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RESUMO 

 

ISHIKAWA, Raíssa Borges. Avaliação dos efeitos do extrato etanólico de 

Doliocarpus dentatus em modelos de genotoxicidade, teratogênese e inflamação. 

2017. Dissertação. Mestrado em Farmácia. Universidade Federal de Mato Grosso 

do Sul, MS. 

 

O uso de plantas medicinais corrobora com a descoberta de novos compostos bioativos. 
Doliocarpus dentatus, conhecida popularmente como cipó de fogo, é utilizada para o 
tratamento de cistites e processos inflamatórios. Possui atividade antiedematogênica, 
antirretroviral, antilipidêmica e antibacteriana. O objetivo do estudo foi avaliar os efeitos 
anti-inflamatório, antimicobacteriano, genotóxico e teratogênico do extrato etanólico das 
folhas de Doliocarpus dentatus (EEDd). Metodologia: Os ensaios de atividade anti-
inflamatória foram induzidos por carragenina e realizados em camundongos machos de 
linhagem C57BL/6 tratados com 30-300 mg/kg de EEDd. A determinação de atividade 
anti-Mycobacterium tuberculosis foi realizada por meio do ensaio in vitro de microtitulação 
nas doses de 0,98-250 μg/mL de EEDd. Os experimentos de toxicogenética foram 
realizados com camundongos machos Swiss nas doses de 10-1000 mg/Kg, por meio dos 
ensaios do micronúcleo, cometa e fagocitose esplênica. Para o experimento de 
teratogênese, fêmeas Swiss prenhes foram divididas em 3 grupos, controle, dose 1 (100 
mg/kg) e dose 2 (1000 mg/Kg), tratadas do 1º ao 18º dia de gestação. Após retirada dos 
fetos, foram realizadas análises de malformações externas, viscerais e esqueléticas na 
prole das fêmeas, parâmetros biométricos, desempenho reprodutivo e genotoxicidade 
materna. Resultados: O valor da concentração inibitória mínima (MIC) de EEDd para a 
atividade anti-Mycobacterium tuberculosis foi de 62,5 μg/mL. O EEDd induziu uma 
diminuição de edema, hipersensibilidade mecânica e migração de leucócitos promovidos 
pela carragenina. A análise estatística nos ensaios de cometa e micronúcleo indicou que 
o EEDd não tem ação genotóxica e não induz fagocitose esplênica. As doses do extrato 
testadas nos ensaios de teratogênese não alteraram os parâmetros reprodutivos, 
desenvolvimento embriofetal e genotoxicidade nas fêmeas prenhes. Conclusão: O EEDd 
possui propriedades anti-inflamatórias, antimicobacterianas e não é genotóxico, o que 
corrobora para o uso seguro do mesmo. A ausência de teratogênese e genotoxicidade 
materna confirma indiretamente a segurança no uso do extrato também durante o 
período gestacional. 
 
Palavras-chave: Doliocarpus dentatus; inflamação; genotoxicidade; teratogênese.  
 
 
 
 
 
 
 
 
 
 
 

 



ABSTRACT 

 

ISHIKAWA, Raíssa Borges. The ethanolic extract of Doliocarpus dentatus leaves 

has anti-inflammatory properties and is devoid of genotoxic and teratogenic 

effects. 2017. Dissertation. Master of Science in Pharmacy. Federal University of 

Mato Grosso do Sul, MS. 

 

The use of medicinal plants corroborates with the discovery of new bioactive compounds. 
Doliocarpus dentatus, popularly known as cipó de fogo, is widely used for the treatment of 
cystitis and inflammatory processes. Among the biological properties already described 
there are the antiedematogenic, antiretroviral, antilipidemic and antibacterial. The aim of 
the present study was to evaluate the anti-inflammatory, antimycobacterial, genotoxic 
effects, splenic phagocytosis and teratogenic effect of Doliocarpus dentatus (EEDd) 
leaves ethanolic extract. Method: Anti-inflammatory activity assays were induced by 
carrageenan and performed employing male C57BL/6 mice, treated with 30-300 mg/kg 
EEDd. The anti-Mycobacterial tuberculosis activity was evaluated using the microtiter 
assay at the doses of 0.98-250 μg/mL of EEDd. The toxicogenic experiments were also 
performed with Swiss male mice at doses of 10-1000 mg/kg, using micronucleus, comet 
and splenic phagocytosis. For the teratogenesis experiment, Swiss pregnant females 
were divided into 3 groups, control, dose 1 (100 mg/kg) and dose 2 (1000 mg/kg), treated 
from the 1st to the 18th day of gestation period. After the fetal removal, were performed 
analyzes of external, visceral and skeletal malformations on the offspring of the females, 
biometric parameters, reproductive performance and maternal genotoxicity. Results: The 
minimum inhibitory concentration (MIC) of EEDd for anti-Mycobacterial tuberculosis 
activity was 62.5 μg/mL. EEDd induced a decrease in edema, mechanical hypersensitivity 
and leukocyte migration induced by carrageenan. Statistical analysis of the comet and 
micronuclei assays indicated that EEDd has no genotoxic action and does not induce 
splenic phagocytosis. Both of extract doses tested in the teratogenesis assays did not 
alter the reproductive parameters, embryofoetal development and did not induce 
micronuclei in the pregnant females. Conclusion: EEDd has anti-inflammatory, 
antimycobacterial properties and it is not genotoxic, which corroborates for its safe use. 
The absence of maternal teratogenesis and genotoxicity indirectly confirms the safety in 
the use of the extract also during the gestational period. 

 
Keywords: Doliocarpus dentatus; inflammation; genotoxicity; teratogenesis. 
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1. REVISÃO BIBLIOGRÁFICA 

 

1.1. Doliocarpus dentatus 

 Uma das práticas mais antigas empregadas no tratamento de doenças é o 

uso de plantas com propriedades medicinais, tal prática corrobora para a 

descoberta de novos compostos bioativos, uma vez que os produtos 

farmacêuticos podem ser sintetizados a partir de fontes naturais (ANDRADE et 

al., 2006). 

 O Brasil é um país promissor na área de bioprospecção. O Cerrado, seu 

segundo maior bioma, com mais de 7 mil espécies de vegetais, passa por um 

processo de degradação, sobretudo devido à ocupação e utilização desordenada 

de seus recursos naturais. Tal aspecto elucida a necessidade de estudos para a 

identificação e posterior avaliação do potencial biológico de suas plantas 

(PEREIRA et al., 2012).     

Dentre as plantas medicinais do Cerrado destaca-se a Doliocarpus 

dentatus (Figura 1), conhecida popularmente como cipó de fogo, murucutua, cipó 

mata sede, sambaiba e cipó vermelho; é uma planta pertencente à família 

Dilleniaceae, resistente à secas e temperaturas baixas. Encontrada nas florestas 

tropicais do México, Peru e Bolívia e nos diferentes ecossistemas brasileiros, 

como Mata Atlântica, Amazônia e Cerrado (APONTE et al., 2008; BIANKI FILHO 

et al., 2015). É utilizada empiricamente no tratamento de leishmaniose, 

inflamações e infecções urinárias (RODRIGUES, 2007; JAGESSAR; PERSID, 

2014).  

Dentre os metabólitos já isolados da D. dentatus estão o aldeído betulínico, 

o ácido betulínico e a betulina Destaca-se ainda que Sauvain et al. (1996) 

descreveu que um aldeído betulínico isolado das cascas de D. dentatus possui 

atividade contra formas de Leishmania amazonensis em modelo in vitro. Dentre 

as propriedades biológicas da D. dentatus já comprovadas estão a atividade 

antimicrobiana, antiedematogênica e a atividade citotóxica contra células 

leucêmicas humanas (APONTE et al., 2008; JAGESSAR; PERSID, 2014; BIANKI 

FILHO et al., 2015; TELES et al., 2015).  

Diante do exposto, justifica-se o presente estudo a fim de averiguar a 

segurança da utilização da D. dentatus, por meio de ensaios genotóxicos e 
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teratogênicos, e comprovar cientificamente sua indicação popular para o 

tratamento de processos inflamatórios, bem como avaliar o efeito 

antimicobacteriano e assim contribuir para futuros processos de bioprospecção.  

 

           

 Figura 1 – D. dentatus localizada no Campus da UFMS de Campo Grande/MS - Fonte: 

Arquivo pessoal 

 

1.2. Ensaios de genotoxicidade  

 Segundo Camargo et al. (1994), a genotoxicidade é decorrente da 

interação de um agente genotóxico com o material genético, resultando em 

alterações na estrutura ou função da molécula de DNA (ácido 

desoxirribonucleico). Essas alterações, quando não corrigidas pelos mecanismos 

de reparo, podem ser transmitidas às células filhas, e no caso da meiose para os 

descendentes (GRIFFITHS et al., 1998).  

 Os danos genotóxicos, que podem ocorrer por razões naturais 

(transposons), fatores endógenos e fatores externos ao organismo (agentes 

genotóxicos), são responsáveis pela variabilidade genética das populações. Se as 



18 
 

alterações no DNA forem benéficas e acrescentarem ao indivíduo condições 

melhores de sobrevivência e reprodução, em um determinado ambiente, elas se 

estabilizarão na população, garantindo adaptação e a evolução da espécie. 

Contudo, quando não benéficas, podem, por exemplo, aumentar a incidência de 

câncer ou até mesmo induzir teratogenicidade e doenças hereditárias (OLIVEIRA 

et al., 2013). 

 Alguns vegetais, quando consumidos in natura ou usados para a produção 

de infusões, emplastos, extratos ou outros, podem induzir danos genotóxicos. 

Nesse contexto, a utilização de plantas para consumo deve ser precedida por 

ensaios biológicos que garantam o uso seguro das mesmas. Na tentativa de 

garantir essa segurança toxicogenética podem ser usados ensaios biológicos que 

avaliem a frequência de aberrações cromossômicas, micronúcleos e outras 

anomalias nucleares e na molécula de DNA bem como o ensaio do cometa, teste 

de Ames e bioensaios com Allium cepa (OECD, 2014, PRAPHASAWAT; 

MUNKONG, 2017).   

 

1.2.1. Ensaio do cometa 

 O ensaio do cometa é um teste genotóxico capaz de detectar lesões no 

DNA que ainda são passíveis de reparo. Trata-se de uma técnica sensível que 

utiliza eletroforese em gel e nos permite classificar o dano no DNA de acordo com 

a fragmentação do material genético, portanto em células não danificadas, com o 

nucleóide intacto, visualiza-se a cabeça do cometa enquanto que em células que 

sofreram injúrias, observa-se também a migração dos fragmentos de DNA livres, 

resultantes de quebras, formando uma cauda de cometa (TICE et al., 2000; 

OECD, 2014; TRAESEL et al., 2017).  

Em 1978, os pesquisadores Rydenberg e Johanson iniciaram a 

quantificação direta do DNA em células individuais e em 1984, Östling e Johanson 

melhoraram a sensibilidade do teste empregando a eletroforese em pH 

semineutro (TICE, 1995). Singh e colaboradores (1988) foram os responsáveis 

pela adaptação da técnica para o pH alcalino, transformando-a em uma 

ferramenta de grande importância na avaliação de danos genômicos.  

 Atualmente, o teste é amplamente utilizado no meio científico por ser 

relativamente barato e com ótima sensibilidade e reprodutibilidade. Consiste na 
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deposição de células eucarióticas em gel de agarose que, sobre uma lâmina de 

vidro, são submetidas a uma solução de lise, com posterior desnaturação do DNA 

e eletroforese em pH alcalino. A eletroforese promove o deslocamento do DNA 

fragmentado para longe do nucleóide, formando uma estrutura semelhante a um 

cometa, sendo a parte fragmentada denominada de cauda. Tanto o nucleóide 

como os fragmentos (cauda) podem ser corados com reagentes intercalantes 

fluorescentes, como o brometo de etídeo (ALVAREZ-MOYA et al., 2011). 

 O cometa pode ser quantificado e classificado comparando o tamanho da 

cauda com o tamanho do nucleóide da célula (AFANASIEVA; ZAZHYTSKA; 

SIVOLOB, 2010). De acordo com Speit et al. (1996) os cometas são classificados 

em: classe 0, quando não são visualizados danos, ou seja, o cometa não 

apresenta cauda; classe 1, quando o dano resulta em cauda menor que o 

diâmetro do nucleóide; classe 2, quando o dano resulta em cauda de tamanho 

entre 1 a 2 vezes o diâmetro do nucleóide; classe 3, presença de dano com cauda 

2 ou mais vezes o tamanho do diâmetro do nucleóide.     

 

1.2.2. Ensaio do micronúcleo em sangue periférico 

Outra técnica clássica na avaliação de danos genotóxicos é o ensaio do 

micronúcleo, que difere do ensaio do cometa por avaliar danos cromossômicos já 

fixados no genoma celular. De acordo com Valente et al. (2017), os micronúcleos 

são fragmentos de DNA que não são capazes de se incorporar no fuso mitótico 

durante a fase da anáfase da mitose e que, portanto, não são passíveis de 

reparo.  

 Nos ensaios de micronúcleo são utilizadas, principalmente, células 

provenientes da linhagem hematopoiética, como linfócitos e hemácias. Alguns 

autores utilizam a medula óssea propriamente dita para análise de micronúcleo. 

Essa técnica tem desvantagem em relação a que utiliza sangue periférico por 

permitir somente uma coleta, enquanto que na análise de sangue periférico 

podem ser realizadas várias coletas, analisando a quantidade de dano 

cromossomal em diferentes tempos de exposição (SILVA; NEPOMUCENO, 

2010).  

 O ensaio de micronúcleo em sangue periférico utiliza reticulócitos para 

avaliar a presença de danos cromossômicos. No processo natural de maturação 
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dessas células, antes de se tornarem eritrócitos, os eritroblastos devem expelir 

seu núcleo e nesse momento, caso tenha ocorrido dano cromossômico, o dano 

persistirá no citoplasma da célula, podendo ser visualizado com uso de corantes 

fluorescentes. A técnica de micronúcleo consiste em depositar sobre uma lâmina 

coberta previamente com alaranjado de acridina uma gota de sangue periférico. 

Após o período de maturação das células, utilizando microscopia, é possível 

visualizar os micronúcleos corados (HAYASHI et al., 1990). 

 O alaranjado de acridina possui a capacidade de se intercalar ao DNA, e 

também de se ligar ao RNA. A diferença é que, quando submetido à luz 

ultravioleta, fluoresce o DNA em amarelo enquanto o RNA é corado em vermelho. 

Essa diferença de coloração permite distinguir reticulócitos, ricos em RNA 

citoplasmático, de reticulócitos com micronúcleos, pois o último apresentará em 

seu citoplasma, além dos fragmentos de RNA corados em vermelho, fragmentos 

de DNA (micronúcleos) corados em amarelo (HAYASHI et al., 1990). 

 

1.3. Avaliação de fagocitose esplênica 

 Como descrevem Groom; Schmidt; Macdonald (1991), o baço é um órgão 

composto de feixes de tecido conjuntivo dividido em três áreas: polpa vermelha, 

formada pelos seios esplênicos onde se situam os cordões de Billroth, que 

formam os plexos sanguíneos; polpa branca, formada por nódulos linfáticos onde 

são encontrados, principalmente, os linfócitos; e zona marginal, situada na 

periferia da polpa branca e que contém as artérias marginais.  

 Uma vez que células esplênicas são capazes de capturar e apresentar 

antígenos aos linfócitos T e B, estimulando os plasmócitos secretores de 

anticorpos, o baço torna-se um dos principais órgãos do sistema imunológico. É 

responsável pelo processo de fagocitose de elementos indesejáveis do sangue, 

removendo 1,2% de todos os glóbulos vermelhos do organismo por meio dos 

fagócitos e também é fonte de células hematopoiéticas, em especial nos quadros 

de anemias severas. O baço contém de 30 a 40% das plaquetas do corpo e em 

casos de aumento do órgão pode ocasionar plaquetopenia uma vez que até 90% 

da massa total de plaquetas pode estar isolada na popa vermelha do baço e 

leucopenia por meio do sequestro de leucócitos (MELBIUS; KRAAL, 2005). 
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 Segundo Guyton e Hall (2000), a fagocitose pode ser desencadeada por 

três processos; primeiro, a probabilidade de fagocitose tem um aumento 

diretamente proporcional à rugosidade na superfície dos tecidos; segundo, a 

presença ou ausência de proteínas que vão repelir os fagócitos; e terceiro, a 

ativação do sistema imunológico por meio da cascata do complemento.  

A fagocitose esplênica também é efetiva no sequestro de células 

anucleadas e/ou micronucleadas e dessa maneira, pode mascarar a frequência 

de danos celular, portanto, tal ensaio corrobora para que as análises de 

frequência de danos no DNA (ensaio de cometa e micronúcleo, por exemplo) 

sejam mais precisas (CARVALHO et al, 2015). 

 

1.4. Ensaios de teratogênese 

 Os ensaios in vivo na área de teratogênese avaliam os efeitos de 

compostos durante o período gestacional, servindo para a prevenção de efeitos 

adversos e malformações congênitas (OLIVEIRA et al., 2009; HOLMES, 2011). 

 A teratologia experimental demonstrou por meio de estudos com répteis, 

anfíbios e peixes que, ainda com a proteção exercida pela placenta, os embriões 

poderiam estar susceptíveis a riscos gerados a partir de fatores externos, não 

sendo imunes a quaisquer interferências ambientais, como se acreditava até 

meados do século XIX. Tais estudos corroboraram para a diferenciação de termos 

até então utilizados como sinônimos: hereditário, transmitidos geneticamente de 

geração para geração; e congênito, originados durante o processo de 

embriogênese, podendo ou não ser notados ao nascimento e ter origem genética 

(RABELLO-GAY et al., 1991).  

 Uma substância com potencial teratogênico pode determinar alterações no 

desempenho reprodutivo materno e desenvolvimento embriofetal, ainda que haja 

diversos mecanismos de proteção oferecidos pelo útero materno (ROSENFELDI, 

2015).  

 

1.4.1. Desempenho reprodutivo 

 Toxicidade materna é definida como alterações na fisiologia materna, de 

caráter transitório ou permanente, como mudanças na homeostasia, nos níveis 
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hormonais e até mesmo comportamentais, potencialmente prejudiciais à prole 

durante o desenvolvimento intra-uterino ou após o nascimento (KHERA, 1987).  

Oliveira et al. (2009) descrevem que para avaliação de desempenho 

reprodutivo de fêmeas prenhes alguns parâmetros são calculados levando em 

consideração a quantidade de implantações, reabsorções precoces ou tardias, 

número de fetos vivos e mortos, sexagem, peso do útero, peso do feto e peso 

placentário. Com esses dados absolutos pode-se calcular a taxa de perdas pós-

implantação (número de implantações – número de fetos vivos x 100 / número de 

implantações), taxa de reabsorção (número de reabsorções x 100 / número de 

implantações), viabilidade fetal (número de fetos vivos x 100 / número de 

implantações), índice placentário (peso placentário / peso fetal), adequação de 

peso para a idade de prenhez (média de peso dos fetos do grupo controle mais 

ou menos o desvio padrão) e razão sexual (número de fetos machos / número de 

fetos fêmeas).  

   

1.4.2. Desenvolvimento embriofetal 

 Em estudos de desenvolvimento embriofetal e teratogênese que utilizam 

camundongos como modelo experimental, recomenda-se a interrupção da 

gravidez, para obtenção dos fetos e posteriores análises, no décimo oitavo dia de 

prenhez, diminuindo a probabilidade de canibalismo por parte da genitora em 

casos de malformação ou baixa viabilidade (TAYLOR, 1986; OLIVEIRA et al., 

2009; GONÇALVES et al., 2013; DAVID et al., 2014; PESSATTO et al., 2017).   

 Após os procedimentos de laparotomia, histerectomia e onfalectomia, os 

fetos passam por uma análise sistemática para verificação de viabilidade, 

anomalias estruturais externas e sexagem. Posteriormente, a ninhada é dividida 

em dois grupos, um destinado às análises de malformações viscerais e outro 

destinado às análises de malformações esqueléticas. Trabalhos clássicos como 

os de Taylor (1986), Barrow; Taylor (1969), Wílson (1965) e Manson; Kang (1994) 

são utilizados para a classificações das malformações e formas de análise. 

 

1.5. Ensaios biológicos de inflamação por carragenina 

Os processos inflamatórios são desencadeados de maneira multifatorial e 

tem por função ativar mecanismos homeostáticos para controle das alterações 
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biológicas. As atividades inflamatórias são processos fisiológicos gerados pelo 

sistema imunológico em resposta a injuria tecidual causada por infecções, lesões 

teciduais, estresse oxidativo, hipertensão, diabetes entre outros. A inflamação 

apresenta sinais clássicos como rubor, calor, edema e dor, mediados por 

interleucinas, fator de necrose tumoral (TNF), quimiocinas, prostaglandinas, 

leucotrienos e fator de ativação plaquetária (CRUVINEL et al, 2010). 

Alguns fatores podem desencadear uma exacerbação do quadro 

inflamatório, como a agressividade de processos infecciosos. Tal cenário ressalta 

a importância de estudos visando à descoberta de novas substâncias com 

propriedades anti-inflamatórias. 

 A carragenina, encontrada principalmente nas algas de espécie Chondrus 

crispus, é um polissacarídeo amplamente utilizado em modelos experimentais de 

inflamação devido à sua habilidade de induzir uma reação inflamatória do tipo 

aguda com intensa migração leucocitária, edema e hiperalgesia, por meio da 

liberação de mediadores de resposta inflamatória, como as interleucinas, 

eicosanoides, dentre outras. Seu uso foi proposto por Winter, Risley, Nuss (1962) 

em edema de pata de ratos, posteriormente, sofreu algumas modificações até 

tornar-se um dos métodos mais utilizados para estudos de terapias anti-

inflamatórias (DI ROSA, 1972).  

 Os leucócitos representam um papel fundamental no processo de 

inflamação, assim como seu transporte para o local da injúria, uma vez que são 

capazes de migrar da corrente sanguínea para os tecidos por meio da ativação 

sequencial das proteínas selectinas, integrinas e imunoglobulinas. Substâncias 

com propriedades anti-inflamatórias são capazes de diminuir a migração 

leucocitária por diversos mecanismos de ação, impedindo a liberação de 

mediadores ou bloqueando uma das fases do processo (VASCONCELOS, 2016).    

 Com base nas informações supracitadas, a utilização da carragenina como 

agente indutor de inflamação em modelos experimentais in vivo, se faz eficiente 

para a investigação do potencial anti-inflamatório de uma substância e foi 

empregado no presente estudo.    
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1.6. Atividade anti-Mycobacterium tuberculosis 

 Patologias como arteriosclerose, câncer, Alzheimer e tuberculose são 

associadas a processos inflamatórios acentuados, ocasionando lesões teciduais e 

disfunções de múltiplos órgãos (VENTURA, 2011). 

  De acordo com a Organização Mundial de Saúde, mais de 10 milhões de 

pessoas se infectaram com tuberculose no ano de 2015. Essa doença determinou 

o registro de 70 mil novos casos no Brasil e cerca de 4500 óbitos, sendo 

considerado um grave problema de saúde pública, ainda que, com diagnóstico e 

tratamento realizados gratuitamente pelo Sistema Único de Saúde (BRASIL, 

2017).  

 O agente etiológico responsável pelas infecções por tuberculose em 

humanos é o Mycobacterium tuberculosis, um bacilo álcool-ácido resistente 

(BAAR), que pode ser transmitido por partículas aerossóis e ocasionalmente 

assumem um estado de latência, reativando a infecção anos mais tarde (SOUZA, 

2013).       

 Após infecção por Mycobacterium tuberculosis, os macrófagos residentes 

nos alvéolos pulmonares fagocitam parte dos bacilos. Porém, incapazes de conter 

a infecção, produzem citocinas mediadoras de migração leucocitária. Uma vez 

estimulados, os leucócitos polimorfonucleares acumulam-se formando uma 

reação inflamatória inespecífica (LOPES; JANSEN; CAPONE, 2006).  

  Sabendo-se do número expressivo de casos resistentes aos tratamentos 

convencionais para tuberculose, o presente trabalho corrobora com a busca por 

substâncias que além de atuarem contra o Mycobacterium tuberculosis, também 

exerçam atividade frente ao processo inflamatório acentuado observado nessa 

doença.  
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2. OBJETIVOS 

2.1. Objetivo geral 

Avaliar os efeitos toxicogenético, teratogênico, anti-inflamatório e 

antimicobacteriano do extrato etanólico de Doliocarpus dentatus (EEDd).  

 

2.2 Objetivos específicos 

Avaliar a atividade anti-inflamatória do EEDd por meio dos ensaios de 

migração leucocitária, edema e hiperalgesia mecânica induzidos por carragenina; 

Avaliar a atividade in vitro anti-Mycobacterium tuberculosis do EEDd por 

meio do ensaio de Microtitulação. 

Avaliar a genotoxicidade do EEDd por meio dos ensaios de cometa e 

micronúcleo em sangue periférico; 

Avaliar a capacidade do EEDd induzir fagocitose esplênica; 

Avaliar a capacidade do EEDd alterar o desempenho reprodutivo de 

fêmeas prenhes, o desenvolvimento embriofetal e causar teratogênese; 
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A B S T R A C T

Ethnopharmacological relevance: Doliocarpus dentatus is a medicinal plant widely used in Mato Grosso do
Sul State for removing the swelling pain caused by the inflammation process and for treating urine retention.
Aim of the study: The genotoxic aspects and the anti-inflammatory and antimycobacterial activity of the
ethanolic extract obtained from the leaves of D. dentatus (EEDd) were investigated.
Materials and methods: The EEDd was evaluated against Mycobacterium tuberculosis, and the compound
composition was evaluated and identified by nuclear magnetic resonance (NMR). The mice received oral
administration of EEDd (30–300 mg/kg) in carrageenan models of inflammation, and EEDd (10–1000 mg/kg)
was assayed by the comet, micronucleus, and phagocytosis tests and by the peripheral leukocyte count.
Results: Phenols (204.04 mg/g), flavonoids (89.17 mg/g), and tannins (12.05 mg/g) as well as sitosterol-3-O-
β-D-glucopyranoside, kaempferol 3-O-α-L-rhamnopyranoside, betulinic acid and betulin were present in the
EEDd. The value of minimal inhibitory concentration (MIC) of EEDd was 62.5 µg/mL. The EEDd induced a
significant decrease in the edema, mechanical hypersensitivity and leukocyte migration induced by carrageenan.
The comet and micronucleus tests indicated that the EEDd was not genotoxic. The EEDd also did not change the
phagocytic activity or the leukocyte perLipheral count.
Conclusions: The EEDd does not display genotoxicity, phagocytosis and could act as an antimycobacterial and
anti-inflammatory agent. This study should contribute to ensuring the safe use of EEDd.

1. Introduction

Doliocarpus dentatus (Aubl.) Standl. (Dilleniaceae), popularly
known in Brazil as cipó-vermelho, can be found in the Amazon and
Cerrado regions. The infusions of the leaf and roots of D. dentatus have
been used for treating cystitis (Rodrigues and Carvalho, 2001), for
removing the swelling pain associated with the inflammatory process
(especially in the testicles and legs) and for urine retention (Rodrigues,
2007).

Inflammatory processes play a role in various diseases in which

infections (such as Mycobacterium tuberculosis ) and oxidative stress
are present with chronic pathology (hypertension and diabetes).
Inflammatory parameters, such as leukocyte migration, edema, protein
extravasation, pain (spontaneous and evoked hyperalgesia), and in-
flammatory mediator levels (cytokines, eicosanoids, and chemokines)
could be analyzed in the discovery of new drugs.

Phytochemical studies with different extracts of this plant have
shown the presence of butyric acid, steroids, lactones, anthracenosides,
betulinic acid, tannins, flavones, and trigonelline (Jagessar et al.,
2013). Sauvain et al. (1996) showed the leishmanicidal activity of the

http://dx.doi.org/10.1016/j.jep.2017.04.004
Received 20 February 2017; Received in revised form 3 April 2017; Accepted 4 April 2017

⁎ Correspondence to: School of Health Sciences, Federal University of Grande Dourados, Rodovia Dourados-Itahum, km 12, Dourados, 79825-070 Mato Grosso do Sul State, Brazil.
E-mail addresses: raissa_ishikawa@hotmail.com (R.B. Ishikawa), mleitao02@hotmail.com (M.M. Leitão), robertokassuya@gmail.com (R.M. Kassuya),

lf_biomed@hotmail.com (L.F. Macorini), f.floramoreira@gmail.com (F.M.F. Moreira), claudia@uems.br (C.A.L. Cardoso), robertacoelho@yahoo.com.br (R.G. Coelho),
arnildo.pott@gmail.com (A. Pott), gmgelfuso@yahoo.com (G.M. Gelfuso), juliocroda@gmail.com (J. Croda), rjo.ead.ufms@gmail.com (R.J. Oliveira),
candida2005@gmail.com (C.A.L. Kassuya).

Journal of Ethnopharmacology 204 (2017) 18–25

Available online 06 April 2017
0378-8741/ © 2017 Elsevier B.V. All rights reserved.

MARK



stem extract and the triterpenes and lignins in this plant. The biological
properties of compounds isolated from D. dentatus against various
human tumor cells and againstM. tuberculosis have also been reported
(Aponte et al., 2008).

Thus, the objective of this study was to evaluate the effects of
extract obtained from the leaves of D. dentatus (EEDd) in vitro against
M. tuberculosis, the oral administration of EEDd in a model of
inflammation, and the genotoxic effects of EEDd.

2. Materials and methods

2.1. Animals

For the anti-inflammatory assays, male C57BL/6 mice (30 g) from
the Central Biotherium of the Federal University of Grande Dourados
(UFGD) were used. For genetic toxicological studies, 25 male Swiss
mice (35 g) from the State Agency for Animal and Plant Health
Protection (IAGRO) were used. The research was approved by the
Ethics Committee in Animal Experimentation of UFMS (776/2016)
and of UFGD (32/2015). The animals were kept in polypropylene
boxes with sepillos approximately to 22 °C a relative humidity of 55%
at air conditioning into the ventilated rack, and they were fed and given
filtered water ad libitum.

2.1.1. Leukocyte migration induced by carrageenan in the pleurisy
test

One hour before being administered with carrageenan, the mice
were divided into 6 groups (n=6): one group received a solution of
saline with 2% Tween 80 (the vehicle used to dissolve EEDd) by oral
route (p.o.) and was called the control group; 3 groups received (p.o.)
one single dose of 30, 100 or 300 mg/kg of EEDd (in a solution of
saline with 2% Tween 80; 1 group received dexamethasone (1 mg/kg)
by subcutaneous injection (s.c.); and the naïve group, which did not
receive the intrathoracic injection of carrageenan and which was
treated with a solution of saline with 2% Tween 80 (p.o).

After that, the animals received an intrapleural injection of 100 μL
of either 1% carrageenan suspension or sterile saline (naïve group only)
(Velo et al., 1973; Vinegar et al., 1973). After four hours, the mice were
killed with an overdose of isoflurane (1.5%), and the pleural exudates
were obtained after rinsing with 1 mL of phosphate buffered saline.
The pleural exudate (50 μL) was diluted with 1000 μL of Turk's
solution to count the total leukocytes in a Neubauer chamber.

2.1.2. Edema and mechanical hyperalgesia induced by carrageenan
Four different groups of mice (n =6) were treated (p.o.) with the

EEDd (100 and 300 mg/kg), vehicle (control) or dexamethasone (s.c.,
1 mg/kg). After 1 h, the animals received an injection (s.c.) into right
paw of a 50-μL solution of carrageenan (300 μg/paw) and the same
volume of saline in the left paw. The thickness of the paw edema was
measured using a plethysmometer before any treatment and at 1, 2,
and 4 h after the injection of carrageenan. The results were expressed
in mL, and the difference between basal and post-injection values were
quantified as edema. Mechanical hyperalgesia was measured with an
analgesiometer at 3 and 4 h after the carrageenan injection.

2.1.3. Genotoxic evaluation
Mice were divided into 5 groups (n=5): the negative control (CN),

in which the animals were treated intraperitoneally (i.p.) with a
physiological solution in the proportion of 10 mL/Kg of body weight
(b.w.) and the EEDd vehicle in the same proportion (p.o.); the positive
control (CP), in which animals were treated with cyclophosphamide
(100 mg/kg, b.w., i.p.) and the EEDd vehicle (10 mL/Kg, b.w., p.o.);
the EEDd groups (EEDd1, EEDd2 and EEDd3), in which animals were
treated with EEDd at 3 different doses (10, 100 and 1000 mg/kg, p.o.,
respectively) and a physiological solution (10 mL/Kg, b.w., i.p).

Blood samples were taken at 24, 48 and 72 h after administration of

the tested substances. After the last blood collection, the animals were
euthanized by cervical dislocation to collect their organs.

2.1.4. Micronucleus assay in peripheral blood
In a slide previously prepared with a layer of 20 μL of acridine

orange (1.0 mg/mL), 20 μL of peripheral blood were deposited and
then covered by a coverslip. This material remained in freezer for a
minimum of 7 days, and 2000 cells/animal were analyzed under a
fluorescence microscope with a 420–490-nm excitation filter and 520-
nm barrier filter (Hayashi et al., 1990, Oliveira et al., 2009).

2.1.5. Comet assay in peripheral blood
To a slide with normal agarose (5%) was added 20 μL of homo-

genized peripheral blood in 120 μL of LMP agarose (1.5%) at 37 °C. It
was then covered by a glass cover, cooled to 4 °C for 20 min, immersed
in lysis solution (89 mL of lysis stock (2.5 M NaCl, 100.0 mM EDTA,
10.0 mM Tris, pH 10, corrected with solid NaOH, 890 mL of distilled
water and 1% sodium lauryl sarcosinate), 1.0 mL of Triton X-100 and
10 mL of DMSO) for 1 h at 4 °C, and protected from light. The slides
were brought into an electrophoresis vessel with pH buffer > 13.0
(300 mM NaOH and 1 mM EDTA, prepared from a stock solution of 10
N NaOH and 200 mM EDTA, pH 10.0) for a period of 20 min at 4 °C
for DNA denaturation. Electrophoresis was performed at 25 V and
300 mA (1.25 V/cm). The samples were neutralized with pH 7.5 buffer
(0.4 M Tris-HCl) for 3 cycles of five minutes each, dried in the open air
and fixed in absolute ethanol for 10 min. Subsequently, they were
stained with 100 μL of ethidium bromide (20 μg/mL), and 100 cells/
animal were analyzed by fluorescence microscopy with a 40× magni-
fication, 420–490–nm excitation filter and 520-nm barrier filter. One
hundred cells/animal were analyzed using the following classification
system: class 0 - undamaged, tail-free cells; class 1 - cells with a tail
smaller than the nucleoid diameter; class 2 - cells with tail sizes
between 1 and 2 times the nucleoid diameter; and class 3 - cells with a
tail greater than 2 times the nucleoid diameter. Apoptotic cells (those
with a completely fragmented nucleoid) were not counted. The total
score was calculated by multiplication of the total cells observed in each
lesion class (Kobayashi et al., 1995).

2.1.6. Phagocytosis assay and differential cell count
The spleen was macerated in a physiological solution to obtain a

homogeneous cell suspension by successive aspirations with a Pasteur
pipette. One hundred microliters of the cell suspension was placed on a
lamina previously stained with acridine orange (1 mg/mL) and covered
by a cover slip. The slide were then stored in a freezer until the time of
analysis, which was done using a fluorescence microscope with a 400×
magnification, 420–490–nm filter and 520-nm barrier filter at 200
cells per animal. The absence or presence of phagocytosis was based on
the description of Carvalho et al. (2015).

Twenty microliters of peripheral blood were used for histological
slide smears, which were air dried and stained with Panótico® kit,
developed by Laborclin® laboratory. Slide analysis was performed using
brightfield microscopy at 1000 magnification. A total of 100 cells/
animal were analyzed and differentiated into lymphocytes, neutrophils,
monocytes, eosinophils, and basophils (Ishii et al., 2011).

2.2. Anti-Mycobacterium tuberculosis activity

Standard strain of Mycobacterium tuberculosis virulent type
(H37Rv) American Type Culture Collection (ATCC27294) was grown
in Ogawa–Kudoh (OK) medium for 10 days at 37 °C. A sample was
cultured in Middlebrook 7H9 broth (Difco) supplemented with oleic
acid, bovine serum albumin, dextrose, catalase (Baltimore Biological
Laboratory Becton, Dickinson and Company (BBL/Becton-Dickinson)),
0.5% glycerol (carbon source), and 0.5% Tween 80 for 15 days at
37 °C,. The bacterial suspensions were prepared and adjusted to the
McFarland scale. Stock solutions of the tested extract were solubilized
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in dimethyl sulfoxide (Sigma-Aldrich) and diluted in Middlebrook 7H9
broth (Difco) supplemented with oleic acid, bovine serum albumin,
dextrose and catalase (BBL/Becton Dickinson). Rifampicin and iso-
niazid were solubilized according to the manufacturer's recommenda-
tions (Sigma, USA) and used as positive control drugs. The determina-
tion of antimycobacterial activity was performed using the resazurin
microtiter assay (REMA) (Palomino et al., 2002). Briefly, 100 μL of
supplemented Middlebrook 7H9 broth was dispensed into each well of
a sterile, flat-bottom 96-well plate, and then serial dilutions were made
of the solutions to obtain varying concentrations of the test extract
(0.98–250 μg/mL) and reference drugs (0.004–1 μg/mL). After these
dilutions, 100 μL of bacterial suspension was added to each well
(5×105 UFC/mL). Plates were incubated for 7 days at 37 °C, and, after
this period, 30 μL of resazurin solution (Sigma-Aldrich) diluted to
0.01% in sterile water was added to each well. The samples were
incubated for 24 h at 37 °C. The reading was performed based on the
color change and the absorbance on a microplate reader (Thermo Plate,
TP-Reader) at 492 nm. The EEDd was analyzed in triplicate on
alternate days. The minimal inhibitory concentration (MIC) was
defined as the lowest concentration resulting in 90% growth inhibition
of M. tuberculosis.

2.2.1. Plant material, ethanolic extract preparation and compound
analysis

The leaves of Doliocarpus dentatus (Aubl.) Standl. were collected
from young and mature samples in the pre-flowering stage at the
Federal University of the State of Mato Grosso do Sul - (UFMS, Campo
Grande). The botanical identification was carried out by Prof. Dr.
Arnildo Pott, and a voucher was deposited in the Campo Grande Mato
Grosso do Sul (CGMS) herbarium (49860) of the UFMS.

The collected leaves were dried at 40 °C. Afterwards, the leaves
were crushed to a particle size of ≤1 mm by granulometry. The material
was extracted with ethanol (95%) for seven consecutive days by the
maceration process. The obtained extracts were pooled and concen-
trated to dryness in an evaporator, and then they were lyophilized to
produce the crude extract.

A solution of the extract was dissolved in water at a concentration of
10 μg/mL and was evaluated in relation to the flavonoid content by
employing the method described by Lin and Tang (2007). The result
was expressed as mg of quercetin equivalents/g of extract.

Phenols were assayed with the same samples used in the flavonoid
quantification, and we employed the method described by Djeridane
et al. (2006). The result was expressed as mg of gallic acid equivalents/
g of extract.

Tannins were quantified using the vanillin reaction according to the
method proposed by Broadhurst and Jones (1978) and adapted by
Agostini-Costa et al. (1999). The results were expressed as mg of
catechin equivalents/g of extract. All assays were performed in
triplicate.

The extract was fractionated by liquid chromatography employing
XAD-2 (Supelco, Bellefonte, PA, USA) resin column chromatography
(30 cm x 3 cm). The extract (2.45 g) was eluted with 0.5 L of water,
followed by elution with 0.5 L of methanol and with 0.4 L of ethyl
acetate. An aliquot of the methanolic fraction (1.16 g) was dissolved in
30 mL of methanol and fractionated by liquid chromatography employ-
ing Sephadex LH-20 (Amersham Pharmacia Biotech, Uppsala, Sweden)
column chromatography (70cmx3 cm) at a rate of 0.3 mL/min. In total,
33 fractions were collected. The fractions were combined based on
their chemical profile, as determined by thin layer chromatography.
Samples were applied onto silica gel plates using ethyl acetate–n-
propanol–water (123:7:70, v/v/v) as the eluent (upper phase).
Fractions 20–23 and 26–28 were purified using polyvinylpolypyrroli-
done (Sigma, USA) column chromatography (10×2 cm) with elution by
methanol, which led to the identification of the compounds sitosterol-
3-O-β-D-glucopyranoside (C35H60O6) (3 mg) and kaempferol 3-O-α-L-
rhamnopyranoside (C21H20O10) (4 mg), respectively. An aliquot of

0.67 g of the ethyl acetate fraction was dissolved in 20 mL of methanol,
fractionated by liquid chromatography on a Sephadex LH-20 column
(80×2 cm; Amersham Pharmacia Biotech, Uppsala, Sweden), and
eluted with methanol at a rate of 0.3 mL 28 fractions were collected.
The fractions were combined according to their chemical profile, as
determined by thin layer chromatography. Samples were applied onto
silica gel plates using ethyl acetate-methanol (75:25, v/v) as the eluent.
Fractions 9–11 and 18–19 gave the isolated compounds betulinic acid
(C30H48O3) (3 mg) and betulin (C30H50O2) (2 mg), respectively.

Chemical characterization was performed using nuclear magnetic
resonance (Bruker DPX-300, 300 MHz for1H and 75 MHz for 13C) and
the chemical structures were confirmed by comparison with literature
data (Mahato and Kundu, 1994; Kojima, 1990; Agrawal, 1989;
Harborne, 1996).

3. Results

In the pleurisy test, the carrageenan was able to significantly
increase (by approximately eight times) the leukocyte migration to
the pleura, as determined by comparing the control group to the naive
group. The treatment with a dose of 300 mg/kg, but not with doses of
30 and 100 mg/kg, of EEDd significantly reduced the leukocyte
migration to the pleura in relation to control group with inhibition of
approximately 31%. Dexamethasone also inhibited approximately 78%
of the leukocyte migration (Fig. 1).

In edema test, the EEDd displayed significant inhibitory activity at a
dose of 100 mg/kg at 1 (69%) and 2 h (40%) after the carrageenan
injection, while the dose of 300 mg/kg exhibited inhibition at 1 (56%),
2 (75%) and 4 h (58%) after the injection. Dexamethasone also showed
significant inhibition at all time points (Fig. 2a).

In the mechanical hyperalgesia test, the EEDd blocked the induc-
tion of mechanical hypersensitivity at a dose of 300 mg/kg (after 3 and
4 h) and of 100 mg/kg (after 3 h). Dexamethasone also displayed
significant inhibition at all time points (Fig. 2b).

The weight values of the body and organs treated with EEDd did
not show significant differences when compared to control group,
which suggested the absence of toxicity. In addition, the cyclopho-
sphamide treatment caused a reduction in the absolute and relative
spleen weight (Table 1).

The frequency of lesioned cells in the comet assay was 1.00 ± 0.32
for the control group, 78.40 ± 21.60 for the positive control and 0.40 ±
0.24, 0.80 ± 0.37 and 0.60 ± 0.24 for the groups treated with 10, 100

Fig. 1. Effects of oral administration of D. dentatus (EEDd) on the inhibition of
leukocyte migration in the pleurisy test. The animals received EEDd (30, 100 or 300 mg/
kg, p.o.), vehicle (control) or dexamethasone (DEX, 1 mg/kg, s.c.), and 1 h later, an
intrathoracic injection of carrageenan was administered. The naïve group (# indicates a
statistically significant difference from the vehicle group) received an intrapleural
injection of sterile saline instead of carrageenan and was also treated with saline
solution. Each bar represents the mean ± SEM of 6 animals. *p < 0.05, ****p < 0.001, #p
< 0.001 compared with the control group. One-way ANOVA followed by the Newman-
Keuls test.
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Fig. 2. Effect of oral administration of EEDd on the carrageenan-induced paw edema in mice. The animals received EEDd (100 and 300 mg/kg, p.o.), vehicle (control) or
dexamethasone (DEX, 1 mg/kg, s.c.), and 1 h later, an intraplantar injection of carrageenan (300 μg/paw) was administered. Graphs (A), (B), and (C) represent the evaluation of the paw
edema at 1, 2, and 4 h, respectively, after carrageenan injection. Each bar represents the mean ± SEM of 6 animals. *p < 0.05, **p < 0.01 compared with the control group. One-way
ANOVA followed by the Newman-Keuls test.

Table 1
Mean values of Biometric parameters (body and organs weights) of evaluation of ethanolic extract of D. dentatus (EEDd).

Biometric parameters

Experimental groups Initial weight (g) Final weight (g)

CN 36.40 ± 0.68a 36.00 ± 1.41a

CP 36.40 ± 1.12a 35.60 ± 1.21a

EEDd1 36.20 ± 0.86a 35.40 ± 1.12a

EEDd2 34.80 ± 0.58a 35.20 ± 0.49a

EEDd3 34.60 ± 1.20a 34.80 ± 1.62a

Absolute weight organs (g)
Heart Lung Spleen Liver Kidneys

CN 0.22 ± 0.01a,b 0.25 ± 0.00a 0.23 ± 0.01b 1.91 ± 0.09a 0.50 ± 0.02a
CP 0.25 ± 0.01b 0.26 ± 0.01a 0.08 ± 0.00a 1.93 ± 0.08a 0.53 ± 0.02a

EEDd1 0.20 ± 0.00a,b 0.25 ± 0.13a 0.23 ± 0.02b 2.04 ± 0.10a 0.50 ± 0.05a

EEDd2 0.20 ± 0.00a,b 0.26 ± 0.02a 0.25 ± 0.00b 2.03 ± 0.10a 0.48 ± 0.01a

EEDd3 0.19 ± 0.02a 0.24 ± 0.01a 0.22 ± 0.01b 1.85 ± 0.11a 0.49 ± 0.03a

Relative weight organs (g)
Heart Lung Spleen Liver Kidneys

CN 0.006 ± 0.0005a,b 0.007 ± 0.0003a 0.006 ± 0.0005b 0.053 ± 0.0060a 0.014 ± 0.0016a

CP 0.007 ± 0.0003b 0.007 ± 0.0002a 0.002 ± 7.0711a 0.054 ± 0.0020a 0.015 ± 0.0020a

EEDd1 0.006 ± 0.0004a,b 0.007 ± 0.0004a 0.006 ± 0.0005b 0.058 ± 0.0061a 0.014 ± 0.0020a

EEDd2 0.006 ± 0.0002a,b 0.007 ± 0.0005a 0.007 ± 0.0001b 0.058 ± 0.0080a 0.014 ± 0.0005a

EEDd3 0.005 ± 0.0003a 0.007 ± 0.0001a 0.006 ± 0.0002b 0.053 ± 0.0037a 0.014 ± 0.0007a

Legend: Negative Control (CN) – the mice were treated with physiological solution by intraperitoneal (i.p) route (10 ml/Kg body weight (b.w.) and the vehicle used to dissolve EEDd was
used in the same way by oral route (p.o.); Positive control (CP) – the animals were treated with cyclophosphamide with 100 mg/Kg (b.w., i.p.) and the vehicle used to dissolve EEDd
(10 ml/Kg b.w., p.o.); groups EEDd (EEDd1, EEDd2 and EEDd3) – the animals were treated by oral route with EEDd in 3 different doses (10, 100 and, 1000 mg/kg, p.o., respectively)
and with physiological solution (10 ml/Kg, b.w., i.p.). The letters “a” and “b” indicate statistical significant differences. Statistical tests used: ANOVA/Tukey-Kramer (P < 0,05).
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and 1000 mg/kg doses of EEDd, respectively (Table 2).
The micronucleus test showed a frequency of 5.00 ± 0.32, 26.00 ±

2.81, 5.80 ± 0.73, 4.60 ± 0.51 and 5.20 ± 0.37 at 24 h; 5.20 ± 0.58,
28.40 ± 1.83, 5.60 ± 0.93, 6.40 ± 0.75 and 7.00 ± 1.05 at 48 h; and
6.40 ± 0.87, 28.00 ± 1.00, 7.80 ± 0.73, 8.20 ± 0.58 and 7.80 ± 0.58 at
72 h for the negative control, positive control and the three doses of
EEDd, respectively (Table 3). These results demonstrated that the
EEDd had no genotoxic activity at the concentrations tested. (Fig. 3).

The frequency of phagocytosis was not significantly altered between
the different groups. The value of the control group was 5.20 ± 0.66,
that of the cyclophosphamide group was 12.00 ± 1.14 and that of EEd1,
EEDd2 and EEDd3 were 7.20 ± 0.71, 5.00 ± 0.63 and 6.00 ± 1.18,
respectively (Table 4). The experimental groups did not exhibit
significantly different differential counts (Table 5).

The value of MIC (µg/mL) of EEDd was 62.5 µg/mL, while the
value of MIC of isoniazid and rifampicin were 0.05 and 0.01 µg/mL,
respectively.

The content of phenols was 204.04 ± 3.2 mg/g, flavonoids was
89.17 ± 1.7 mg/g and tannins 12.05 ± 0.2 mg/g. We also identified
the four compounds. Sitosterol-3-O-β-D-glucopyranoside: [1H NMR
(300 MHz, pyridine-d5, J (Hz)]: 5.36 (1 H, m, H-6), 5.07 (1 H, d, J
=7.7 Hz, H-1′), 4.58 (1 H, dd, J =11.7, 2.4 Hz, H-6′), 4.43 (1 H, dd, J
=11.7, 5.2 Hz, H-6′), 4.31 (2 H, m, H-3′ and H-4′), 4.08 (1 H, brt, J
=8.1 Hz, H-2′), 3.99 (2 H, m, H-3 and H-5′), 1.00 (3 H, d, J =6.5 Hz,
H-21), 0.95 (3 H, s, H-19), 0.92 (3 H, d, J =7.3 Hz, H-26), 0.89 (3 H, t,
J =7.4 Hz, H-29), 0.88 (3 H, d, J =7.0 Hz, H-27), 0.67 (3 H, s, H-18).
13C NMR (75 MHz, pyridine-d5) d: 37.52 (C-1), 30.30 (C-2), 78.16 (C-
3), 39.39 (C-4), 140.96 (C-5), 121.96 (C-6), 32.22 (C-7), 32.10 (C-8),
50.39 (C-9), 36.97 (C-10), 21.33 (C-11), 39.99 (C-12), 42.53 (C-13),
56.87 (C-14), 24.55 (C-15), 28.58 (C-16), 56.29 (C-17), 12.02 (C-18),

19.26 (C-19), 36.43 (C-20), 19.05 (C-21), 34.26 (C-22), 26.44 (C-23),
46.09 (C-24), 29.51 (C-25), 19.46 (C-26), 20.02 (C-27), 23.44 (C-28),
12.20 (C-29), 102.62 (C-1′), 75.38 (C-2′), 78.65 (C-3′), 71.75 (C-4′),
78.55 (C-5′), 62.88 (C-6′). Kaempferol 3-O-α-L-rhamnopyranoside:
[1H NMR, 300 MHz, pyridine-d5, J (Hz): d 6.19 (s, H-6), 6.39 ( s, H-8),
7.76 (d, J=8.4 Hz, H-2′, H- 6′), 6.91 (d, J =8.4 Hz, H-3′, 5′), 5.36 (d, J
=1.8 Hz, H-1′’), 0.90 (d, J=5.4 Hz, H-6′’), 3.2–4.3 (m, sugar). 13C NMR
(75 MHz, pyridine-d5): d 157.8 (C-2), 134.0 (C-3), 177.6 (C-4), 161.9
(C-5), 98.5 (C-6), 164.1 (C-7), 93.5 (C-8), 156.8 (C-9), 103.9 (C-10),
121.8 (C-1′), 130.3 (C-2′, C-6′), 115.3 (C-3′, C-5′), 161.3 (C-4′), Rha’’:
101.9 (C-1′’), 70.4 (C-2′’), 70,6 (C-3′’), 70.8 (C-4′’), 69,8 (C-5′’), 16,6
(C-6′’).] Betulinic acid [1H NMR, 300 MHz, CDCl3, J (Hz)]:1.66 (3 H,
S, H-29), 4.60 (2 H, d, 24 Hz, H-30. 13C NMR (75 MHz, CDCl3): 38.7
(C-1), 27.4 (C-2), 78.9 (C-3), 38.8 (C-4), 55.3 (C-5), 18.3 (C-6), 34.3
(C-7), 40.7 (C-8), 50.5 (C-9), 37.2 (C-10), 20.8 (C-11), 25.5 (C-12),
38.4 (C-13), 42.4 (C-14), 30.5 (C-15), 32.1 (C-16), 56.3 (C-17), 46.8
(C-18), 49.2 (C-19), 150.3 (C-20), 29.7 (C-21), 37.0 (C-22), 27.9 (C-
23), 15.3 (C-24), 16.0 (C-25), 16.1 (C-26), 14.7 (C-27), 180.5 (C-28),
109.6 (C-29), 19.4 (C-30). Betulin [1H NMR, 300 MHz, CDCl3, J (Hz)]:
1.69 (3 H, S, H-29), 4.70 (2 H, d, H-30), 9.68 (lH, S, H-28). 13C NMR
(75 MHz, CDCl3): 38.8 (C-1), 27.4 (C-2), 79.0 (C-3), 38.3 (C-4), 55.4
(C-5), 18.3 (C-6), 34.3 (C-7), 41.0 (C-8), 50.6 (C-9), 37.4 (C-10), 20.9
(C-11), 25.6 (C-12), 37.0 (C-13), 42.8 (C-14), 27.1 (C-15), 29.3 (C-16),
47.8 (C-17, C-18), 48.8 (C-19), 150.3 (C-20), 29.8 (C-21), 34.0 (C-22),
28.0 (C-23), 15.3 (C-24), 16.1 (C-25), 16.1 (C-26), 14.7 (C-27), 60.8
(C-28), 109.6 (C-29), 19.4 (C-30).

4. Discussion

Our studies showed the antimycobacterial and anti-inflammatory
activities of EEDd. The treatment of Multidrug-resistant tuberculosis is
very expensive, takes a long time to complete, disrupts lives, and has
potentially life-threatening side effects, there is an urgent need to
develop new natural or synthetic antitubercular drugs (Caminero et al.,
2010; Copp and Pearce, 2007; Velayati et al., 2016). The folk use of D.
dentatus has indicated its anti-malarial and anti-inflammatory proper-
ties, although only its antileishmanial activity had previously been
shown in its isolated compounds (Aponte et al., 2008). In previous
studies, betulin and betulinic acid displayed a MIC ranging from 12.5
to 32.0 μg/ml and 15–100 μg/ml, respectively (Fomogne-Fodjo et al.,
2017; Gu et al., 2004; Hasan et al., 2012; Li et al., 2015; Morrison
et al., 2016; Suksamrarn et al., 2006; Wächter et al., 1999). Betulinic
acid exhibited antiplasmodial and antileishmanial activity. M. tuber-
culosis, P. falciparum, Leishmania infantum and L. danovani are
intracellular organisms, which may indicate that this component has
important action in the cytoplasm of host cells (Lenta et al., 2009;
Sousa et al., 2014; Wert et al., 2011). In the present study, the
antimycobacterial activity with EEDd were carried out because the
literature indicated that this plant has isolated compounds with this
efficacy, and no signs of genetic toxicity were detected in the genotoxic

Table 2
Mean values of frequency of cells with DNA damage, distribution between classes of damage and score in comet assay in mice treated with Ethanolic Extract of D. dentatus (EEDd).

Experimental groups Cells with DNA damage Classification of DNA damage Score

0 1 2 3

CN 1.00 ± 0.32a 99.00 ± 0.32 1.00 ± 0.32 0.00 ± 0.00 0.00 ± 0.00 1.00 ± 0.32a

CP 78.40 ± 0.93b 21.60 ± 0.93 34.60 ± 2.38 23.20 ± 1.12 20.60 ± 0.81 142.80 ± 2.40b

EEDd1 0.40 ± 0.24a 99.60 ± 0.24 0.40 ± 0.24 0.00 ± 0.00 0.00 ± 0.00 0.40 ± 0.24a

EEDd2 0.80 ± 0.37a 99.20 ± 0.37 0.80 ± 0.37 0.00 ± 0.00 0.00 ± 0.00 0.80 ± 0.37a

EEDd3 0.60 ± 0.24a 99.40 ± 0.24 0.60 ± 0.24 0.00 ± 0.00 0.00 ± 0.00 0.60 ± 0.24a

Legend: Negative Control (CN) – the mice were treated with physiological solution by intraperitoneal (i.p) route (10 ml/Kg body weight (b.w.) and the vehicle used to dissolve EEDd was
used in the same way by oral route (p.o.); Positive control (CP) – the animals were treated with cyclophosphamide with 100 mg/Kg (b.w., i.p.) and the vehicle used to dissolve EEDd
(10 ml/Kg b.w., p.o.); groups EEDd (EEDd1, EEDd2 and EEDd3) – the animals were treated by oral route with EEDd in 3 different doses (10, 100 and, 1000 mg/kg, p.o., respectively)
and with physiological solution (10 ml/Kg, b.w., i.p.). The letters “a” and “b” indicate statistical significant differences. Statistical tests used: ANOVA/Tukey-Kramer (P < 0,05).

Table 3
Mean values of frequency of Micronucleous in blood peripheral cells in mice treated with
Ethanolic Extract of D. dentatus (EEDd).

Experimental Groups Mean ±EPM

24 h 48 h 72 h

CN 5.00 ± 0.32a 5.20 ± 0.58a 6.40 ± 0.87a

CP 26.00 ± 2.81b 28.40 ± 1.83b 28.00 ± 1.00b

EEDd1 5.80 ± 0.73a 5.60 ± 0.93a 7.80 ± 0.73a

EEDd2 4.60 ± 0.51a 6.40 ± 0.75a 8.20 ± 0.58a

EEDd3 5.20 ± 0.37a 7.00 ± 1.05a 7.80 ± 0.58a

Legend: Negative Control (CN) – the mice were treated with physiological solution by
intraperitoneal (i.p) route (10 ml/Kg body weight (b.w.) and the vehicle used to dissolve
EEDd was used in the same way by oral route (p.o.); Positive control (CP) – the animals
were treated with cyclophosphamide with 100 mg/Kg (b.w., i.p.) and the vehicle used to
dissolve EEDd (10 ml/Kg b.w., p.o.); groups EEDd (EEDd1, EEDd2 and EEDd3) – the
animals were treated by oral route with EEDd in 3 different doses (10, 100 and,
1000 mg/kg, p.o., respectively) and with physiological solution (10 ml/Kg, b.w., i.p.). The
letters “a” and “b” indicate statistical significant differences. Statistical tests used:
ANOVA/Tukey-Kramer (P < 0,05).
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models, even with the high dose of 1000 mg/kg.
Using inflammatory markers, such as leukocyte migration, edema

and mechanical hyperalgesia induced by carrageenan, the present work
showed the anti-inflammatory effect of the 100 and 300 mg/kg doses of
EEDd. D. dentatus has many widespread uses (Sano et al., 2008). For
swelling and inflammation, fresh leaves and root are used, while for
urine retention, young branches are applied (Rodrigues, 2007). The
anti-inflammatory activity of EEDd was verified by an important
parameter of inflammation: leukocyte migration. Leukocyte migration
is an inflammatory phenomenon observed in several inflammatory
models, such as the pleurisy test. Several factors are involved in
leukocyte migration, such as chemotactic mediators and adhesion
molecules, and the EEDd could modulate one or more inflammatory

factors. Is difficult to indicate the exact mechanism of action and the
only evidence that we could affirm is that EEDd is an anti-inflamma-
tory agent. Since several works have indicated betulinic acid as an
important active anti-inflammatory compound found in medicinal
plants (Costa et al., 2014; Jingbo et al., 2015; Lingaraju et al., 2015a,
2015b, 2015c), and because two compounds that have originated from
betulinic acid are found in D. dentatus, we suggest that this molecule
could be involved in the anti-inflammatory activity of EEDd. Betulinic
acid inhibits NF-κB activation by stabilizing the NF-κB inhibitory
protein IκBα (Wang et al., 2016) and significantly inhibits IL-1β, NO,
PGE2, and MMP production in chondrocytes (Jingbo et al., 2015). The
treatment only with higher doses of 100 or 300 mg/kg of EEDd
induced inhibitory effects in edema and mechanical hyperalgesia.
Oyebanji et al. (2013) showed that betulinic acid presented anti-
inflammatory, analgesic and antipyrexic activity with higher doses for
pure compound with dose of 10, 20 or 40 mg/kg by intraperitoneal
route. But it is difficult to do a direct relation of this anti-inflammatory
compound and EEDd. Therefore, until the betulinic acid or other
compound is tested under the same conditions of EDDd, it is not
possible to confirm what compound is really responsible for EDDd
activity, and further work is needed to clarify this point. Because of
their popular use, this work focused on the use of leaves to produce the
extract, and the resulting EEDd showed anti-inflammatory activity in
carrageenan-induced leukocyte migration, edema formation and me-
chanical hyperalgesia. Hence, this work showed for the first time that
D. dentatus really is an important source of this anti-inflammatory
agent. This work did not contribute directly to validate the use of the
extract (or other product) formulated as D. dentatus popular uses as
natural anti-inflammatory in humans (only in rodents) but contributed
indirectly.

Regulatory agencies require genotoxicity tests, such as the micro-
nucleus test (ANVISA, 2013), to characterize the toxicological potential
of phytotherapeutic products. The evaluation of the safety of use

Fig. 3. Effect of oral administration of EEDd on the mechanical hyperalgesia in mice. The animals received EEDd (100 and 300 mg/kg, p.o.), vehicle (control) or dexamethasone (DEX,
1 mg/kg, s.c.). The mechanical hyperalgesia was measured with a digital analgesymeter 3 and 4 h after carrageenan administration. Each bar represents the mean ± SEM of 6 animals.
*p < 0.05, ***p < 0.001, #p < 0.001 when compared with the control group. One-way ANOVA followed by the Newman-Keuls test.

Table 4
Mean values of frequency of splenic phagocytosis of Ethanolic Extract of D. dentatus
(EEDd).

Cells with evidence of splenic phagocytosis

Experimental groups Mean ±EPM Percentage (%)

CN 5.20 ± 0.66a 2.60
CP 12.00 ± 1.14b 6.00
EEDd1 7.20 ± 0.71a 3.60
EEDd2 5.00 ± 0.63a 2.50
EEDd3 6.00 ± 1.18a 3.00

Legend: Negative Control (CN) – the mice were treated with physiological solution by
intraperitoneal (i.p) route (10 ml/Kg body weight (b.w.) and the vehicle used to dissolve
EEDd was used in the same way by oral route (p.o.); Positive control (CP) – the animals
were treated with cyclophosphamide with 100 mg/Kg (b.w., i.p.) and the vehicle used to
dissolve EEDd (10 ml/Kg b.w., p.o.); groups EEDd (EEDd1, EEDd2 and EEDd3) – the
animals were treated by oral route with EEDd in 3 different doses (10, 100 and,
1000 mg/kg, p.o., respectively) and with physiological solution (10 ml/Kg, b.w., i.p.). The
letters “a” and “b” indicate statistical significant differences. Statistical tests used:
ANOVA/Tukey-Kramer (P < 0,05).

Table 5
Mean values of leukocyte parameters in mice treated with Ethanolic Extract of D. dentatus (EEDd).

Leukocyte Type Differential leukocyte analysis

Reference value CN CP EEDd1 EEDd2 EEDd3

Neutrophil 10–40% 59.80 ± 3.55a 55.80 ± 2.83a 57.00 ± 3.11a 57.20 ± 1.43a 59.60 ± 2.23a

Lymphocyte 55–95% 37.40 ± 3.47a 41.00 ± 3.27a 41.20 ± 3.01a 40.40 ± 1.17a 38.20 ± 1.74a

Monocyte 0.1–3.5% 3.00 ± 0.01a 3.20 ± 0.58a 2.20 ± 0.20a 2.40 ± 0.40a 2.20 ± 0.49a

Eosinophil 0–0.4% 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a

Basophil 0–0.3% 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a

Legend: Negative Control (CN) – the mice were treated with physiological solution by intraperitoneal (i.p) route (10 ml/Kg body weight (b.w.) and the vehicle used to dissolve EEDd was
used in the same way by oral route (p.o.); Positive control (CP) – the animals were treated with cyclophosphamide with 100 mg/Kg (b.w., i.p.) and the vehicle used to dissolve EEDd
(10 ml/Kg b.w., p.o.); groups EEDd (EEDd1, EEDd2 and EEDd3) – the animals were treated by oral route with EEDd in 3 differents doses (10, 100 and, 1000 mg/kg, p.o., respectively)
and with physiological solution (10 ml/Kg, b.w., i.p.). The letters “a” and “b” indicate statistical significant differences. Statistical tests used: ANOVA/Tukey-Kramer (P < 0,05).
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beyond the effectiveness is crucial for proving the safe use of products
derived from medicinal plants. The tests with herbal products in
models of genetic toxicity can be performed in vivo and are used to
detect the induction of genetic damage to deoxyribonucleic acid (DNA)
or genotoxic damage. A genetic change is indicative of early changes
that can lead to cancer and other diseases, and the detection of such
changes contribute to ensure the safe use of the product (Cardoso et al.,
2016; Loeb et al., 2003).

In genetic toxicological assays, toxicogenic damages in mice treated
with EEDd could be detected. The genetic tests revealed that there were
no statistically significant differences in relation to the cell damage in
blood cells. The micronucleus test has been used to measure genotoxi-
city both in vivo and in vitro, although in vivo tests are especially
relevant because they provide more information about the experimen-
tal metabolism, pharmacokinetics and DNA processes (OECD, 2014).
The comet assay can also be performed in vivo and in vitro. However,
in vivo tests are used because they evaluate the metabolism, similar to
the micronucleus assay (Morita et al., 2016). The biometric parameter
also indicated that EEDd was not toxic to mice because it did not alter
the temporal body weight or the organ weight compared to the control
group (David et al., 2014; Gonçalves et al., 2013; Pessatto et al., 2017).
Similar to Kanno et al. (2009), our results with cyclophosphamide in
Swiss mice, with doses of 100–250 mg/kg, showed reduced body and
testicle weights and produced hepatotoxic and nephrotoxic effects. The
EEDd is not a pure compound but, even with a dose of 1000 mg/kg, it
did not alter the observed parameters. The EEDd did not induce
increases in phagocytic activity or even change the leukocyte peripheral
count. Hence, no significant differences were detected between control
and EEDd-treated groups, suggesting that EEDd does not have
genotoxic potential, does not alter splenic phagocytosis and/or leuko-
metry at doses of 10, 100 and 1000 mg/kg. These results suggest that
its use in therapies not exceeding the tested doses would be safe.

In relation to anti-TB activity, no compound isolated from D.
dentatus had presented this property (Aponte et al., 2008), although
our study showed that EEDd displayed efficacy against M. tuberculosis
with MIC of 62.5 µg/ml. The EEDd showed moderate efficacy against
M. tuberculosis, and perhaps the compounds responsible for this
activity could possess even more efficacy than EEDd. Therefore, we
are planning their isolation to test the pure compounds because the
work of Aponte et al. (2008) showed that betulinic acid did not have
anti-TB activity.

Sauvain et al. (1996) and Jagessar et al. (2013) have prepared
extracts from D. dentatus, and the most commonly occurring com-
pound they found was betulinic acid. Research with betulinic acid in D.
schottianus confirmed the presence of betulinic acid in the leaves and
wood; this metabolite was also found in the leaves, bark, and wood of
the plant (de Oliveira et al., 2002). In the present study, we also found
betulinic acid and betulin, as well as sitosterol-3-O-β-D-glucopyrano-
side, kaempferol 3-O-α-L-rhamnopyranoside. Betulin is a pentacyclic
triterpene that can be converted into betulinic acid (Alakurtti et al.,
2010). This compound, in turn, has shown anti-malarial activity, anti-
inflammatory, antioxidant, immunomodulatory, anthelminthic, anti-
HIV, and anticancer properties (Alakurtti et al., 2010; Dantas, 2012).
Other important works contributed to show that pure betulinic acid or
isolated betulinic acid from other plants really presented anti-inflam-
matory, cancer, and immune activity (Csuk et al., 2011; Fulda et al.,
2008; Huguet et al., 2000; Moghaddam et al., 2012, Oyebanji et al.,
2013). EEDd displayed anti-inflammatory properties, and it is possible
that betulinic acid and betulin were the compounds found in D.
dentatus that were responsible for the inhibition of the inflammatory
parameters.

5. Conclusion

The present scientific studies described for the first time the anti-
inflammatory and antimycobacterial activity of D. dentatus leaves. The

genetic toxicity tests showed that the EEDd did not induce any signs of
toxicity until treatment with a dose 10 times higher than the effective
dose.
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Resumo 

Relevância etnofarmacológica: Doliocarpus dentatus (Dilleniaceae) é 

comumente utilizada no Brasil para o tratamento da dor do processo 

inflamatório e retenção de urina. Estudos anteriores de nosso grupo 

comprovaram a ação anti-inflamatória e antimicobacteriana do extrato etanólico 

de Doliocarpus dentatus (EEDd) bem como a segurança de uso.  

Objetivo do estudo: Investigou-se os efeitos do EEDd sobre o desempenho 

reprodutivo, desenvolvimento fetal e integridade do DNA em camundongos 

Swiss fêmeas prenhes. 

Material e métodos: Foram utilizadas 30 fêmeas prenhes de camundongos 

Swiss divididas em três grupos experimentais (n = 10): grupo Controle tratadas 

com Tween 80 a 1% e solução fisiológica e grupos EEDd1 e EEDd2 tratadas 

com EEDd nas doses de 100 e 1000 mg/Kg, respectivamente. O tratamento 

ocorreu por gavagem durante todo o período gestacional. Ao final do período 

gestacional foram avaliados os parâmetros relativos ao desempenho 

reprodutivo, desenvolvimento embriofetal e integridade do DNA. 

Resultados: As duas doses do extrato testadas não alteraram os parâmetros 

reprodutivos, não apresentaram diferenças significativas no desenvolvimento 

embriofetal quando comparadas ao grupo controle e também não induziram a 

formação de micronúcleos.  

Conclusão: O EEDd não altera desempenho reprodutivo e desenvolvimento 

embriofetal e não induz genotoxicidade. Esses fatos sugerem segurança de 

uso mesmo no período gestacional. 

 

1. Introdução 

 Doliocarpus dentatus, conhecida popularmente como cipó de fogo, cipó 

mata sede e cipó vermelho, é uma planta da família Dilleniaceae com 

crescimento moderado, resistente à seca e às baixas temperaturas. Essa 

planta é encontrada nas florestas tropicais do México, do Peru e da Bolívia e 

em ecossistemas brasileiros como a Mata Atlântica, a Amazônia e o Cerrado 

(Aponte et al., 2008; Bianki Filho et al., 2015). Sua seiva aquosa é utilizada 

popularmente para aliviar a sede, suas cascas são empregadas em infusões 

para tratamento de leishmaniose e suas folhas e raízes são utilizadas para 
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tratamento de cistites, dor induzida por processos inflamatórios e retenção 

urinária (Rodrigues, 2007; Jagessar; Persid, 2014).  

Estudo anterior de nosso grupo determinou a presença de fenóis , 

flavonóides e taninos, bem como do sitosterol-3-O-β-D-glucopiranósido, 

kaempferol 3-O-a-L-rhamnopiranósido, ácido betulínico e betulina no extrato 

etanólico de D. dentatus (EEDd) (Ishikawa et al., 2017). Outro estudo 

fitoquímico também demonstrou que esta planta apresenta ácido butírico, 

esteróides, lactonas, antracenosídeos, ácido betulínico, taninos, flavonas e 

trigonelina (Jagessar et al., 2013). 

Estudos sobre a atividade biológica de D. dentatus comprovaram ação 

anti-Leishmania in vitro contra formas amastigotas de Leishmania (L.) 

amazonensis (Sauvain et al., 1996), citotóxica em células leucêmicas da 

linhagem K562 (Aponte et al., 2008), antiedematogênica (Bianki Filho et al., 

2015), antimicrobiana contra cepas de Escherichia coli, Klebsiella pneumoniae 

e Staphylococcus aureus (Jagessar; Persid, 2014) e atividades 

antimicobacteriana e anti-inflamatória (Ishikawa et al., 2017).  Além disso, 

nosso grupo de pesquisa demonstrou recentemente que o EEDd não causa 

danos genômicos e cromossômicos o que sugere segurança de uso (Ishikawa 

et al., 2017). Uma vez que não são encontrados dados adicionais sobre os 

efeitos do EEDd no período gestacional, o presente estudo fez-se pioneiro e 

teve como objetivo avaliar os efeitos do EEDd no desempenho reprodutivo, no 

desenvolvimento embriofetal e na integridade do DNA de camundongos 

fêmeas Swiss prenhes.  

  

2. Metodologia 

2.1. Extrato etanólico de Doliocarpus dentatus 

O EEDd utilizado no estudo já foi previamente descrito por Ishikawa et 

al. (2017). Em síntese as folhas jovens e maduras de Doliocarpus dentatus 

foram coletadas na Universidade Federal de Mato Grosso do Sul (UFMS), na 

cidade de Campo Grande - MS.  A identificação botânica foi realizada pelo 

professor Dr. Arnildo Pott e uma amostra foi depositada no herbário da UFMS 

sob o número #49860. 
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As folhas coletadas foram secas a 40ºC, trituradas e extraídas com 

etanol (95%) pelo processo de maceração por um período de 7 dias 

consecutivos. Os extratos obtidos foram reunidos, secos em evaporador e, 

posteriormente, liofilizados para a obtenção do extrato bruto seco. Para 

administração nos animais o extrato foi diluído em Tween 80 a 1% e solução 

fisiológica e as doses utilizadas foram de 100 e 1000 mg/Kg peso corpóreo 

(p.c.) administradas por gavagem (v.o.). 

A dose de 100 mg/Kg (p.c., v.o.) foi escolhida devido a sua eficácia anti-

inflamatória comprovada por Ishikawa et al. (2017). Optou-se também por uma 

dose 10x maior, como preconizam os guidelines na área de toxicologia 

reprodutiva (OECD, 2009) e toxicologia genética (OECD, 1997; OECD, 2012), 

bem como a Agência Nacional de Vigilância Sanitária (ANVISA, 2010), que 

afirmam que os ensaios pré-clínicos devem ser conduzidos com as doses que 

se pretende usar em humanos e outra 10x maior, somente se essa segunda 

estiver livre de efeitos adversos, a dose menor poderá ser considerada segura. 

 

2.2. Delineamento experimental 

Foram utilizados 15 camundongos machos e 30 camundongos fêmeas, 

Mus musculus da variedade Swiss, com peso médio de 35g, em idade 

reprodutiva, provenientes da Agência Estadual de Defesa Sanitária Animal e 

Vegetal (IAGRO). O presente estudo foi aprovado pela Comissão de Ética no 

Uso de Animais da Universidade Federal de Mato Grosso do Sul sob parecer 

#776/2016.  

Os animais foram mantidos em caixas de propileno recobertas por 

sepilho, sob condições padronizadas de climatização (com temperatura 

mantendo-se em torno de 22 ± 2ºC e umidade relativa de 55 ± 10%) e 

alimentados com ração comercial (Nuvital®) e água filtrada ad libitum.  

O cruzamento overnight foi realizado na proporção de 1 macho: 2 

fêmeas, e a detecção da prenhez constatada por observação do plug vaginal, 

sendo este dia considerado o dia zero de gestação (Oliveira et al., 2015). As 

fêmeas foram divididas em 3 grupos experimentais (n=10): Grupo Controle – os 

animais receberam solução fisiológica e Tween 80 a 1% (veículo do EEDd) na 
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proporção de 0,1mL/10g peso corpóreo (p.c.) por gavage (v.o.) durante todos 

os dias da gestação (1º ao 18º dia gestacional). Grupo Gestacional – os 

animais receberam o EEDd (v.o.) nas doses de 100 mg/kg (EEDd1) e 1000 

mg/kg (EEDd2) durante todos os dias da gestação. 

 

2.3. Desempenho reprodutivo e ensaio de teratogenicidade 

Com 18 dias de gestação, os camundongos foram submetidos à 

eutanásia, por deslocamento cervical, seguida de laparotomia, histerectomia e 

onfalectomia. Os órgãos, fetos e placentas foram coletados e pesados. Os 

fetos foram submetidos à avaliação externa para a detecção de possíveis 

malformações e, posteriormente, foram sexados. O número de implantações, 

reabsorções, fetos vivos e fetos mortos foram registrados e com base nos 

dados obteve-se a viabilidade fetal (número de fetos vivos x 100 / número de 

implantações), taxa de perdas pós-implantação [(número de implantações - 

número de fetos vivos) x 100 / número de implantações], taxa de reabsorção 

(número de reabsorções x 100 / número de implantações), índice placentário 

(peso placentário / peso fetal) e razão sexual (número de fetos machos / 

número de fetos fêmeas). Após análise externa, os fetos foram distribuídos 

aleatoriamente em dois subgrupos, o primeiro foi destinado à análise visceral e, 

portanto, foram fixados em solução de Bodian’s e submetidos à 

microdissecação com cortes estratégicos (Barrow & Taylor, 1969; Wilson, 

1965; Oliveira et al., 2009). As alterações viscerais foram classificadas com 

base nos estudos de Taylor (1986), Manson e Kang (1994), Damasceno (2008) 

Oliveira et al. (2009) e Oliveira et al. (2015). O segundo grupo, destinado à 

análise esquelética, foram submetidos à fixação em acetona e, posteriormente, 

à diafanização em KOH (solução trocada a cada 24h ao longo de sete dias) e 

corados com Alizarina Vermelha durante o processo de diafanização como 

proposto por Straples & Schnell (1964) e modificações de Oliveira et al. (2015).    

 

2.4. Ensaio do micronúcleo em sangue periférico 

 Para o ensaio do micronúcleo, 20 µL de sangue periférico foram 

depositados em uma lâmina previamente preparada com 20 μL de alaranjado 



44 
 

de acridina (1,0 mg/mL) e então recoberta por lamínula. O material 

permaneceu em freezer (-20oC) por um período mínimo de 7 dias e 2.000 

células/animal foram analisadas em microscópio de fluorescência com filtro de 

excitação 420-490 nm e filtro de barreira 520 nm, como proposto por Hayashi 

et al. (1990) e modificado por Oliveira et al. (2009).  

 

2.5. Análises estatísticas 

Os dados foram apresentados em média ± erro padrão da média (EPM) 

e avaliados de acordo com a natureza de sua distribuição (teste paramétrico - 

ANOVA/Tukey e não paramétricos - Kruskal-Wallis/Dunn). Para as 

comparações de frequências entre o grupo controle e os grupos experimentais, 

utilizou-se o teste de Qui-quadrado. O nível de significância foi estabelecido em 

p˂0,05. 

 

3. Resultados 

3.1. Avaliação dos parâmetros biométricos de fêmeas prenhes tratadas 

com extrato etanólico de Doliocarpus dentatus  

 Não houve diferenças significativas entre os pesos iniciais, finais e 

ganho de peso, tampouco nos pesos absolutos e relativos dos órgãos das 

fêmeas dos diferentes grupos experimentais (Tabela 1). 

 

3.2. Avaliação dos parâmetros reprodutivos de fêmeas prenhes tratadas 

com extrato etanólico de Doliocarpus dentatus  

 Em relação à média de implantes, fetos vivos, fetos mortos, viabilidade 

fetal, taxa de perda pós-implantacional (TPPI), reabsorção, taxa de reabsorção, 

índice placentário e razão sexual não foram observadas diferenças 

significativas entre os grupos. Já o peso placentário e o peso fetal aumentaram 

(p<0,05) nos grupos tratados com a dose de 100 mg/Kg. Quando realizada a 

adequação do peso à idade gestacional observou-se que os fetos das mães 

tratadas com a dose de 100 mg/Kg apresentavam peso elevado para idade 

gestacional e os fetos das mães tratadas com a dose de 1000 mg/kg 

apresentavam peso adequando para a idade gestacional (Tabela 2). 
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3.3. Avaliação do desenvolvimento embriofetal: malformações externas, 

viscerais e esqueléticas  

As taxas de malformações externas, viscerais e esqueléticas não 

apresentaram diferenças estatisticamente significativas entre os grupos 

experimentais (Tabela 3, 4 e 5). 

As malformações externas observadas foram retroversão de membros 

anteriores (unilateral) e posteriores (uni e bilateral), cauda em vírgula e 

escoliose (Tabela 3). 

As malformações viscerais encontradas foram hidrocefalia e 

hidronefrose (Tabela 4). Já as malformações esqueléticas observadas foram 

ossificação reduzida, ossificação irregular ou agenesia de falanges e de 

esternébrios (Tabela 5). 

 

3.4. Avaliação da genotoxicidade em fêmeas prenhes tratadas com 

extrato etanólico de Doliocarpus dentatus 

A avaliação da integridade genética, pelo ensaio de micronúcleo, indicou 

que o EEDd não é genotóxico para as fêmeas prenhes (p>0,05). A média da 

frequência de eritrócitos micronucleados foi de 7,1 ± 1,03 para o grupo 

controle, 8,5 ± 0,82 para o grupo EEDd1 e 7,2 ± 0,51 para o grupo EEDd2 

(Figura 1).  

 

4. Discussão 

 Os estudos científicos na área de bioprospecção tem como finalidade a 

comprovação científica de propriedades biológicas já descritas empiricamente, 

a determinação do uso correto das substâncias e o desenvolvimento de novos 

produtos farmacêuticos a partir de plantas medicinais, uma vez que os 

fármacos podem originar-se a partir de moléculas bioativas isoladas de 

produtos naturais. Além disso, os extratos de plantas medicinais podem 

também originar fitofármacos e/ou fitoterápicos (Saccaro-Junior, 2011).   
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 De acordo com a medicina popular, as folhas de Doliocarpus dentatus 

são usadas no tratamento da dor induzida por processo inflamatório e de 

infecção e retenção urinária (Rodrigues; Carvalho, 2001; Rodrigues, 2007). No 

entanto, a literatura não possui estudos sobre a segurança do consumo dessa 

planta, exceto o trabalho de Ishikawa et al. (2017) que relatou pela primeira vez 

que o EEDd não é genotóxico. Mas, no que se refere ao uso durante a 

gestação nenhum estudo foi encontrado. Assim, de forma pioneira o presente 

estudo demonstrou que esse extrato pode ser consumido durante a gestação 

sem causar alterações na integridade do DNA e efeitos adversos no 

desempenho reprodutivo de fêmeas e no desenvolvimento embriofetal.    

 São indicativos dessa segurança a ausência de variações nos 

parâmetros biométricos (peso final, ganho de peso, peso líquido e peso 

absoluto e relativo dos órgãos) associadas à ausência de manifestações 

clínicas (alterações de pele e das mucosas, ocorrência de diarreia e vômito, 

redução da ingestão alimentar e hídrica, e modificações no comportamento) 

como relatados na literatura (Gonçalves et al, 2013). 

 Ainda corroboram com a segurança de uso a ausência de danos 

genotóxicos comprovados pelo ensaio do micronúcleo. Esse mesmo resultado 

de ausência de danos no DNA já havia sido relatado em camundongos adultos 

machos (Ishikawa et al., 2017). A presente pesquisa, pioneiramente, comprova 

esse mesmo fato em fêmeas prenhes.  

 Os dados relativos ao desempenho reprodutivo, de modo geral, 

também corroboram com a segurança de uso do extrato e permitem inferir na 

ausência de danos tóxicos, no entanto, foi observado aumento do peso 

placentário e do peso fetal nas fêmeas tratadas com a menor dose do extrato. 

Um fato que pode explicar essas variações é que o número de fetos nesse 

grupo foi menor do que nos outros dois (grupo controle e EEDd2). Essa 

redução do número de filhotes pode ser compreendida como um achado 

biológico de ocorrência aleatória visto que nenhum dos parâmetros relativos ao 

número de implantes, viabilidade fetal, reabsorção e perdas pós-

implantacionais apresentaram diferenças estatisticamente significativas. Outro 

evento que corrobora ainda a ocorrência aleatória é a ausência de variação do 

índice placentário que se trata da relação entre o peso da placenta e o peso do 
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feto, ou seja, os dois cresceram proporcionalmente uma vez que o índice 

placentário é estatisticamente semelhante entre os grupos.  

 De acordo com a literatura o aumento da placenta é correlacionado ao 

aumento do suporte nutricional que é destinado ao feto (El Behery, 2011). 

Essa pode ser uma adaptação do organismo materno diante de doenças e/ou 

exposição a agentes tóxicos (Roberts, 2014). Tal aspecto geralmente está 

associado com alterações no índice placentário, fato que não foi observado 

nesse estudo. 

 Reforçam ainda a segurança de uso do extrato no período gestacional 

a ausência de alterações no desenvolvimento embriofetal visto que a 

ocorrência de malformações externas, viscerais e esqueléticas foram 

semelhantes em todos os grupos. Esse fato permite inferir que o EEDd, nas 

condições experimentais do presente estudo, não altera o desenvolvimento 

embriofetal e não é teratogênico.  

 Esses resultados abrem perspectivas de uso seguro para o EEDd visto 

que há diferentes atividades biológicas já descritas para essa planta tais como 

ação anti-Leishmania in vitro (Sauvain et al., 1996), citotóxica (Aponte et al., 

2008), antimicrobiana (Jagessar; Persid, 2014),  antiedematogênica (Bianki 

Filho et al., 2015), antimicobacteriana e anti-inflamatória (Ishikawa et al., 2017). 

Além disso, o EEDd mostra-se promissor para a prospecção de anti-

inflamatórios para uso seguro durante a gestação já que os medicamentos 

comerciais apresentam riscos potenciais (David et al., 2014; Pessatto et al., 

2017).  

 

5. Conclusão 

 O presente estudo permite inferir que o extrato etanólico de 

Doliocarpus dentatus não altera o desempenho reprodutivo de fêmeas prenhes, 

não altera o desenvolvimento embriofetal, não é teratogênico e também não 

induz danos no DNA. Essas características indicam boas condições de uso 

desse extrato em processos de bioprospecção inclusive para o 

desenvolvimento de anti-inflamatórios seguros para o uso no período 

gestacional.  
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Tabela 1 – Parâmetros biométricos de fêmeas prenhes tratadas com Extrato Etanólico 

de D. dentatus ou veículo de diluição do extrato.  

Parâmetros Biométricos 

Grupos 
Experimentais 

Peso Inicial Peso Final 
Ganho de 

Peso 
Peso do 
Útero 

Ganho de 
Peso Líquido 

Controle 34,20 ± 1,05a 52,83 ± 1,60a 18,63 ± 1,25a 19,64 ± 1,50a -1,00 ± 0,85a 

EEDd1 35,20 ± 1,15a 53,71 ± 1,88a 18,51 ± 1,99a 17,75 ± 2,28a 0,76 ± 0,71a 

EEDd2 36,60 ± 1,23a 54,14 ± 1,43a 17,54 ± 1,36a 18,32 ± 1,49a -0,78 ± 1,02a 

Peso Absoluto (g) 

 Coração Pulmão Baço Fígado Rins 

Controle 0,18 ± 0,01a 0,28 ± 0,02a 0,14 ± 0,01a 2,23 ± 0,07a 0,41 ± 0,01a 

EEDd1 0,19 ± 0,01a 0,30 ± 0,02a 0,17 ± 0,01a 2,34 ± 0,10a 0,43 ± 0,01a 

EEDd2 0,16 ± 0,01a 0,28 ± 0,01a 0,16 ± 0,01a 2,39 ± 0,07a 0,40 ± 0,01a 

Peso Relativo (g) 

 Coração Pulmão Baço Fígado Rins 

Controle 0,003 ± 0,000a 0,006 ± 0,000a 0,003 ± 0,000a 0,042 ± 0,001a 0,008 ± 0,000a 

EEDd1 0,003 ± 0,000a 0,006 ± 0,000a 0,003 ± 0,000a 0,044 ± 0,001a 0,008 ± 0,000a 

EEDd2 0,003 ± 0,000a 0,005 ± 0,000a 0,003 ± 0,000a 0,044 ± 0,001a 0,007 ± 0,000a 

Legenda: Controle – animais tratados por gavage, via oral, com veículo de diluição de extrato 
(Tween 80 1%) na proporção de 0,1mL/10g peso corpóreo (p.c.); EEDd1 – animais tratados por 
gavage, via oral (v.o.) com extrato etanólico de Doliocarpus dentatus na dose de 100 mg/kg (p.c.); 
EEDd2 – animais tratados com extrato etanólico de Doliocarpus dentatus na dose 1000 mg/kg (p.c., 
v..o.).  Os resultados estão apresentados em média ± erro padrão da média. Letras iguais na coluna 
indicam ausência de diferenças estatisticamente significativas entre os grupos experimentais (Teste 
Estatístico: ANOVA de uma via de medidas repetitivas; p>0,05).  
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Tabela 2 – Parâmetros reprodutivos de fêmeas prenhes tratadas com Extrato Etanólico 

de D. dentatus ou veículo de diluição do extrato.  

Parâmetros  
Grupos Experimentais 

Controle EEDd1 EEDd2 

Implantes
1
 15,00 ± 1,00a 13,00 ± 1,74a 15,10 ± 0,72a 

Fetos Vivos
1
 13,70 ± 1,15a 11,40 ± 1,54a 13,00 ± 1,12a 

Fetos Mortos
1
 0,00 ± 0,00a 0,01 ± 0,10a 0,00 ± 0,00a 

Viabilidade 
Fetal

1
 

90,34 ± 2,54a 90,56 ± 5,11a 85,47 ± 5,10a 

TPPI
1
 9,66 ± 2,54a 9,44 ± 5,11a 14,53 ± 5,10a 

Reabsorção
1
 1,30 ± 0,26a 1,50 ± 0,83a 2,10 ± 0,71a 

Taxa de 
Reabsorção

1
 

9,66 ± 2,54a 8,91 ± 4,69a 14,53 ± 5,10a 

Peso 
Placentário (g)

2
 

0,09 ± 0,001a 0,14 ± 0,051b 0,09 ± 0,001a 

Índice 
Placentário

2
 

0,08 ± 0,01a 0,12 ± 0,048a 0,08 ± 0,002a 

Peso Fetal (g)
1
 1,13 ± 0,01a 1,23 ± 0,01b 1,11 ± 0,01a 

APIP - PEIP PAIP 

Razão Sexual
1
 1,57 ± 0,45a 1,93 ± 0,40a 1,13 ± 0,25a 

Legenda: TPPI – Taxa de perdas pós implantacionais; APIP – Adequação de peso para a idade de 
prenhez; PEIP – Peso elevado para a idade de prenhez; PAIP – Peso adequado para a idade de 
prenhez. Controle – animais tratados por gavage, via oral, com veículo de diluição de extrato 
(Tween 80 1%) na proporção de 0,1mL/10g peso corpóreo (p.c.); EEDd1 – animais tratados por 
gavage, via oral (v.o.) com extrato etanólico de Doliocarpus dentatus na dose de 100 mg/kg (p.c.); 
EEDd2 – animais tratados com extrato etanólico de Doliocarpus dentatus na dose 1000 mg/kg (p.c., 
v..o.).  Os resultados estão apresentados em média ± erro padrão da média. . Letras iguais na 
coluna indicam ausência de diferenças estatisticamente significativas entre os grupos 
experimentais. (Teste Estatístico: 

1
ANOVA de uma via de medidas repetitivas; p>0,05; 

2
Kruskal-

Wallis; p>0,05). 
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Tabela 3 – Frequência de malformações externas na prole de fêmeas prenhes 

tratadas com Extrato Etanólico de D. dentatus ou veículo de diluição do extrato.  

Parâmetros 
Grupos Experimentais  

Controle EEDd1 EEDd2 

Malformações Externas de Membros Anteriores e Posteriores 

Fetos Analisados 137 113 130 

Fetos Normais 119 94 112 

Retroversão Anterior 
Unilateral 

3 2 7 

Retroversão Posterior 
Unilateral 

14 14 10 

Retroversão Posterior 
Bilateral 

1 3 1 

Frequência de 
Malformações Externas 

18 19 18 

% Malformações Externas 13,14% 16,81% 13,85% 

Malformações Externas de Cauda 

Fetos Analisados 137 113 130 

Fetos Normais 129 105 125 

Cauda em Vírgula 8 8 5 

Frequência de 
Malformações Externas 

8 8 5 

% Malformações Externas 5,84% 7,07% 3,85% 

Malformações Externas de Coluna 

Fetos Analisados 137 113 130 

Fetos Normais 135 112 130 

Escoliose 2 1 0 

Frequência de 
Malformações Externas 

2 1 0 

% Malformações Externas 1,46% 0,88% 0% 

Legenda: Controle – animais tratados por gavage, via oral, com veículo de diluição de extrato 
(Tween 80 1%) na proporção de 0,1mL/10g peso corpóreo (p.c.); EEDd1 – animais tratados 
por gavage, via oral (v.o.) com extrato etanólico de Doliocarpus dentatus na dose de 100 
mg/kg (p.c.); EEDd2 – animais tratados com extrato etanólico de Doliocarpus dentatus na 
dose 1000 mg/kg (p.c., v..o.). (Teste Estatístico: Qui-quadrado; p>0,05). 
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Tabela 4 – Frequência de malformações viscerais na prole de fêmeas prenhes 

tratadas com Extrato Etanólico de D. dentatus ou veículo de diluição do extrato.  

Parâmetros 
Grupos Experimentais  

Controle EEDd1 EEDd2 

Malformações Viscerais no Cérebro 

Fetos Analisados 69 57 65 

Fetos Normais 66 55 59 

Hidrocefalia Severa 3 2 6 

Frequência de 
Malformações Viscerais 

3 2 6 

% Malformações 
Viscerais 

4,35% 3,51% 9,23% 

Malformações Viscerais na Região Urogenital 

Fetos Analisados 69 57 65 

Fetos Normais 66 51 59 

Hidronefrose Leve 3 6 6 

Frequência de 
Malformações Viscerais 

3 6 6 

% Malformações 
Viscerais 

4,35% 10,53% 9,23% 

Legenda: Controle – animais tratados por gavage, via oral, com veículo de diluição de extrato 
(Tween 80 1%) na proporção de 0,1mL/10g peso corpóreo (p.c.); EEDd1 – animais tratados 
por gavage, via oral (v.o.) com extrato etanólico de Doliocarpus dentatus na dose de 100 
mg/kg (p.c.); EEDd2 – animais tratados com extrato etanólico de Doliocarpus dentatus na 
dose 1000 mg/kg (p.c., v..o) (Teste Estatístico: Qui-quadrado; p>0,05). 
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Tabela 5 – Frequência de malformações esqueléticas na prole de fêmeas prenhes 

tratadas com Extrato Etanólico de D. dentatus ou veículo de diluição do extrato.  

Parâmetros 
Grupos Experimentais  

Controle EEDd1 EEDd2 

Malformações Esqueléticas de Membros Anteriores e Posteriores 

Fetos Analisados 68 56 65 

Fetos Normais 61 48 60 

Ossificação 
Reduzida/Ausência de 

Falanges 
7 8 5 

Frequência de 
Malformações 
Esqueléticas 

7 8 5 

% Malformações 
Esqueléticas 

10,29% 14,28% 7,69% 

Malformações Esqueléticas de Esternébrio 

Fetos Analisados 68 56 65 

Fetos Normais 57 44 51 

Esternébrio 
Anormal/Ossificação 

Incompleta 
11 12 14 

Frequência de 
Malformações 
Esqueléticas 

11 12 14 

% Malformações 
Esqueléticas 

16,18% 21,43% 21,54% 

Legenda: Controle – animais tratados por gavage, via oral, com veículo de diluição de extrato 
(Tween 80 1%) na proporção de 0,1mL/10g peso corpóreo (p.c.); EEDd1 – animais tratados 
por gavage, via oral (v.o.) com extrato etanólico de Doliocarpus dentatus na dose de 100 
mg/kg (p.c.); EEDd2 – animais tratados com extrato etanólico de Doliocarpus dentatus na 
dose 1000 mg/kg (p.c., v..o.). (Teste Estatístico: Qui-quadrado; p>0,05). 
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Figura 1 – Frequência de micronúcleos analisados em 2.000 hemácias de camundongos 

fêmeas prenhes tratadas com Extrato Etanólico de Doliocarpus dentatus ou veículo de 

diluição do extrato. Controle – animais tratados por gavage, via oral, com veículo de diluição 

de extrato (Tween 80 1%) na proporção de 0,1mL/10g peso corpóreo (p.c.); EEDd1 – animais 

tratados por gavage, via oral (v.o.) com extrato etanólico de Doliocarpus dentatus na dose de 

100 mg/kg (p.c.); EEDd2 – animais tratados com extrato etanólico de Doliocarpus dentatus na 

dose 1000 mg/kg (p.c., v..o.). Os resultados estão apresentados em média ± erro padrão da 

média. Letras iguais indicam que não há diferenças estatisticamente significativas; p>0,05). 
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Abstract 
Ethnopharmacological relevance: Doliocarpus dentatus (Dilleniaceae) is 
commonly used in Brazil for the treatment of inflammatory process pain and 
urinary retention. Previous studies of our group have demonstrated the anti-
inflammatory and antimycobacterial action of the ethanolic extract of 
Doliocarpus dentatus (EEDd) as well as the safety of its use. 
Objective: we investigated the effects of EEDd on reproductive performance, 
fetal development and DNA integrity in pregnant female Swiss mice. 
Methods: thirty female Swiss mice were divided into three experimental groups 
(n=10): control group treated with 1% tween-80 and EEDd1 and EEDd2 groups 
treated with EEDd at doses of 100 and 1000 mg/kg, respectively. The treatment 
occurred by oral gavage throughout the gestational period. At the end of 
pregnancy, parameters related to reproductive performance, embryofoetal 
development and DNA integrity was evaluated. 
Results: both doses of the extract tested did not alter the reproductive 
parameters, did not present significant differences in the embryofetal 
development when compared to the control group and also did not induce the 
formation of micronuclei. 
Conclusion: the EEDd do not alter the reproductive parameters, embryofetal 
development and DNA integrity, ensuring its safe use during pregnancy. 
 
Keywords: Doliocarpus dentatus; teratogenesis; reproductive toxicology. 
 

1. Introduction 

 Doliocarpus dentatus, populary known as “cipó de fogo”, “cipó mata 

sede” or “cipó vermelho” is a plant of the Dilleniaceae family with moderate 

growth, resistant to the drought and low temperatures. It is found in the tropical 

forests of Mexico, Peru and Bolivia and in Brazilian ecosystems such as the 

Atlantic Forest, the Amazon and the Cerrado (Aponte et al., 2008; Bianki Filho 

et al., 2015). Its aqueous sap is popularly used to relieve thirst, its barks are 

used in infusions to treat leishmaniosis, and its leaves and roots to treat cystitis, 

pain induced by inflammation and urinary retention (Rodrigues, 2007; Jagessar, 

Persid, 2014). 

 A previous research from our group determined the presence of phenols 

(204.04 mg/g), flavonoids (89.17 mg/g) and tannins (12.05 mg/g) as well as 

sitosterol-3-O-D-glucopyranoside, kaempferol 3-O-L-aminopyranoside, betulinic 

acid and betulin in the ethanolic extract of D. dentatus (EEDd) (Ishikawa et al., 

2017). Another phytochemical study has also shown that this plant contains 

butyric acid, steroids, lactones, anthracensides, betulinic acid, tannins, flavones 

and trigonellin (Jagessar et al., 2013). 
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In vitro studies on the biologic activity of D. dentatus demonstrated anti-

Leishmania action against amastigotes of Leishmania (L.) amazonensis 

(Sauvain et al., 1996), antimicrobial effect against strains of Escherichia coli, 

Klebsiella pneumoniae and Staphylococcus aureus (Jagessar; Persid, 2014), 

anti-Mycobacterium tuberculosis, anti-inflammatory (Ishikawa et al., 2017) and 

cytotoxic in leukemic cells of the K562 lineage (Aponte et al. , 2008). In addition, 

our research group has recently demonstrated that EEDd does not cause 

genomic and chromosomal damage which suggests safety of use (Ishikawa et 

al., 2017). However, no additional data on the effects of EEDd in the gestational 

period were found in the literature. Hence, this study is a pioneer and aimed to 

evaluate the effects of EEDd on the reproductive performance, embryofetal 

development and DNA integrity of pregnant female Swiss mice.  

 

2. Methods and Materials 

2.1 Ethanolic Extract of Doliocarpus dentatus 

The EEDd employed in this research has previously been studied and 

described by Ishikawa et al. (2017). Briefly, the young and mature leaves of 

Doliocarpus dentatus were collected at the Universidade Federal de Mato 

Grosso do Sul (UFMS), in the city of Campo Grande - MS. The botanical 

identification was performed by Professor Dr. Arnildo Pott and a sample was 

deposited in the UFMS herbarium under the number # 49860. 

The collected leaves were dried at 40ºC, ground to powder and extracted 

with ethanol (95%) by the maceration for 7 consecutive days. The extracts were 

collected, dried in an evaporator and then lyophilized to obtain the crude dried 

extract. For administration to the animals the extract was diluted in 1% tween-

80 and saline and the doses used were 100 and 1000 mg/kg body weight (b.w.) 

via oral gavage.  

The dose of 100 mg/kg was chosen due its anti-inflammatory efficacy as 

proven by Ishikawa et al. (2017). It was also resoluted to test a 10x higher dose 

owing to the fact that according to the guidelines in the area of reproductive 

toxicology (OECD, 2012) and genetic toxicology (OECD, 2010, OECD, 2014), 

as well as the National Agency of Sanitary Surveillance (ANVISA, 2013), 

preclinical trials should be conducted with the doses intended for use in humans 
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and another test with 10x larger dose. Only if the highest dose is free of side 

effects, the lowest dose may be considered safe. 

 

2.2 Chemical composition 

 The extract was fractionated by liquid chromatography employing XAD-2 

(Supelco, Bellefonte, PA, USA) resin column chromatography (30 cm x 3 cm). 

The extract (2.45 g) was eluted with 0.5 L of water, followed by elution with 0.5 

L of methanol and with 0.4 L of ethyl acetate. An aliquot of 0.67 g of the ethyl 

acetate fraction was dissolved in 20 mL of methanol, fractionated by liquid 

chromatography on a Sephadex LH-20 column (80×2 cm; Amersham 

Pharmacia Biotech, Uppsala, Sweden), and eluted with methanol at a rate of 

0.3 mL, 28 fractions were collected. The fractions were combined according to 

their chemical profile, as determined by thin layer chromatography. Samples 

were applied onto silica gel plates using ethyl acetate-methanol (75:25, v/v) as 

the eluent. Fraction 21-24 gave the isolated compound quercetin (2 mg) and 

fraction 26-27 Kampferol (1 mg), respectively. Chemical characterization was 

performed using nuclear magnetic resonance (Bruker DPX-300, 300 MHz for 

1H and 75 MHz for 13C) and the chemical structures were confirmed by 

comparison with literature data (Agrawal, 1989; Harborne, 1996). 

 

2.3 Experimental design 

15 male and 30 female mice, Mus musculus (Swiss), with 35 g average 

weight, at reproductive age, were obtained from the State Agency of Animal and 

Plant Health Protection (IAGRO). The present study was approved by the 

Ethics Committee on the Use of Animals of the UFMS under autorization 

#776/2016. 

The animals were kept in polypropylene boxes, covered by wood shaving 

at a controlled temperature of 22 ± 2ºC and relative humidity of (55 ± 10%)  

Water and food were provided ad libitum.  The fed was with commercial ration 

(Nuvital®). The mice were mated overnight in the proportion of 1 male: 2 

females. It was checked females for vaginal plugs to determine 

if pregnancy has occurred. If the plugged female is pregnant, the first day of 

gestation is considered to be the day after the plug is found (Oliveira et al., 

2015). Females were divided into 3 experimental groups (n = 10): control group 
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- animals received 0.1 mL/10g b.w. of EEDd vehicle per oral gavage throughout  

gestation (1st to 18th). Gestational Group - animals received EEDd per oral 

gavage at doses of 100 mg/kg (EEDd1) and 1000 mg/kg (EEDd2) throughout  

gestation. 

  

2.4 Reproductive performance and teratogenicity testing 

On the eighteenth day of gestation, the mice were submitted to 

euthanasia, by cervical dislocation, followed by laparotomy, hysterectomy and 

omphalectomy. Organs, fetuses and placentas were collected and weighed. 

The fetuses underwent external evaluation to detect possible malformations and 

were subsequently sexed. The number of implantations, resorptions, live 

fetuses and dead fetuses were recorded and based on the data, it was obtained 

the: fetal viability (number of live fetuses x 100/number of implantations), post-

implantation loss rate [(number of implantations - (number of resorptions x 

100/number of implantations)], placental index (placental weight/fetal weight) 

and sex ratio (number of male fetuses/number of female fetuses). After external 

analysis, the fetuses were randomly distributed into two subgroups. The first 

one was aimed at the visceral analysis and, therefore, were fixed in a solution of 

Bodian's and submitted to microdissection with strategic cuts (Barrow & Taylor, 

1969, Wilson, 1965 and Oliveira et al., 2009). The visceral changes were 

classified based on the studies of Taylor (1986), Manson & Kang (1994), 

Damasceno et al. (2008) Oliveira et al. (2009) and Oliveira et al. (2015). For 

skeletal analysis, the second group was subjected to fixation in acetone and 

subsequently to KOH and stained with Alizarin Red during the diaphanization 

process as proposed by Straples & Schnell (1964) and modificated by Oliveira 

et al. (2015). 

 

2.5 Micronucleus assay in peripheral blood 

 For the micronucleus assay, 20 μL of peripheral blood was stained by 

dropping blood on an Acridine Orange-coated slide (1.0 mg/mL) and covering 

the sample with a coverslip. The material remained in freezer (-20°C) for a 

minimum of 7 days and 2.000 cells/animal were analyzed under 

epifluorescence microscope at 400x magnification with a 420-490 nm excitation 
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and a 520 nm barrier filter, as proposed by Hayashi et al. (1990) and modified 

by Oliveira et al. 2009. 

 

2.6 Statistical analysis  

The results were shown as mean ± standard error of the mean (SEM) and the 

comparison of quantitative results was carried out using parametric and non-

parametric tests (ANOVA/Tukey, Kruskal-Wallis/Dunn and Chi-square 

depending on the nature of the data distribution. In all cases, differences with 

p<0.05 were considered statistically significant. 

 

3. Results 

3.1 Evaluation of the biometric parameters of pregnant females treated 

with ethanolic extract of Doliocarpus dentatus 

There were no significant differences between the initial and final weights 

and weight gain, or in the absolute and relative weights of the female organs of 

the different experimental groups (Table 1). 

 

3.2 Evaluation of the reproductives parameters of pregnant females 

treated with ethanolic extract of Doliocarpus dentatus 

 In relation to the mean number of implants, live fetuses, dead fetuses, 

fetal viability, post-implantation loss rate (PILR), resorption, resorption rate, 

placental index and sex ratio, no significant differences were observed between 

groups. Placental weight and fetal weight increased (p <0.05) in the groups 

treated with the dose of 100mg/kg. When the weight was adjusted to gestational 

age, it was observed that the fetuses of the females treated with the dose of 

100mg/kg had a high weight for gestational age and the fetuses of the females 

treated with the dose of 1000mg/kg had adequate weight for gestational age 

(Table 2). 

 

3.3  Evaluation of embryofetal development: external, visceral and 

skeletal malformations 

The rates of external, visceral and skeletal malformations did not present 

statistically significant differences between the experimental groups (Table 3, 4 

and 5). 
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The external malformations observed were forelimb (unilateral) and  

hindlimb (uni and bilateral) retroversion, rolled up tail and scoliosis (Table 3). 

The visceral malformations detected were hydrocephalus and 

hydronephrosis (Table 4). The skeletal malformations observed were reduced 

ossification, irregular ossification or agenesis of phalanges and sternum (Table 

5). 

 

3.4 Evaluation of DNA integrity of pregnant females treated with 

ethanolic extract of Doliocarpus dentatus 

Genetic integrity evaluation by micronucleus assay, indicated that EEDd 

is not genotoxic (p> 0.05) for pregnant females. The mean frequency of 

micronucleated erythrocytes was 7.1 ± 1.03 for the control group, 8.5 ± 0.82 for 

the EEDd1 group and 7.2 ± 0.51 for the EEDd2 group (Figure 1). 

 

4. Discussion 

 The scientific researches in the area of bioprospecting have as purpose 

the scientific verification of biological properties already described empirically, 

the determination of the correct use of the substances and the development of 

new pharmaceuticals products from medicinal plants, since the drugs can be 

originated by bioactive molecules isolated from natural products. In addition, 

medicinal plant extracts can also originate phytopharmaceuticals and/or 

phytoterapics (Saccaro-Junior, 2011). 

 The compounds present in the ethanolic extract of Doliocarpus dentatus 

were firstly identified as betulinic acid, betulin, sitosterol 3-O-β-D-

glucopyranoside, kaempferol 3-O-α-Lhamnopyranoside (Ishikawa et al., 2017). 

The continuity of the fractionation and purification of this extract led to the 

identification of two other compounds, quercetin and kampferol, which are 

present in the human diet. Its biological potentials are already described, 

specialist antioxidant, anticarcinogenic and protective activities of the renal and 

cardiovascular systems attributed mainly to the capacity of free radical 

sequestration (Behling et al., 2004). 

Matsubara and Rodriguez-Amaya (2006) describe in extracts of dried 

leaves of Camellia sinensis marketed as different types of tea (dry leaf) with 2.5 

mg/g of quercetin and 1.0 mg/g of kaempferol. However, Toyoda (et al., 1997) 
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quantified dry leaf with 1.6 mg/g of quercetin and 1.5 mg/g of kaempferol. The 

values of the previously mentioned works are close to those obtained in the 

present work with the EEDd, serving as source for the consumption of 

flavonoids. 

 According to folk medicine, the leaves of Doliocarpus dentatus are 

employed in the treatment of pain induced by inflammation and infection and 

urinary retention (Rodrigues; Carvalho, 2001; Rodrigues, 2007). However, the 

literature does not have studies on the safety of the consumption of this plant, 

except the work of Ishikawa et al. (2017) who reported for the first time that 

EEDd does no cause genomic damage. But with regard to use during gestation 

no study was found yet. Therefore, the present study demonstrated that this 

extract can be consumed during pregnancy without causing changes in DNA 

integrity neither side effects on the reproductive performance of females and 

embryofetal development. 

 Are indicative of this safety: The absence of variations in the biometric 

parameters (final weight, weight gain, net weight and absolute and relative body 

weight) associated to the absence of clinical manifestations (skin and mucosal 

alterations, diarrhea and vomiting, reduction of food and water intake, and 

changes in behavior) as reported in the literature (Gonçalves et al., 2014). 

The absence of genomic damage verified by the micronucleus test also 

corroborates for the safe use. The DNA-damaging absence results had 

previously been reported in male adult mice (Ishikawa et al., 2017). The present 

research, demonstrated, for the first time, this same fact in pregnant females 

mice.  

Data on reproductive performance, in general, also corroborate for the 

safety use of the extract and allow us to infer that there is no maternal toxic 

and/or toxic reproductive harm. However, placental weight gain and fetal weight 

gain were observed in the females treated with lower dose of the extract. A fact 

that may explain these variations is that the number of fetuses in this group was 

lower than in the other two (control group and group treated with the highest 

dose of the extract). This reduction in the number of offspring born can be 

understood as a biological finding of random occurrence once none of the 

parameters related to the number of implants, fetal viability, resorption and post-

implantational losses presented statistically significant differences. Another fact 
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that still corroborates the random occurrence is the absence of variation of the 

placental index which is the relationship between the weight of the placenta and 

the weight of the fetus, that is, the placenta and the fetus of this group grew 

proportionally since the placental index is statistically similar between groups.  

 According to the literature, placental enlargement is correlated with 

increased nutritional support for the fetus (El Behery, 2011). This may occur 

due an adaptation of the maternal organism to diseases and/or exposure to 

toxic agents (Roberts, 2014). However, this aspect is usually associated with 

alterations in the placental index, which was not observed in this study.  

 We also reinforce the safety of the extract use in the gestational period, 

the absence of alterations in embryofetal development once the occurrence of 

external, visceral and skeletal malformations were similar in all groups. This fact 

allows implying that the EEDd, in the experimental conditions of the present 

search, does not alter the embryofetal development and it is not teratogenic. 

 These findings open perspectives for the safe use of EEDd since there 

are different biological activities already described for this plant, such as anti-

Leishmania in vitro (Sauvain et al., 1996), antimicrobial (Jagessar, Persid, 

2014), antimycobacterial, anti-inflammatory (Ishikawa et al., 2017) and cytotoxic 

(Aponte et al., 2008). In addition, EEDd is promising for the prospection of anti-

inflammatory drugs for safe use during pregnancy considering that commercial 

drugs present potential risks (David et al., 2014; Pessatto et al., 2017).  

 

5. Conclusion 

 The present study allows us to infer that the ethanolic extract of 

Doliocarpus dentatus does not alter the reproductive performance of pregnant 

females, does not alter embryofetal development, is not teratogenic and does 

not induce DNA damage. These features indicate good conditions for the use of 

this extract in bioprospecting processes, including for the development of safe 

anti-inflammatory drugs for use in the gestational period. 
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Table 1 - Biometric parameters of pregnant females treated with ethanol extract of 

Doliocarpus dentatus or vehicle of dilution of the extract. 

Biometric parameters 

Experimental 
Groups 

Inicial Weight Final Weight Weight Gain 
Uterine 
Weith 

Net Weight 
Gain 

Control 34.20 ± 1.05a 52.83 ± 1.60a 18.63 ± 1.25a 19.64 ± 1.50a -1.00 ± 0.85a 

EEDd1 35.20 ± 1.15a 53.71 ± 1.88a 18.51 ± 1.99a 17.75 ± 2.28a 0.76 ± 0.71a 

EEDd2 36.60 ± 1.23a 54.14 ± 1.43a 17.54 ± 1.36a 18.32 ± 1.49a -0.78 ± 1.02a 

Absolute Weight (g) 

 Hart Lung Spleen Liver Kidneys 

Control 0.18 ± 0.01a 0.28 ± 0.02a 0.14 ± 0.01a 2.23 ± 0.07a 0.41 ± 0.01a 

EEDd1 0.19 ± 0.01a 0.30 ± 0.02a 0.17 ± 0.01a 2.34 ± 0.10a 0.43 ± 0.01a 

EEDd2 0.16 ± 0.01a 0.28 ± 0.01a 0.16 ± 0.01a 2.39 ± 0.07a 0.40 ± 0.01a 

Relative Weight (g) 

 Hart Lung Spleen Liver Kidneys 

Control 0.003 ± 0.000a 0.006 ± 0.000a 0.003 ± 0.000a 0.042 ± 0.001a 0.008 ± 0.000a 

EEDd1 0.003 ± 0.000a 0.006 ± 0.000a 0.003 ± 0.000a 0.044 ± 0.001a 0.008 ± 0.000a 

EEDd2 0.003 ± 0.000a 0.005 ± 0.000a 0.003 ± 0.000a 0.044 ± 0.001a 0.007 ± 0.000a 

Animals orally treated with: control -  extract dilution vehicle (1% tween-80) in the proportion of 

0.1mL/10g body weight (b.w.); EEDd1 - ethanolic extract of Doliocarpus dentatus at dose of 100 

mg/kg (b.w.); EEDd2 - ethanolic extract of Doliocarpus dentatus at dose 1000 mg/kg (b.w.). Results 

are presented as mean ± standard error of the mean. Equal letters in the column indicate absence of 

statistically significant differences between the experimental groups (Statistical Test: one-way 

ANOVA with repetitive measures, p>0.05). 

 

 

 

 

 

 

 

 

 

 

 

 

 



70 
 

Table 2 – Reproductive parameters of pregnant females treated with Doliocarpus 

dentatus ethanol extract or extract dilution vehicle. 

Parameters  
Experimental Groups 

Control EEDd1 EEDd2 

Implants1 15.00 ± 1.00a 13.00 ± 1.74a 15,10 ± 0,72a 

Live fetus1 13.70 ± 1.15a 11.40 ± 1.54a 13,00 ± 1,12a 

Dead fetus1 0.00 ± 0.00a 0.01 ± 0.10a 0,00 ± 0,00a 

Fetal viability1 90.34 ± 2.54a 90.56 ± 5.11a 85.47 ± 5.10a 

PILR1 9.66 ± 2.54a 9.44 ± 5.11a 14.53 ± 5.10a 

Resorption1 1.30 ± 0.26a 1.50 ± 0.83a 2.10 ± 0.71a 

Resorption rates1 9.66 ± 2.54a 8.91 ± 4.69a 14.53 ± 5.10a 

Placental weight 
(g)2 

0.09 ± 0.001a 0.14 ± 0.051b 0.09 ± 0.001a 

Placental index2 0.08 ± 0.01a 0.12 ± 0.048a 0.08 ± 0.002a 

Fetal weight (g)1 1.13 ± 0.01a 1.23 ± 0.01b 1.11 ± 0.01a 

AWGA - HWGA     AWGA2 

Sexual rate1 1.57 ± 0.45a 1.93 ± 0.40a 1.13 ± 0.25a 

PILR – Post-implantation loss rate; AWGA – Adequacy of weight to gestational age; HWGA – 
High weight for gestational age; AWGA2 – Appropriate weight for the  gestational age. Animals 
orally treated with: control: extract dilution vehicle (1% tween-80) in the proportion of 
0.1mL/10g body weight (b.w.); EEDd1 - ethanolic extract of Doliocarpus dentatus at dose of 
100 mg/kg (b.w.); EEDd2 - ethanolic extract of Doliocarpus dentatus at dose 1000 mg/kg 
(b.w.). Results are presented as mean ± standard error of the mean. Equal letters in the line 
indicate absence of statistically significant differences between the experimental groups 
(Statistical Test: one-way 

1
ANOVA with repetitive measures, p>0.05; 

2
Kruskal-Wallis, p>0.05). 
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Table 3 - External malformations frequency in the offspring born of pregnant females 

treated with Doliocarpus dentatus Ethanol Extract or extract dilution vehicle. 

Parameters 
Experimental Groups 

Control EEDd1 EEDd2 

External malformations in the forelimbs and hindlimbs 

Analyzed fetuses 137 113 130 

Normal fetuses 119 94 112 

Unilteral forelimb 3 2 7 

Unilateral hindlimb 14 14 10 

Bilateral hindlimb 1 3 1 

External malformation 
frequency 

18 19 18 

% External 
malformation 

13.14% 16.81% 13.85% 

External malformations of tail 

Analyzed fetuses 137 113 130 

Normal fetuses 129 105 125 

Rolled up tail 8 8 5 

External malformation 
frequency 

8 8 5 

% External 
malformation 

5.84% 7.07% 3.85% 

External malformations of column 

Analyzed fetuses 137 113 130 

Normal fetuses 135 112 130 

Scoliosis 2 1 0 

External malformation 
frequency 

2 1 0 

% External 
malformation 

1.46% 0.88% 0% 

Animals orally treated with: control: extract dilution vehicle (1% tween-80) in the proportion of 
0.1mL/10g body weight (b.w.); EEDd1 - ethanolic extract of Doliocarpus dentatus at dose of 
100 mg/kg (b.w.); EEDd2 - ethanolic extract of Doliocarpus dentatus at dose 1000 mg/kg 
(b.w.). (Statistical Test:  Chi-square, p>0.05). 
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Table 4 - Visceral malformations frequency in the offspring born of pregnant females 

treated with Doliocarpus dentatus Ethanol Extract or extract dilution vehicle. 

Parameters 
Experimental Groups 

Control EEDd1 EEDd2 

Brain visceral malformation 

Analyzed fetuses 69 57 65 

Normal fetuses 66 55 59 

Severe Hydrocephalus 3 2 6 

Visceral malformation 
frequency 

3 2 6 

% Visceral malformation 4.35% 3.51% 9.23% 

Urogenital visceral malformation 

Analyzed fetuses 69 57 65 

Normal fetuses 66 51 59 

Light hydronephrosis 3 6 6 

Visceral malformation 
frequency 

3 6 6 

% Visceral malformation 4.35% 10.53% 9.23% 

Animals orally treated with: control: extract dilution vehicle (1% tween-80) in the proportion of 
0.1mL/10g body weight (b.w.); EEDd1 - ethanolic extract of Doliocarpus dentatus at dose of 
100 mg/kg (b.w.); EEDd2 - ethanolic extract of Doliocarpus dentatus at dose 1000 mg/kg 
(b.w.). (Statistical Test:  Chi-square, p>0.05). 
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Table 5 – Skeletal malformations frequency in the offspring born of pregnant females 

treated with Doliocarpus dentatus Ethanol Extract or extract dilution vehicle. 

Parameters 
Experimental Groups 

Control EEDd1 EEDd2 

Skeletal malformations in the forelimbs and hindlimbs 

Analyzed fetuses 68 56 65 

Normal fetuses 61 48 60 

Reduced Ossification/ 
Absence of phalanges 

7 8 5 

Skeletal malformation 
frequency 

7 8 5 

% Skeletal malformation 10.29% 14.28% 7.69% 

Skeletal malformations in the sternum bone 

Analyzed fetuses 68 56 65 

Normal fetuses 57 44 51 

Abnormal sternum 
Abnormal/Incomplet 

ossification  
11 12 14 

Skeletal malformation 
frequency 

11 12 14 

% Skeletal malformation 16.18% 21.43% 21.54% 

Animals orally treated with: control: extract dilution vehicle (1% tween-80) in the proportion of 
0.1mL/10g body weight (b.w.); EEDd1 - ethanolic extract of Doliocarpus dentatus at dose of 
100 mg/kg (b.w.); EEDd2 - ethanolic extract of Doliocarpus dentatus at dose 1000 mg/kg 
(b.w.). (Statistical Test:  Chi-square, p>0.05). 
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Figure 1 –  Frequency of micronuclei analyzed in 2.000 erythrocytes of pregnant female mice 
treated with - ethanolic extract of Doliocarpus dentatus or extract dilution vehicle. Treated 
animals by gavage, orally with: control: extract dilution vehicle (1% tween-80) in the proportion 
of 0.1mL/10g body weight (b.w.); EEDd1 - ethanolic extract of Doliocarpus dentatus at dose of 
100 mg/kg (b.w.); EEDd2 - ethanolic extract of Doliocarpus dentatus at dose 1000 mg/kg 
(b.w.). Results are presented as mean ± standard error of the mean. Same letters indicate that 
there is no statistically significant differences between the experimental groups (Statistical 
Test: one-way 

1
ANOVA with repetitive measures, p>0.05). 
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6. CONSIDERAÇÕES FINAIS 

Com base nos modelos experimentais e doses utilizadas nos ensaios 

executados, conclui-se que o extrato etanólico das folhas de Doliocarpus 

dentatus: 

- Possui Atividade anti-inflamatória; 

- Possui atividade contra Mycobacterium tuberculosis; 

- Não é genotóxico; 

- Não altera o desempenho reprodutivo; 

- Não altera desenvolvimento embriofetal; 

- Não é teratogênico.  

Frente ao exposto, o EEDd indica boas condições para processos de 

bioprospecção.  
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Comissão de Ética no Uso de Animais – CEUA/UFGD – Rua João Rosa Góes, 1761 – Vila Progresso. 

Dourados/MS. E-mail: ceua@ufgd.edu.br 

 

 

MINISTÉRIO DA EDUCAÇÃO 

FUNDAÇÃO UNIVERSIDADE FEDERAL DA GRANDE DOURADOS 
PRÓ-REITORIA DE ENSINO DE PÓS-GRADUAÇÃO E PESQUISA 

COMISSÃO DE ÉTICA NO USO DE ANIMAIS - CEUA 
        

  Dourados-MS, 20 de julho de 2016. 
 

CERTIFICADO 

 

Certificamos que a proposta intitulada “Avaliação do efeito 

antihiperalgésico, antidepressivo e tóxico do extrato de Blutaparon 

portulacoides (raízes) e Doliocarpus dentatus em modelos experimentais”, 

registrada sob o protocolo de nº 32/2015, sob a responsabilidade de Cândida 

Aparecida Leite Kassuya – que envolve a produção, manutenção e/ou utilização 

de animais pertencentes ao filo Chordata, subfilo Vertebrata (exceto o homem), 

para fins de pesquisa científica (ou ensino), encontra-se de acordo com os 

preceitos da Lei nº 11.794, de 08 de outubro de 2008, do Decreto n° 6.899, de 

15 de julho de 2009, e com as normas editadas pelo Conselho Nacional de 

Controle da Experimentação Animal (CONCEA), e foi aprovada pela Comissão de 

Ética no Uso de Animais (CEUA/UFGD) da Universidade Federal da Grande 

Dourados, em reunião de 11/12/2015. 

Finalidade (  ) Ensino  ( X ) Pesquisa Científica  

Vigência da autorização 01/08/2016 a 01/06/2019 

Espécie/linhagem/raça 
Rattus norvegicus/ Wistar  Mus musculus/ Swiss 

e C57BL/6 

Nº de animais 205 

Peso/idade 200-250 g Wistar / 20-30 g M. musculus 

Sexo 
50 machos e 40 fêmeas Wistar / 95 machos 

Swiss e 20 machos C57BL/6 

Origem Biotério Central Da Universidade Fereal da 
Grande Dourados 

 

 
 

 
_______________________________________ 

Melissa Negrão Sepulvida 
Coordenadora CEUA 
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DESCRIPTION
.

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.

In recent years the preservation of local knowledge, the promotion of indigenous medical systems
in primary health care, and the conservation of biodiversity have become even more of a
concern to all scientists working at the interface of social and natural sciences but especially to
ethnopharmacologists. Recognizing the sovereign rights of States over their natural resources,
ethnopharmacologists are particularly concerned with local people's rights to further use and develop
their autochthonous resources.

Accordingly, today's ethnopharmacological research embraces the multidisciplinary effort in the:

• documentation of indigenous medical knowledge,
• scientific study of indigenous medicines in order to contribute in the long-run to improved health
care in the regions of study, as well as
• search for pharmacologically unique principles from existing indigenous remedies.

The Journal of Ethnopharmacology publishes original articles concerned with the observation and
experimental investigation of the biological activities of plant and animal substances used in the
traditional medicine of past and present cultures. The journal will particularly welcome interdisciplinary
papers with an ethnopharmacological, an ethnobotanical or an ethnochemical approach to the
study of indigenous drugs. Reports of anthropological and ethnobotanical field studies fall within
the journal's scope. Studies involving pharmacological and toxicological mechanisms of action are
especially welcome. Clinical studies on efficacy will be considered if contributing to the understanding
of specific ethnopharmacological problems. The journal welcomes review articles in the above
mentioned fields especially those highlighting the multi-disciplinary nature of ethnopharmacology.
Commentaries are by invitation only.
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GUIDE FOR AUTHORS
.

INTRODUCTION
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 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: A detailed abstract using the structure provided in the
guidelines An annotated table of contents A short 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

http://www.elsevier.com/__data/promis_misc/JEPclassificationANDkeywordsNov2010.doc
http://www.elsevier.com/__data/promis_misc/jeprulesof5.pdf
http://www.elsevier.com/life-sciences/pharmacology/everything-you-need-to-know-to-publish-a-world-class-paper
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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.

Submission checklist
Please click here to download the Submission Checklist. This is a mandatory file during submission.
Upload the completed checklist and choose the file type as "Checklist".

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

Ensure that the following items are present:

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

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

Further considerations
• Manuscript has been 'spell checked' and 'grammar checked'
• All references mentioned in the Reference List are cited in the text, and vice versa
• Permission has been obtained for use of copyrighted material from other sources (including the
Internet)
• Relevant declarations of interest have been made
• Journal policies detailed in this guide have been reviewed
• Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

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

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 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.

http://www.elsevier.com/__data/promis_misc/JEP_AuthorChecklist.pdf
http://service.elsevier.com/app/home/supporthub/publishing/
http://www.elsevier.com/publishingethics
http://www.elsevier.com/journal-authors/ethics
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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.

Author contributions
For each author the contribution to the publication should be mentioned.

Declaration of interest
All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential conflicts of interest include
employment, consultancies, stock ownership, honoraria, paid expert testimony, patent applications/
registrations, and grants or other funding. Authors must disclose any interests in two places: 1. A
summary declaration of interest statement in the title page file (if double-blind) or the manuscript file
(if single-blind). If there are no interests to declare then please state this: 'Declarations of interest:
none'. This summary statement will be ultimately published if the article is accepted. 2. Detailed
disclosures as part of a separate Declaration of Interest form, which forms part of the journal's official
records. It is important for potential interests to be declared in both places and that the information
matches. More information.

Submission declaration and verification
Submission of an article implies that the work described has not been published previously (except
in the form of an abstract or as part of a published lecture or academic thesis or as an electronic
preprint, see 'Multiple, redundant or concurrent publication' section of our ethics policy for more
information), that it is not under consideration for publication elsewhere, that its publication is
approved by all authors and tacitly or explicitly by the responsible authorities where the work was
carried out, and that, if accepted, it will not be published elsewhere in the same form, in English or
in any other language, including electronically without the written consent of the copyright-holder. To
verify originality, your article may be checked by the originality detection service CrossCheck.

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

Article transfer service
This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider transferring
the article to one of those. If you agree, your article will be transferred automatically on your behalf
with no need to reformat. Please note that your article will be reviewed again by the new journal.
More information.

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

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

http://service.elsevier.com/app/answers/detail/a_id/286/supporthub/publishing
http://www.elsevier.com/authors/journal-authors/policies-and-ethics
http://www.elsevier.com/editors/plagdetect
http://www.elsevier.com/authors/article-transfer-service
http://www.elsevier.com/copyright
http://www.elsevier.com/permissions
http://www.elsevier.com/__data/assets/word_doc/0007/98656/Permission-Request-Form.docx
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For open access articles: Upon acceptance of an article, authors will be asked to complete an
'Exclusive License Agreement' (more information). Permitted third party reuse of open access articles
is determined by the author's choice of user license.

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

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

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

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

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

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

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 3500, excluding taxes. Learn more about
Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing.

Green open access
Authors can share their research in a variety of different ways and Elsevier has a number of
green open access options available. We recommend authors see our green open access page for
further information. Authors can also self-archive their manuscripts immediately and enable public
access from their institution's repository after an embargo period. This is the version that has been
accepted for publication and which typically includes author-incorporated changes suggested during
submission, peer review and in editor-author communications. Embargo period: For subscription

http://www.elsevier.com/about/company-information/policies/copyright
http://www.elsevier.com/openaccesslicenses
http://www.elsevier.com/copyright
http://www.elsevier.com/copyright
http://www.elsevier.com/sharing-articles
http://www.elsevier.com/about/open-science/open-access/agreements
http://www.elsevier.com/access
http://www.elsevier.com/openaccesslicenses
http://www.elsevier.com/openaccesslicenses
http://elsevier.com/greenopenaccess
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articles, an appropriate amount of time is needed for journals to deliver value to subscribing customers
before an article becomes freely available to the public. This is the embargo period and it begins from
the date the article is formally published online in its final and fully citable form. Find out more.

This journal has an embargo period of 12 months.

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

Language (usage and editing services)
Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's WebShop.

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:

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.

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

http://www.elsevier.com/about/open-science/open-access/journal-embargo-finder/
http://www.publishingcampus.com
http://webshop.elsevier.com/languageediting/
http://webshop.elsevier.com/languageediting/
http://www.elsevier.com/reviewers/what-is-peer-review
http://www.elsevier.com/reviewers/what-is-peer-review
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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). 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.

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

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

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. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
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case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.
• Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.
• 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 × 1328 pixels (h × w) or proportionally more. The image should be readable
at a size of 5 × 13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF
or MS Office files. You can view Example Graphical Abstracts on our information site.
Authors can make use of Elsevier's Illustration Services to ensure the best presentation of their images
also in accordance with all technical requirements.

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.

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 http://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.
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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
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or proof reading the article, etc.).

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

Figure captions
Ensure that each illustration has a caption. 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 and shading in table cells.

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.

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

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

Reference management software
Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley and Zotero, as well as EndNote. Using the word processor plug-ins from
these products, authors only need to select the appropriate journal template when preparing their
article, after which citations and bibliographies will be automatically formatted in the journal's style.
If no template is yet available for this journal, please follow the format of the sample references and
citations as shown in this Guide.
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http://www.elsevier.com/artworkinstructions
http://citationstyles.org
http://citationstyles.org
http://www.mendeley.com/features/reference-manager
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Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:
http://open.mendeley.com/use-citation-style/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.

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.
Reference to a website:
Cancer Research UK, 1975. Cancer statistics reports for the UK. http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/ (accessed 13 March 2003).
Reference to a dataset:
[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese oak
wilt disease and surrounding forest compositions. Mendeley Data, v1. https://doi.org/10.17632/
xwj98nb39r.1.

Video
Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the files in one of our recommended file formats with a preferred maximum
size of 150 MB in total. Any single file should not exceed 50 MB. Video and animation files supplied
will be published online in the electronic version of your article in Elsevier Web products, including
ScienceDirect. Please supply 'stills' with your files: you can choose any frame from the video or
animation or make a separate image. These will be used instead of standard icons and will personalize
the link to your video data. For more detailed instructions please visit our video instruction pages.
Note: since video and animation cannot be embedded in the print version of the journal, please
provide text for both the electronic and the print version for the portions of the article that refer to
this content.

Supplementary material
Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the 'Track Changes' option
in Microsoft Office files as these will appear in the published version.
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RESEARCH DATA
This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

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

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

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

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

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

Mendeley Data
This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to Mendeley
Data. The datasets will be listed and directly accessible to readers next to your published article online.

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

Data in Brief
You have the option of converting any or all parts of your supplementary or additional raw data into
one or multiple data articles, a new kind of article that houses and describes your data. Data articles
ensure that your data is actively reviewed, curated, formatted, indexed, given a DOI and publicly
available to all upon publication. You are encouraged to submit your article for Data in Brief as an
additional item directly alongside the revised version of your manuscript. If your research article is
accepted, your data article will automatically be transferred over to Data in Brief where it will be
editorially reviewed and published in the open access data journal, Data in Brief. Please note an open
access fee of 250 USD is payable for publication in Data in Brief. This fee applies to articles submitted
before 31 December 2017. Full details can be found on the Data in Brief website. Please use this
template to write your Data in Brief.

Data statement
To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.

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
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and to help readers understand what the paper is about. More information and examples are
available. Authors of this journal will automatically receive an invitation e-mail to create an AudioSlides
presentation after acceptance of their paper.

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

AFTER ACCEPTANCE
Online proof correction
Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer questions from the Copy Editor.
Web-based proofing provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential introduction of errors.
If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.
We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

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

AUTHOR INQUIRIES
Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.
You can also check the status of your submitted article or find out when your accepted article will
be published.
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