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RESUMO 

A tuberculose (TB) é uma doença infectocontagiosa causada por bacilos do complexo 

Mycobacterium tuberculosis. O tratamento recomendado consiste no uso de isoniazida (INH), 

rifampicina (RIF), pirazinamida (PZA) e etambutol (EMB). A busca por compostos ativos 

derivados de plantas é uma abordagem para a descoberta de novos medicamentos. Tetradenia 

riparia (Hochst.) é uma importante planta medicinal nativa do sul da África que possui 

atividade antimicrobiana e acaricida relatada na literatura. O objetivo do presente estudo foi 

avaliar a atividade anti-Mycobacterium tuberculosis pelo método Resazurin Microtiter Assay 

Plate (REMA) e a citotoxicidade pelo ensaio por Alamar blue do óleo essencial de Tetradenia 

riparia bem como das substâncias puras 6,7-dehidroroileanona e 9β,13β-epoxi-7-abieteno. O 

resultado desse trabalho está apresentado no artigo: “Anti-Mycobacterium tuberculosis 

activity of essential oil and pure compounds isolated from Tetradenia riparia (Hochst.) Codd 

(Lamiaceae)”. A concentração inibitória mínima (CIM) para M. tuberculosis do óleo essencial 

de T. riparia (OETr) e para as substâncias puras 6,7-dehidroroileanona (Tr1) e 9β,13β-epoxi-

7-abieteno foi de 61,5 µg/mL, 31,25 µg/mL e > 250 µg/mL, respectivamente. A concentração 

citotóxica para 50% das células (CC50) foi > 100 µg/mL para o OETr e Tr1 e os valores de 

índice de seletividade (IS) foram > 1,6 e > 3,2 para o OETr e Tr1, respectivamente. Nossos 

estudos mostraram boa atividade do óleo essencial de T. riparia e da substância pura 6,7-

dehidroroileanona contra M. tuberculosis sendo considerados candidatos promissores para 

estudos adicionais como fármacos anti-TB. 

Palavras-chave: Mycobacterium tuberculosis. Tetradenia riparia. Atividade 

antimicobacteriana. Citotoxicidade. 

 

 

 

 



Anti-Mycobacterium tuberculosis activity and cytotoxicity of essential oil and 

pure compounds isolated from Tetradenia riparia (Hochst.) Codd (Lamiaceae) 

 

ABSTRACT 

Tuberculosis (TB) is a contagious infectious disease caused by Mycobacterium tuberculosis 

complex. The recommended treatment is the use of isoniazid (INH), rifampicin (RIF), 

pyrazinamide (PZA) and ethambutol (EMB). The search for plant derived active compounds 

is an approach to drug discovery. Tetradenia riparia (Hochst.) is an important medicinal plant 

native to southern Africa and has antimicrobial activity and acaricide reported in the 

literature. Thus, the aim of this study was to evaluate the anti-Mycobacterium tuberculosis 

activity by Resazurin Microtiter Assay Plate (REMA) method and the cytotoxicity by Alamar 

blue assay for essential oil of leaves and pure compounds (6,7-dehydroroyleanone and 

9β,13β-epoxy-7-abietene) isolated from Tetradenia riparia. The result of this work is 

presented in the article, "Anti-Mycobacterium tuberculosis activity and cytotoxicity of 

essential oil and pure compounds isolated from Tetradenia riparia (Hochst.) Codd 

(Lamiaceae)". The minimal inhibitory concentration (MIC) found for the essential oil of T. 

riparia (OETr) and the pure compounds 6,7-dehydroroyleanone (Tr1) and 9β,13β-epoxy-7-

abietene (Tr2) were 61.5 µg/mL, 31.25 µg/mL and > 250 µg/mL, respectively. The cytotoxic 

concentration to 50% of the cells (CC50) was > 100 µg/mL for OETr and Tr1 and SI values 

were > 1.6 and > 3.2 for OETr and Tr1, respectively. Our study found that the EOTr and Tr1 

showed anti-M. tuberculosis activity and it encourage us to consider these compounds as 

promising candidate for additional studies as anti-TB drugs. 

Keywords: Mycobacterium tuberculosis. Tetradenia riparia. Antimicrobial activity. 

Citotoxicity. 
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CAPÍTULO I 

 

1. INTRODUÇÃO 

 

1.1 Tuberculose 

 

A tuberculose (TB) é uma doença infectocontagiosa causada por bacilos do complexo 

Mycobacterium tuberculosis (Mycobacterium tuberculosis, Mycobacterium bovis, 

Mycobacterium africanum, Mycobacterium microti, Mycobacterium pinnipedii, 

Mycobacterium caprae e Mycobacterium canettii), sendo Mycobacterium tuberculosis a 

espécie mais importante clinicamente. Apesar de seu principal agente causador, M. 

tuberculosis, ter sido descoberto em 1882, a TB ainda hoje é um grave problema de saúde 

pública mundial. Afeta geralmente os pulmões, mas também pode ocorrer em outros órgãos 

do corpo e provocar problemas de saúde entre milhões de pessoas a cada ano1. A apresentação 

da TB na forma pulmonar, além de ser mais frequente, é também a mais relevante para a 

saúde pública, pois é a forma pulmonar, especialmente a bacilífera, a responsável pela 

manutenção da cadeia de transmissão da doença2. 

Seu desenvolvimento e evolução são dependentes de fatores como aglomerados 

humanos, a desnutrição e a baixa resistência imunológica, estando este último fator 

intimamente relacionado com casos de infecção provocada pelo vírus da imunodeficiência 

humana (HIV). Indivíduos co-infectados com HIV e M. tuberculosis possuem 26 vezes mais 

chances de desenvolver a TB1. 

A TB é uma doença curável em aproximadamente 100 % dos casos, desde que o 

bacilo seja sensível aos medicamentos anti-TB e que sejam obedecidos os princípios básicos 

da poliquimioterapia medicamentosa e a adequada operacionalização do tratamento. A 

associação medicamentosa adequada, a dosagem correta e o uso por tempo suficiente são 

importantes para o tratamento e evitam a persistência bacteriana e o desenvolvimento de 

resistência aos fármacos, assegurando a cura do paciente2.  
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1.2 Epidemiologia da tuberculose 

 

Em 2014, ocorreram 9,6 milhões de novos casos de TB, sendo 5,4 milhões em 

homens; 3,2 milhões em mulheres e 1,0 milhões em crianças. Globalmente, estima-se que no 

mesmo ano ocorreram 1,5 milhões de mortes por TB (1,1 milhões dentre pessoas HIV-

negativas e 390.000 casos entre pessoas HIV-positivas). Segundo a Organização Mundial de 

Saúde (OMS), o número de mortes por TB é inaceitavelmente elevado, pois com um 

diagnóstico precoce e tratamento correto, quase todos os indivíduos com a doença podem ser 

curados1. 

O Brasil está entre os 22 países que concentram 80 % da TB mundial. Em 2014, foram 

notificados 81.512 casos no Brasil e taxa de mortalidade de 2,6/100.000 habitantes, com 

prevalência de 52/100.000 hab. A TB e a AIDS (Síndrome da Imunodeficiência Adquirida) 

estão como uma das principais causas de morte no mundo. O número de mortes por HIV em 

2014 foi estimado em 1,2 milhões, sendo que 390.000 casos foram atribuídos a TB1. 

 

1.3 Tratamento 

 

O primeiro antimicrobiano efetivo no tratamento da TB foi a estreptomicina (SM), 

introduzida em 1944. Na primeira linha de fármacos anti-TB mais eficaz, a isoniazida (INH) 

tornou-se disponível em 1952, a rifampicina (RIF) em 1965, o etambutol (ETB) passou a 

integrar a terapia da TB em 1968 e a pirazinamida (PZA), apesar de sintetizada em 1936, só 

passou a compor a poliquimioterapia da doença em 1970. A partir da década de 80 foi 

recomendado para casos novos de TB o uso de isoniazida (INH), rifampicina (RIF), 

pirazinamida (PZA) e etambutol (EMB)3. Devido ao aumento dos casos de resistência aos 

medicamentos utilizados, o Ministério da Saúde propôs um novo sistema de tratamento da 

TB, implementado a partir do segundo semestre de 2009, passando a adotar a formulação de 

quatro fármacos (INH, RIF, PZA e EMB) em um único comprimido (dose fixa combinada) 

como estratégia para aumento de adesão ao tratamento e facilidade operacional pela redução 

do número de comprimidos a serem ingeridos4. 

Em 1993, a OMS declarou a TB estado de emergência mundial, passando a 

recomendar a estratégia DOTs (Directly Observed Treatment Short-Course) como resposta 

global para o controle da doença. O tratamento diretamente observado (TDO), onde o 

profissional treinado passa a observar a tomada da medicação do paciente desde o início do 
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tratamento até a sua cura, é um elemento chave dessa estratégia, que visa ao fortalecimento da 

adesão do paciente ao tratamento e à prevenção do aparecimento de cepas resistentes aos 

medicamentos, reduzindo os casos de abandono e aumentando a probabilidade de cura5. Após 

isso, o Brasil sinalizou sua posição frente às novas perspectivas do problema com marcos 

pontuais, como o Plano Emergencial para Controle da Tuberculose, lançado em 1994 pelo 

Ministério da Saúde6. O Programa Nacional de Controle da Tuberculose (PNCT) é integrado 

na rede de Serviços de Saúde e está subordinado a uma política de programação das suas 

ações com padrões técnicos e assistenciais bem definidos, garantindo desde a distribuição 

gratuita de medicamentos e outros insumos necessários até ações preventivas e de controle do 

agravo objetivando reduzir a morbidade, mortalidade e transmissão da TB7. 

 

1.4 Resistência aos fármacos anti-TB 

 

A seleção e a propagação de isolados de M. tuberculosis resistentes aos fármacos 

clássicos usados na terapia anti-TB, diminuem a eficácia do tratamento e comprometem os 

avanços no controle da TB8, o que torna a doença um grande problema de saúde pública em 

muitos países1.  

Os bacilos resistentes a pelo menos INH e RIF são denominados multidroga resistente 

(MDR). Nestes casos, os indivíduos portadores de bacilos MDR (TB-MDR) devem ser 

tratados com medicamentos de segunda linha (amicacina, canamicina, ou capreomicina). 

Estes pacientes apresentam mais efeitos colaterais causados pelos medicamentos e de forma 

geral este esquema terapêutico é mais caro e exige regimes duradouros de 18 a 24 meses. No 

entanto, estes fármacos são menos eficazes do que os de primeira linha, além de apresentar 

taxa de cura de 50 % a 60 %, em comparação com 95 % a 97 % quando da utilização do 

esquema padrão9. Os pacientes portadores de TB extensivamente resistente (TB-XDR) 

apresentam uma forma de TB em que o bacilo é resistente a INH, RIF, a uma fluoroquinolona 

e a um fármaco de segunda linha injetável. Estima-se que 9,7 % dos indivíduos com TB-

MDR são TB-XDR1. 

 

1.5 Tetradena riparia (Lamiaceae) 

 

A família Lamiaceae, pertencente ao grupo das angiospermas, é rica em espécies 

aromáticas usadas como ervas culinárias, medicamentos populares e aromas perfumados10. 



15 

 

Inclui cerca de 300 gêneros e 7 500 espécies. São exemplos dessa família as espécies mirra 

(Tetradenia riparia)11, alecrim (Rosmarinus sp.), sálvia (Salvia sp.), orégano (Origanum sp.), 

tomilho (Thymus sp.), manjericão (Ocimum sp.), manjerona (Marjorana sp.), menta (Mentha 

sp.), segurelha (Satureja sp.), dentre outras12.  

Tetradenia riparia (Hochst.) é uma importante planta medicinal nativa do sul da 

África, anteriormente conhecida como Iboza riparia. Porém, após minuciosos estudos, a 

posição sistemática dessa espécie foi revista e verificou-se que as características apresentadas 

pelos exemplares se adequavam ao gênero Tetradenia, modificando a denominação para 

Tetradenia riparia13. Essa espécie é tradicionalmente utilizada na África do Sul no tratamento 

de tosse, hidropisia, diarreia, febre, dores de cabeça, dores de dente, malária, tosse e dores de 

garganta. Suas folhas são também utilizadas no tratamento de hemoptise10.  

Em toda a África e Madagascar, espécies de Tetradenia são utilizadas medicinalmente 

devido à presença de óleos essenciais14. A produção de óleos essenciais nas plantas está 

geralmente associada à presença de glândulas secretoras especializadas, tais como tricomas 

glandulares, ductos de óleo e resinas15. Os óleos essenciais são misturas complexas de 

substâncias voláteis, lipofílicas, geralmente odoríferas e líquidas, estão relacionados com 

diversas funções necessárias à sobrevivência vegetal e exercem importante papel na defesa 

contra micro-organismos16.  

 

1.6 Atividade antimicrobiana de Tetradenia riparia 

 

Vários estudos já relataram as propriedades antimicrobianas de extratos de T. riparia. 

Van Puyvelde et al. (1994)17 verificaram atividade anti-M. tuberculosis de extrato bruto de 

folhas de T. riparia com concentração inibitória mínima (CIM) de 500 µg/mL. Njau et al. 

(2014)18 observaram atividade antimicrobiana de extratos de T. riparia contra Escherichia 

coli, Staphylococcus aureus e Enterococcus faecalis com CIM variando de 1,25 a 5,00 

mg/mL. Ndamane et al. (2013)19 verificaram propriedade antimicrobiana de diferentes 

extratos de T. riparia contra S. aureus, Staphylococcus epidermidis, Bacillus cereus, 

Micrococcus kristinae, E. faecalis, E. coli, Pseudomonas aeruginosa, Shigella flexneri, 

Klebsiella pneumoniae e Serratia marcescens em concentrações que variam de 1,0 a 10,0 

mg/mL. 

Na literatura, o óleo essencial de T. riparia apresenta moderada atividade 

antimalárica20, atividade repelente contra Anopheles gambiae21 e propriedade inseticida22. 

Gazim et al. (2010)11 verificaram boa atividade antimicrobiana do óleo essencial de T. riparia 
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contra S. aureus, B. subtilis e C. albicans com valores de CIM variando de 15,6 a 31,2 µg/mL, 

7,8 a 15,6 µg/mL e 31,2 a 62,4 µg/mL, respectivamente. Em outro estudo, Gazim et al. 

(2011)23 verificaram alta atividade acaricida do óleo essencial de T. riparia contra o carrapato 

Rhipicephalus (Boophilus) microplus. Melo et al. (2015)24 verificaram a atividade do óleo 

essencial de T. riparia contra bactérias cariogênicas apresentado valores de CIM entre 31,2 e 

500 µg/mL.  

O óleo essencial de T. riparia é uma mistura complexa de terpenóides, entre 

monoterpenos, sesquiterpenos e diterpenos (hidrocarbonetos ou oxigenados), sendo os 

sesquiterpenos oxigenados a classe mais representativa da sua composição11. Segundo Van 

Dunkel et al. (1990)22 o óleo essencial de T. riparia possui aproximadamente 200 

componentes.  

Os terpenos frequentemente são chamados de compostos isoprenóides e são 

classificados de acordo com o número de unidades de isopreno que os mesmos contêm, entre 

monoterpenos, sesquiterpenos, diterpenos, sesterpenos, triterpenos e tetraterpenos25. Muitos 

são os estudos que demonstram atividade antimicobacteriana de terpenóides de plantas. Em 

revisão realizada por Cantrell et al. (2001)26 observou-se atividade moderada a significante de 

110 derivados terpenóides de plantas, contra M. tuberculosis. 

Roileanonas são diterpenos do tipo abietano tricíclicos com uma porção 

hidroxiquinona, vastamente distribuída através da família Lamiaceae27. Entre os diterpenos 

dessa classe, o 6,7-dehidroroileanona (Figura 1) apresenta atividade anti-M. tuberculosis 

relatada na literatura. Rijo et al. (2010)27 verificaram atividade inibitória dessa substância, 

isolada de Plectranthus grandidentatus, para o crescimento de M. tuberculosis sensível e 

MDR, com CIM de > 25 e ≤ 12,5 µg/mL, respectivamente. Essa mesma substância também 

apresentou atividade contra o cupim Reticulitermes speratus28. Segundo Gazim et al. (2014)29 

o diterpeno 6,7-dehidroroileanona apresenta alto potencial antioxidante. Outro diterpeno, 

9β,13β-epoxi-7-abieteno, isolado do óleo essencial de T. riparia, foi primeiramente descrito 

por Gazim et al. (2014)29 (Figura 2). 
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Figura 1: Estrutura química do 6,7-dehidroroileanona 29. 

 

 

Figura 2: Estrutura química do 9β,13β-epoxi-7-abieteno29. 

 

Outro diterpeno isolado de folhas de T. riparia, 8(14),15-sandaracopimaradieno-

7α,18-diol, apresentou importante atividade antimicrobiana contra B. subtilis e Streptococcus 

pyogenes com CIM de 12,5 µg/ml. Também apresenta atividade contra algumas bactérias 

Gram-negativas, como Proteus vulgaris, Shigella dysenteriae e Pseudomonas solanacearum 

com CIM de 25 µg/mL30.  

 

 

1.7 Óleos essenciais com atividade anti-Mycobacterium tuberculosis  

 

Estudo realizado por Araujo et al. (2014)31, avaliaram atividade anti-M. tuberculosis 

de três óleos essenciais (Annona sylvatica, Trichilia silvatica e Schinus tereebinthifolius) e 
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observaram CIM > 250 µg/mL. Recentemente, Andrade-Ochoa et al. (2013)32 reportaram 

atividade antimicobacteriana do óleo essencial de Cuminum cymium (cominho), Eugenia 

caryophyllata (alho), Cinnamomum verum (canela), Laurus nobilis (louro) e Pimpinella 

anisum (anis), sendo os óleos de cominho e canela os mais ativos contra M. tuberculosis 

(CIM 12,5 µg/mL), seguido do óleo essencial de alho (CIM 25 µg/mL) e de louro e anis (CIM 

100 µg/mL). A diferença na ação antibacteriana dos óleos essenciais pode ocorrer devido a 

complexidade de sua constituição química, estando relacionada com a presença de uma 

substância ativa ou um conjunto delas33.  

 

1.8 Concentração inibitória mínima (CIM) 

 

O método Resazurin Microtiter Assay Plate (REMA) consiste em uma modificação da 

técnica Microplate Alamar Blue Assay (MABA) previamente descrita por Collins & 

Franzblau (1997)34 e realizada por Palomino et al. (2002)35. Com esta técnica é possível 

determinar a CIM de compostos capazes de inibir a proliferação bacteriana. Utiliza como 

revelador de crescimento bacteriano a resazurina, um corante de oxido-redução que em sua 

forma oxidada apresenta cor azul e não fluorescente e quando reduzido a resofurina apresenta 

cor rosa e altamente fluorescente. Posteriormente, a resofurina é reduzida para hidroresofurina 

(incolor e não fluorescente)36.  

 

1.9 Determinação da citotoxicidade in vitro 

 

A determinação da citotoxicidade in vitro é um procedimento importante na pesquisa 

de substâncias menos tóxicas e seletivas com atividade antimicrobiana. É fundamental que a 

substância estudada atue seletivamente contra a bactéria, porém seja inócua ou pouco tóxica 

ao hospedeiro37. Para a leitura de viabilidade celular podem ser utilizados diversos corantes, 

dentre eles resazurina38, sulforrodamina B (SRB)39, brometo de 3-(4,5-dimetiltiazol-2-il)-2,5-

difenil-tetrazólio (MTT)40, 2,3-bis(2-metóxi-4-nitro-5-sulfofenil)-2H-tetrazolium-5-

carboxanilide (XTT)41 e 3-(4,5-dimetiltiazol-2-il)-5-(3-carboximetoxifenil)-2-(4-sulfofenil-

2Htetrazólico (MTS)42. 

O indicador de oxidação-redução Alamar Blue® tem sido usado para a determinação 

colorimétrica da viabilidade e proliferação das células. Consiste em um ensaio simples 

comparado com outros métodos para avaliar a viabilidade celular, além de reprodutível, 
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econômico e não-tóxico. A forma oxidada do Alamar Blue entra no citosol, é convertida por 

enzimas mitocondriais e a coloração do meio muda de azul para rosa fluorescente nas células 

viáveis43. 

Diferentes tipos de ensaios foram desenvolvidos e são utilizados para a medição da 

viabilidade ou a citotoxicidade in vitro. Em ensaios para avaliar a citotoxicidade de óleos 

essenciais extraídos de plantas, algumas linhagens celulares como macrófagos J774.A144, 

macrófagos J774.G845 células de primata Vero46 e macrófagos peritoneais murinos41,44 tem 

sido usadas por inúmeros autores.  

Para estimar uma possibilidade de relação entre o ensaio in vitro e a passagem segura 

para ensaio in vivo de compostos sintéticos ou naturais foi determinado o Índice de 

Seletividade (IS). IS é determinado pela razão da concentração do composto que é capaz de 

permitir a viabilidade de 50% dos macrófagos (CC50) sob o valor da CIM encontrada47. Orme 

(2001)48 considera promissoras para o desenvolvimento de fármacos anti-TB, substâncias que 

apresentam IS ≥ 10. A determinação da citotoxicidade é chave na descoberta de substâncias 

promissoras anti-tuberculose, e estudos de selectividade devem ser realizados no processo de 

descoberta49. 

 

2. JUSTIFICATIVA 

 

O aumento da resistência de M. tuberculosis aos fármacos disponíveis, associado à 

carência de novos medicamentos para o tratamento da doença torna-se uma preocupação 

mundial e mostra a necessidade de estudos à procura de novos fármacos para o tratamento da 

TB. Diante disso, o interesse no estudo da composição de extratos de plantas e ação de 

substâncias puras, bem como, de fitoterápicos tem aumentado expressivamente nos últimos 

anos. Uma vez determinada a seletividade e atividade de determinada substância, a mesma 

poderá servir como modelo para síntese de substâncias análogas mais potentes e seletivas, que 

podem ser obtidas mais facilmente e talvez a custos menores. Isto sem dúvida tem motivado 

muitas indústrias farmacêuticas a investir em estudos envolvendo plantas. 

Os óleos essenciais obtidos de T. riparia já se mostraram promissores em ação 

antimicrobiana13,32. Porém, até o momento não existe um estudo da ação deste óleo em M. 

tuberculosis. Nesse sentido, propomos avaliar a ação anti-M. tuberculosis do óleo essencial e 

de duas das substâncias puras obtidas a partir do óleo daquela espécie, na procura de novos 

candidatos a fármacos para estudos adicionais. 
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3. OBJETIVOS  

 

3.1. Objetivo Geral 

 

Avaliar a atividade anti-Mycobacterium tuberculosis e a ação citotóxica do óleo 

essencial e substâncias puras de folhas de Tetradenia riparia. 

 

3.2. Objetivos Específicos 

 

- Determinar a CIM do óleo essencial e das substâncias pura 6,7-dehidroroileanona e 9β, 13β-

epoxi-7-abieteno obtidas de folhas de T. riparia frente à cepa de referência M. tuberculosis 

H37Rv (ATCC 27294), utilizando a técnica de REMA; 

- Determinar a CIM, dos compostos que apresentarem melhor atividade, frente aos isolados 

clínicos de M. tuberculosis sensíveis e resistentes aos fármacos anti-TB, utilizando a técnica 

de REMA; 

- Avaliar a citotoxidade in vitro do óleo essencial e das substâncias pura 6,7-

dehidroroileanona e 9β, 13β-epoxi-7-abieteno em macrófagos peritoneais murino; 

- Determinar o Índice de Seletividade (IS) do óleo essencial e das substâncias pura 6,7-

dehidroroileanona e 9β, 13β-epoxi-7-abieteno. 
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ABSTRACT 

Ethnopharmacological relevance: Tetradenia riparia (Lamiaceae) has antimicrobial, 

antimalarial, repellent, acaricidal, antileishmanial and insecticidal activities reported and has 

been traditionally used in popular medicine for treatment of some diseases. In Uganda, the 

leaves of T. riparia are used by tradicional medicine practioners to treat tuberculosis (TB).  

Aim of the study: We aimed to evaluated the in vitro anti-Mycobacterium tuberculosis 

activity and cytotoxicity of essential oil and pure compounds isolated from leaves of T. 

riparia. 

Materials and methods: We evaluated the in vitro anti-M. tuberculosis activity of essential oil 

and two pure compounds from leaves of T. riparia by resazurin microtiter assay plate 

(REMA). The cytotoxic activity was evaluated in murine peritoneal macrophages by Alamar 

Blue assay. Results were expressed as median concentration cytotoxicity (CC50) and the 

selectivity index (SI) was calculated. 

Results: The essential oil (EOTr), 6,7-dehydroroyleanone (Tr1) and 9β, 13β- epoxy-7-

abietene (Tr2) showed anti-M. tuberculosis H37Rv activity with MIC (minimal inhibitory 

concentration) values of 62.5 µg/ml, 31.2 µg/ml and > 250 µg/mL, respectively. The EOTr 

and Tr1 exhibited activities against resistant and susceptible M. tuberculosis clinical isolates 

with MIC values from 31.2 to 62.5 µg/ml. The cytotoxicity results showed a selectivity index 

> 1.6 and > 3.2 for EOTr and Tr1, respectively. 

Conclusions: Our study found that the EOTr and Tr1 showed anti-M. tuberculosis activity 

and it encourage us to consider these compounds as promising candidate for additional studies 

as anti-TB drugs.  

Keywords: Mycobacterium tuberculosis. Tetradenia riparia. Essential oil. Antimycobacterial 

activity. Cytotoxicity. 
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1. Introduction 

 

Tuberculosis (TB) is a global health problem and ranks alongside the human 

immunodeficiency virus (HIV) as a leading cause of death worldwide. It was estimated, in 

2014, there were approximately 9.6 million new TB cases and 1.5 million deaths (WHO, 

2015). The global resurgence of TB and the development of drug resistance, multidrug-

resistant (MDR) and extensively drug-resistant (XDR) Mycobacterium tuberculosis isolates is 

a threat to TB control, which demands the urgent development of new and more effective 

anti-TB drugs (Askun et al., 2013).  

Natural products with biological activity have stimulated studies with plants (Graham 

et al., 2003). Plants and other natural materials have proved to be valuable sources of useful 

new antimycobacterial active molecules (Seidel and Taylor, 2004). Tetradenia riparia 

(Hochst.) Codd, a member of the Lamiaceae family, is known as “false myrrh” and is an 

important medicinal plant used in the native medicine in Rwanda (Africa) to treat a wide 

range of diseases (Phillipson and Steyn, 2008; Gazim et al., 2010; Van Puyvelde et al., 1986; 

Van Puyelde et al., 1994). In Rwanda, people cultivate and used for a variety of diseases as 

malaria, angina, yaws, helminths, gastroenteritis, dental abcesses and other disorders 

(Puyvelde et al., 1986). In Uganda, this plant is used to by tradicional medicine practioners 

(TMPs) to treat TB (Bunalema et al., 2014). 

Tosun et al. (2004) reported the antymicobacterial activity of four plants from the 

Lamiaceae family. Several studies have reported activities of extracts obtained from T. riparia 

as antimicrobial (Boyli and Puyvelde, 1986; Van Puyvelde et al., 1994; Ndamane et al., 2013; 

Njau et al., 2014) and ascaricidal activities (Peter and Deogracious, 2006).  

The pharmaceutical properties of aromatic plants are partially attributed to essential 

oils which are natural, complex, multi-component systems composed of terpenes, together 

with some non-terpenes (Edris, 2007). In studies with essential oil from T. riparia, it showed 

antimalarial (Campbell et al., 1997), repellent against Anopheles gambiae (Omolo et al., 

2004), acaricidal (Gazim et al., 2011), antileishmanial (Demarchi et al., 2015; Cardoso et al., 

2015) and insecticidal (Dunkel et al., 1990) activities.  

The antimicrobial activity of essential oil from T. riparia (EOTr) has been reported. 

Recently, Melo et al. (2015) found the essential oil of T. riparia activity against cariogenic 

bacteria Streptococcus mutans, Streptococcus mitis, Lactobacillus casei, Streptococcus 

sanuinis, Streptococcus sobrinus and Streptococcus salivarus with MIC values between 31.2 

to 500 μg/mL. Gazim et al. (2010) verify good antimicrobial activity of essential oil of T. 
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riparia against S. aureus, Bacillus subtilis and the pathogenic fungus Candida albicans with 

MIC values ranging from 15.6 to 31.2 μg/mL, 7.8 to 15.6 μg/mL and 31.2 the 62.4 μg/mL, 

respectively. In another study, York et al. (2012) showed the antimicrobial activity of 

essential oil from T. riparia against Cryptococcus neoformans (MIC 0.83 mg/mL), Klebsiella 

pneumoniae (4 mg/mL), Moraxella catarrhalis (5.33 mg/mL), Mycobacterium smegmatis 

(not susceptible at highest concentration tested) and Staphylococcus aureus (8 mg/mL). 

According to Gazim et al. (2010), the EOTr is a complex mixture of terpenoids, 

including monoterpenes, sesquiterpenes and diterpenes (hydrocarbons or oxygenated), the 

most representative class. In addition, Gazim et al. (2014) reported 6,7-dehydroroyleanone 

(Tr1) and 9β,13β-epoxy-7-abietene (Tr2), new natural products, isolated from EOTr. The Tr1 

have antitermitic and antioxidant activities reported (Kusumoto et al., 2009; Gazim et al., 

2014). Rijo et al., 2010 showed anti-M. tuberculosis activity of 6,7-dehydroroyleanone 

isolated from Plectranthus grandidentatus (Rijo et al., 2010).  

Then, in the light of the increase of M. tuberculosis resistant to the available drugs 

associated with lack of new drugs for the treatment of the disease the present study aimed to 

determine the anti-M. tuberculosis activity and cytotoxicity of EOTr and pure compounds 

(Tr1 and Tr2) obtained from leaves of T. riparia. 

 

 

2. Methods and Materials  

 

2.1. Extraction and fractionating of essential oil from Tetradenia riparia 

 

Leaves of T. riparia were collected in Umuarama, Parana, Brazil (−23°45'59 S, 

−53°19'30 W, 391 m). A voucher specimen was authenticated and deposited at the herbarium 

of the University Educational Paranaense (HEUP), under number 2502. The leaves were 

manually collected early in the morning, from 7:30 to 9:30, and the Essential oils were 

obtained from fresh leaves by hydrodistillation using a Clevenger-type apparatus and dried by 

Na2SO4. For the fractionating, 2g of essential oil of T. riparia was subjected to column 

chromatography with silica and eluted with pentane, pentane-dichloromethane (9:1, 8:2, 7:3 

to 1:1), dichloromethane-pentane (3:7); dichloromethane, diclometano-methanol (9:1, 7:3 to 

1:1) and methanol, which yielded 29 fractions. The essential oil was identified by GC-MS and 

GC-FID analysis and the fractions 16 and 17 were identified by 1H, 13C, DEPT, HSQC, 

HMBC and NOESY. Fraction 16 was elucidated as 9β,13β-epoxy-7-abietene (Tr2) and the 
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fraction 17 was elucidated as 6,7-dehydroroyleanona (Tr1), respectively (Gazim et al., 2014). 

The essential oil and two pure compounds isolated from T. riparia were used to evaluate the 

anti-M. tuberculosis activity and cytotoxicity. 

 

2.2. Mycobacterial reference strain and clinical isolates 

 

M. tuberculosis H37Rv (ATCC 27294) and 21 M. tuberculosis clinical isolates (eight 

susceptible, seven resistant to INH and six multidrug resistance (MDR) were used in the 

study. All clinical isolates were from the mycobacterial collection of the Laboratory of 

Medical Bacteriology, State University of Maringa, Parana, Brazil. 

 

2.3. Mycobacterial Inoculum 

 

The reference strain and clinical isolates were grown in Middlebrook 7H9 broth 

medium supplemented with oleic acid, albumin, dextrose and catalase (OADC) Enrichment 

(BBL/Becton-Dickinson, Sparks, MD, USA) for 15 days at 36 °C. Standardized inoculums, 

by visual comparison of turbidity equivalent to McFarland scale 1 (3x108 CFU/mL), were 

prepared for each isolate and diluted 1:20 in Middlebrook 7H9 supplemented with OADC 

Enrichment.  

 

2.4. Determination of Minimal Inhibitory Concentration (MIC) 

 

The anti-M. tuberculosis activity of the EOTr and pure compounds were determined in 

triplicate and by three independent Resazurin Microtiter Assay Plate (REMA) (Palomino et 

al., 2002). The assays were performed in 96-well sterile microplates. Firstly, stock solutions 

of the EOTr, Tr1 and Tr2 were prepared in Dimethyl sulfoxide (DMSO, SIGMA - Aldrich). 

After, two fold serial dilutions of EOTr, Tr1 and Tr2 to obtain final concentrations ranging 

from 250 to 0.98 µg/mL were prepared in Middlebrook 7H9 broth supplemented with OADC 

Enrichment. Then, 100 µL of the each standardized mycobacterial inoculum was added to 

each well of the microplate. The microplates were sealed and incubated at 36 ºC in normal 

atmosphere for 7 days. After this period, 30 µL of 0.02 % resazurin solution (Acros, Morris 

Plains, NJ, USA) were added to each well and the plates were reincubated at 36 ºC for 24 h 

for subsequent visual reading. A color change from blue to pink indicated mycobacterial 
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growth and the MIC was interpreted as the lowest concentration that prevented the color 

change. Medium, drug sterility and bacterial growth with and without 2.5 % (v/v) DMSO 

controls were included in all tests. Isoniazid (SIGMA - Aldrich) was used as the reference 

drug at concentrations from 1.0 to 0.007 µg/mL.  

 

2.5. Cytotoxicity assay on murine peritoneal macrophages 

 

Cytotoxicity colorimetric assay was assessed on murine peritoneal macrophages with 

Alamar Blue according to the manufacturer’s instructions. Initially, the macrophages was 

isolated from peritoneal cavity of BALB/c male mice with cold RPMI 1640 medium (pH 7.2, 

supplemented with 10 % fetal bovine serum) and were plated (1.0x106 cells/well) and 

incubated for 1 h at 37 °C in a humidified 5 % CO2 atmosphere. After 2 h of incubation, the 

culture was washed with RPMI and the EOTr and Tr1 solubilized in DMSO were added at 

different concentrations (0.39 to 100 µg/mL) and incubated for 72 h at 37 °C and 5% CO2. 

After the incubation period, culture supernatant was removed and added 200 µL of PBS 

containing 22 µL of Alamar Blue. The cell viability was measured by fluorimetry (Spectra 

Max GEMINI XPS-Molecular Devices, Silicon Valley, USA) with excitation at 560 nm and 

590 nm emission after 3 h of incubation. This trial was conducted at the Instituto Oswaldo 

Cruz (FIOCRUZ, Rio de Janeiro). The selectivity index (SI) was determined by the 

CC50/MIC ratio for each compound tested (Protopopova, 2005). 

 

 

3. Results 

 

The EOTr and Tr1, showed activity against M. tuberculosis H37Rv (ATCC 27294) 

with MIC values 62.5 µg/mL and 31.2 µg/mL, respectively. The Tr2 compound showed low 

activity against M. tuberculosis H37Rv (MIC > 250 µg/mL) and it was not tested in the 

clinical isolates (Table 1). 
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Table 1 

Anti-Mycobacterium tuberculosis H37Rv (ATCC 27294) activity of essential oil (EOTr) and 

pure compounds (Tr1) isolated from Tetradenia riparia. 

Essential oil and pure 

compounds 
MIC (µg/mL) 

 H37Rv 

EOTr 62.5 

Tr1 31.2 

Tr2 >250 

INH 0.06 

MIC: Minimum Inhibitory Concentration. INH: isoniazid. 

 

The antimycobacterial activity of EOTr and Tr1 against susceptible and resistant M. 

tuberculosis clinical isolates are shown in Table 2 with MIC values ranged between 31.2 and 

62.5 µg/mL, respectively. 
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Table 2 

Minimal inhibitory concentration  (MIC) of isoniazid, essential oil (EOTr) and 6,7-

dehydroroyleanone (Tr1) isolated from Tetradenia riparia against Mycobacterium 

tuberculosis clinical isolates. 

Isolates Resistance 
MIC µg/mL 

INH        EOTr Tr1 

13638 Susceptible 0.03 62.5 31.2 

TB27 Susceptible 0.03 62.5 31.2 

47S Susceptible 0.03 62.5 31.2 

4851 Susceptible 0.03 62.5 31.2 

24 Susceptible 0.03 62.5 31.2 

01F Susceptible 0.03 62.5 31.2 

02F Susceptible 0.03 62.5 31.2 

03F Susceptible 0.03 62.5 31.2 

3614 INHR, RIFR, EMBR, SMR, ETHR 4 62.5 31.2 

73ª INHR, RIFR 4 31.2 31.2 

71ª INHR, RIFR 4 62.5 31.2 

04F INHR 4 62.5 31.2 

12F INHR, RIFR 8 31.2 31.2 

14F INHR 8 31.2 31.2 

16F INHR 8 31.2 31.2 

23F INHR 4 62.5 31.2 

26F INHR 8 31.2 31.2 

45F INHR, RIFR 8 62.5 31.2 

57F INHR 4 62.5 31.2 

19 INHR, RIFR, EMBR 2 62.5 31.2 

91 INHR, SMR 2 62.5 31.2 

R Resistant; INH: isoniazid, EMB: ethambutol; RIF: rifampicin; SM: streptomycin; PZA: 

pyrazinamide; ETH: Etionamide. 

 

In cytotoxicity assay with murine peritoneal macrophages, both the OETr and Tr1 

showed CC50 > 100 µg/mL. The values of SI were > 3.2 and > 1.6, respectively (Table 3).  
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Table 3 

Cytotoxicity and selectivity index of essential oil (EOTr) and 6,7-dehydroroyleanone (Tr1) 

isolated from Tetradenia riparia, on murine peritoneal macrophages.  

Essential oil and pure 

compound 
CC50 (µg/mL) MIC (µg/mL) SI 

EOTr >100 62.5 >1.6 

Tr1 >100 31.2 >3.2 

SI: selectivity index. 

 

 

4. Discussion 

 

Despite the advances in antibacterial chemotherapy against some microorganisms, this 

is not really true for M. tuberculosis. The number of drugs that is used to treat patients with 

TB has been the same since the beginning of chemotherapy for the disease. Complicating 

factor in the management of patients with TB has been the increased number of resistant M. 

tuberculosis clinical isolates worldwide. In this sense, the search for natural products that 

inhibit the growth of bacillus is an alternative to find new compounds with antimycobacterial 

activity and may be a new drug candidate to treat TB. 

As the EOTr have been already showed to be promising against some others bacteria, 

we evaluated the activity of EOTr and two compounds isolated from this specie of plant, 

against M. tuberculosis. In the present study, we could observe a promising anti-M. 

tuberculosis activity of the EOTr and the isolated compound Tr1. The MIC values ranged 

from 31.2 to 62.5 μg/mL.  

That we have knowledge, there is no clear definition, in the literature, about the ideal 

MIC value of essential oil against M. tuberculosis and this is the first report describing the 

anti-M. tuberculosis activity of EOTr from leaves of T. riparia. According to Bueno-Sanchez 

et al. (2009), a MIC value of essential oils to be a good candidate against mycobacteria should 

be  100 µg/mL. A MIC value range of 100 - 200 µg/mL is considered a moderate candidate. 

Thus, the MIC values of EOTr and Tr1 obtained for susceptible and resistant M. tuberculosis 

clinical isolates classify them as good candidates for additional studies as antituberculosis 

drug.  

The antimycobacterial activity reported here correlates to the reported MIC values for 

others essential oils of Lamiaceae family. Bueno-Sánchez et al. (2009) evaluated the activity 
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of essential oil from Hyptis mutabilis (Lamiaceae) and found MIC of 125 μg/mL against M. 

tuberculosis H37Rv. Similar antimycobacterial findings were obtained by Bueno et al. (2011) 

with essential oils from Salvia aratocensis (Lamiaceae) and obtained MIC values 62.5 µg/mL 

against M. tuberculosis H37Rv, ≤ 125 μg/mL for M. tuberculosis Beijing genotype strains and 

resistant strains and 79 to 397 μg/mL for nontuberculous mycobacterial isolates. 

Essential oil obtained from Anemia tomentosa var. anthriscifolia (MIC 120 µg/mL), 

Lantana trifolia L. (80 µg/mL), Lantana tucata Lindl. (100 µmL), Cuminum cymium (12.5 

µg/mL), Eugenia caryophyllata (25 µg/mL), Cinnamomum verum (12.5 µg/mL), Laurus 

nobilis (100 µg/mL), Pimpinella anisum (100 µg/mL), Cananga odorata, Swinglea glutinosa, 

Achyrocline alata (62.5 µg/mL), Piper auritum, Lippia origanoides, Lippia alba and Piper 

bogotense (MIC between 100 and 200 µg/mL), Croton cajucara Benth. (MIC 4.88 µg/mL) 

and Turnera diffusa (62.5 µg/mL) have been reported in the literature as having potential 

activities against M. tuberculosis H37Rv (Andrade-Ochoa et al., 2013; Azevedo et al., 2013; 

Bueno-Sanchez et al., 2009; Bueno et al., 2011; Julião et al., 2009 and Pinto et al., 2009). M. 

tuberculosis presents rich cell wall of mycolic acid (lipophilic) which has affinity with the 

essential oil. According to Bhardwaj et al. (2013), essential oil behaves as lipophilic entity 

and passes through the cell wall and cytoplasmic membrane, causing a disruption of the cell 

wall. 

In studies with natural products, some terpenes have already been evaluated for 

antimycobacterial activity (Cantrell et al., 2001). In some essential oils, the antimicrobial 

activity is due to presence of isoprenes such as monoterpenes, sesquiterpenes or related 

alcohols and phenols (Koroch & Zygadio, 2007). Van Puyvelde et al. (1994) also evaluated 

antimycobacterial activity of 8(14),15-sandaracopimaradiene,7α,18-diol isolated from leaves 

of T. riparia, and found MIC ranging from 25 to 100 µg/mL. This MIC value is similar to the 

diterpene (Tr1) analyzed in this study (MIC 31.25 µg/mL). Rijo et al. (2010), evaluated the 

activity of 6,7-dehydroroyleanone diterpene (Tr1), isolated from Plectranthus grandidentatus 

and found MIC values > 25 µg/mL for M. tuberculosis H37Rv and ≤ 12.50 µg/mL for only 

one MDR M. tuberculosis clinical isolate.  

Although the MIC of EOTr and Tr1 showed high value compared to the isoniazid, the 

reference drug used in this study (MIC 0.03 µg/mL for M. tuberculosis H37Rv), their MIC are 

comparable another first-line anti-TB drug, pyrazinamide with MIC 20-100 µg/mL (Higuchi 

et al., 2011). 

In the search for active compounds with therapeutic potential against M. tuberculosis 

it is important to determine if the compound has cytotoxic effects on host cells. The SI values 
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obtained by assay in vitro indicate the relative safety of the tested compounds and the ratio of 

its activity and toxicity. According to Orme (2001) and Garcia et al. (2012) a compound is 

considered promising when presenting SI ≥ 10. In our study the cytotoxicity of EOTr and Tr1 

were evaluated and the SI was determined by the CC50/MIC ratio (Protopova et al., 2005). 

The EOTr and Tr1 showed to be more selective for the bacillus than for macrophages. Both 

(EOTr and Tr1) showed CC50 > 100 µg/mL with SI >1.6 and >3.2, respectively. 

On the other hand, Demarchi et al. (2015) in studies with leishmanicidal activity and 

cytotoxicity of EOTr and Tr1 using XTT (2,3-Bis-(2-Methoxy-4-Nitro-5-Sulfophenyl)-2H-

Tetrazolium-5-Carboxanilide), found SI values of 5.67 and 0.22, respectively. Furthermore, 

Gazim et al. (2014) evaluated the cytotoxicity of EOTr and the Tr1 in tumor cell lines, HCT-8 

(ileocecal colorectal adenocarcinoma), SF-295 (Human Glioblastoma Cells) and MDA-MB-

435 (human breast carcinoma), and found high cytotoxic potential of the oil only for the two 

first cell line. The Tr1 showed to have no cytotoxic effect on the cells tested. Although the 

EOTr showed to be cytotoxic for human tumor cells, in our study, with peritoneal murine 

macrophages, the EOTr as well as the Tr1 showed low cytotoxic potential at the maximal 

concentration tested (100 µg/mL). 

In conclusion, several studies with natural products have been made to find new 

antituberculosis drugs. In our study the MIC values of EOTr and Tr1 for resistant M. 

tuberculosis clinical isolates and the reference strain were equivalent for those obtained with 

susceptible isolates. Additionaly, the Tr1 obtained from T. riparia showed to be good 

candidate for additional studies to find new anti-M. tuberculosis molecules. Also, other 

compounds in the EOTr not studied here should be evaluated apart with the objective to find 

new antimycobacterial molecules and support the traditional use of that plant in medicinal 

popular to treat respiratory infections. The results of this study encourage us to consider these 

compounds as promising candidate for anti-TB drugs.  
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CAPÍTULO III 

 

4. CONCLUSÕES 

Nossos estudos demonstraram que o óleo essencial de Tetradenia riparia e a 

substância pura 6,7-dehidroroileanona apresentaram boa atividade em Mycobacterium 

tuberculosis H37Rv (ATCC 27294) e em isolados clínicos sensíveis e resistentes aos fármacos 

anti-tuberculose com CIM de 62,5 e 31,25 µg/mL, respectivamente, sendo que o composto 

isolado (Tr1) apresentou menor citotoxicidade (IS > 3,2).  

 

5. PERSPECTIVAS FUTURAS 

São necessários estudos na área de proteômica e transcriptoma com a substância pura 

6,7-dehidroroilenona, isolada do óleo essencial de T. riparia, em M. tuberculosis para 

elucidar os efeitos desta substância no bacilo. Também o isolamento de outras substâncias 

presentes no óleo essencial é de fundamental importância para a continuidade dos estudos na 

busca de mais moléculas bioativas contra M. tuberculosis além de estudos adicionais para 

avaliar o sinergismo da substância pura 6,7-dehidroroileanona com outros fármacos 

antituberculosos (checkerboard). Adicionalmente, o grupo de pesquisa pretende realizar 

derivações da substância Tr1 para viabilizar a obtenção de uma molécula com maior atividade 

contra o bacilo e que apresente baixa citotoxicidade para células de linhagem normal humana.  
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An Interdisciplinary Journal Devoted to Indigenous Drugs 
ISSN: 0378-8741 
 
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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in an official herbarium for possible future comparison. In the text it should be stated that the 
plant name has been checked with www.theplantlist.org mentioning the data of accessing that 
website. 
In case of commercially procured material should mention the source, batch number, quality 
control data. Data on chemical characterization (metabolomics, chromatographic methods) 
should also be presented, in case of known active compounds their quantitative analysis 
should be presented. 
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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 individuals who provided help during the research (e.g., providing language 
help, writing assistance 
or proof reading the article, etc.). 
 
Math formulae 
Please submit math equations as editable text and not as images. Present simple formulae in 
line with normal text where possible and use the solidus (/) instead of a horizontal line for 
small fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers 
of e are often more conveniently denoted by exp. Number consecutively any equations that 
have to be displayed separately from the text (if referred to explicitly in the text). 
 
Footnotes 
Footnotes should be used sparingly. Number them consecutively throughout the article. Many 
word processors can build footnotes into the text, and this feature may be used. Otherwise, 
please indicate the position of footnotes in the text and list the footnotes themselves separately 
at the end of the article. Do not include footnotes in the Reference list. 
 
Artwork 
Electronic artwork 
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General points 
• Make sure you use uniform lettering and sizing of your original artwork. 
• Embed the used fonts if the application provides that option. 
• Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, 
Symbol, or use fonts that look similar. 
• Number the illustrations according to their sequence in the text. 
• Use a logical naming convention for your artwork files. 
• Provide captions to illustrations separately. 
• Size the illustrations close to the desired dimensions of the published version. 
• Submit each illustration as a separate file. 
A detailed guide on electronic artwork is available on our website: 
http://www.elsevier.com/artworkinstructions. 
You are urged to visit this site; some excerpts from the detailed information are given 
here. 
 
Formats 
If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, 
Excel) then please supply 'as is' in the native document format. 
Regardless of the application used other than Microsoft Office, when your electronic artwork 
is finalized, please 'Save as' or convert the images to one of the following formats (note the 
resolution requirements for line drawings, halftones, and line/halftone combinations given 
below): 
EPS (or PDF): Vector drawings, embed all used fonts. 
TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi. 
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 
1000 dpi. 
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a 
minimum of 500 dpi. 
 
Please do not: 
• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically 
have a low number of pixels and limited set of colors; 
• Supply files that are too low in resolution; 
• Submit graphics that are disproportionately large for the content. 
Please note that figures and tables should be embedded in the text as close as possible to 
where they are initially cited. It is also mandatory to upload separate graphic and table files as 
these will be required if your manuscript is accepted for publication. 
 
Color artwork 
Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or 
PDF), or MS Office files) and with the correct resolution. If, together with your accepted 
article, you submit usable color figures then Elsevier will ensure, at no additional charge, that 
these figures will appear in color online (e.g., ScienceDirect and other sites) regardless of 
whether or not these illustrations are reproduced in color in the printed version. For color 
reproduction in print, you will receive information regarding the costs from Elsevier 
after receipt of your accepted article. Please indicate your preference for color: in print or 
online only. For further information on the preparation of electronic artwork, please see 
http://www.elsevier.com/artworkinstructions. 
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Figure captions 
Ensure that each illustration has a caption. Supply captions separately, not attached to the 
figure. A caption should comprise a brief title (not on the figure itself) and a description of 
the illustration. Keep text in the illustrations themselves to a minimum but explain all symbols 
and abbreviations used. 
 
Tables 
Please submit tables as editable text and not as images. Tables can be placed either next to the 
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in 
accordance with their appearance in the text and place any table notes below the table body. 
Be sparing in the use of tables and ensure that the data presented in them do not duplicate 
results described elsewhere in the article. Please avoid using vertical rules. 
 
References 
Citation in text 
Please ensure that every reference cited in the text is also present in the reference list (and 
vice versa). Any references cited in the abstract must be given in full. Unpublished results and 
personal communications are not recommended in the reference list, but may be mentioned in 
the text. If these references are included in the reference list they should follow the standard 
reference style of the journal and should include a substitution of the publication date with 
"Unpublished results". "Personal communication" will not be accepted as a reference. 
Citation of a reference as "in press" implies that the item has been accepted for publication. 
 
Reference links 
Increased discoverability of research and high quality peer review are ensured by online links 
to the sources cited. In order to allow us to create links to abstracting and indexing services, 
such as Scopus, CrossRef and PubMed, please ensure that data provided in the references are 
correct. Please note that incorrect surnames, journal/book titles, publication year and 
pagination may prevent link creation. When copying references, please be careful as they may 
already contain errors. Use of the DOI is encouraged. 
 
Reference management software 
Most Elsevier journals have their reference template available in many of the most popular 
reference management software products. These include all products that support Citation 
Style Language styles (http://citationstyles.org), such as Mendeley 
(http://www.mendeley.com/features/reference-manager) and Zotero 
(https://www.zotero.org/), as well as EndNote (http://endnote.com/downloads/styles). Using 
the word processor plug-ins from these products, authors only need to select the appropriate 
journal template when preparing their article, after which citations and bibliographies will be 
automatically formatted in the journal's style. If no template is yet available for this journal, 
please follow the format of the sample references and citations as shown in this Guide.  
Users of Mendeley Desktop can easily install the reference style for this journal by clicking 
the following link: http://open.mendeley.com/use-citation-style/journal-of-
ethnopharmacology 
 
When preparing your manuscript, you will then be able to select this style using the Mendeley 
plugins for Microsoft Word or LibreOffice. 
 
Reference style 
Text: All citations in the text should refer to: 
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1. Single author: the author's name (without initials, unless there is ambiguity) and the year of 
publication; 
2. Two authors: both authors' names and the year of publication; 
3. Three or more authors: first author's name followed by 'et al.' and the year of publication. 
Citations may be made directly (or parenthetically). Groups of references should be listed first 
alphabetically, then chronologically. 
Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999). Kramer et 
al. (2010) have recently shown ....' 
List: References should be arranged first alphabetically and then further sorted 
chronologically if necessary. More than one reference from the same author(s) in the same 
year must be identified by the letters 'a', 'b', 'c', etc., placed after the year of publication. 
Examples: 
Reference to a journal publication: 
Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a scientific article. 
J. Sci. Commun. 163, 51–59. 
Reference to a book: 
Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.  
Reference to a chapter in an edited book: 
Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in: 
Jones, B.S., Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New 
York, pp. 281–304. 
 
Video data 
Elsevier accepts video material and animation sequences to support and enhance your 
scientific research. Authors who have video or animation files that they wish to submit with 
their article are strongly encouraged to include links to these within the body of the article. 
This can be done in the same way as a figure or table by referring to the video or animation 
content and noting in the body text where it should be placed. All submitted files should be 
properly labeled so that they directly 
relate to the video file's content. In order to ensure that your video or animation material is 
directly usable, please provide the files in one of our recommended file formats with a 
preferred maximum size of 150 MB. Video and animation files supplied will be published 
online in the electronic version of your article in Elsevier Web products, including 
ScienceDirect: http://www.sciencedirect.com. Please supply 'stills' with your files: you can 
choose any frame from the video or animation or make a separate image. These will be used 
instead of standard icons and will personalize the link to your video data. For more detailed 
instructions please visit our video instruction pages at 
http://www.elsevier.com/artworkinstructions. Note: since video and animation cannot be 
embedded in the print version of the journal, please provide text for both the electronic and 
the print version for the portions of the article that refer to this content. 
 
AudioSlides 
The journal encourages authors to create an AudioSlides presentation with their published 
article. AudioSlides are brief, webinar-style presentations that are shown next to the online 
article on ScienceDirect. This gives authors the opportunity to summarize their research in 
their own words and to help readers understand what the paper is about. More information 
and examples are available at http://www.elsevier.com/audioslides. Authors of this journal 
will automatically receive an invitation e-mail to create an AudioSlides presentation after 
acceptance of their paper. 
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Supplementary material 
Supplementary material can support and enhance your scientific research. Supplementary files 
offer the author additional possibilities to publish supporting applications, high-resolution 
images, background datasets, sound clips and more. Please note that such items are published 
online exactly as they are submitted; there is no typesetting involved (supplementary data 
supplied as an Excel file or as a PowerPoint slide will appear as such online). Please submit 
the material together with the article and supply a concise and descriptive caption for each 
file. If you wish to make any changes to supplementary data during any stage of the process, 
then please make sure to provide an updated file, and do not annotate any corrections on a 
previous version. Please also make sure to switch off the 'Track Changes' option in any 
Microsoft Office files as these will appear in the published supplementary file(s). For more 
detailed instructions please visit our artwork instruction pages at 
http://www.elsevier.com/artworkinstructions. 
 
Data in Brief 
Authors have the option of converting any or all parts of their supplementary or additional 
raw data into one or multiple Data in Brief articles, a new kind of article that houses and 
describes their data. Data in Brief articles ensure that your data, which is normally buried in 
supplementary material, is actively reviewed, curated, formatted, indexed, given a DOI and 
publicly available to all upon publication. Authors are encouraged to submit their Data in 
Brief article as an additional item directly alongside the revised version of their manuscript. If 
your research article is accepted, your Data in Brief article will automatically be transferred 
over to Data in Brief where it will be editorially reviewed and published in the new, open 
access journal, Data in Brief (http://www.journals.elsevier.com/data-in-brief). The open 
access fee for Data in Brief is $500. For authors who submit in 2015 a reduced fee of $250 
will apply. Please use the following template to write your Data in Brief: 
http://www.elsevier.com/dib-template. 
 
Database linking 
Elsevier encourages authors to connect articles with external databases, giving readers access 
to relevant databases that help to build a better understanding of the described research. Please 
refer to relevant database identifiers using the following format in your article: Database: 
xxxx (e.g., TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN). See 
http://www.elsevier.com/databaselinking for more information and a full list of supported 
databases. 
 
Submission checklist 
The following list will be useful during the final checking of an article prior to sending it to 
the journal for review. Please consult this Guide for Authors for further details of any item. 
Ensure that the following items are present: 
One author has been designated as the corresponding author with contact details: 
• E-mail address 
• Full postal address 
All necessary files have been uploaded, and contain: 
• Keywords 
• All figure captions 
• All tables (including title, description, footnotes) 
Further considerations 
• Manuscript has been 'spell-checked' and 'grammar-checked' 
• References are in the correct format for this journal 
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• All references mentioned in the Reference list are cited in the text, and vice versa 
• Permission has been obtained for use of copyrighted material from other sources (including 
the Internet)  
Printed version of figures (if applicable) in color or black-and-white 
• Indicate clearly whether or not color or black-and-white in print is required. 
For any further information please visit our customer support site at 
http://support.elsevier.com. 
 
AFTER ACCEPTANCE 
 
Use of the Digital Object Identifier 
The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. The 
DOI consists of a unique alpha-numeric character string which is assigned to a document by 
the publisher upon the initial electronic publication. The assigned DOI never changes. 
Therefore, it is an ideal medium for citing a document, particularly 'Articles in press' because 
they have not yet received their 
full bibliographic information. Example of a correctly given DOI (in URL format; here an 
article in the journal Physics Letters B): 
http://dx.doi.org/10.1016/j.physletb.2010.09.059 
When you use a DOI to create links to documents on the web, the DOIs are guaranteed never 
to change. 
 
Online proof correction 
Corresponding authors will receive an e-mail with a link to our online proofing system, 
allowing annotation and correction of proofs online. The environment is similar to MS Word: 
in addition to editing text, you can also comment on figures/tables and answer questions from 
the Copy Editor. Web-based proofing provides a faster and less error-prone process by 
allowing you to directly type your corrections, eliminating the potential introduction of errors. 
If preferred, you can still choose to annotate and upload your edits on the PDF version. All 
instructions for proofing will be given in the e-mail we send to authors, including alternative 
methods to the online version and PDF. 
We will do everything possible to get your article published quickly and accurately. Please 
use this proof only for checking the typesetting, editing, completeness and correctness of the 
text, tables and figures. Significant changes to the article as accepted for publication will only 
be considered at this stage with permission from the Editor. It is important to ensure that all 
corrections are sent back to us in one communication. Please check carefully before replying, 
as inclusion of any subsequent corrections cannot be guaranteed. Proofreading is solely your 
responsibility. 
 
Offprints 
 
The corresponding author, at no cost, will be provided with a personalized link providing 50 
days free access to the final published version of the article on ScienceDirect. This link can 
also be used for sharing via email and social networks. For an extra charge, paper offprints 
can be ordered via the offprint order form which is sent once the article is accepted for 
publication. Both corresponding and co-authors may order offprints at any time via Elsevier's 
WebShop (http://webshop.elsevier.com/myarticleservices/offprints). Authors requiring 
printed copies of multiple articles may use Elsevier WebShop's 'Create Your Own Book' 
service to collate multiple articles within a single cover 
(http://webshop.elsevier.com/myarticleservices/booklets). 
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AUTHOR INQUIRIES 
You can track your submitted article at http://www.elsevier.com/track-submission. You can 
track your accepted article at http://www.elsevier.com/trackarticle. You are also welcome to 
contact Customer Support via http://support.elsevier.com. 


