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RESUMO

Morus alba L. (amoreira branca) é uma planta utilizada em todo o mundo no tratamento de
diversas enfermidades, incluindo distdrbios inflamatérios. Essa planta tem origem asiatica,
mas demonstrou boa adaptacédo ao solo brasileiro. Diante da expansdo do uso medicinal de M.
alba, inclusive comercialmente, o presente trabalho teve por objetivos construir um painel de
toxicidade para extrato etandlico das folhas dessa planta e determinar seu potencial como
agente antimicrobiano e anti-inflamatorio. O extrato foi analisado quanto a composicdo
quimica por cromatografia em camada delgada. As analises toxicologicas realizadas foram:
ensaio de letalidade para o microcrustaceo Artemia salina (concentrag¢fes: 100-1000 pg/mL);
ensaio de toxicidade aguda por via oral para camundongos (doses: 300 e 2000 mg/kg);
determinacdo da genotoxicidade in vivo para camundongos através do teste do micronucleo
(doses: 75, 150 e 300 mg/kg v.0.); e ensaios de citotoxicidade para as células tumorais
humanas NCI-H292, HEp-2, HT-29, MCF-7 e HL-60 (concentracdo: 50 pg/mL). Na
avaliacdo do potencial anti-inflamatdrio, foi utilizado o modelo de inflamacéo aguda induzida
por carragenina em bolsdo de ar (doses: 75, 150 e 300 mg/kg v.0.). A acdo anti-inflamatéria
foi avaliada através da quantificacdo do nimero de leucdcitos nos exsudatos coletados dos
bolsdes. Atividade antimicrobiana foi avaliada contra bactérias e fungos de importancia
médica. A analise fitoquimica revelou a presenca de cumarinas, flavonoides, taninos e
triterpenos no extrato, o qual ndo promoveu mortalidade dos nauplios de A. salina. No teste
de toxicidade aguda, ndo houve mortalidade nem alteragbes comportamentais nos
camundongos tratados com o extrato durante 14 dias. Contudo, a analise de parametros
hematoldgicos e bioquimicos revelou que os animais que receberam a dose mais alta
apresentaram valores significativamente (p < 0,05) menores de volume corpuscular médio
eritrocitario (VCM) e concentracdo média de hemoglobina corpuscular (CMHC), bem como
atividade aumentada de fosfatase alcalina no plasma. Nos tratamentos com o extrato a 300 e
2000 mg/kg, houve reducdo no numero de leucdcitos, com diminuicdo da percentagem de
linfécitos e aumento na propor¢do de células segmentadas. Analise histopatologica dos 6rgédos
dos animais tratados com o extrato a 2000 mg/kg revelou turgidez dos tabulos contorcidos
renais, presenca de infiltrado leucocitario ao redor da veia centrilobular hepatica e elevada
dispersdo da polpa branca esplénica. Avaliacdo do potencial genotdxico in vivo revelou que o
extrato ndo causou aumento na frequéncia de micronucleos, em comparacdo com o controle
negativo. O extrato também ndo demonstrou citotoxicidade para as linhagens celulares
testadas. Com base nos resultados obtidos nos testes de toxicidade, o potencial anti-
inflamatdrio do extrato foi avaliado utilizando doses menores e igual a 300 mg/kg. Foi
verificada reducdo do nimero de leucécitos nos grupos tratados com 75 (56,8%), 150 (62,9%)
e 300 (65,6%) mg/kg, em comparacdo com o grupo controle. A dose de 300 mg/kg mostrou
efeito de inibicdo similar ao observado no grupo padrdo, que recebeu indometacina a 10
mg/kg, i.p (64,7%). Por fim, o extrato apresentou atividade antimicrobiana contra
Staphylococcus aureus, Pseudomonas aeruginosa, Candida albicans, Candida krusei,
Candida tropicalis e Aspergillus flavus. Em conclusdo, o extrato etandlico de folhas de M.
alba apresentou potencial anti-inflamatério e antimicrobiano, ndo sendo letal nem
apresentando efeito genotoxico para camundongos quando ingerido na dose de 300 mg/kg.
Contudo, a utilizacdo do extrato na dose de 2000 mg/kg deve ser evitada, devido as alteragdes
bioquimicas, hematoldgicas e histopatoldgicas detectadas no ensaio de toxicidade aguda.

Palavras-chave: amoreira branca; analise toxicoldgica; genotoxicidade; citotoxicidade;
atividade antimicrobiana; inflamagéo aguda.



ABSTRACT

Morus alba L. (white mulberry) is a plant used around the world for treatment of several
infirmities, including inflammatory disorders. This plant is originated from Asia but showed
good adaptation to Brazilian soil. In view of the expansion of the medicinal use of M. alba,
including commercially, the present work aimed to build a toxicity panel for an ethanolic
extract from leaves of this plant and to determine its potential as antimicrobial and anti-
inflammatory agents. The extract was analyzed for chemical composition through thin layer
chromatography. The toxicological analyses performed were: lethality assay with the
microcrustacean Artemia salina (concentrations: 100-1000 pg/mL); acute oral toxicity assay
to mice (doses: 300 and 2000 mg/kg); determination of in vivo genotoxicity to mice by
micronucleus test (doses: 75, 150 and 300 mg/kg per o0s); and cytotoxicity assays to the
human tumor cells NCI-H292, HEp-2, HT-29, MCF-7 and HL-60 (concentration: 50 pg/mL).
In the evaluation of anti-inflammatory potential, it was used the model of acute inflammation
induced by carrageenan in air pouch (doses: 75, 150 and 300 mg/kg per 0s). The anti-
inflammatory action was evaluated by the quantification of the number of leukocytes in
exudates collected from the pouches. Antimicrobial activity was evaluated against bacteria
and fungi of medical importance. The phytochemical analysis revealed the presence of
coumarins, flavonoids, tannins and triterpenes in the extract, which did not promote mortality
of A. salina nauplii. In the acute oral toxicity assay, there was no mortality or behavioral
alterations in mice treated with the extract during 14 days. However, the analysis of
hematologic and biochemical parameters revealed that animals that received the highest dose
showed significantly (p < 0.05) lower values of mean erythrocyte corpuscular volume (MCV)
and mean concentration of corpuscular hemoglobin (MCHC) as well as increased activity of
alkaline phosphatase in plasma. In the treatments with the extract at 300 and 2000 mg/kag,
there was reduction in the number of leukocytes, with decrease of lymphocyte percentage and
increase in the proportion of segmented cells. Histopathological analysis of the organs from
animals treated with the extract at 2000 mg/kg revealed turgidity of renal contorted tubules,
presence of leukocyte infiltration around the hepatic centrilobular vein and high dispersion of
the spleen white pulp. Evaluation of the in vivo genotoxic potential revealed that the extract
did not cause increase in the frequency of micronuclei, in comparison with negative control.
The extract also did not show cytotoxicity to the cell lines tested. Based on the results
obtained in the toxicity assays, the anti-inflammatory potential of the extract was evaluated
using doses lower and equal to 300 mg/kg. It was verified a reduction in the number of
leukocytes in the groups treated with the extract at 75 (56.8%), 150 (62.9%) and 300 (65.6%)
mg/kg, in comparison with control group. The dose of 300 mg/kg showed inhibitory effect
similar to that observed in the standard group, which received indometacin 10 mg/kg, i.p
(64.7%). Finally, the extract showed antimicrobial activity against Staphylococcus aureus,
Pseudomonas aeruginosa, Candida albicans, Candida krusei, Candida tropicalis and
Aspergillus flavus. In conclusion, the ethanolic extract from M. alba leaves showed anti-
inflammatory and antimicrobial potential, being not lethal and showing no genotoxic effect
when ingested by mice at the dose of 300 mg/kg. However, the use of the extract at 2000
mg/kg should be avoided, due to the biochemical, hematological and histopathological
alterations detected in the acute toxicity assay.

Keywords: white mulberry; toxicological analysis; genotoxicity; cytotoxicity; antimicrobial
activity; acute inflammation.
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1. INTRODUCAO

As plantas tém tido papel fundamental para o desenvolvimento humano, tanto como
componentes na alimentacdo quanto na busca de estratégias para a cura de enfermidades.
Além da eficicia atribuida a diversas espécies, conhecidas como plantas medicinais, 0
continuo uso de vegetais pela populacdo para fins terapéuticos esta também relacionado com
o0 custo elevado dos medicamentos alopaticos convencionais e a falta de acesso aos mesmos
VEIGA-JUNIOR et al., 2005; SAAD et al., 2006; SHAW, 2010).

A fitoterapia, também conhecida como medicina alternativa ou medicina popular, é
mundialmente responsavel pela forma mais comum de tratamento de doencas e, segundo a
Organizacdo Mundial de Saude (OMS), 80% das populacBes dos paises em desenvolvimento
utilizam esse tipo de terapia (OMS, 2011). Contudo, as plantas medicinais tém sido
empregadas de modo predominantemente empirico pelas populacdes, seja pela auséncia de
estudos cientificos e toxicologicos ou pelo desconhecimento dos resultados dessas pesquisas.
O crescente aumento na utilizacdo e comercializacdo de plantas medicinais tem impulsionado
a busca de informacdes comprovadas cientificamente sobre sua seguranca e eficacia
terapéutica (TUROLLA e NASCIMENTO, 2005; SAAD et al., 2006; RIBEIRO et al., 2012).

Os vegetais sdo utilizados de diversas maneiras para propositos terapéuticos: in
natura, com partes inteiras ou rasuradas para a preparacdo de chas e infusdes, por exemplo;
ou sob a forma de drogas pulverizadas, extratos brutos ou fragdes, tinturas, comprimidos e
capsulas. Finalmente, as preparagdes vegetais podem ser submetidas a sucessivos processos
de extracdo e purificagdo, para isolamento de substancias de interesse (RATES, 2001).

Segundo a Agéncia de Vigilancia Sanitaria (ANVISA), um medicamento fitoterapico
é um produto obtido por processos tecnologicamente adequados, empregando exclusivamente

matérias-primas vegetais, com finalidade profilatica, curativa, paliativa ou para fins de
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diagnostico. E caracterizado pelo conhecimento da eficacia e dos riscos de seu uso, bem como
pela reprodutibilidade e constancia de sua qualidade. Ndo se considera medicamento
fitoterapico aquele que, na sua composicao, inclua substancias ativas isoladas de qualquer
outra origem (RDC n° 17/2000).

No Brasil, 0 uso de plantas medicinais como alternativa terapéutica € uma pratica
realizada por milhares de pessoas, sendo influenciada por fatores sociais, econémicos e
culturais. Frente a esta realidade, faz-se necessaria a adocdo de medidas que visem a
ampliacdo das pesquisas sobre o uso seguro dessas plantas (VENSON et al., 2011).

Morus alba é uma planta nativa da Asia, conhecida como “amoreira branca”, com
grande importancia na medicina popular chinesa. Essa planta foi introduzida no Brasil e tem
sido bastante explorada do ponto de vista medicinal, inclusive comercialmente. Diversos
estudos relatam propriedades farmacologicas dessa planta visando o tratamento de
enfermidades em animais e humanos. Como exemplos, podem-se citar atividades antitumoral,
antioxidante, antimicrobiana, neuroprotetora e hipoglicémica, além de potencial aliviador dos
sintomas associados a osteoartrite (KIM et al., 1993; FANG et al., 2005; WANG et al., 2012;
QIN et al., 2015; SEO et al., 2015; YIMAN et al., 2015).

Frente aos diversos relatos de propriedades medicinais das folhas de M. alba, e a
ampliacdo do seu uso no Brasil, esse trabalho avaliou a toxicidade in vitro (usando Artemia
salina), toxicidade aguda para camundongos (incluindo analise de sobrevivéncia,
comportamento, alteraces histologicas e parametros hematologicos e bioquimicos) e o
potencial genotdxico e citotdxico de extrato etanolico obtido a partir desse tecido. De posse

dos resultados, foi entdo determinado o potencial anti-inflamatorio in vivo do extrato de folhas

15



em dose considerada segura. Adicionalmente, foi avaliada a atividade antimicrobiana frente a

bactérias e fungos de importancia médica.
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2. FUNDAMENTACAO TEORICA

2.1 Toxicidade e produtos naturais

As células vegetais, utilizando substancias quimicas simples, conseguem sintetizar
diversas substancias complexas e que possuem grande importancia para o homem, sendo
denominadas de “produtos naturais” (CASTELLANO, 1981). O niimero total de produtos
naturais produzidos por plantas foi estimado em torno de 500.000 (DEMAIN, 2000). Ao se
estudar uma planta com relacdo as suas caracteristicas fitoquimicas, deve-se considerar a
existéncia de dois grupos distintos de metabolitos, que sdo importantes para seu
desenvolvimento: metabolitos primarios e metabdlitos secundarios (WANG et al., 2012)

Os metabdlitos secundarios sdo substancias produzidas em pequenas quantidades, e,
em contraste com 0s primarios, nem sempre estdo envolvidos em func@es vitais do vegetal ou
mesmo presente em todos eles. Além disto, sdo conhecidos por serem sintetizados em tipos
celulares especializados e em distintos estagios de desenvolvimento. Estes constituintes
quimicos sdo extremamente diversos e cada familia, género e espécie produz uma categoria
quimica caracteristica ou uma mistura delas, o que pode ser utilizado na classificacdo
taxondémica das plantas (BELL et al. 1980; WAKSMUNDZKA-HAJNOS; SHERMA;
KOWALSKA, 2008; SIMOES et al., 2010). Alguns metabdlitos secundarios possuem
reconhecida importancia comercial, pois podem ser aplicados industrialmente e possuem
propriedades terapéuticas, sendo considerados principios ativos para obtencdo de
medicamentos (OLIVEIRA, et al., 2011). Contudo, diferentemente do que muitos acreditam,
a origem natural desses produtos ndo os torna isentos de toxicidade para seres humanos.

O conceito de que “todas as substancias sdo toxicas, sendo a dose o que diferencia

um medicamento de um agente toxico” foi introduzido por Paracelsos (1493
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-1541). Um agente tdxico é todo agquele que, em determinada dose, provoca desestabilizacéo
do organismo, enfermidades e até a morte (VEIGA JR.; PINTO; MACIEL, 2005). Em outras
palavras, a toxicidade de uma substancia para um organismo vivo corresponde a capacidade
de causar dano grave ou morte (OECD, 2001).

Todos os organismos apresentam a capacidade de responder a variacfes externas, de
modo a manter sua homeostasia. Dessa forma, através de modificacbes bioquimicas e
morfologicas e de mecanismos fisioldgicos, os organismos podem se adaptar a condigdes
adversas de exposicdo a substancias estranhas, sem manifestacdes de toxicidade. Entretanto,
guando o organismo ndo é capaz de se adaptar a presenca dessas substancias, manifesta-se o
efeito toxico (BARROS, DAVINO, 2003).

A maioria dos consumidores de produtos de origem natural sdo motivados, além dos
custos menores, pela prerrogativa de que tais produtos sdo isentos de efeitos adversos,
desconhecendo que a toxicidade, efeitos colaterais, interacbes com outras drogas ou
alimentos, e os produtos de sua biotransformagdo sdo causas frequentes de problemas de
salde publica e internacfes em hospitais (VEIGA JR.; PINTO; MACIEL, 2005; LANGMAN;
KAPUR, 2006).

Em relacdo as plantas medicinais, a toxicidade de seus produtos € ainda mais
subestimada devido ao fato de que a ocorréncia de efeitos indesejaveis, geralmente, € menor
quando comparada a drogas sintéticas (FERREIRA-MACHADO et al., 2004). Entretanto,
tanto o uso como também estudos de plantas medicinais comprovaram que Varias espécies
vegetais possuem substancias potencialmente perigosas e, por esta razdo, devem ser utilizadas
respeitando-se os riscos toxicoldgicos (VEIGA JR; PINTO; MACIEL, 2005).

O uso de uma espécie vegetal pela populacdo ndo é suficiente para validar sua
seguranca e eficacia, ja que frequentemente a indicacdo é feita por pessoas leigas, sendo a

intoxicacdo um resultado frequente (RATES, 2001). Os estudos toxicoldgicos de xenobidticos
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visam garantir a seguranca do homem frente a possiveis efeitos negativos, estabelecendo
limites seguros para a aplicabilidade de uma nova substancia e contribuindo, assim, para o
desenvolvimento de novos farmacos (HODGSON, 2003). Os testes toxicologicos permitem
avaliacOes de parametros, como alteracdes de massa corporal do animal, consumo de agua e
racdo (JAHN; GUNZEL, 1997), condicBes anatomopatolégicas dos Orgdos, parametros
bioquimicos e hematoldgicos e influéncia na reproducdo (REBOREDO et al., 2007).

A toxicidade e a seguranca de uma determinada substancia quimica estdo relacionadas
com sua concentracdo e tempo de permanéncia e/ou exposicdo, de forma que os testes de
toxicidade devem ser realizados de forma padronizada e em condicBes replicaveis
(SILVERIA, 2007). Além das interacbes com medicamentos e/ou alimentos, possiveis
reacOes adversas inerentes de preparacGes vegetais podem depender de caracteristicas do
paciente como género, idade e estado de nutricional, entre outros (BALBINO; DIAS, 2010).

Dentre os bioensaios de toxicidade, encontra-se 0 ensaio de letalidade frente a Artemia
salina Leach, um microcrustaceo de dgua salgada comumente utilizdo como alimento para peixes.
A simplicidade com que pode ser manuseado, a rapidez dos ensaios e 0 baixo custo favorece a sua
utilizacdo rotineira em analises preliminares de toxicidade geral (LUNA et al., 2005;
NASCIMENTO et al., 2008). A literatura relata que existe uma correlacéo entre a toxicidade geral
frente A. salina e atividades como antifungica, antiviral, antimicrobiana (MacRAE; HUDSON;
TOWERS, 1988), antiparasitaria (SAHPAZ et al., 1994) e tripanocida (ZANI et al., 1995), entre
outras. H4, também, correlagcdo com a citotoxicidade para linhagens celulares tumorais humanas
(MacLAUGHLIN, 1991).

Dentre varios métodos ou testes empregados para avaliar efeitos toxicolégicos in vivo,
0 teste de toxicidade aguda permite definir o grau de toxicidade intrinseca do composto,
identificar orgdos que podem ser alvos de efeitos indesejados e selecionar doses para estudos
de longa duracdo (ALMEIDA, 2011). A Figura 1 apresenta o protocolo estabelecido pela

Organizacdo para Cooperacdo e Desenvolvimento Econdmico (www.oecd.org) com
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orientacdes para avaliacdo da toxicidade aguda de drogas. O teste € iniciado a partir da
administracdo dos produtos na dose de 2000 mg/kg, e estabelece classificacbes do nivel de

toxicidade de acordo com a mortalidade em diferentes doses.

Figura 1- Avaliacdo de toxicidade aguda de acordo com o guia da Organizacdo para
Cooperacao e Desenvolvimento Econémico (OECD).
ANNEX 2d: TEST PROCEDURE WITH A STARTING DOSE OF 2000 MG/KG BODY WEIGHT
5mglkg 50ma/kg 300ma/kg 2000mg/kg
3 animals 3 animals 3 animals 3 animals

5malkg 50mg/kg 300mg/kg 2000mg/kg
3 animals 3 animals 3 animals 3 animals
GHS Category Category 2 Category 3 Category 4 Category 5 Category 5 or
> 05 2550 > 50300 > 300 - 2000 > 2000 - 5000 Unclassified

v

A 4

s v v _ v
3

3(at 50)
at 1" step at 1* step (a1 2000)
- at 1" step

2
(at 2000)
at 1% step

LD50 cut-off
mylkg b.w

- per step three animals of a single sex ([ normally females ) are used - = unelassified

-0,1,23: Numberof moribund or dead animals at each step ~Testing 365000 mgkg b.w.: sew Anhex 3
-GHS: Globally Harmonized Classification System (mglkg baw.)

Fonte: OECD (2001).

Além da avaliacdo da mortalidade, a analise toxicoldgica pode ser complementada
pela avaliagdo de alteracbes em Orgdos e em parametros bioquimicos e fisioldgicos.
Adicionalmente, a triagem comportamental permite avaliar se uma determinada droga
modifica a atividade cerebral, atraves do registro de alguns sinais ou alteracGes de condutas
apresentados pelos animais (ALMEIDA, 2011). Dessa forma, esse modelo permite avaliar se
determinadas drogas apresentam toxicidade, possibilitando o estudo farmacoldgico de plantas

e/ou fitoconstituintes com uma determinada margem de seguranca (LIMA, 2011).
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A citotoxicidade ¢é definida como os efeitos resultantes da interferéncia de drogas nos
processos essenciais para a sobrevivéncia, proliferacéo e fungées comuns a todas as células do
organismo (EKWALL, 1999). Os estudos de citotoxicidade fornecem informacdes a respeito
do potencial toxico de moléculas estudadas de forma mais rapida e com custos menores que
0s estudos in vivo. Neste tipo de ensaio, pode ser avaliada a viabilidade, os aspectos
morfologicos, a integridade da membrana celular, bem como crescimento/proliferacdo das
células (CASTANO; LECHON, 2005).

Um dos métodos mais utilizados € a avaliagdo da citotoxicidade basal utilizando o
brometo de 3-(4,5-dimetiltiazol-2-il)-2,5-difenil-tetrazolio (MTT) (CASTANO; LECHON,
2005). O MTT € um corante amarelo que é reduzido por células que mantém a integridade
mitocondrial para um composto azul (formazan), insoltvel em solucdo aquosa (Figura 2).
Uma vez solubilizado, a quantidade de formazan pode ser determinada espectroscopicamente.
A reducdo do MTT para formazan € realizada principalmente pela enzima succinato
desidrogenase, sendo muito utilizada em ensaios de avaliacdo de sobrevivéncia e proliferagcdo
celular. Somente as células vidveis reduzem o MTT, portanto a quantidade de formazan
produzido é proporcional ao ndmero de células vidveis presentes (MOSMANN, 1983;
DENIZOT; LANG, 1986).

Algumas substancias vegetais sdo capazes de interagir com o DNA, induzindo
alteracdes no material genético, tais como quebras cromossdmicas e mutacdes, 0 que justifica
0 interesse no estudo potencial genotoxico de extratos de plantas medicinais (CHACON et al.,
2002). A avaliacéo dos efeitos genotdxicos € importante para referendar o emprego de plantas
medicinais, acrescentando segurancga ao usuario de fitoterapicos (RIBEIRO et al., 2003). A
avaliacdo da genotoxicidade in vivo oferece como vantagens a participacdo doo metabolismo
do animal, que nunca pode ser totalmente reproduzido num sistema in vitro, bem como &

possivel utilizar as condicdes de exposicdo a que 0 homem estd sujeito, seja
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quanto a via de administracdo, duracdo do tratamento e condi¢des nutricionais (RABELLO-

GAY etal., 1991).

Figura 2 - Reacdo de reducdo do MTT ([brometo de (3-(4,5-dimetiltiazol-2-yl)-2,5-difenil

tetrazolio]) a formazan.

MTT Formazan

e
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=
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Fonte: MOSMANN (1983)

Dentre os testes de avaliacdo toxicoldgica recomendados por agéncias internacionais e
instituicGes governamentais, o teste de microntcleo (TMN) em células de sangue periférico
de roedores € amplamente utilizado como um estudo toxicologico para avaliacao e registro de
novos produtos quimicos e farmacéuticos que entram no mercado mundial, visto que o0s
resultados obtidos sdo considerados fortemente relevantes no contexto humano (MORITA et
al., 1997; RIBEIRO et al., 2003; TAGLIATI et al., 2008). O TMN é reconhecido por sua
robustez, sensibilidade e poder estatistico para avaliar alteracbes nucleares resultantes da
perda de informacdo genética no nucleo principal, em consequéncia de dano cromossémico
estrutural ou no aparelho mitético, bem como quebras de DNA em consequéncia de
mutagenicidade (FENECH, 2000; ARALDI et al., 2015).

Os micronucleos consistem em ndcleos pequenos, separados e adicionais ao nucleo

principal da célula que aparecem nas celulas filhas (como, por exemplo, eritrdcitos
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policromaticos) em decorréncia de danos induzidos nas células precursoras, de forma que
ocorre a perda de fragmentos cromossémicos ou cromossomos inteiros durante a tel6fase da
mitose. Os eritrocitos policromaticos resultam da diferenciacdo dos eritroblastos, apos
sofrerem replicagdo cromossémica, sendo ainda eritrocitos imaturos, em um estagio
intermediario de desenvolvimento. Eles ainda contém ribossomos e, portanto, podem ser
distinguidos dos eritrocitos normocromaticos por coloracdo seletiva para ribossomos
(SBMCTA, 2007). Os fragmentos cromossémicos que resultam de quebras apds a mitose
podem ser envoltos por uma membrana nuclear, sendo visiveis como um pequeno nucleo
(Figura 3) adjacente ao nucleo principal dos eritrécitos policromaticos (RIBEIRO,

SALVADORI & MARQUES, 2003; SBMCTA, 2007).

Figura 3 — Visualizacdo de micronucleo em lamina corada com laranja de acridina em

microscopio de fluorescéncia (seta).

Foto: Rafael Albuquerque.

As caracteristicas basicas do teste sdo: (1) o efeito do agente quimico é observado em

eritrécitos policromaticos; (2) o eritrdcito policromatico tem um tempo de vida relativamente
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curto, de modo que qualquer micronucleo que ele contenha deve ter sido gerado como
resultado de danos cromossdmicos induzidos recentemente; (3) os microndcleos séo
facilmente identificaveis e a sua distribuicdo é bem definida; e (4) a frequéncia de
micronucleos € dependente do tempo de amostragem (RIBEIRO, SALVADORI &
MARQUES, 2003). Ainda, deve-se ter o cuidado de coletar essas células, no minimo, 36
horas apds a administracdo da substdncia, que é quando os eritrocitos micronucleados
comecam a aparecer na corrente circulatéria (HAYASHI, 1999). O teste de micronucleo
permite a classificacdo de substancias em agentes aneugénicos (que induzem a aneuploidia ou
segregacdo cromossdmica anormal) (JOSEPH, 2004) e agentes clastogénicos (que quebram
cromossomos) (WAHNSCHAFFE et al., 2005).

A associacgdo entre citotoxicidade e genotoxicidade estd bem estabelecida, pois danos
ao DNA sdo considerados como um importante mecanismo indutor de apoptose celular.
Quando ocorre uma lesdo no DNA, o ciclo celular é interrompido e processos de reparo sao
ativados. Porém, caso a lesdo seja muito complexa, inicia-se 0 processo de apoptose

(BARTEK & LUKAS, 2007; HOUTGRAAF; VAN DER GIESSEN, 2006).

2.2 Morus alba L.

Morus L. (Moraceae) € um género composto por 10-16 espécies (dependendo das
sinonimias consideradas em cada sistema de classificagdo) de arvores conhecidas como
“amoreiras”, caducifolias e nativas de regioes temperadas e subtropicais, sendo a maioria das
espécies nativas da Asia (PIAO et al., 2011). As amoreiras sio amplamente cultivadas e
consumidas na China, Coréia e Japdo como alimento nutracéutico e hipoglicemiante, sendo
essa Ultima propriedade atribuida a presenca do composto 1-deoxinojirimicina, um dos mais

potentes inibidores de a-glicosidase (KIM et al., 2003).
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As folhas de amoreiras tém sido muito utilizadas na medicina tradicional chinesa para
tratar a febre, melhorar a visdo, fortalecer as articulacdes, reduzir a pressao arterial e niveis
elevados de colesterol, evitar a formacdo de trombos, tratar a constipacdo, combater o
diabetes, e como agente diurético (DOI et al., 2001; HARAUMA et al., 2003; DUGO et al.,
2009; PIAO et al., 2011). Toshio et al. (2005) isolaram de espécies de Morus uma substancia
denominada chalcomoracina, a qual apresentou consideravel atividade antimicrobiana contra
Staphylococcus aureus resistente a meticilina, com atividade similar a vancomicina.

A Morus alba, conhecida como amoreira branca (Figura 4), € uma planta perene,
rustica, de facil cultivo e de excelente desenvolvimento, mesmo em periodos de estiagens
prolongadas (MIRANDA et al., 2002). E explorada economicamente para nutricdo das
lagartas do bicho-da-seda (Bombyx mori L.), que se alimentam exclusivamente de suas folhas
(OKAMOTO; RODELLA, 2006). Em funcdo de suas caracteristicas produtivas e da
composicdo bromatolégica, a amoreira branca tem sido mundialmente avaliada como
alimento volumoso (de baixo teor energético, mas com altos teores em fibra ou em agua) para
ruminantes (MIRANDA et al., 2002). De acordo com Sanchez (2002), o valor nutricional das
folhas da amoreira pode ser considerado como equivalente ao de concentrados baseados em
gréos. Na medicina tradicional chinesa, suas folhas, frutos e caules sdo usados no tratamento
do diabetes mellitus e da hipercolesterolemia, além de como sedativo, expectorante,
analgesico, diurético e antiepilético (ZENI; DALL’MOLIN, 2010).

Estudos vém sendo realizados visando confirmar o potencial farmacologico dessa
planta. Uma mistura de extratos padronizados de folhas de Uncaria gambir e casca da raiz de
M. alba foi relatada como terapia alternativa para aliviar a osteoartrite e seus sintomas
associados (YIMAM et al, 2015). Kim et al. (2003) relataram que extratos de folhas e frutos
de M. alba foram capazes de reduzir os déficits cognitivos em ratos. Outros relatos

mencionam atividades antioxidante, antibacteriana (WANG et al., 2012), antiviral (LEE et al.,
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2014) e neuroprotetora (SEE et al, 2015) de extratos e compostos isolados a partir de frutos,

folhas, caule e raiz de M. alba.

Figura 4 — Amoreira branca (Morus alba). (A) Detalhe do fruto (amora) e da folha. (B)

Arvore de porte médio.

Fonte: www.esacademic.com

2.3. InfeccBes bacterianas e fungicas

Antibioticos sdo definidos como moléculas de origem natural, sintética ou
semissintética, capazes de matar ou inibir o crescimento de micro-organismos. O uso de
antibioticos pode ser considerado como um dos principais avangos terapéuticos do seéculo
passado (SILVA, 2010).

Os micro-organismos considerados patogénicos ao homem séo responsaveis por desde
infeccbes leves e de facil cura até infeccbes graves e de dificil tratamento. Por exemplo,
bactérias do género Klebsiella podem atingir diversas estruturas do corpo humano, em

especial, os alvéolos pulmonares ocasionando pneumonia lobar, com formacé&o de cavidades e
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escarro sanguinolento (MURRAY et al., 2006). O género Salmonella representa um grupo de
bactérias que habita o trato intestinal humano, mas que podem causar diarreia constante
associada a dor e febre (CVE/CCD-SES, 2005). A salmonela, juntamente com Escherichia
coli e espécies de Shigella estdo entre as bactérias enteropatogénicas mais isoladas nas
infeccdes ocorridas em enfermarias e pediatrias de unidades hospitalares (HERKENHOFF et
al, 2006; NOGUEIRA et al., 2008; VERONESI et al., 2010).

Staphylococcus aureus é uma bactéria Gram-positiva, que cresce melhor em
ambientes anaerdbios, mas poder ser aerdbia facultativa. Esta espécie é documentada como
um patégeno oportunista em humanos, responsavel por diversos casos de morbidade e
mortalidade; suas infeccdes podem ocorrer em diversos tecidos do corpo humano e incluem:
pneumonia, osteomielite, miocardite, pericardite, meningites, infec¢bes do trato urogenital,
sistema nervoso central e 6rgdos intra-abdominais, entre outras, além de também estar
associada a intoxicacdes alimentares (MURRAY, 1995).

Relata-se que a prevaléncia de Staphylococcus aureus € influenciada pela idade,
doenca subjacente, raca, comportamento e 0 ambiente no qual a pessoa esta inserida; cepas de
S. aureus oportunistas vém tornando-se cada vez mais predominantes ndo s6 em hospitais
como também em comunidades, o que configura um desafio para a pesquisadores
(SCHIJFFELEN et al., 2010; KHATTAK et al., 2015).

Pseudomonas aeruginosa é uma bactéria Gram-negativa e anaerdbia facultativa,
responsavel por infecgdes principalmente em ambiente hospitalar, afetando inclusive
individuos imunocompetentes. Sdo exemplos mais comuns peritonites, bacteremias, infeccdes
do trato urinario e de cirurgias (MURRAY, 1995; SAVIOLLI, 2010).

Os fungos séo seres dispersos no meio ambiente, sendo encontrados no ar atmosférico,
solo e agua, bem como habitando estruturas de outros organismos. Os fungos de interesse

médico, agentes de micoses, sdo de dois tipos morfologicos: leveduras, que sdao unicelulares, e
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os fungos filamentosos, também conhecidos como bolores, que sdo multicelulares
(CAMBUIM, 2007).

As leveduras do género Candida vivem em diversos sitios anatémicos no homem,
como a pele, mucosas, trato geniturinario e trato intestinal (ALONSO-VALLE, et al., 2003;
EMIRA, et al., 2011). Entre 80 e 90% da microbiota fungica € constituida por Candida
albicans, sendo o restante atribuido a outras espécies, tais como Candida glabrata, Candida
tropicalis, Candida krusei, Candida lusitaniae e Candida guilliermondi (PIATO, 1997;
FREITAS et al., 2003; EGGIMANN et al., 2003; SHOHAM et al, 2005; HAZEN et al., 2006)

Determinadas espécies de Candida podem se tornar patogénicas frente a alguns
fatores, como comprometimento de barreira epitelial e imunodeficiéncia do hospedeiro,
favorecendo a infeccdo. Atualmente, as espécies de Candida sdo a quarta causa de infeccdes
nosocomiais sistémicas, ocasionando alta mortalidade e aumento do tempo de hospitalizacéo
(VIDIGAL, et al., 2009).

Nas ultimas trés décadas, a incidéncia de infeccBes flngicas apresentou aumento
significativo devido a diversos fatores, tais como: desenvolvimento de técnicas terapéuticas
invasivas, utilizacdo em larga escala de antibidticos de amplo espectro, nimero crescente de
transplantes hematolégicos e de 6rgdos sélidos, expansdo da Sindrome da Imunodeficiéncia
Adquirida e surgimento de novos e potentes imunossupressores (PAPAS et al.; NUCCI, et al.,
2010; MICELLI, 2011).

Apesar do desenvolvimento de novos antibioticos nas ultimas décadas, o aparecimento
de cepas de micro-organismos resistentes aumentou, em parte devido ao uso indiscriminado
pela populacdo e nos servicos de saude (GULCIN; TEL; KIRECCI, 2008; SILVA et al.,
2010). A resisténcia microbiana esta relacionada a selecdo de celulas microbianas néo
sensiveis aos antimicrobianos, levando ao estabelecimento de cepas capazes de se multiplicar,

necessitando o aumento da dose terapéutica convencional para conter a infeccdo, ou até
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mesmo ndo sendo possivel mais o uso de determinado antibiotico. Apesar desse fenémeno ser
algumas vezes decorrente da evolucdo natural dos micro-organismos, ele vem sendo
acelerado pelo uso irracional das substancias antimicrobianas nas praticas medicas, agrarias e
veterinarias. Esse problema de saude publica mundial torna-se um obstaculo para o sucesso
dos tratamentos e diminui 0 numero de antimicrobianos validos disponiveis (DA SILVA et
al., 2010).

Tendo em vista que bactérias e fungos resistentes a maultiplos antimicrobianos
representam um desafio no tratamento de infecgdes, tem crescido a procura por novas
substancias com propriedades antimicrobianas (PEREIRA et al., 2004; FIRMO et al., 2014).
E nessa perspectiva que vem crescendo o estudo de produtos de origem vegetal com atividade
antimicrobiana (CECHINEL FILHO, 2001; CARMO et al. 2008b; OLIVEIRA et al., 2011;
MIYASAKI, 2013).

Guiados pelo uso popular das espécies nativas, alguns grupos de pesquisadores
estudam a atividade antimicrobiana de plantas medicinais originarias de diversas regides do
mundo. Tem-se observado o aumento no uso de antibidticos de ocorréncia natural devido ao
fato de os micro-organismos estarem se mostrando resistentes a maioria dos antimicrobianos
conhecidos (DUARTE, 2009). O uso de extratos de plantas como agentes antimicrobianos
apresenta um baixo risco de aumento da resisténcia microbiana porque s@o misturas
complexas, geralmente atuando por varios mecanismos de acdo, fazendo com que haja
maiores dificuldades para adaptabilidade microbiana (DAFERERA, 2003; OLIVEIRA et al.,
2011; MIYASAKI, 2013). Espera-se que 0s compostos naturais atinjam, nas celulas
microbianas, alvos diferentes daqueles utilizados polos antibioticos conhecidos e sejam ativos
contra patogenos resistentes (FERRONATO, 2007).

A técnica de microdiluicdo é considerada como padrdo ouro na investigacdo da

concentracdo inibitoria minima (CIM) em ensaios antimicrobianos. Esse método é vantajoso
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por sua facil execucdo e por requerer pouca quantidade de amostra e meio de cultura, podendo
ser usado para grande numero de produtos. Além disso, possui boa reprodutibilidade, sendo
trinta vezes mais sensivel que outros métodos usados na literatura (SCORZONI et al., 2007;
OSTROSKY et al, 2008). Esse método tem a vantagem de poder ser utilizado tanto para

produtos soluveis em &gua, como aqueles lipossoltveis (SCORZONI et al., 2007).

2.4. Cancer

O cancer ou neoplasia maligna é o nome dado a um conjunto de mais de 100 doencas
que tém em comum o crescimento desordenado de células, que invadem tecidos e Orgaos.
Dividindo-se rapidamente, estas células tendem a ser muito agressivas e incontrolaveis,
determinando a formacdo de tumores malignos, que podem espalhar-se para outras regides do
corpo (metastase). As causas do cancer sdo variadas, podendo ser externas ou internas ao
organismo, estando inter-relacionadas. As causas externas referem-se ao meio ambiente e aos
habitos ou costumes préprios de uma sociedade. As causas internas sdo, na maioria das vezes,
geneticamente pré-determinadas, e estdo ligadas a capacidade do organismo de se defender
das agressoes externas (INCA, 2013).

A estimativa para essa doenca € que, em 2030, havera 21,4 milhdes de novos casos e
13,2 milhdes de novas mortes globais (IYER et al., 2013). No Brasil, a estimativa para o ano
de 2014, que serd valida também para o ano de 2015, aponta para a ocorréncia de
aproximadamente 576 mil casos novos de cancer, incluindo os casos de pele ndo melanoma,
reforcando a magnitude do problema do cancer no pais.

A quimioterapia convencional utiliza, em geral, moléculas sintéticas e produtos

naturais que esbarram, além da resisténcia, em outras dificuldades, tais como pouca
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seletividade para o local desejado e acGes adversas em células normais, causando efeitos
colaterais (PAI et al., 2006; AAGAARD e ROSSI, 2007).

Dessa forma, é de fundamental importancia a continua realizacdo de pesquisas que
visem o desenvolvimento de novos farmacos com atividade antitumoral e que apresentem

baixa ou nenhuma toxicidade para células normais (ALMEIDA et al., 2004).

2.5. Inflamacéo

O processo inflamatério é, fundamentalmente, um mecanismo de prote¢cdo com a
funcdo de livrar o organismo de agentes que causam danos em células e tecidos, remover
restos celulares que foram danificados em consequéncia de uma injaria e promover a
reparacao tecidual. No entanto, os processos de inflamacdo podem ser potencialmente
danosos ao organismo quando sua intensidade ou duracéo ultrapassam o nivel necessario para
conter o agente agressor (RANKIN, 2004). Por esta razdo muitas drogas com a capacidade de
interferir no processo inflamatdrio, atenuando sua intensidade ou reduzindo seu tempo de
duracéo, séo objeto de pesquisas (SOLEDADE, 2008).

A inflamacdo é predominantemente caracterizada pela presenca de dor, vermelhiddo
(hiperemia ou rubor), calor, edema e perda de fungdo, chamados sinais cardinais. Esses sinais
sdo consequéncia de uma serie de eventos que promovem aumento do fluxo e permeabilidade
vascular, exsudacdo de fluidos, migracdo de leucocitos e outros efeitos induzidos pelos
mediadores quimicos no foco inflamatério (JANEWAY et al., 2002; KUMAR, ABBAS,
FAUSTO, 2005).

Inicialmente, ocorrem os fendmenos de vasodilatacdo e exsudacgdo, iniciados muitas
vezes pela acdo da histamina. Isso resulta em aumento localizado e imediato da irrigagcdo

sanguinea, que se traduz em um halo avermelhado em torno da leséo (rubor). Em seguida, a
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acao de mediadores inflamatdrios no local — tais como citocinas (pequenas proteinas liberadas
por varias células do organismo e envolvidas na comunicacdo celular durante a resposta
imune) e fragmentos de componentes do sistema complemento — promove aumento da
permeabilidade, quimiotaxia (atracdo de células polimorfonucleares, neutrofilos e macréfagos
para 0 foco da lesdo) e efeitos sobre a adesdo dos leucocitos as células endoteliais. A
migracdo celular para os tecidos e suas acdes locais determinam a dor (JANEWAY et al.,
2002).

A inflamacéo é caracterizada como aguda e cronica. A forma aguda se caracteriza por
ter uma curta duracdo (minutos, horas ou até duas semanas), predominio da acdo de
neutrofilos e exibir fendmenos vasculares e exsudativos intensos. A inflamacgdo cronica,
sempre precedida pela forma aguda, possui longa duracdo (além de duas semanas), € mais
especifica, tem como principais células envolvidas os linfocitos, plasmocitos e macrofagos, e
exibe fenbmenos mais destrutivos e regenerativos do que o processo agudo. Na inflamacéo
crénica ndo sdo observados os sinais cardinais, mas as alteracfes vasculares e exsudativas
permanecem e h& um prolongamento da fase de reparacdo, seja por permanéncia do agente
agressor ou pela complexidade do processo de reparagdo (BRUNETTI et al., 2007).

A inflamacdo aguda € caracterizada pelos sinais cardinais descritos acima (KUMAR,
ABBAS, FAUSTO, 2005). Além do acumulo de liquido na regido inflamada, ha acimulo de
fibrina, leucdcitos (especialmente neutrofilos, que séo as primeiras células a chegarem nos
sitios inflamatorios) e hemacias (ALBERTINE et al., 2004). Os leucocitos séo atraidos pela
acao das quimiocinas, as quais constituem uma classe de citocinas com propriedades
quimioatratentes, induzindo células com receptores apropriados a migrarem através da fonte
de quimiocinas. Essas moléculas s&o também comumente chamadas de interleucinas. Durante
a fase tardia da inflamacdo aguda, ha predominancia dos eventos celulares, que se

caracterizam pela marginacao, aderéncia endotelial, diapedese e migracéo dos leucocitos para
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o foco da lesdo, em decorréncia dos estimulos quimiotaticos (KUMAR, ABBAS, FAUSTO,
2005).

As moléculas de adesdo, cuja expressdo esta aumentada no processo inflamatorio,
estdo presentes tanto na superficie dos leucécitos como na parede dos vasos e permitem o
rolamento e adesdo firme dos leucdcitos ao endotélio, o que representa fator crucial para que
essas células cheguem a area lesada. Estas moléculas s@o as imunoglobulinas, integrinas,
caderinas e selectinas (PHILLIPSON; KUBES, 2011). As selectinas estdo envolvidas com a
interacdo de pequena intensidade e rolamento inicial dos leucocitos pelo endotélio. Apos o
rolamento, ocorre a ativacdo (adesdo firme ao endotélio) culminando com a migracéao
transendotelial. Estas etapas, por sua vez, sdao governadas pelas integrinas e imunoglobulinas

(Figura 5).

Figura 5 — Fases da migracdo leucocitaria por controle quimiotatico e moléculas de adesao.
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Inimeras citocinas participam do processo inflamatorio, porém as principais sdo a
interleucina-1B (IL-1B) e o Fator de Necrose Tumoral (TNF-a) (ZHANG, 2008). Estas duas
citocinas sdo reconhecidas como iniciadoras do processo inflamatdrio, pois sdo responsaveis
por ativar uma complexa cascata que envolve mais outras 20 citocinas (SANTOS et al.,
2004).

Modelos in vivo de inflamacdo sdo definitivamente as melhores ferramentas para
estudo, porque nenhuma outra abordagem permite a investigacdo simultanea de células e
mediadores que interagem durante o processo inflamatério (KNAPP, 2009). O uso da
carragenina como agente inflamatdrio apresenta inimeras vantagens, como eficacia em niveis
ndo toxicos, baixa variabilidade e producdo de uma curva dose-resposta com farmacos de
conhecida eficacia terapéutica, sendo considerado um modelo padrdo para ensaios de
determinacéo da atividade de farmacos anti-inflamatorios nao esteroidais (AINES) (VAJJA et
al., 2004).

A carragenina € um polissacarideo derivado de algumas espécies de algas, sendo
amplamente utilizado em diversos estudos experimentais acerca da migracdo de neutréfilos
por ser uma substancia com intensa acdo quimiotatica (SZABO; BECHARA, CUNHA,
2005). Ela desencadeia uma inflamacdo aguda envolvendo a liberacdo de varios mediadores
inflamatdrios, sobretudo histamina, serotonina, cininas, prostaglandinas e tromboxanos
(DAMAS et al., 1990; PANTHONG, et al., 2004).

Com base nos acontecimentos moleculares que levam a inflamagéo, alguns trabalhos
sugerem que o processo inflamatorio que acompanha doencas cronicas pode ser melhorado e
possivelmente até mesmo impedido pelo uso de fitoterapicos. As propriedades anti-
inflamatdrias de medicamentos de origem vegetal tém sido atribuidas a presenca de
substancias como flavonoides e cumarinas, que agem como inibidores dos alvos moleculares

e de mediadores pré-inflamatorios (IWALEWA et al., 2007). Triterpenoides de diferentes
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grupos estruturais foram estudados e descritos como agentes anti-inflamatorios e
imunomoduladores através da sua capacidade de inibir tanto os fatores de transcri¢do
implicados nestes processos, como 0s mediadores produzidos pela sua ativacdo (RIOS, 2010).

O protocolo experimental do bolsdo de ar tem sido empregado por sua relevante
semelhanca, do ponto de vista histologico, com a membrana da cavidade sinovial e, quando
induzida a inflamac&o por injecdo de carragenina, a reacao é semelhante a observada em uma
inflamacdo sinovial cronica, como a artrite reumatoide (SEDGWICK, LEES, 1986). Sendo
assim, farmacos com promissores resultados em teste de bolsdo de ar podem ser considerados

como potenciais candidatos a farmacos antiartriticos.
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3. OBJETIVOS

3.1. Geral

Obter um painel referente a toxicidade do extrato etandlico das folhas de Morus alba

L. (Moraceae) e avaliar sua atividade antimicrobiana e anti-inflamatoria.

3.2. Especificos

e Identificar as classes de metabdlitos secundarios presentes em extrato etandlico de
folhas de M. alba.

e Auvaliar a toxicidade do extrato frente ao microcrustaceo Artemia salina.

e Avaliar o extrato quanto a toxicidade aguda por via oral para camundongos,
determinando os efeitos sobre sobrevivéncia, parametros hematoldgicos e bioquimicos
e histologia de figado, baco e rins.

e Avaliar a genotoxicidade in vivo do extrato quando ingerido por camundongos.

e Avaliar a citotoxicidade do extrato utilizando células tumorais humanas.

e Avaliar o potencial anti-inflamatorio in vivo do extrato em modelo de inflamagéo
aguda.

e Avaliar o potencial antimicrobiano do extrato sobre as bactérias Staphylococcus
aureus (ATCC — 13150, M-177 e LM-197) e Pseudomonas aeruginosa (ATCC -9027
e LM-6) e fungos Candida albicans (ATCC-76645 e LM-106), Candida tropicalis
(ATCC-13803 e LM-6), Candida krusei (LM-656 e LM-978), Aspergillus flavus (LM-

118) and Aspergillus niger (LM-108).
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This work evaluated an ethanolic extract from Morus alba leaves for toxicity to Artemia salina, oral toxicity to mice, and
antimicrobial activity. Phytochemical analysis revealed the presence of coumarins, flavonoids, tannins, and triterpenes in the
extract, which did not show toxicity to A. salina nauplii. No mortality and behavioral alterations were detected for mice treated
with the extract (300 and 2000 mg/kg b.w.) for 14 days. However, animals that received the highest dose showed reduced MCV and
MCHC as well as increased serum alkaline phosphatase activity. In treatments with the extract at both 300 and 2000 mg/kg, there
was a reduction in number of leukocytes, with decrease in percentage of lymphocytes and increase in proportion of segmented
cells. Histopathological analysis of organs from mice treated with the extract at 2000 mg/kg revealed turgidity of contorted tubules
in kidneys, presence of leukocyte infiltration around the liver centrilobular vein, and high dispersion of the spleen white pulp. The
extract showed antimicrobial activity against Staphylococcus aureus, Pseudomonas aeruginosa, Candida albicans, Candida krusei,
Candida tropicalis, and Aspergillus flavus. In conclusion, the extract contains antimicrobial agents and was not lethal for mice when
ingested; however, its use requires caution because it promoted biochemical, hematological, and histopathological alterations.

1. Introduction

‘The use of plants as therapeutic tools is based on the popular
culture and plant preparations are continually used by people,
despite the large number of synthetic drugs developed. This
has been mainly associated with the higher costs of allopathic
medicines and a limited access of population to them,
especially in developing countries where most of the people
depend essentially on natural resources to address problems
related to diseases of primary care [1]. The relevance of
medicinal plants over the centuries has stimulated the search

for scientifically proven information on their efficacy and
safety for humans [2-4].

Morus genus (Moraceae) comprises a group of trees
native from Asia, popularly known as mulberries, and with
a great importance in folk medicine. In China, the leaves,
roots, and branches of Morus species are used for treatment
of fevers, hepatic protection, vision improvement, strength-
ening of joints, and reduction of blood pressure [5-7].
The leaves of different mulberries are consumed in Korea
and Japan as a nutraceutical food and used for controlling
blood glucose levels; this last property is attributed to the
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presence of the compound 1-deoxynojirimycin, a potent a-
glucosidase inhibitor [8]. Fukai et al. [9] isolated from Morus
species a substance deemed chalcomoracin, which showed
antimicrobial activity against methicillin-resistant Staphylo-
coccus aureus. Dai et al. [10] isolated three compounds from
Morus macroura bark, called guangsangon H, guangsangon
I, and guangsangon J, which showed anti-inflammatory and
antioxidant activities.

The pharmacological potential of the species Morus alba
L. (white mulberry), for benefit of animals and humans, has
been investigated. Flavonoids from root showed antiparasitic
activity against Ichthyophthirius multifiliis, a parasite of gills
and skin of freshwater fishes [11] and it was reported that
a methanolic extract from the plant foliage might be used
as a dietary supplement in order to alleviate Aeromonas
hydrophila infection in catfish Clarias gariepinus [12]. Diels-
Alder adducts and prenylated flavanones isolated from the
root bark of M. alba showed cytotoxic activity against
human tumor cells [13]. In another study, a composition
containing a blend of standardized extracts from Uncaria
gambir leaves and M. alba root bark was reported to be
useful as an alternative therapy for alleviating osteoarthritis
and its associated symptoms [14]. Kim et al. [15] reported
that extracts from M. alba leaves and fruits were able to
reduce cognitive deficits in mice induced by the high-fat diet.
Other reports mention antioxidant, antibacterial, antiviral,
and neuroprotective activities from extracts and isolated
compounds from fruits, leaves, stem, and root of M. alba [16-
20].

In face of the several reports on the medicinal properties
of M. alba leaves, we investigated in this work the toxicity
of an ethanolic extract from this tissue by using two models:
Artemia salina lethality assay and assessment of in vivo oral
toxicity to mice. In the last, biochemical, hematological, and
histopathological analyses were also performed. In addition,
it reports the phytochemical composition of the extract and
the evaluation of its antimicrobial activity against pathogens
with medical relevance.

2. Materials and Methods

2.1. Plant Material. Leaves of M. alba were collected in
Petrolina city, Pernambuco, northeast Brazil. Taxonomic
identification was performed and a voucher specimen (num-
ber 88372) is deposited in the herbarium of the Instituto
Agronémico de Pernambuco, Recife, Brazil.

2.2. Extract Preparation. 'The ethanolic extract was chosen
for this study because this solvent is able to dissolve both
polar and nonpolar substances, including a variety of plant-
derived compounds. The leaves were washed with distilled
water and dried at 28°C during 24 h and next in an oven
at 45°C for 15 days; subsequently, the leaves were powdered.
The leaf powder (180 g) was mixed with 70% (v/v) ethanol in
distilled water and the mixture was allowed to rest for 48 h,
followed by mechanical agitation for 48 h using an orbital
shaker. The extract was filtered and the solvent was removed
using a rotary evaporator.

Evidence-Based Complementary and Alternative Medicine

TaBLE 1: Phytochemical screening of ethanolic extract from Morus
alba leaves through thin layer chromatography.

Compound classes Revealer Result
Alkaloids Dragendorff’s reagent Negative
Anthraquinones KOH Negative
Coumarins KOH Positive
. Liebermann- .
Steroids Burchard Negative
Flavonoids Aluminum chloride Positive
Tannins Tron (IIT) chloride Positive for .
condensed tannins

. Liebermann- L

Triterpenes Burchard Positive

2.3. Phytochemical Screening. The extract was evaluated for
the presence of coumarins, flavonoids, tannins, steroids,
alkaloids, anthraquinones, and triterpenes by thin layer
chromatography (TLC). The assays were performed using
the revealers listed in Table 1 and following the instructions
described by Markhan [21], Wagner and Bladt [22], and
Abreu [23].

2.4. Toxicity to Artemia salina. 'The assay was performed
according to Meyer et al. [24] using A. salina cysts purchased
from San Francisco Bay Brand, Inc. (USA). First, an artificial
saline solution (3.8%, w/v) was prepared using sea salt
(Marinex, Brazil) and distilled water. In each assay, 10 nauplii
were added to extract solutions at different concentrations
(100-1,000 pg/mL) prepared by diluting the extract in 10 mL
of the artificial saline solution. In controls, the nauplii
were incubated with the saline solution. Each concentration
was tested in triplicate and three independent experiments
were performed. The assays were maintained under artificial
lighting for 24 h at 27 + 2°C. After this period, the mortality
rates were determined.

2.5. Oral Toxicity Assay. The experiments were performed
using female Swiss mice (Mus musculus) weighing 38-50¢g
and reared in the vivarium of the Laboratdrio de Farmacologia
e Cancerologia Experimental of the Universidade Federal de
Pernambuco. The animals are maintained at temperature
of 21 + 1°C, 12L:12D photoperiod and it is given ad
libitum access to food (Purina) and water. The experimental
procedures were approved by Animal Ethics Committee of
the Universidade Federal de Pernambuco (process number
23076.061132/2014-33).

The dried extract was dissolved in 0.9% (w/v) NaCl [25]
and acute toxicity (mortality and behavioral alterations) was
evaluated by oral administration. The mice were separated
in three groups (1 = 3 for each group), according to the
instructions of the Organization for Economic Cooperation
and Development [26]: control group, which received saline
solution (vehicle), and two test groups, which received the
extract at 300 mg/kg and 2000 mg/kg b.w. The mice were
observed during 14 days.
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2.6. Biochemical and Hematological Analyses. At the end of
oral toxicity assays, the blood of animals was collected and
the following biochemical parameters were evaluated: total
protein, albumin, alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST), alkaline phosphate, gamma-
glutamyl transferase (GGT), urea, and creatinine, using
specific kits (Labtest Diagndstica, Lagoa Santa, Brazil) and
a COBAS Mira Plus analyzer (Roche Diagnostics Systems,
Basel, Switzerland). Hematologic analysis was performed
using an automatic analyzer (Animal Blood Counter: ABC
Vet, Montpellier, France) and optical microscopy; the param-
eters evaluated were as follows: erythrocytes, hemoglobin,
hematocrit, mean corpuscular volume (MCV), mean cor-
puscular hemoglobin (MCH), mean corpuscular hemoglobin
concentration (MCHC), and total and differentiated analysis
of leukocytes.

2.7. Histopathological Analysis. Histological analyses of liver,
kidney, and spleen of animals from control and extract
treatments were performed by optical microscopy. Fragments
of the organs were fixed in buffered formalin (10%, v/v)
and then dehydrated through a graded ethanol series (70—
100%), diaphonized in xylol, and embedded in paraffin.
Histological sections (5 ym) were stained with hematoxylin-
eosin and mounted using cover slips with Entellan resin
(Merck, Germany) [27]. The materials were observed under a
Motic BA200 microscopy coupled to a Moticam 1000 1.3 MP
digital camera (Motic Incorporation Ltd., Causeway Bay,
Hong Kong).

2.8. Antimicrobial Activity. The extract was evaluated for
antibacterial activity against three strains of Staphylococcus
aureus (ATCC-13150, M-177, and LM-197) and two strains of
Pseudomonas aeruginosa (ATCC-9027 and P-03). Antifungal
activity was evaluated against strains of Candida albicans
(ATCC-76645 and LM-106), Candida tropicalis (ATCC-
13803 and LM-6), Candida krusei (LM-656 and LM-978),
Aspergillus flavus (LM-118), and Aspergillus niger (LM-108).
Bacterial suspensions were prepared in Nutrient Broth (Difco
Laboratories, France) and fungal suspensions in RPMI 1640
medium (Acumedia, India). The suspensions were standard-
ized for 10° colony-forming units (CFU) per mL using a Leitz-
Photometer 340-800 spectrophotometer.

The assays for determination of the minimal inhibitory
concentrations (MIC) were performed in U-bottom 96-well
microplates. In an assay, each plate well received 100 uL of
Nutrient Broth (for bacteria) or RPMI medium (for yeasts
and filamentous fungi). Next, 100 uL of the extract, dissolved
in distilled water, was added in the wells of the first column
of the plate and then a two-fold serial dilution was performed
in each row to reach extract concentrations ranging from 32
to 1,024 pg/mL. Finally, 10 #I. of microorganism suspension
was added to each well. A 100% growth control was done in
absence of the extract and positive controls were performed
using chloramphenicol (100 ug/mL) for bacteria as well as
nystatin (100 IU) and fluconazole (100 pg/mL) for fungi. The
plates were incubated for 24 h at 35°C in assays with bacteria
and yeasts or for 7-10 days at 28°C in assays with filamentous

fungi. After 24 h, bacterial growth was revealed by addition of
20 uL of 0.01% (w/v) resazurin (Inlab Confianga, Sio Paulo,
Brazil); a change in color from blue to red was indicative
of microbial growth and thus the MIC was recorded as the
lowest extract concentration at which there was no color
change [28]. For the fungi, the MIC was defined as the lowest
concentration able to inhibit the visual growth in comparison
with the 100% growth control. Each antimicrobial assay
was performed in duplicate and repeated three times. The
antimicrobial activity of the extract was classified according
to MIC values as follows: 50-500 ug/mL = strong activity;
600-1500 pg/mL = moderate activity; and >1500 pg/mL =
weak activity or inactive [29].

2.9. Statistical Analysis. The data were expressed as mean +
SD and submitted to one-way ANOVA followed by Bonfer-
roni’s test, with significance level at p < 0.05.

3. Results and Discussion

Health treatments using medicinal plants are the less expen-
sive and more accessible to the population, mainly in devel-
oping countries. However, the indiscriminate use of plant
preparations or products with doubtful constitution and
without rigorous standardization may pose a risk due to the
toxicity of some plant compounds to human organism. For
this reason, studies that evaluated the side effects and toxicity
degree of preparations and compounds from medicinal plants
are imperative. Within this context, this work evaluated the
toxicity of an ethanolic extract from leaves of M. alba, a plant
whose tissues have been extensively used with medicinal
purposes, including as commercial formulations.

The phytochemical screening of the extract revealed the
presence of coumarins, flavonoids, tannins, and triterpenes
(Table 1). Toxicity of the extract was firstly evaluated using
the microcrustacean A. salina, which is often used as a
preliminary indicator of general toxicity of plant compounds;
also, it is reported that toxicity to A. salina has a correlation
with pessible antitumor activity [30, 31]. The results showed
that the extract had no toxicity at all the tested concentrations,
suggesting that it does not have a general toxicity.

In the oral toxicity assays, the groups of mice from control
and extract treatments at both 300 and 2000 mg/kg b.w.
did not show alterations in behavioral signals during the 14
days of experiments. However, the hematological analysis
(Table 2) demonstrated significant (p < 0.05) reductions
in MCV and MCHC in animals treated with the extract at
2000 mg/kg, in comparison with control; MCHC was also
lower than control in treatment at 300 mg/kg. This result
indicates that components of the M. alba extract may be
acting on the erythrocytes causing a reduction of hemoglobin
content and may be interfering with the hematopoiesis,
causing the production of cells with lower volume. It has
been reported that plant secondary metabolites may act
directly on erythrocytes interfering with the integrity of
plasma membrane and then causing shrinkage, reduction in
hemoglobin content, and even destruction of the cells [32].
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TaBLE 2: Hematological parameters of animals from control group and treated with ethanolic extract of Morus alba leaves for 14 days.

Parameter Control Extract
300 mg/kg b.w. 2000 mg/kg b.w.

Erythrocytes (10/mm®) 705+ 0.39 7.84 +0.58 6.82 +0.51
Hematocrit (%) 39.95 +0.21 4147 +2.41 36.50 + 4.95
Hemoglobin (g/dL) 1735+ 1.20 15.62 + 1.05 16.00 + 1.41
MCV (fL) 64.00 +5.00 64.33 + 5.03% 50.00 +1.00™
MCH (pg) 26.97 +1.91 24.80 + 0.85 21.20 + 4.53
MCHC (%) 38.20 + 1.01 32.67 +0.85" 3220 +2.01°
Leukocytes (10°/mm®) 8.26 +0.43 9.57 + 0.66" 6.81+ 027"

Segmented (%) 22.68 + 16 43.90 + 3.41" 5571+ 3.12"4

Lymphocytes (%) 58.88 + 1.70 42,39+ 2,57 29.65 + 0.927*

Monocytes (%) 18.44 +3.55 1371+ 135 14.61 + 0.64

*Significantly different (p < 0.05) from control treatment. “Significantly different (p < 0.05) from the other dose of M. alba leaf extract. MCV: mean
corpuscular volume; MCH: mean corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin concentration.

TaBLE 3: Biochemical parameters of blood of animals from control and treatments with the ethanolic extract from Morus alba leaves for 14

days.
Parameters Control Extract

300 mg/kg b.ow. 2000 mg/kg b.w.
Albumin (g/dL.) 214 +0.17 192 £0.13 2254025
ALT (U/L) 7850 + 2.12 80.3 + 8.02" 66.33 + 4,737
AST (U/L) 14750 + 4.95 149.67 + 6.81 149.33 + 5.03
Total protein (g/dL) 6.16 +0.23 6.09 + 0.35 613 +0.17
Alkaline phosphatase (IU/L) 14.00 + 1.0 12.33 +2.52% 37.00 £ 26574
GGT (U/L) 11.00 +1.41 1267 +1.15 14.00 +1.50
Urea (mg/dL) 54.33 + 4.93 50.33 + 1.53 53.33 £2.08
Creatinine (mg/dL) 0.28 £ 0.02 0.28 +0.02 0.30 +0.04

*Significantly different (p < 0.05) from control treatment. “Significantly different (p < 0.05) from the other dose of M. alba leaf extract.

Table 2 also shows that the number of leukocytes in ani-
mals treated with the extract at 2000 mg/kg was significantly
lower (p < 0.05) than in control animals, having observed a
reduction in the proportion of lymphocytes but an increase of
segmented leukocytes. At the dose of 300 mg/kg, the extract
of M. alba also decreased the proportion of lymphocytes and
increased the percentage of segmented leukocytes, although
the number of total leukocytes was not altered. A possible
explanation is that compounds of the extract resulted in
a drastic decrease of blood lymphocytes, which stimulated
the production of new leukocytes, leading to the increase
in proportion of segmented cells. In summary, these results
constitute an indication that this extract has an important
effect on the immune cells.

Biochemical analysis (Table 3) revealed significant (p <
0.05) alterations in the serum levels of the enzymes ALT and
alkaline phosphatase in animals that received the extract at
2000 mg/kg, in comparison with control. The group treated
with the dose 300 mg/kg did not show significant (p > 0.05)
variations. Since damage of liver cells usually results in a
release of several types of enzymes, we can infer that the M.
alba extract did not cause strong impairment of hepatocytes
membrane. Indeed, no alterations or a decrease only of ALT
levels, which is a more specific marker for damage to liver

TABLE 4: Evaluation of food and water consumption and weight gain
of animals from control and treated with the ethanolic extract from
leaves of Morus alba.

Extract
300 mg/kg b.w. 2000 mg/kg b.w.

Parameter Control

Water consumed 35001105 3482+168 3429127
(mL)

E;)Od consumed 50 004193 2813+ 100 27.09 +1.28
Weight gain (g)  12.04+079 11.98+049  12.00+0.38

cells, has been interpreted as a signal of stability of the
membranes of these cells [33]. An increase only in alkaline
phosphatase level is usually indicative of obstruction of bile
flow [4] and it is possible that the M. alba extract is acting at
this level and not by disturbing the membrane of hepatocytes.
The levels of GGT, which is a more specific marker for hepatic
damage [34], were similar in all groups, corroborating that
the M. alba extract did not exert hepatotoxic effect.

No differences in food and water consumption were
detected between the groups as well as regarding the biomass
gain (Table 4). The results from oral toxicity evaluation
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Kidney

FIGURE 1: Histopathological analysis of kidneys, livers, and spleens of mice from control and treatments with the ethanolic extract from Morus
alba leaves at 300 and 2000 mg/kg b.w. Kidneys: in control and treatment with 300 mg/kg, the cortical region with the renal glomeruli (*) and
contorted tubules (arrows) without alterations can be seen. In treatment with 2000 mg/kg, a reduction of the subcapsular space and turgid
contorted tubules (arrows) is observed. Livers: photomicrography from control treatment shows the centrilobular vein (v) and a preserved
organization of the hepatocytes bundles. In the image from treatment with 300 mg/kg, reversible-type cytoplasm vacuolizations (arrows) can
be seen while the photomicrograph of an animal that received 2000 mg/kg of extract shows a lymphocyte infiltration around the centrilobular
vein (white arrow). Spleens: in control, the well-delimited lymphatic nodes (Nd) can be noticed, while, in images for treatments with 300 and
2000 mg/kg, there is an expansion of lymphatic node (Nd) in the white pulp. All sections were stained with hematoxylin/eosin. Kidney and

liver images: 400x. Spleen images: 100x.

indicated that the ethanolic extract from leaves of M. alba
has low toxicity, since no death was observed even in assays
at 2000 mg/kg dose [26]. However, the alterations found
in hematological and biochemical analyses stimulated us to
perform a histopathological study of the livers, kidneys, and
spleens of the animals, since damage to these organs may be
linked to the changes detected [35].

Photomicrographs obtained in the histopathological
analysis are showed in Figure 1. The structure of the organs
was preserved in control animals while a slight presence of
reversible-type vacuolization was observed in hepatocytes of
animals treated with the extract at 300 mg/kg. On the other
hand, all the organs from animals that received the extract
at 2000 mg/kg showed alterations. The kidneys showed a
decreasing of the subcapsular space and turgidity of the
contorted tubules. In the livers, the presence of leukocyte

infiltration around the centrilobular vein was detected, which
can be associated with intracellular lesions. A high dispersion
of the spleen white pulp was also observed, which is a region
of lymphatic tissue containing B and T lymphocytes; this can
explain the reduction in the number of lymphocytes recorded
in hematological analysis.

The ethanolic extract of M. alba leaves can be considered
more toxic than an ethanolic extract from Ocimum sanctum
leaves, which did not promote mortality at 200, 600, and
2000 mg/kg in 14 days and did not affect water consumption,
body weight, and hematological and biochemical parameters.
In addition, there were no alterations in the structure of liver,
kidney, and spleen of mice treated with the O. sanctum extract
at a dose of 800 mg/kg [36]. On the other hand, a leaf extract
from Lawsonia inermis showed higher toxicity than the M.
alba extract since it promoted pathological changes in liver
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TaBLE 5: Minimal inhibitory concentrations (MIC) of ethanolic
extract from Morus alba leaves against bacteria and fungi.

Microbial strain MIC (ug/mL)
Staphylococcus aureus ATCC-13150 512
Staphylococcus aureus M-177 1,024
Pseudomonas aeruginosa ATCC-9027 1,024
Pseudomonas aeruginosa ATCC-P-03 1,024
Candida albicans ATCC-76645 1,024
Candida albicans LM-106 256
Candida tropicalis ATCC-13083 512
Candida tropicalis LM-6 1,024
Candida krusei LM-656 512
Candida krusei LM-978 512
Aspergillus flavus KM-714 512
Aspergillus niger LM-108 NI

NI: no inhibition.

and kidney of rats at a dose of 1000 mg/kg, with signals of
degenerative/apoptotic changes [37].

Coumarins are known for their hepatotoxicity and have
been reported to be toxic to mice and rats, including being
able to increase the incidence of adenomas and carcinomas
in lungs of rats [38, 39]. Thus, this class of compounds may
be involved in the alterations promoted by M. alba extract
in oral toxicity assays. On the other hand, flavonoids are
known to exert hepatoprotective and antioxidant effects [40]
and thus may counterbalance the effects of potentially toxic
compounds in the extract.

Among the several applications described for Morus
plants, there is the use for combating infections caused by
bacteria and fungi. The increase in the number of microbial
strains resistant to the mostly used antibiotics has stimulated
the search for new antimicrobial agents, especially those with
natural origin [41]. In this way, we evaluated the antimicrobial
activity of the ethanolic extract from M. alba leaves against
bacteria and fungi with medical relevance. The results are
summarized in Table 5 and show that the extract presented
a strong activity (MIC of 256 ug/mL) against C. albicans LM-
106 and moderate antimicrobial activity on the other strains,
except A. niger, which was not sensitive to the extract. The
bacterium most sensitive to the extract was S. aureus ATCC-
13150. The strains C. albicans ATCC-76645, C. albicans LM-
106, and C. krusei LM-656 were resistant to the positive
controls used.

4, Conclusions

Ethanolic extract of M. alba leaves showed low oral toxicity
to mice since no animal death was detected at a dose of
2000 mg/kg. However, the extract promoted biochemical,
hematological, and histopathological alterations at this dose,
which indicates that caution is required regarding its use.
At 300 mg/kg, the extract did not show toxicity or cause
irreversible cellular damages but altered the proportion of
leukocyte types. The extract showed mainly moderate activity
against the microbial pathogens evaluated.

Evidence-Based Complementary and Alternative Medicine

Conlflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgments

The authors express their gratitude to the Fundagio de
Amparo a Ciéncia e Tecnologia do Estado de Pernambuco
(FACEPE; APQ-0108-2.08/14), the Conselho Nacional de Des-
envolvimento Cientifico e Tecnologico (CNPq; 472546/2012-
0; 446902/2014-4) and the Coordenagao de Aperfeicoamento
de Pessoal de Nivel Superior (CAPES) for financial support.
Patricia Maria Guedes Paiva thanks CNPq for investigator
research grant. Alisson Macdrio de Oliveira thanks CAPES
for graduate scholarship.

References

[1] World Health Organization, WHO Traditional Medicine Strat-
egy: 2014-2023, World Health Organization, Geneva, Switzer-
land, 2013.

[2] K. O. Soetan and O. O. Aiyelaagbe, “The need for bioactivity-
safety evaluation and conservation of medicinal plants—a
review,” Journal of Medicinal Plants Research, vol. 3, no. 5, pp.
324-328, 2009.

[3] D.G. I Teles and M. M. Costa, “Estudo da a¢io antimicrobiana
conjunta de extratos aquosos de Tansagem (Plantago major
L., Plantaginaceae) e Roma (Punica granatum L., Punicaceae)
e interferéncia dos mesmos na agdo da amoxicilina in vitro,
Revista Brasileira de Plantas Medicinais, vol. 16, no. 2, pp. 323-
328, 2014.

[4] A. O. T. Ashafa and M. I. Kazeem, “Toxicopathological evalu-
ation of hydroethanol extract of Dianthus basuticus in Wistar
rats,” Evidence-Based Complementary and Alternative Medicine.
In press.

[5] J. Zhishen, T. Mengcheng, and W. Jianming, “The determination

of flavonoid contents in mulberry and their scavenging effects

on superoxide radicals,” Food Chemistry, vol. 64, no. 4, pp. 555

559, 1999.

P. Dugo, P. Donato, F. Cacciola, M. P. Germano, A. Rapisarda,

and L. Mondello, “Characterization of the polyphenolic fraction

of Morus alba leaves extracts by HPLC coupled to a hybrid IT-

TOF MS system,” Journal of Separation Science, vol. 32, no. 21,

pp. 3627-3634, 2009,

[7] S.-]. Piao, L.-X. Chen, N. Kang, and F. Qiu, “Simultaneous

determination of five characteristic stilbene glycosides in root

bark of Morus albus L. (Cortex Mori) using high-performance

liquid chromatography,” Phytochemical Analysis, vol. 22, no. 3,

pp. 230-235, 2011.

S. H. Kim, N. J. Kim, J. §. Choi, and ]. C. Park, “Determination

of flavonoid by HPLC and biological activities from the leaves

of Cudrania tricuspidata Bureau,” Journal of the Korean Society

of Food Science and Nutrition, vol. 22, pp. 68-72,1993.

[9] T. Fukai, K. Kaitou, and S. Terada, “Antimicrobial activity
of 2-arylbenzofurans from Morus species against methicillin-
resistant Staphylococcus aureus,” Fitoterapia, vol. 76, no. 7-8, pp.
708-711, 2005.

[10] S.-]. Dai, Z.-B. Ma, Y. Wu, R.-Y. Chen, and D.-Q. Yu, “Guangsan-
gons F-J, anti-oxidant and anti-inflammatory Diels-Alder type
adducts, from Morus macroura Miq.,” Phytochemistry, vol. 65,
no. 23, pp. 3135-3141, 2004.

6

8

55



Evidence-Based Complementary and Alternative Medicine

[11] J.-H. Liang, Y.-W. Fu, Q.-Z. Zhang, D.-H. Xu, B. Wang, and D.-].
Lin, “Identification and effect of two flavonoids from root bark
of Morus alba against Ichthyophthirius multifiliis in grass carp,”
Journal of Agricultural and Food Chemistry, vol. 63, no. 5, pp.
1452-1459, 2015.

[12] A. Sheikhlar, A. R. Alimon, H. Daud et al., “White mulberry
(Morus alba) foliage methanolic extract can alleviate Aeromonas
hydrophila infection in African Catfish (Clarias gariepinus).
The Scientific World Journal, vol. 2014, Article ID 592709, 8
pages, 2014,

[13] J. Qin, M. Fan, J. He et al, “New cytotoxic and anti-inflam-
matory compounds isolated from Morus alba L. Natural
Product Research, 2015.

[14] M. Yimam, Y. C. Lee, T. W. Kim et al., “UP3005, a botanical
composition containing two standardized extracts of Uncaria
gambir and Morus alba, improves pain sensitivity and carti-
lage degradations in monosodium iodoacetate-induced rat OA
disease model,” Evidence-Based Complementary and Alternative
Medicine, vol. 2015, Article ID 785638, 10 pages, 2015.

[15] H. G. Kim, H. U. Jeong, G. Park, H. Kim, Y. Lim, and M. S.
Oh, “Mori Folium and Mori Fructus mixture attenuates high-
fat diet-induced cognitive deficits in mice,” Evidence-Based
Complementary and Alternative Medicine, vol. 2015, Article ID
379418, 8 pages, 2015.

[16] B. Andalluand N. C. Varadacharyulu, “Antioxidant role of mul-
berry (Morus indica L. cv. Anantha) leaves in streptozotocin-
diabetic rats,” Clinica Chimica Acta, vol. 338, no. 1-2, pp. 3-10,
2003.

[17] S.-H. Fang, Y.-C. Hou, and P-D. L. Chao, “Pharmacokinetic
and pharmacodynamic interactions of morin and cyclosporin,”
Toxicology and Applied Pharmacology, vol. 205, no. 1, pp. 65-70,
2005.

[18] W. Wang, Y. Zu, Y. Fu, and T. Efferth, “In vitro antioxidant
and antimicrobial activity of extracts from Morus alba L. leaves,
stems and fruits,” The American Journal of Chinese Medicine, vol.
40, no. 2, pp. 349-356, 2012.

[19] J.-H. Lee, S. Y. Bae, M. Oh, K. H. Kim, and M. S. Chung, “Antivi-
ral effects of mulberry (Morus alba) juice and its fractions on
foodborne viral surrogates,” Foodborne Pathogens and Disease,
vol. 11, no. 3, pp. 224-229, 2014.

[20] K. H. Seo, D. Y. Lee, R. H. Jeong et al., “Neuroprotective
effect of prenylated arylbenzofuran and flavonoids from Morus
alba fruits on glutamateinduced oxidative injury in HT22
hippocampal cells,” Journal of Medicinal Food, vol. 18, no. 4, pp.
403-408, 2015.

[21] K. R. Markhan, Techniques of Flavonoids Identification, Aca-
demic Press, London, UK, 1982.

[22] H. Wagner and S. Bladt, Plant Drug Analysis: A Thin Layer
Chromatography Atlas, Springer, New York, NY, USA, 2nd
edition, 2001

[23] M. Abreu, Triagem fitoquimica de plantas por cromatografia
em camada delgada (CCD), Universidade de Ouro Preto, Ouro
Preto, Brazil, 2000.

[24] B. N. Meyer, N. R. Ferrigni, J. E. Putnam, L. B. Jacobson, D.
E. Nichols, and J. L. McLaughlin, “Brine shrimp: a convenient
general bioassay for active plant constituents,” Planfa Medica,
vol. 45, no. 1, pp. 31-34, 1982.

[25] E. R. Almeida, Estudo da atividade antinociceptiva central do
extrato hidroalcodlico das sementes de Dioclea grandiflora Mart
ex. Benth (Fabaceae) e dois de seus constituintes quimicos:
Dioclenol e Dioflorina [Ph.D. thesis], Universidade Federal da
Paraiba, Paraiba, Brazil, 2002.

[26] Organization for Economic Cooperation and Development,
OECD Guideline for Testing of Chemicals. Guideline 423: Acute
Oral Toxicity-Acute Toxic Class Method, Organization for Eco-
nomic Cooperation and Development, Paris, France, 2001

[27] J. Kiernan, Histological and Histochemical Methods: Theory and
Practice, Cold Spring Harbor Laboratory Press, Long Island,
NY, USA, 4th edition, 2008.

[28] C.M.Mann and]. L. Markham, “A new method for determining
the minimum inhibitory concentration of essential oils,” Journal
of Applied Microbiology, vol. 84, no. 4, pp. 538-544, 1998.

[29] A. Sartoratto, A. L. M. Machado, C. Delarmelina, G. M.
Figueira, M. C. T. Duarte, and V. L. G. Rehder, “Composition
and antimicrobial activity of essential oils from aromatic plants
used in Brazil,” Brazilian Journal of Microbiology, vol. 35, no. 4,
pp- 275-280, 2004.

[30] J.R. Naidu, R. Ismail, and S. Sasidharan, “Acute oral toxicity and
brine shrimp lethality of methanol extract of Mentha Spicata L.
(Lamiaceae),” Tropical Journal of Pharmaceutical Research, vol.
13, no. 1, pp. 101-107, 2014.

[31] A. S. Leite, A. E Dantas, G. L. S. Oliveira et al., “Evaluation
of toxic, cytotoxic, mutagenic, and antimutagenic activities
of natural and technical cashew nut shell liquids using the
Allium cepa and Artemia salina bioassays,” BioMed Research
International, vol. 2015, Article ID 626835, 16 pages, 2015.

[32] P. Nwankpa, E. N. Agomuo, G. C. Uloneme, ]. N. Egwurugwu,
Y. N. Omeh, and G. C. Nwakwuo, “Effect of Phyllanthus amarus
leaf extract on alterations of haematological parameters in
Salmonellae typhi infested wistar albino rats,” Scientific Research
and Essays, vol. 9, no. 1, pp. 7-12, 2014.

[33] R. C. Ekeanyanwu and O. U. Njoku, “Acute and subacute
oral toxicity study on the flavonoid rich fraction of Monodora
tenuifolia seed in albino rats,” Asian Pacific Journal of Tropical
Biomedicine, vol. 4, no. 3, pp. 194-202, 2014.

[34] V. T. Motta, Bioquimica clinica para o laboratdrio: principios e
interpretagées, MedBook, 5th edition, 2009.

[35] V. Kuete, Toxicological Survey of African Medicinal Plants,
Elsevier, Ist edition, 2014.

[36] M. K. Gautam and R. K. Goel, “Toxicological study of Oci-
mum sanctum Linn leaves: hematological, biochemical, and
histopathological studies,” Journal of Toxicology, vol. 2014,
Article ID 135654, 9 pages, 2014.

[37] M. A. Z. Alferah, “Toxicity induced histological changes in
selected organs of male (Wistar) rats by Lawsonia inermis leaf
extract,” European Journal of Medicinal Plants, vol. 2, no. 2, pp.
151-158, 2012.

[38] S. L. Born, A. M. Api, R. A. Ford, E R. Lefever, and D. R.
Hawkins, “Comparative metabolism and kinetics of coumarin
in mice and rats,” Food and Chemical Toxicology, vol. 41, no. 2,
pp. 247-258, 2003,

[39] P A. Akah, C. C. Osigwe, and C. S. Nworu, “Reversal of
coumarin-induced toxicity by the extracts and fractions of
Ageratum conyzoides,” Asian Journal of Medical Sciences, vol. 2,
no. 3, pp. 121-126, 2010.

[40] R. Jayaraj, U. Deb, A. S. B. Bhaskar, G. B. K. S. Prasad, and
P. V. L. Rao, “Hepatoprotective efficacy of certain flavonoids
against microcystin induced toxicity in mice,” Environmental
Toxicology, vol. 22, no. 5, pp. 472-479, 2007.

[41] Y. Miyasaki, J. D. Rabenstein, J. Rhea et al, “Isolation and
characterization of antimicrobial compounds in plant extracts
against multidrug-resistant Acinetobacter baumannii] PLoS
ONE, vol. 8, no. 4, Article ID e61594, 2013.

56



6. ARTIGO 2

Evaluation of ethanolic extract from Morus alba L. (Moraceae) leaves for
genotoxicity in vivo, cytotoxicity and inhibitory effect in acute inflammation

model

ARTIGO A SER SUBMETIDO AO PERIODICO

“Journal of Ethnopharmacology”

I ETHNO-
5 PHARMACOLOGY
B e

Fator de impacto: 2.998

57



Short communication

Evaluation of ethanolic extract from Morus alba L. (Moraceae) leaves for genotoxicity in

vivo, cytotoxicity and inhibitory effect in acute inflammation model

Alisson Macério de Oliveira®, Matheus Ferreira do Nascimento®, Danielle Feijo de Moura’,
Talita Gisely dos Santos Souza®, Fernanda Virginia Barreto Mota®, Eduardo Henrique da
Silva Ramos®, Jaciana dos Santos Aguiar®, Patricia Maria Guedes Paiva®, Teresinha
Gongalves da Silva®, Cristiano Aparecido Chagas®, Ivone Antbnia de Souza®, Thiago

Henrique Napoledo®”

aDepartamento de Bioquimica, Centro de Ciéncias Bioldgicas, Universidade Federal de
Pernambuco, 50670-420, Recife, Pernambuco, Brazil.

bDepartamento de Antibidticos, Universidade Federal de Pernambuco, 50670-420, Recife,
Pernambuco, Brazil.

“Centro Académico de Vitoria, Universidade Federal de Pernambuco, 55604-000, Vitoria de

Santo Antdo, Pernambuco, Brazil.

*Corresponding author. Tel: +558121268540; fax: +558121268576

E-mail: thiagohn86@yahoo.com.br

58



Abstract

Ethnopharmacological relevance: The use of Morus alba L. (white mulberry) in traditional
medicine has expanded around the world, including in Brazil. The Leaves of this plant are
used to treat inflammatory disorders. This scenario stimulate studies on the toxicological
safety and scientific substantiation of M. alba medicinal properties.

Aim of the study: This work evaluated an ethanolic extract from M. alba leaves for in vivo
genotoxicity, cytotoxicity to human cancer cells, and potential to reduce acute inflammation.
Materials and Methods: Genotoxicity was evaluated by micronucleus test and administration
of the extract to Swiss mice at 75, 150 and 300 mg/kg b.w. per os. After 48 h, the number of
micronucleated polychromatic erythrocytes was determined. Cytotoxicity of the extract (50
pg/mL) to NCI-H292, HEp-2, HT-29, MCF-7, and HL-60 cells was evaluated by MTT assay.
The anti-inflammatory effect was investigated using the carrageenan-induced inflammation in
the air pouch model The same doses of the genotoxicity test were administered per os to
Swiss mice.

Results: The extract, containing coumarins, flavonoids, tannins, and triterpenes, did not show
genotoxic effect and was also not cytotoxic to the cell lines evaluated. The oral administration
of M. alba extract considerably reduced (58.6-65.6% inhibition) the leukocyte migration in
all doses evaluated, in comparison with negative control.

Conclusions: The ethanolic extract from M. alba leaves, which did not show genotoxicity and
general cytotoxicity to human cells, exerted a high inhibitory effect of acute inflammation.
The work contributes in the determination of the safety of the medicinal use of M. alba

leaves, which has expanded all over the world.

Keywords: white mulberry; micronucleus test; anti-inflammatory effect; toxicological safety.
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1. Introduction

Several populations traditionally use medicinal plants to alleviate, prevent or cure
physical and mental infirmities, mainly based on the beliefs of people resulting from empiric
practices (Gaikwad et al., 2014). Morus alba L. is one of these plants, being used for centuries
in Chinese medicine and now all over the world, including in Brazil (Zeni and Dall'Molin,
2010; Singh et al., 2013). Ethnopharmacological surveys have listed its use to treat diabetes,
atherosclerosis, chancre, and throat irritation, for example (Butt et al., 2008; Amjad, 2015).
Leaves and root bark of this plant are also used to treat inflammatory disorders (Chen et al.,
2013; Zafar et al., 2013; Eo et al., 2014)

The compounds mulberroside A and oxyresveratrol obtained from M. alba cortex
showed anti-inflammatory effect by reducing paw edema induced by carrageenan in mice; the
oxyresveratrol was also extracted from M. alba branches and suppressed the migration of
leukemic Jurkat T cells in response to stromal cell-derived factor 1 in vitro (Chung et al.,
2003; Chen et al., 2013). Regarding the leaves of this plant, Kim et al. (2011) showed that
ethanolic extract from leaves fermented with Hericium erinaceum mycelium was able to
inhibit in vitro the production of the pro-inflammatory mediators nitric oxide, tumor necrosis
factor-a, and interleukins IL-1f and IL-6 in LPS-stimulated RAW 264.7 cells. Pereira et al.
(2013) reported that a hydroethanolic extract from M. alba leaves showed was able to inhibit
the chronic inflammation in an in vivo granuloma tissue model.

Although plant medicines is often accepted by people as safer than allopathic drugs,
the natural origin of plant products did not become them exempt of toxicity to humans.
Among the damaging effects to health that can result from the indiscriminate use of natural
medicines, there is the possibility that some plant substances interact with DNA promoting

alterations in structure of this molecule as well as inducing mutations (Neto et al., 2005). In
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addition, the absence of lethal effect of a plant preparation is not guarantee of safety from a
genotoxicological standpoint. For example, the water extract from Arisolochiae
manshuriensis stem was genotoxic to bone marrow erythrocytes when orally administered to
mice, although it did not cause death and clinical alterations (Hwang et al., 2012).

A previous study on the oral toxicity of ethanolic extract from M. alba leaves revealed
that it was not lethal and did not cause histopathological changes in liver, spleen and kidney
of mice at a dose 300 mg/kg, being only observed a reduction of leukocytes number (Oliveira
et al., 2015). In order to additionally contribute with the toxicological survey of M. alba
leaves, in the present work we evaluated the ethanolic leaf extract for in vivo genotoxicity to
mice polychromatic erythrocytes and for cytotoxicity to human cancer cells. After these
evaluations, we determined its anti-inflammatory potential using an acute inflammation

model.

2. Materials and methods

2.1. Plant material

Leaves of Morus alba L. (checked with www.theplantlist.org), known as white

mulberry, were collected in Petrolina city (9°23'39" S, 40°30'35"W), State of Pernambuco,

northeast of Brazil. A voucher specimen (number 88372) is deposited in the herbarium of the

Instituto Agronémico de Pernambuco, Recife, Brazil.

2.2. Preparation of extract and phytochemical analysis
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The ethanolic extract was obtained as described by Oliveira et al. (2015). After
collection, the leaves were washed with distilled water, maintained at 28°C during 24 h and
next in an oven at 45°C for 15 days. The powder of dried leaves (180 g) was suspended in
70% (v/v) ethanol in distilled water and allowed to rest for 48 h. Next, the suspension was
mechanically stirred for 48 h using an orbital shaker. The extract was obtained after filtration
and removal of solvent by rotary evaporation. The extract was evaluated for the presence of
coumarins, flavonoids, tannins, steroids, alkaloids, anthraquinones and triterpenes by thin
layer chromatography (TLC) as described by Markhan (1982), Wagner and Bladt (2001) and

Abreu (2000).

2.3. Animals

The in vivo assays were performed using male and female Swiss mice (Mus musculus)
weighing 38-50 g and reared in the vivarium of the Laboratério de Farmacologia e
Cancerologia Experimental from the Universidade Federal de Pernambuco. The animals
were maintained at temperature of 21+1°C, 12L:12D photoperiod with ad libitum access to
food (Purina®) and water. The Animal Ethics Committee of the Universidade Federal de

Pernambuco approved all experimental procedures (process number 23076.061132/2014-33).

2.4. In vivo genotoxicity assay

The genotoxicity of M. alba leaf extract was evaluated by the micronucleus test.
Groups of male mice (n=5) were treated with 0.9% saline per os (negative control),
cyclophosphamide (25 mg/kg b.w. i.p.; positive control) or leaf extract (75, 150 or 300 mg/kg

b.w. per o0s). After 48 h of treatment administration, the animals were anesthetized with
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ketamine/xylazine solution and their blood was sampled from the orbital plexus. For each
animal, two slides previously stained with acridine orange received 10 pL of blood and the
presence of micronuclei was evaluated using a fluorescence microscope (OECD, 1997). For
each sample, a number of 2000 polychromatic erythrocytes was counted, being the analyses

performed in a blinded manner by a single person.

2.5. Cytotoxicity assays

Cytotoxicity of leaf extract was evaluated using the human tumor cell lines NCI-H292
(lung mucoepidermoid carcinoma), HEp-2 (larynx epidermoid carcinoma), HT-29 (human
colon adenocarcinoma), MCF-7 (human breast adenocarcinoma), and HL-60 (acute
promyelocytic leukemia). The NCI-H292, HEp-2 and Ht-29 cells were maintained in
Dulbecco’s Modified Eagle’s Medium (DMEM) while the MCF-7 and HL-60 cells were
maintained in Roswell Park Memorial Institute (RPMI) 1640 medium. Both culture media
were supplemented with 10% (w/v) fetal bovine serum and 1% (v/v) of antibiotic solution
(100 U/mL penicillin, and 100 pg/mL streptomycin). The cultures were kept at 37°C in an
atmosphere with 5% CO..

The NCI-H292, HEp-2, MCF-7 (10° cells/mL) and HL-60 (3 x 10° cells/mL) were
separately plated in 96-well microplates and incubated for 24 h. Next, the extract was
dissolved in 0.5% (v/v) dimethylsulfoxide (DMSQ) and added in the plate wells to a final
concentration of 50 pg/mL. Doxorubicin (5 pg/mL) was used as standard drug. After 72 h of
incubation, it was added to each well 25 pL of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) solution (5.0 mg/mL) and after additional 3 h, the culture
medium containing MTT was removed and 100 pL of DMSO was added to each well. The

absorbance at 560 nm was recorded using a microplate reader (Alley et al., 1988; Mosmann,
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1983). The cytotoxic effect was classified as follows: strong (91-100% of inhibition),
moderate (71-90% inhibition), weak (51-70% inhibition) and no effect (inhibition lower than

or equal to 50 %).

2.6. In vivo anti-inflammatory assay

Anti-inflammatory potential of M. alba leaf extract in the air pouch model was
investigated. Female mice were separated in the following groups (n=6): negative control
(0.9% saline per os), positive control (indometacin 10 mg/kg b.w. i.p) and experimental
groups (leaf extract at 75, 150 or 300 mg/kg b.w. per 0s). Each group received a subcutaneous
injection of sterile air (2.5 mL) two times, with an interval of 3 days. At the 7" day, 1% (w/v)
carrageenan was injected in the air pouch and after 1 h, the animals received the respective
treatments. A control group (n=6) that did not receive carrageenan injection and any treatment
was also performed. After 6 h of treatment, the exudates in air pouches were collected and the

number of leukocytes was counted using an automated hematology analyzer.

2.7. Statistical analysis

The results were expressed as mean of replicates £ SD. In the analysis of results from
genotoxicity assay, the variance homogeneity was verified by the Levene’s test and the
comparisons were performed using the Kruskal-Wallis’s test. For evaluation of the anti-
inflammatory potential, analysis of variance (ANOVA) was performed followed by
Bonferroni’s test for multiple comparisons. A p value < 0.05 was adopted as significance

level.
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3. Results and discussion

Phytochemical analysis of the ethanolic extract from M. alba leaves indicated the
presence of coumarins, flavonoids, tannins, and triterpenes, similarly to found by Oliveira et
al. (2015). Figure 1 shows the numbers of micronuclei counted in samples from animals of all
treatments. It can be noticed that the samples from mice of negative control and treatments
with the extract contained similar numbers (< 10) of micronucleated polychromatic
erythrocytes. Statistical analysis indicated that there are no significant differences (p > 0.05)
between these groups. On the other hand, a high number of micronuclei was determined in
samples from animals that received the positive control drug.

The micronucleus assay is considered an important biomarker of cytogenetic damages
caused by genotoxic agents (Araldi et al., 2015). A drug is defined as genotoxic when the
frequency of micronuclei is at least 20% higher than that in negative control (OECD, 1997).
In this sense, the M. alba leaf extract can be considered as safe. Similarly, the plant flavonoid
myricitrin, used in food production, did not show genotoxicity by in vivo micronucleus test,
supporting its safety for use in food and beverage industry (Hobbs et al., 2015).

The cytotoxicity of M. alba leaf extract was evaluated using human tumor cell lines.
These assays allowed us to determine if the extracts would have a general toxicity to human
cell as well as to evaluate a possible antitumor potential against one or some of the cancer
types tested. The results (Table 1) show that M. alba extract did not show cytotoxic effect to
the cell lines evaluated, promoting inhibition no higher than 37.7%.

Together with the previous results published, the ethanolic extract from M. alba leaves
prepared as described here can be considered safe at doses lower or equal to 300 mg/kg. At

the conditions evaluated, the extract was non-toxic when ingested by mice (Oliveira et al.,
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2015), was not damaging for genetic material when also orally administered and did not exert
unselective toxic effect on human cells.

As mentioned above, M. alba is broadly used in traditional medicine to treat
inflammatory disorders. Based on the results of toxicological assays, we evaluated the
potential of the ethanolic extract (at doses < 300 mg/kg) in reduce the leukocyte migration in
an acute inflammation model. The air pouch model is considered as a first choice assay for the
verification in vivo of the anti-inflammatory potential of natural products (Sedgwick and Lees,
1986). The oral administration of M. alba extract considerably reduced the leukocyte
migration in all doses evaluated, in comparison with negative control (Table 2). In addition,
the effects of the doses 150 and 300 mg/kg were not significantly different (p > 0.05) from
that of the standard drug indomethacin.

Pereira et al. (2013) studied the anti-inflammatory effect of an ethanolic extract from
M. alba using a model of chronic inflammation (granuloma tissue). They showed that the
extract reduced the inflammation in 20.3% at a dose of 300 mg/kg and suggested that
flavonoids are involved in the anti-inflammatory effect. Although the extraction methods
were distinct, the comparison of this study with our results suggests that ethanolic extract
from M. alba leaves has a higher potential in combating acute phase of inflammation.

Among the compounds detected in M. alba leaf extract, the flavonoids and coumarins
have been reported as natural anti-inflammatory agents. Prenylated flavonoids isolated from
M. alba root bark showed in vitro anti-inflammatory effect on LPS-treated cells (Kollar et al.,
2013) and the anti-inflammatory activities of extracts from leaves of Phyllantus acidus and
Bidens pilosa were also attributed to the presence of this class of compounds (Chakraborty et
al., 2012; Fotso et al., 2014). Coumarins have been shown to exert anti-inflammatory effect in
vitro on HT-29 human colon carcinoma cells (Kang et al., 2009) and in vivo effect on guinea

pigs submitted to the carrageenan-induced paw edema model (Backhouse et al., 2001).
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In conclusion, ethanolic extract from M. alba leaves did not show genotoxicity and
cytotoxicity and exerted a high inhibitory effect of acute inflammation in the model evaluated
here. The work contributes in the determination of the safety of the medicinal use of M. alba

leaves, which has expanded all over the world.
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Table 1. Evaluation of cytotoxicity of ethanolic extract from M. alba leaves to human cancer

cell lines.
Cell line Inhibitory effect (%)
M. alba extract Doxorubicin

HEp-2 37.7+20 79.4+£26
MCF-7 20.1+£15 748+21
HL-60 359+3.3 929+0.6
NCI-H292 23.2+27 941+2.0
HT-29 20.6£0.0 64.1+1.1
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Table 2. Effect of ethanolic extract from M. alba leaves on leukocyte migration in the acute

inflammation model of air pouch.

Groups and treatments Cell migration (102 cells/mm?) Inhibition (%)

Negative control
Saline per os 11.63+0.55a -

Positive control

Indometacine 10 mg/kg i.p. 4.11+0.09b 64.7
Treated

Extract 75 mg/kg per os 5.02+0.04c 56.8

Extract 150 mg/kg per os 4.31+0.01b 62.9

Extract 300 mg/kg per os 4.00+£0.06 b 65.6

The number of leukocytes in exsudate from control group that did not receive carrageen

an

injection and any treatment was 0.22x10% (+0.04x10%) cells/mm3. Different letters indicate

significant differences between groups at p < 0.05.

72



o
o
40
z
§‘ o
‘::" 30
= _
EE O
© 2
s 2
E o
o =
E E 20 -
3]
=
S o
10
O O
O g ] O
| o o m
o O o
o m
0 - T T T | T
75 150 300 NC PC

M. alba extract

Figure 1. Evaluation of in vivo genotoxicity of ethanolic extract from M. alba leaves (75, 150
and 300 mg/kg b.w. per os) by determination of the micronuclei frequencies in murine
polychromatic erythrocytes. Each dot represents an animal (n=5) of the group. NC: negative

control. PC: positive control (cyclophosphamide 25 mg/kg b.w. i.p.).
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7. CONCLUSAO

Avaliacdo da toxicidade de etandlico de folhas de M. alba revelou que 0 mesmo nao
foi letal nem apresentou efeito genotdxico para camundongos quando administrado por via
oral na dose de 300 mg/kg. Contudo, a utilizacdo do extrato em dose de 2000 mg/kg deve ser
evitada, devido as alteracdes bioquimicas, hematoldgicas e histopatologicas detectadas no
ensaio de toxicidade aguda. O extrato também ndo apresentou citoxicidade in vitro para
linhagens celulares humanas.

Em dose segura, de acordo com 0s ensaios toxicoldgicos, o extrato apresentou
potencial inibitério em modelo de inflamagdo aguda, reduzindo a migracdo de leucdcitos.
Ainda, o extrato apresentou atividade antimicrobiana contra bactérias e fungos de importancia

médica.
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8. ANEXOS

Anexo 1: Parecer do Comité de Etica em Experimentacdo Animal (UFPE)

Universidade Federal de Pernambuco
Centro de Citncias Biolégicas

Av. Prof, ¥elaon Chaves, /s
50670-420 / Recife - FE - Brasil
fones: (55 81) 2126 8840 | 2126 8351
tax: {55 81) 2120 8350

www, cob  ufpa .o

Recife, 05 de maio de 2015.

Oficio n” 41/15

Da Comissdo de Etica no Uso de Animais (CEUA) da UFFE
Prof. * lvone Antonia de Souza
Departamento: Antibi6ticos
Universidade Federal de Pemambuco
Processo n® 23076.061132/2014-33

Os membros da Comissao de Etica no Uso de Animais do Centro de Ciéncias
Bioldgicas da Universidade Federal de Pemambuco (CEUA-UFPE) avaliaram seu
projeto de pesquisa intitulado, “Investigagio Farmacolégica de Morus Alba L.
(Moraceae).”

Concluimos que os procadimentos descritos para a utilizagdo experimental dos
animais encontram-se de acordo com as normas sugeridas pelo Colégio Brasileiro
para Experimentacdo Animal e com as narmas intemacionais estabelecidas pelo
National Institute of Health Guide for Care and Use of Laboratory Animals as quals s30
adotadas como critérios de avaliagdo e julgamento pela CEUA-UFPE.

Encontra-se de acordo com as normas vigentes no Brasil, especialmente a Lei
11.794 de 08 de outubro de 2008, que frata da questdo do uso de animais para fins
clentificos e didéticos.

Diante do exposto, emitimos parecer favoravel aos protocolos experimentais a
serem realizados.

Origem dos animais. Laboratério de Imunopatologia Keizo
Asami (LIKA} UFPE; Animais, Camundongo heterogénico,
Linhagem: Swiss ; Idade: 60 dias; Peso; (30 - 40g); Sexo;
mancho ( 30) e fémea ( 60), NGmero total de Animais De:

|90.

CCB: Integrar para desenvolver
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Anexo 2: Instrucbes para autores do periodico “Journal of Ethnopharmacology”

The Journal of Ethnopharmacology is dedicated to the exchange of information and
understandings about people's use of plants, fungi, animals, microorganisms and
minerals and their biological and pharmacological effects based on the principles
established through international conventions. Early people, confronted with illness
and disease, discovered a wealth of useful therapeutic agents in the plant and animal
kingdoms. The empirical knowledge of these medicinal substances and their toxic
potential was passed on by oral tradition and sometimes recorded in herbals and
other texts on materia medica. Many valuable drugs of today (e.g., atropine,
ephedrine, tubocurarine, digoxin, reserpine) came into use through the study of
indigenous remedies. Chemists continue to use plant-derived drugs (e.g., morphine,
taxol, physostigmine, quinidine, emetine) as prototypes in their attempts to develop
more effective and less toxic medicinals.

Please note that figures and tables should be embedded in the text as
close as possible to where they are initially cited. It is also mandatory to
upload separate graphic and table files as these will be required if your manuscript is
accepted for publication.

Classification of your paper

Please note that upon submitting your article you will have to select at least one
classification and at least three of the given keywords. You can preview the
list of classifications and keywords (here). This information is needed by the Editors
to more quickly process your article. In addition to this, you can submit free
keywords as described below under "Keywords".

The "rules of 5"

The Editors and Editorial Board have developed the "Rules of 5" for publishing in
JEP. We have produced five clear criteria that each author needs to think about
before submitting a manuscript and setting the whole process of editing and
reviewing at work. Click here.

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 scientific research. For more information
please see the paragraph on video data below.

Types of paper
The Journal of Ethnopharmacology will accept the following contributions:
1. Original research articles - whose length is not limited and should include Title,

Abstract, Methods and Materials, Results, Discussion, Conclusions,
Acknowledgements and References. As a guideline, a full length paper normally
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occupies no more than 10 printed pages of the journal, including tables and
illustrations.

2. Short Communications - whose average length is not more than 4 pages in print
(approx. 2000-2300 words, including abstract and references). A maximum of 2
illustrations (figures or tables) is allowed. See paragraph below for description and
format.

3. Letters to the Editors.

4. Reviews - Authors intending to write review articles should consult and send an
outline to the Reviews Editor (see inside front cover for contact information) before
preparing their manuscripts. The organization and subdivision of review articles can
be arranged at the author's discretion. Authors should keep in mind that a good
review sets the trend and direction of future research on the subject matter being
reviewed. Tables, figures and references are to be arranged in the same way as
research articles in the journal. Reviews on topics that address cutting-edge problems
are particularly welcome.

Outlines for potential reviews need to include:

o A detailed abstract using the structure provided in the guidelines
o An annotated table of contents
e Ashort CV of the lead author

5. Book reviews - Books for review should be sent to the Reviews Editor.

6. Commentaries - invited, peer-reviewed, critical discussion about crucial aspects of the field but
most importantly methodological and conceptual-theoretical developments in the field and should
also provide a standard, for example, for pharmacological methods to be used in papers in

the Journal of Ethnopharmacology. The scientific dialogue differs greatly in the social / cultural
and natural sciences, the discussions about the common foundations of the field are ongoing and
the papers published should contribute to a transdisciplinary and multidisciplinary discussion. The
length should be a maximum of 2-3 printed pages or 2500 words. Please contact the Reviews
Editor j.ethnopharmacol@pharmacy.ac.uk with an outline.

7. Conference announcements and news.

g Before You Begin

Ethics in publishing

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

Policy and ethics

In the covering letter, the author must also declare that the study was performed
according to the international, national and institutional rules considering animal
experiments, clinical studies and biodiversity rights. See below for further
information. The ethnopharmacological importance of the study must also be
explained in the cover letter.

Animal and clinical studies - Investigations using experimental animals must
state in the Methods section that the research was conducted in accordance with the
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internationally accepted principles for laboratory animal use and care as found in for
example the European Community guidelines (EEC Directive of 1986; 86/609/EEC)
or the US guidelines (NIH publication #85-23, revised in 1985). Investigations with
human subjects must state in the Methods section that the research followed
guidelines of the Declaration of Helsinki and Tokyo for humans, and was approved by
the institutional human experimentation committee or equivalent, and that informed
consent was obtained. The Editors will reject papers if there is any doubt about the
suitability of the animal or human procedures used.

Biodiversity rights - Each country has its own rights on its biodiversity.
Consequently for studying plants one needs to follow the international, national and
institutional rules concerning the biodiversity rights.
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For each author the contribution to the publication should be mentioned.
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All authors are requested to disclose any actual or potential conflict of interest
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example of a Conflict of Interest form can be found
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Submission declaration and verification
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explicitly by the responsible authorities where the work was carried out, and that, if
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Changes to authorship

This policy concerns the addition, deletion, or rearrangement of author names in the
authorship of accepted manuscripts:
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authors to comply with their funder's open access policies. Some authors may also be
reimbursed for associated publication fees. To learn more about existing agreements
please visit http://www.elsevier.com/fundingbodies.

Open access
This journal offers authors a choice in publishing their research:

Open access

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

« An open access publication fee is payable by authors or on their behalf e.g. by their
research funder or institution

Subscription

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

« No open access publication fee payable by authors.

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 3250, 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 (http://elsevier.com/greenopenaccess).
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 begins
from the publication date of the issue your article appears in.

This journal has an embargo period of 12 months.
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 (http://webshop.elsevier.com/languageediting/) or visit
our customer support site (http://support.elsevier.com) for more information.

Submission

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.

Additional information

Authors who want to submit a manuscript should consult and peruse carefully recent
issues of the journal for format and style. Authors must include the following contact
details on the title page of their submitted manuscript: full postal address; fax; e-
mail. All manuscripts submitted are subject to peer review. 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, that it is written
in good English, and that it is complete. Manuscripts that have not fulfilled these
requirements will be returned to the author(s).

In addition, you are recommended to adhere to the research standards described in
the following articles:
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Cos P., Vlietinck A.J., Berghe D.V., et al. (2006) Anti-infective potential of natural
products: how to develop a stronger in vitro 'proof-of-concept'. Journal of
Ethnopharmacology, 106: 290-302.

Matteucci, E., Giampietro, O. (2008) Proposal open for discussion: defining agreed
diagnostic procedures in experimental diabetes research. Journal of
Ethnopharmacology,115: 163-172.

Froede, T.SA. and Y.S. Medeiros, Y.S. (2008) Animal models to test drugs with
potential antidiabetic activity. Journal of Ethnopharmacology 115: 173-183. Gertsch J.
(2009) How scientific is the science in ethnopharmacology? Historical perspectives
and epistemological problems. Journal of Ethnopharmacology, 122: 177-183.

Chan K., et al. (2012) Good practice in reviewing and publishing studies on herbal
medicine, with special emphasis on traditional Chinese medicine and Chinese
Materia Medica. Journal of Ethnopharmacology 140: 469-475.

Heinrich, M., Edwards. S., Moerman. D.E.. and Leonti. M. (2009),
Ethnopharmacological field studies: a critical assessment of their conceptual basis
and methods. J. Ethnopharmacol, 124: 1-17.

u Preparation

Use of word processing software

It is important that the file be saved in the native format of the word processor used.
The text should be in single-column format. Keep the layout of the text as simple as
possible. Most formatting codes will be removed and replaced on processing the
article. In particular, do not use the word processor's options to justify text or to
hyphenate words. However, do use bold face, italics, subscripts, superscripts etc.
When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to
align columns. The electronic text should be prepared in a way very similar to that of
conventional manuscripts (see also the Guide to Publishing with

Elsevier: http://www.elsevier.com/guidepublication). Note that source files of
figures, tables and text graphics will be required whether or not you embed your
figures in the text. See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and
'grammar-check’ functions of your word processor.

Article structure

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

Material and methods
Provide sufficient detail to allow the work to be reproduced. Methods already

published should be indicated by a reference: only relevant modifications should be
described.

Theory/calculation

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

Results
Results should be clear and concise.

Discussion

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

Conclusions

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

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

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.

Essential title page information

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

- 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.
Present the authors' affiliation addresses (where the actual work was done) below the
names. Indicate all affiliations with a lower-case superscript letter immediately after
the author's name and in front of the appropriate address. Provide the full postal
address of each affiliation, including the country name and, if available, the e-mail
address of each author.

» Corresponding author. Clearly indicate who will handle correspondence at all
stages of refereeing and publication, also post-publication. Ensure that the e-mail
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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 such footnotes.

Abstract

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

The author should divide the abstract with the headings Ethnopharmacological
relevance, Aim of the study , Materials and Methods, Results,

and Conclusions.

Click here to see an example.

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.

Seehttp://www.elsevier.com/graphicalabstracts for examples.

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

Keywords

After having selected a classification in the submission system, authors must in the
same step select 5 keywords. These keywords will help the Editors to categorize your
article accurately and process it more quickly. A list of the classifications and set
keywords can be found here.

In addition, you can provide a maximum of 6 specific 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.
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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). The
PubChem CIDs can be found viahttp://www.ncbi.nlm.nih.gov/pccompound. 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 is available at: http://www.elsevier.com/PubChem.

Plant names

In the Materials and Methods section there must be a separate heading for describing
the material used. That includes official name, local name, English name (if known),
GPS position in case of collection in the wild or cultivation, a voucher specimen must
be deposited in an official herbarium for possible future comparison. In the text it
should be stated that the plant name has been checked

with www.theplantlist.org mentioning the data of accessing that website.

In case of commercially procured material should mention the source, batch number,
quality control data. Data on chemical characterization (metabolomics,
chromatographic methods) should also be presented, in case of known active
compounds their quantitative analysis should be presented.

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.).

Math formulae

Please submit math equations as editable text and not as images. Present simple
formulae in line with normal text where possible and use the solidus (/) instead of a
horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to be
presented in italics. Powers of e are often more conveniently denoted by exp. Number
consecutively any equations that have to be displayed separately from the text (if
referred to explicitly in the text).

Footnotes
Footnotes should be used sparingly. Number them consecutively throughout the

article. Many word processors can build footnotes into the text, and this feature may
be used. Otherwise, please indicate the position of footnotes in the text and list the
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footnotes themselves separately at the end of the article. Do not include footnotes in
the Reference list.

Artwork

Electronic artwork

General points

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

« Embed the used fonts if the application provides that option.

« Aim to use the following fonts in your illustrations: Arial, Courier, Times New
Roman, Symbol, or use fonts that look similar.

« Number the illustrations according to their sequence in the text.

« Use a logical naming convention for your artwork files.

« Provide captions to illustrations separately.

« Size the illustrations close to the desired dimensions of the published version.

« Submit each illustration as a separate file.

A detailed guide on electronic artwork is available on our website:
http://www.elsevier.com/artworkinstructions.

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

Formats

If your electronic artwork is created in a Microsoft Office application (Word,
PowerPoint, Excel) then please supply 'as is' in the native document format.
Regardless of the application used other than Microsoft Office, when your electronic
artwork is finalized, please 'Save as' or convert the images to one of the following
formats (note the resolution requirements for line drawings, halftones, and
line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of
300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a
minimum of 1000 dpi.

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to
a minimum of 500 dpi.

Please do not:

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

« Supply files that are too low in resolution;

« Submit graphics that are disproportionately large for the content.

Please note that figures and tables should be embedded in the text as close as possible
to where they are initially cited. It is also mandatory to upload separate graphic and
table files as these will be required if your manuscript is accepted for publication.

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
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and other sites) regardless of whether or not these illustrations are reproduced in
color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your
accepted article. Please indicate your preference for color: in print or online only.
For further information on the preparation of electronic artwork, please
seehttp://www.elsevier.com/artworkinstructions.

Please note: Because of technical complications that can arise by converting color
figures to 'gray scale' (for the printed version should you not opt for color in print)
please submit in addition usable black and white versions of all the color illustrations.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached
to the figure. 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.

Tables

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.

References

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 "Unpublished results".
"Personal communication" will not be accepted as a reference. 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.

Reference management software

Most Elsevier journals have a standard template available in key reference
management packages. This covers packages using the Citation Style Language, such
as Mendeley (http://www.mendeley.com/features/reference-manager) and also
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others like EndNote (http://www.endnote.com/support/enstyles.asp) and Reference
Manager (http://refman.com/support/rmstyles.asp). Using plug-ins to word
processing packages which are available from the above sites, authors only need to
select the appropriate journal template when preparing their article and the list of
references and citations to these will be formatted according to the journal style as
described in this Guide. The process of including templates in these packages is
constantly ongoing. If the journal you are looking for does not have a template
available yet, please see the list of sample references and citations provided in this
Guide to help you format these according to the journal style.

If you manage your research with Mendeley Desktop, you can easily install the
reference style for this journal by clicking the link below:
http://open.mendeley.com/use-citation-style/journal-of-ethnopharmacology
When preparing your manuscript, you will then be able to select this style using the
Mendeley plug-ins for Microsoft Word or LibreOffice. For more information about
the Citation Style Language, visit http://citationstyles.org.

Reference style

Text: All citations in the text should refer to:

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

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

3. Three or more authors: first author's name followed by 'et al.' and the year of
publication.

Citations may be made directly (or parenthetically). Groups of references should be
listed first alphabetically, then chronologically.

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

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

Examples:

Reference to a journal publication:

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

Reference to a book:

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

Reference to a chapter in an edited book:

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

Video data

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
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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:http://www.sciencedirect.com. 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 athttp://www.elsevier.com/artworkinstructions. Note: since video and
animation cannot be embedded in the print version of the journal, please provide text
for both the electronic and the print version for the portions of the article that refer to
this content.

AudioSlides

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
athttp://www.elsevier.com/audioslides. Authors of this journal will automatically
receive an invitation e-mail to create an AudioSlides presentation after acceptance of
their paper.

Supplementary material

Elsevier accepts electronic supplementary material to support and enhance your
scientific research. Supplementary files offer the author additional possibilities to
publish supporting applications, high-resolution images, background datasets, sound
clips and more. Supplementary files supplied will be published online alongside the
electronic version of your article in Elsevier Web products, including

ScienceDirect: http://www.sciencedirect.com. In order to ensure that your submitted
material is directly usable, please provide the data in one of our recommended file
formats. Authors should submit the material in electronic format together with the
article and supply a concise and descriptive caption for each file. For more detailed
instructions please visit our artwork instruction pages

at http://www.elsevier.com/artworkinstructions.

Database linking

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

The following list will be useful during the final checking of an article prior to sending
it to the journal for review. Please consult this Guide for Authors for further details of
any item.

Ensure that the following items are present:

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

« Full postal address

All necessary files have been uploaded, and contain:

« Keywords

« All figure captions

« All tables (including title, description, footnotes)

Further considerations

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

« References are in the correct format for this journal

« All references mentioned in the Reference list are cited in the text, and vice versa
 Permission has been obtained for use of copyrighted material from other sources
(including the Internet)

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

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

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

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

u After Acceptance

Use of the Digital Object Identifier

The Digital Object Identifier (DOI) may be used to cite and link to electronic
documents. The DOI consists of a unique alpha-numeric character string which is
assigned to a document by the publisher upon the initial electronic publication. The
assigned DOI never changes. Therefore, it is an ideal medium for citing a document,
particularly 'Articles in press' because they have not yet received their full
bibliographic information. Example of a correctly given DOI (in URL format; here an
article in the journal Physics Letters B):
http://dx.doi.org/10.1016/j.physletb.2010.09.059

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

Online proof correction

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

Offprints

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

u Author Inquiries

You can track your submitted article at http://www.elsevier.com/track-submission.
You can track your accepted article at http://www.elsevier.com/trackarticle. You are
also welcome to contact Customer Support via http://support.elsevier.com.
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