teste de campo aberto: distancia total percorrida em metros (A) e nimero de
levantamentos exploratoérios (rearing) (B). Resultados expressados como média + erro padrdo da média (n=6).

Né&o foram detectadas diferengas significativas entre os grupos (teste ANOVA).

3.1.2 Teste de Rotarod
No teste de Rotarod, a laténcia para a primeira queda (Figura 3 A) e 0 nimero
total de quedas para cada animal (Figura 3 B) ndo apresentaram diferencas estatisticas

significativas.
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Figura 3: Efeito do suco clarificado de acai (EO) elou metilmercirio (MeHg) na funcdo motora de
camundongos no teste de Rotarod: laténcia (segundos) para a primeira queda (A) e nimero de quedas no treino e
nas trés exposi¢des (B). Resultados expressados como medianas + intervalos interquartis (n=6). Ndo foram

detectadas diferengas significativas entre os grupos (Teste de Kruskal-Wallis).

3.1.3 Teste de descida em viga vertical (pole test)

Na exposicdo aguda ao MeHg ndo houve diferenca estatistica para o tempo de
virada (Figura 4 A), porém houve diferenca no tempo de descida da viga (Figura 4 B)
(p=0,0002), evidenciando que o tratamento agudo com MeHg aumentou 0 tempo necessario
para 0s animais conseguirem descer da viga de madeira. Animais tratados com MeHg e que
também receberam acai foram capazes de descer da viga de madeira em um tempo
semelhante aos dos grupos Controle e EO, demonstrando que o fruto protegeu os animais

contra danos motores causados pelo MeHg.
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Figura 4: Efeito do suco clarificado de acai (EO) e/ou metilmercirio (MeHg)no controle do movimento e forca
dos membros em teste de descida vertical (pole test): tempo de virada em segundos, dos grupos experimentais
(A) e tempo de descida, em segundos, dos grupos experimentais (B). Resultados expressados como medianas +

intervalos interquartis (n=6). *P<0,05 vs todos os grupos (Teste de Kruskal-Wallis).



11

3.2 AVALIAC;AO DO ESTRESSE OXIDATIVO EM CEREBRO TOTAL

3.2.1 Peroxidacdo Lipidica

A peroxidacdo lipidica dos animais tratados com MeHg foi estatisticamente
significativa, com p<0.05. Enquanto isso, 0s niveis de peroxidacdo lipidica do grupo
EO+MeHg se manteve semelhante aos niveis dos grupos Controle e EO, ou seja, 0 agai
preveniu a peroxidagdo dos lipideos de membrana, ocasionada devido a neurotoxicidade do
MeHg.

[=-]
(=]
1

[=2]
(=]
1

Concentragao nmol/mg
(o] E
L= (=]

(=]
1

Controle MeHg EO EO+MeHg

Figura 5: Peroxidacdo lipidica (nmol de MDA por mg de proteina) em cérebro de camundongos tratados com
acai (EO) efou metilmercario (MeHg). Resultados expressados como média + erro padrdo da média
(n=6).*P<0,05 vs todos os grupos (Teste ANOVA).

3.2.2 Nitritos

Os niveis de nitrito nos grupos tratados com metilmercdrio foram muito maiores
que aquelas dos outros grupos, com diferenca estatistica significativa entre os grupos. Apesar
disso, o grupo tratado tanto com MeHg como com acai ndo apresentou niveis elevados,
mantendo-se proximos dos grupos que ndo foram expostos. Logo, o suco clarificado de agai,
através de um potente efeito protetor, preveniu completamente a formacgéo do radicais livres,

neste caso o NO.
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Figura 6: Niveis de nitrito em cérebro de camundongos tratados com agai (EO) e/ou metilmercurio (MeHg).

Resultados expressados como média + erro padrdo da média.(n=6). *P<0,05 vs todos os grupos (Teste ANOVA).
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4. DISCUSSAO

Este estudo demonstrou que o suco de acai, E. oleracea, clarificado, utilizado na
dose de 10 pl/g em modelo de exposicdo aguda, possui efeito neuroprotetor potente,
diminuindo os danos causados pelo MeHg.

Recentemente, Brasil et al., (2016) [36] submeteu ratos a uma dieta enriquecida
com a polpa de acai (misturada a racdo) assim como a administracdo de MeHg (5 mg/Kg
diariamente por 7 dias) por gavagem, demonstrando que a resposta eletrofisiologica da retina
ndo era alterada e que diminuia a peroxidacao lipidica do tecido retiniano. Entretanto, o
metilmercudrio ndo afeta unicamente a retina, sendo sua neurotoxicidade mais generalizada e
afetando principalmente a regides de controle motor que fazem que a principal sintomatologia
da intoxicacdo por MeHg seja relacionada a distarbios motores.

O modelo de exposicdo mercurial aguda utilizado foi ligeiramente modificado
daquele descrito por Yee et al., (1994) [38]. Os autores injetaram via intraperitoneal 2,5
mg/kg de MeHg em camundongos diariamente durante 03, 07 e 14 dias e observaram
aumento significativo da geracdo de radicais livres a partir do terceiro dia. Para garantir a
ocorréncia de estresse oxidativo no cérebro dos animais, mas assegurando ao mesmo tempo a
sobrevivéncia de todos eles, decidimos realizar uma exposicédo de 4 dias.

A administracdo de MeHg pela via intraperitoneal garante a dose de metal que
chega no cérebro porque a cavidade peritoneal possui uma rapida absorc¢do, fazendo com que
a substancia chegue mais rapido na circulacdo, sem que tenha que passar primeiro pelo
figado, onde parte pode ser metabolizado antes de atingir a circulacdo. Ainda, o fato de
escolher diferentes vias de administracdo para 0 MeHg e o suco de acai (diferente do desenho
experimental escolhido por Brasil et al., (2016) [36]), também garante que ndo existira
nenhuma interferéncia dos componentes do suco na absorcdo do MeHg, eliminando a
possibilidade de sequestro por grupos tidis. Em definitiva, esse tempo e via de exposicao
provocou estresse oxidativo e bradicinesia (Figuras 5 e 4 B).

Ainda, o suco de acai clarificado foi administrado por gavagem devido Souza-
Monteiro et al., (2015) [37] ter demonstrado previamente que a administracdo por esta via €
capaz de reduzir o estresse oxidativo (neste caso provocado por convulsdes). Além disso,
estariamos simulando o que ocorre na ingestdo do suco de acai pelas populagdes — a via oral.
O suco clarificado foi escolhido exatamente por passar por um processo de microfiltragdo e
centrifugacdo que elimina fibras, lipideos e proteinas que, de outra forma, poderiam interferir
nas analises. A dose de suco de acai de 10 pL utilizada por Souza-Monteiro et al., (2015) [37]

também foi a mesma aqui utilizada e tal dose equivale a cerca de 700 ml de acai para uma
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pessoa de 70 kg, o que representa o consumo diario de muitas familias da regido norte do pais
[47].

A atividade locomotora de animais tem sido largamente utilizada para detectar
déficits motores causados pela toxicidade do MeHg [48,49]. Em nosso estudo, a distancia
total percorrida em metros na arena do campo aberto (Figura 2 A) foi semelhante entre todos
0S grupos, assim como numero de levantamentos exploratérios (rearings) (Figura 2 B), sem
diferencas estatisticas. Nossos resultados corroboram outros estudos, como por exemplo
Bourdineaud et al. (2012) [50], que utilizou um modelo de exposi¢do de 1,5 mg/kg por 29
dias, e Doré et al. (2001) [51], com um modelo de 4 ou 6 mg/kg por 14 dias, ambos com
camundongos, que também observaram ndo haver diferencas entre 0os grupos experimentais
neste mesmo teste. Porém, a atividade no teste de campo aberto é avaliada de forma geral,
sendo por vezes ndo tdo precisa [52]. Dessa forma, este teste ndo seria 0 mais adequado para a
deteccdo das alteragdes comportamentais provocadas pelo MeHg.

No teste de Rotarod sdo medidos déficits neuroldgicos relacionados a distarbios
de movimento e coordenacdo. No presente estudo, tanto a laténcia quanto o nimero de quedas
ndo foram significativos (Figura 3 A e B), sem aparente prejuizo motor para 0s animais
expostos. De igual forma, Bellum et al. (2012) [53], utilizando MeHg na dose de 5 mg/kg por
5 dias, também observou ndo haver diferencas significativas entre 0s grupos. Portanto, o
MeHg poderia estar afetando outros aspectos comportamentais diferentes daqueles medidos
pelo teste de Rotarod.

Os dois testes anteriormente discutidos avaliam parametros mais gerais dos efeitos
da intoxicacdo, como locomogdo e coordenagdo, portanto, testes comportamentais que
conseguem avaliar aspectos mais caracteristicos da sintomatologia do MeHg seriam mais
precisos na avaliacdo de prejuizos comportamentais causados pelo mesmo, como € o caso do
teste de descida em viga vertical, o Pole Test, que avalia especialmente a bradicinesia.

Embora ndo tenha havido diferengas no tempo de virada na viga (Figura 4 A), 0s
animais tratados unicamente com MeHg levaram um maior tempo para descer da viga de
madeira (Figura 4 B). Isto mostra que mesmo concentracdes de MeHg, como a usada no
presente trabalho (2,5 mg/kg por 4 dias), sdo capazes de provocar neurotoxicidade o suficiente
para comprometer a fungdo motora de camundongos causando um comportamento do tipo
bradicinesia. Este distdrbio é caracterizado por uma lentiddo nos movimentos, sendo
encontrada em doencas neurodegenerativas do SNC como o Mal de Parkinson. Isto acontece
devido a um funcionamento anormal dos circuitos neurais por meio da hipoatividade seletiva

de duas areas: a motora suplementar e o cortex pré-frontal dorsal [29,54]. Assim, nossos
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resultados parecem indicar que o Pole Test seria 0 melhor teste, dentre os trés aqui testados,
para avaliar o prejuizo motor causado pelo MeHg.

Ainda, como esperado, 0s animais tratados com MeHg e que também receberam
acai possuiram um 6timo desempenho no tempo de descida da viga de madeira, ao contrario
dos animais que receberam apenas MeHg (Figura 4 B). Logo, o acai foi capaz de prevenir o
comportamento do tipo bradicinesia causado pela intoxicacao.

Entretanto, qual seria 0 mecanismo molecular pelo qual o acai é capaz de exercer
essa protecdo? Uma das hipdteses é aquela relacionada a elevada capacidade antioxidante do
suco, que chega a ser até 10 vezes mais potente que aquela de uma solucdo de 1 mg/ml de
acido ascorbico [37]. Considerando que o estresse oxidativo é um dos principais mecanismos
moleculares de acdo do MeHg e que o cérebro é especialmente sensivel as variagbes na
capacidade antioxidante do ambiente celular, parece 16gico pensar que o0 acai poderia exercer
seu efeito protetor prevenindo esse estresse.

Por meio de uma reacdo em cadeia, os lipideos das membranas celulares sdo
lesados, 0 que leva a destruicdo da membrana e morte celular [12]. A peroxidacao lipidica é
apontada como uma das caracteristicas moleculares na neurotoxicidade induzida pelo MeHg
(15). Por exemplo, Li et al., (2014) [55], utilizando um modelo de exposicéo através da agua
fornecida a camundongos mostrou que o MeHg aumenta a formacdo de espécies reativas de
oxigénio e diminui a atividade das enzimas antioxidantes glutationa peroxidase e superéxido
dismutase, o0 que leva ao processo de peroxidacao lipidica. Confirmando a hipdtese de que a
peroxidacdo lipidica é um processo associado a neurotoxicidade do MeHg, nossos resultados
mostraram um aumento significativo nos niveis de MDA nos animais tratados com MeHg e
que apresentaram comportamento do tipo bradicinesia (Figuras 5 e 4 B).

Como ja demonstrado previamente por Souza-Monteiro et al., (2015) [37], o suco
de acai clarificado é capaz de diminuir significativamente os niveis de peroxidagéo lipidica
provocados em situacOes tdo extremas como sdo as crises convulsivas e, desta forma, tornar-
se uma alternativa terapéutica viavel no tratamento de convulsdes, que tém em comum com a
intoxicacdo mercurial o processo de peroxidacéo lipidica.

No nosso estudo, o nivel de peroxidacéo lipidica dos animais do grupo EO+MeHg
se mantiveram semelhantes aos grupos que nao foram expostos ao MeHg (Figura 5). Portanto,
a dose de E. oleracea aqui utilizada (10 pl/g) por quatro dias mostrou possuir um efeito
neuroprotetor potente, prevenindo os efeitos deletérios do mercdrio em sua forma metilada.

Um dos principais responsaveis do estresse oxidativo associado a neurotoxicidade

provocada pelo MeHg € o radical livre 6xido nitrico (15). O oxido nitrico € um mediador de
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funcdes fisioldgicas e regulador de processos patoldgicos [56], mas também pode gerar leséo
celular [57] devido a produgdo de didxido de nitrogénio. Os mecanismos envolvendo MeHg e
NO néo sdo totalmente claros, porém sabe-se que o evento central da neurotoxicidade é um
desequilibrio no glutamato extracelular [15]. Durante a exposicdo, os niveis de glutamato
aumentam, causando um up regulation nos receptores do tipo NMDA e aumentando o influxo
de célcio para os neurbnios pos-sinapticos. O aumento na formacdo do NO ocorre devido a
atividade da 6xido nitrico-sintase neuronal (nNOS), ativada pelos altos niveis de célcio
intracelular [15].

Assim como em estudos prévios [58,59], em nosso estudo foi possivel observar
um aumento nos niveis de nitritos em camundongos tratados com MeHg (Figura 6). Em
contrapartida, camundongos tratados com MeHg e que também receberam acai apresentaram
niveis muito baixos sem diferenca significativa com o controle, evidenciando que o
tratamento com o suco foi capaz de prevenir a produgdo de radicais livres como o Oxido
nitrico. Essa capacidade antioxidante e de eliminacdo de radicais livres é usualmente
atribuida as altas concentracdes de antocianinas e compostos fendlicos que contém o fruto
[60]. Recentemente, foi demonstrada a protecdo fornecida in vitro pelo composto fendélico
hidroxitirosol frente a neurotoxicidade induzida pelo MeHg [61]. Embora o hidroxitirosol ndo
seja um composto maioritario no acai, outros compostos fendélicos poderiam estar exercendo
efeitos protetores semelhantes. Estudos adicionais poderdo confirmar os compostos que Sao 0s
principais responsaveis pelos efeitos observados in vivo no presente trabalho.

Infelizmente a exposi¢do humana ao MeHg é uma triste realidade no mundo, o
que é muito grave ja que 0 mesmo pode ocasionar tremores, ataxia, dificuldade auditiva,
perda da voz, diminuicdo da sensibilidade e do campo visual, coma e morte [62]. Na década
de 50, por exemplo, os moradores da cidade de Minamata, localizada no Japéo, foram vitimas
de um grande desastre ambiental por causa do descarte de mercurio nas aguas da baia da
cidade [63]. Como eles se alimentavam dos frutos do mar da baia e utilizavam a agua para
suas atividades diarias, acabaram por se intoxicar com grandes quantidades do metal e
milhares de pessoas morreram [62]. De forma semelhante, populag6es ribeirinhas da regido
Amazonica do Brasil consomem peixe vindo de rios afetados pelo descarte irregular de
mercurio [64], portanto, propostas terapéuticas que prevenissem contra a neurotoxicidade do
MeHg poderiam auxilia-los.

Cabe destacar que a proposta de uma alternativa terapéutica de facil acesso, como
€ 0 acai, adquire especial relevancia para populagGes isoladas como sdo as populacGes

ribeirinhas da Amazonia, onde a precariedade da atencédo a saude e o limitado poder aquisitivo
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para a obtencdo de remédios, sdo sérios agravantes do problema de tratar adequadamente a

intoxicagdo mercurial humana.
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DECRETO N2 97.507,
DE 13 DE FEVEREIRO DE 1989

Dispde zobre licenciamento de atividads mins-
ral, o uso do mercurio metalico e do ciansto em
areas de extragde de oure, & da outras provi-
déncias.

OFPRESIDENTEDA REF[:.—BLICA: usande das atnbuigdes que lhe confere o art. 34.
incise IV, da Constituigio, DECRETA:
Art.1*  Asatvidades, ndmndual ou coletva, que reahzam extragio mineral em depo-
sitos de coluvie, eluvie ou aluvido, nos alveos (placeres) de cwrsos d'igua ou nas
margens reservadas, bem como nos depésites secundirios, chapadas, vertentes e
altos dos momroes utilizando equipamentos do tipe dragas, moinhos, balsas, pares de
bombas (chupadeiras), bicas (“cobra fomands™) e qualsquer outros equipamentos qua
apresentemn afimdades, deverdo ser licenciados pelo drgio ambiental competenta
Paragrafo umice.  Serd fixado, pelo drgio ambiental competents, praze para o
requerimente de licenga das atividades em cperagio.

Art. 2 E vedado o uso de mercfirio na atividade de extragio de ouro, exceto em
atividade licenciada pelo orgido ambiental competente.

% 12Ficam 1gnalmente vedadas as atividades descnitas no artigo 12deste Decreto,
em manancials de abastecimento publico e sens mbutanoes e em outras areas ecolo-
Ficamente sensivels, a criténie do orgio ambiental competente.

& nE proibide o emprezo do processo de clanetagdo nas abvidades descntas no
artigo 12 resguardado o licenciamento do orgio ambiental competente.

Art. 3* A cnagio de reservas ganmpeiras devera ser condicionada a um prévio
licenciamento junto ac orgio ambiental competente.

Art, 42 0 pio cumpnmento do disposto neste Decreto sujeirtara o infrator a imeds-
ata interdigdo da atnidade, além das penalidades previstas na legizlagio vigente.

Art. 52 Este Decreto enfra em vigor na data de sua publicagio.

Art. 6 Revogam-se as disposigdes em contrario.

Brasilia, 13 de fevereiro de 1989; 165* da Independénecia e 1012 da Repablica.
JOSE SARNEY - Jodo Alves Filho

DO de 14/02/89, pag. 2.282 2.

Codigo de Mineragdo 93
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ANEXO 2 - DECRETO 97.632/89

Presidéncia da Republica
Casa Civil
Subchefia para Assuntos Juridicos

DECRETON®47.632, DE 10 DE ABRIL DE 1988,

Cizpbe sobre 2 ragulamentscdo do Arigo 2°, incisa VIl dz Lein” 6.938, ce 31 de agosio de 1981, & d3 oures
rovidén:las

0 PRESIDENTE DA REPUBLICA, nio uso d3s afrbuighes que he confere o artqo B4, Incisa IV, da Cansttuica
[ECRETA:

At 1° O empreendimenios qus se desinam & xplaracdo de recursos minerais deverdo, 2Uanco da apresertaco o Estudo d2 Impacth Ambiens - EIA & do Relatorio co mpzety Ambiental - RIMA submeter 2 aorovaco do
organ ambientalcampstents, olano de retuperacdo de 33 cegradada

Parégrafo inico. Para og mpreendimentos |3 existertes, deverd ser apresentado a0 Orgd amaiental competente, no praza méxima de 180 (cento e itenta) dias, a partir da data ce publicago deste Decreto, um glano de
TepUperardn da a1z degradada.

At 2 Para efeity deste Decreln s30 consicieracos como degradacic os processos resultaries o3 danos 30 meio ambierte, pelas quais se perdem o se reduzem algumas d2 suias propnedades 1ais camo, a qualidade ou
r3pacidads proctiva dos recursos amientais.

At ¥ Arstuperagdo deverater por objefivo o retomo o e degradado a uma fama gz uiiizac o, de acordo com um plano praestabelzzido pars o usa do salo, visanda 2 obten; 3o de uma estabilidads do melo ambierte,
At 4 Este Decreto enra emvigor na data de suz publicacdn.
At 5 Revogam-se as disposicizs em conkaria.
Brasilia. 10 de abrl de 1355; 168" da Independénia & 101 da Repibliza.
JOSE SARNEY

Jodo Alves Fitho
Rubens Bayma Denys

Este feiitn nda subshtu o publicada no D0Ude 12
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ANEXO 4 - RESUMO GRAFICO

Exposicao aguda
MeHg (2,5 mg/g)

Acai
(10 ul/g)
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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 your article.

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

INTRODUCTION

Fitoterapia is a Journal dedicated to medicinal plants and to bioactive natural products of
plant origin. It publishes original contributions into these seven major areas:

1. Characterization of active ingredients of medicinal plants

. Development of standardization method for bioactive plant extracts and natural products

. Identification of bioactivity in plant extracts

. Identification of targets and mechanism of activity of plantextracts

. Production and genomic characterization of medicinal plants biomass

. Chemistry and biochemistry of bioactive natural products of plant origin

. Critical reviews of the historical, clinical and legal status of medicinal plants, and accounts on topical
issues.

NOuUuhWN

Article critically reviewing the historical, clinical and legal status of medicinal plants and
accounts on topical issues are also welcomed.

Contributions reporting

1. Activity data on crude extracts that have not been characterized by analysis of their major constituents
(HPLC, NMR)

2. Unexceptional and predictable bioactivity (antioxidant properties of phenolics or antibacterial activity of
essential oil)

3. Uncritical ethnopharmacological investigations, where a list of plants and their use are simply recorded
are not normally considered for publication.
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The following immediate rejection criteria apply:

RULE 1: The manuscript does not fall into any of the areas of interest of the Journal;
RULE 2: The manuscript is too preliminary, reporting e.g. activity data without
comparison to a reference, or without a positive control;

RULE 3: The botanical source is not clearly identified, authenticated, and documented
(voucher); RULE 4: Bioactivity is not relevant to in vivo situations.

For more details on how to write a world class paper, please visit our Pharmacology
Author Resources page.

Authors are encouraged to submit video material or animation sequences to support and enhance your
scientificresearch. For more information please see the paragraph on video data below.

The journal accepts Reviews, Research papers and Book Reviews.
Authors are encouraged to draw chemical formulas using the ChemDraw Program and ACS-
Style.

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
more details.

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

e 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 in print
Graphical Abstracts / Highlights files (where applicable)
Supplemental files (where applicable)

Further considerations

e Manuscript has been 'spell checked' and 'grammar checked'

e 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)
¢ Relevant declarations of interest have been made

e Journal policies detailed in this guide have been reviewed

e 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.
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All authors are requested to disclose any actual or potential conflict of interest including
any financial, personal or other relationships with other people or organizations within
three years of beginning the submitted work that could inappropriately influence, or be
perceived to influence, their work. More information.

Submission of an article implies that the work described has not been published
previously (except in the form of an abstract or as part of a published lecture or
academic thesis or as an electronic preprint, see 'Multiple, redundant or concurrent
publication' section of our ethics policy for 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. To verify originality, your article may be checked by the originality
detection service CrossCheck.

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

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

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 reviewed again by the new journal. More information.

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

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

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

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

Elsevier supports responsible sharing

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

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

Funding body agreements and policies

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

This journal offers authors a choice in publishing their research:

Open access

¢ Articles are freely available to both subscribers and the wider public with permitted reuse.
® An open access publication fee is payable by authors or on their behalf, e.g. by their research funder or
institution.

Subscription
¢ Articles are made available to subscribers as well as developing countries and patient groups through our
universal access programs.
* No open access publication fee payable by authors.

Regardless of how you choose to publish your article, the journal will apply the same
peer review criteria and acceptance standards.

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

Creative Commons Attribution (CC BY)

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

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include
in a collective work (such as an anthology), as long as they credit the author(s) and
provided they do not alter or modify the article.

The open access publication fee for this journal is USD 1800, excluding taxes. Learn
more about Elsevier's pricing policy: http://www.elsevier.com/openaccesspricing.
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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 Publishing Campus

The Elsevier Publishing Campus (www.publishingcampus.com) is an online platform
offering free lectures, interactive training and professional advice to support you in
publishing your research. The College of Skills training offers modules on how to
prepare, write and structure your article and explains how editors will look at your
paper when it is submitted for publication. Use these resources, and more, to ensure
that your submission will be the best that you can make it.

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.

Referees

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

The minimum requirements for a manuscript to qualify for peer review are that it has
been prepared by strictly following the format and style of the journal as mentioned
below, that it is written in good English, includes the electronic version and that the
manuscript meets the Fitoterapia standard and scope.

The journal encourages Authors to enhance the description of their methodological procedures by submitting
accompanying multimedia files (video or animation sequences). These files are to be submitted as
supplementary material, see below.

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
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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

There are no strict requirements on reference formatting at submission. References can
be in any style or format as long as the style is consistent. Where applicable, author(s)
name(s), journal title/book title, chapter title/article title, year of publication, volume
number/book chapter and the pagination must be present. Use of DOI is highly
encouraged. The reference style used by the journal will be applied to the accepted
article by Elsevier at the proof stage. Note that missing data will be highlighted at proof
stage for the author to correct.

Formatting requirements

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

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

Divide the article into clearly defined sections.

Figures and tables embedded in text

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

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.

Appendices

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

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

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

® Present/permanent address. If an author has moved since the work described in the article was done, or was
visiting at the time, a 'Present address' (or 'Permanent address') may be 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 suchfootnotes.

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

A Graphical abstract is mandatory for this journal. It should summarize the contents of
the article in a concise, pictorial form designed to capture the attention of a wide
readership online. Authors must provide images that clearly represent the work
described in the article. Graphical abstracts should be submitted as a separate file in
the online submission system. Image size: please provide an image with a minimum of
531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a
size of 5 x 13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF,
EPS, PDF or MS Office files. You can view Example Graphical Abstracts on our
information site.

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

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

Chemical compounds

You can enrich your article by providing a list of chemical compounds studied in the
article. The list of compounds will be used to extract relevant information from the NCBI
PubChem Compound database and display it next to the online version of the article on
ScienceDirect. You can include up to 10 names of chemical compounds in the article.
For each compound, please provide the PubChem CID of the most relevant record as in
the following example: Glutamic acid (PubChem CID:611). Please position the list of
compounds immediately below the 'Keywords' section. It is strongly recommended to
follow the exact text formatting as in the example below:

Chemical compounds studied in this article

Ethylene glycol (PubChem CID: 174); Plitidepsin (PubChem CID: 44152164);
Benzalkonium chloride (PubChem CID: 15865)

More information.

Abbreviations

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

Acknowledgements

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

Formatting of funding sources

List funding sources in this standard way to facilitate compliance to funder's
requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers
xxxX, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and
the United States Institutes of Peace [grant humber aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and
awards. When funding is from a block grant or other resources available to a
university, college, or other research institution, submit the name of the institute or
organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

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 foothotes in the text and present
the footnotes themselves separately at the end of the article.

Authors are encouraged to draw chemical formulas using the ChemDraw Program and ACS-
Style.

Electronic Artwork
General points

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

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

Number the illustrations according to their sequence in the text.

Use a logical naming convention for your artwork files.

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

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

Regardless of the application used, when your electronic artwork is finalized, please
'save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):
EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.
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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.

Figure captions

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

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

Citation in text

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

Reference links

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

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:
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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, http://dx.doi.org/10.1029/2001JB000884i. Please note the
format of such citations should be in the same style as all other references in the paper.

Data references

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

References in a special issue

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

Reference management software

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

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/fitoterapia

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

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

Reference style

Text: Indicate references by number(s) in square brackets in line with the text. The
actual authors can be referred to, but the reference nhumber(s) must always be given.

Example: '..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different result

List: Number the references (numbers in square brackets) in the list in the order in which
they appear in the text.
Examples:

Reference to a journal publication:

[1] J. van der Geer, J.A.]. Hanraads, R.A. Lupton, The art of writing a scientific article, J.
Sci. Commun. 163 (2010) 51-59.

Reference to a book:

[2] W. Strunk Jr., E.B. White, The Elements of Style, fourth ed., Longman, New York,
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2000. Reference to a chapter in an edited book:

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

Reference to a website:

[4] Cancer Research UK, Cancer  statistics reports for the UK.
http://www.cancerresearchuk.org/ aboutcancer/statistics/cancerstatsreport/, 2003
(accessed 13.03.03).

Reference to a dataset:

[dataset] [5] M. Oguro, S. Imahiro, S. Saito, T. Nakashizuka, Mortality data for
Japanese oak wilt disease and surrounding forest compositions, Mendeley Data, vi,
2015. http://dx.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. This can be done in the same way as a figure or table by referring to the
video or animation content and noting in the body text where it should be placed. All
submitted files should be properly labeled so that they directly relate to the video file's
content. In order to ensure that your video or animation material is directly usable,
please provide the files in one of our recommended file formats with a preferred
maximum size of 150 MB. 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 this content.

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

This journal encourages and supports you to share data that underpins 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 are necessary to 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. For more information on depositing, sharing and using research data and
other relevant research materials, visit the research data page.
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This journal supports Mendeley Data, enabling you to deposit any research data and
materials (including raw and processed data, video, code, software, algorithms,
protocols, and methods) associated with your manuscript in a free-to-use, open access
repository. During the submission process, after uploading your manuscript, you will
have the opportunity to upload your relevant datasets directly to Mendeley Data. 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.

Once 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 databases
that give them a better understanding of the research described.

Please refer to relevant database identifiers using the following format in your article:
Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN).

It is also possible to show linked data repository banners on your published article on
ScienceDirect. The requirements differ depending on the repository. For more
information and a full list of supported databases, visit the database linking page .

For datasets on non-supported repositories please visit data profile page.

You have the option of converting any or all parts of your supplementary or additional
raw data into one or multiple Data in Brief articles, a new kind of article that houses and
describes your data. Data in Brief 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 Data in Brief article as an additional item directly
alongside the revised version of your manuscript. If your research article is accepted,
your Data in Brief 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 is payable for publication in Data in Brief. Full details
can be found on the Data in Brief website.. Please use to write your Data in Brief.

To foster transparency, we encourage you to state the availability of your data in your
submission. If your data is unavailable to access or unsuitable to post, this gives you the
opportunity to indicate why. You can also include an email address so readers can request
data that is unavailable for publication or under embargo. If you submit this form with
your manuscript as a supplementary file, the statement will appear next to your
published article on ScienceDirect.

For more information on transparency for research data, visit the xxx page.

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.

This journal enables you to show an Interactive Plot with your article by simply
submitting a data file. Full instructions.

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
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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 yourresponsibility.

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

AUTHOR INQUIRIES

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

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