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R ESU M O 

O objetivo desse trabalho foi avaliar a atividade antimicrobiana, in vitro, de 

óleos essenciais e frações dos óleos de melhor atividade, contra microrganismos do 

grupo mutans em estado planctônico. Além disso, os biofilmes de Streptococcus mutans 

foram submetidos às frações ativas e os óleos de melhor atividade e frações ativas foram 

avaliados quanto à sua citotoxicidade e caracterizados quimicamente. Para isso, vinte 

óleos essenciais (OE) foram obtidos por hidrodestilação a partir de plantas pertencentes 

ao banco de germoplasmas da Coleção de Plantas Medicinais e Aromáticas 

(CPMA/CPQBA/UNICAMP). Estes OE foram avaliados quanto à sua atividade 

antimicrobiana por meio dos ensaios: concentrações inibitória (CIM) e bactericida 

mínima (CBM) contra Streptococcus mutans UA159. Controles positivo (clorexidina 

0,12 %) e negativo (propilenoglicol 6,12 % e 25 %) também foram testados. Dos vinte 

OE testados, quatro foram selecionados de acordo com os seguintes critérios: atividade 

antimicrobiana (CIM < 250 mL-1), rendimento dos OE, disponibilidade comercial, 

plantas cujo OE estivesse disponível em partes aéreas e facilidade de cultivo. As 

análises químicas foram realizadas por meio de cromatografia em camada delgada 

(CCD) e cromatografia gasosa acoplada a espectrômetria de massas (CG-EM). O 

fracionamento dos OE selecionados foi realizado e resultou na obtenção de 15 frações. 

Estas frações também foram submetidas aos ensaios antimicrobianos citados e 

selecionadas de acordo com os critérios de atividade antimicrobiana e rendimento. As 

frações ativas selecionadas (FAS) foram avaliadas quanto à sua ação em biofilme de S. 

mutans, o qual foi examinado por microscopia eletrônica de varredura (MEV) e a 

atividade antiproliferativa dessas FAS, assim como de seus respectivos OE foi avaliada 

contra linhagem de célula normal (queratinócitos humanos) e também contra linhagens 

tumorais humanas. Os valores de CIM obtidos para os vinte OE testados variaram de 
-1 -1.  O fracionamento dos OE 

selecionados (Aloysia gratissima, Baccharis dracunculifolia, Coriandrum sativum and 

Lippia sidoides) resultou em 15 frações cujos valores de CIM e CBM variaram de 15,6 
-1 -1 respectivamente. De acordo com os critérios 

citados acima, quatro frações foram selecionadas (Ag4, Bd2, Cs4 e Ls3) como frações 

ativas e analisadas por CG-EM o que mostrou a presença de terpenos (mono e 

sesquiterpenos), aldeídos e alcoóis. As FAS inibiram a formação de biofilme de S. 
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mutans em todas as concentrações testadas (p < 0,05) e isto pôde ser observado por 

MEV. A queda de pH do biofilme em presença de glicose não foi inibida por nenhuma 

das FAS. As FAS não interferiram na proliferação celular de linhagens normais, 

entretanto mostraram-se seletivas contra as linhagens tumorais avaliadas neste estudo. 

Assim, dos 20 OE avaliados, quatro mostraram-se mais promissores e o fracionamento 

desses resultou, dentre outras frações, em quatro FAS com maior atividade 

antimicrobiana aliada à capacidade de inibição de formação de biofilme de S. mutans. 

Além disso, essas mesmas frações foram capazes de inibir o crescimento de células 

tumorais o que torna estas FAS promissoras para o descobrimento de novas moléculas 

bioativas. 

 

palavras-chave: Óleos essenciais, Streptococcus mutans, Biofilme, atividade 

antiproliferativa. 
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A B AST R A C T 
 

The aim of this study was to evaluate the in vitro antimicrobial activity of 

essential oils (EO) and fractions from highest activity EO against planktonic cells of 

mutans streptococci. Besides, the biofilms formed by this microorganism were 

submitted to active fractions and the higher activity EO and active fractions were 

evaluated regarding their citotoxicity and chemically characterized. For this, twenty 

inal and Aromatic 

were evaluated by antimicrobial assays: minimum inhibitory (MIC) and bactericidal 

(MBC) concentrations against Streptococcus mutans UA159. Positive (chlorhexidine 

0.12%) and negative (propylene glycol 6.12 % and 25%) controls were also tested. 

From 20 EO tested, four were selected according to the following criteria: best 

-1), extract yield, commercial availability, EO 

extracted from aerial part of plant and easy cultivation. Thin Layer Chromatography 

(TLC) and Gas Chromatography/Mass spectrometry (GC-MS) were used for the 

phytochemical analysis. EO fractionation was done by dry column, resulting in 15 

fractions. These fractions were also submitted to antimicrobial assays and selected 

based in antimicrobial and yields criteria. The action of these selected active fractions 

(SAF) on S. mutans biofilm was evaluated and examined by Scanning Electron 

Microscopy (SEM) and their antiproliferative activity determined by antiproliferative 

assay against normal cell line (keratinocytes) and also against human cancer cell lines. 

-1, and the MBC from 

-1. The fractionation of selected EO (Aloysia gratissima, Baccharis 

dracunculifolia, Coriandrum sativum and Lippia sodoides) resulted in 15 fractions. 

-1 and 31.2 to 1000 

-1, respectively. According to the criteria adopted, four fractions were selected as 

active fractions (Ag4, Bd2, Cs4 and Ls3) and their analysis by GC-MS showed the 

presence of terpenes (mono and sesquiterpenes), aldehydes and alcohols. These SAF 

fractions inhibited the S. mutans biofilm formation at all concentrations tested (p < 0.05) 

and these were shown by SEM. Glycolytic pH drod was not inhibited by any SAF 

fraction. The SAF did not interfere on normal cell line proliferation, however showed 

active against tumor cell lines evaluated in this study. Thus, among 20 EO evaluated, 
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four showed promising properties and were fractioned. The fractionation process 

resulted in four active fractions with high antimicrobial activity and capacity to inhibit 

S. mutans biofilm formation. Moreover, these active fractions were able to inhibit 

growth of tumor cell lines which enables to classify them as a promise for discovery of 

new bioactive molecules. 

 

K ey-words: Essential oils, Streptococcus mutans, Biofilm, antiproliferative activity. 
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L IST A D E A BR E V I A T UR AS E SI G L AS1 

Ag - Óleo essencial de Aloysia gratissima (A. gratissima essential oil). Cada fração 

deste mesmo óleo possui uma numeração na posição subescrita.  

Bd - Óleo essencial de Baccharis dracunculifolia (B. dracunculifolia essential oil). 

Cada fração deste mesmo óleo possui uma numeração na posição subescrita.  

CBM (MBC)  -  Concentração bactericida mínima (Minimal bactericidal concentration). 

CCD (TLC)  -  Cromatografia em camada delgada (Thin layer chromatography). 

CIM (MIC)  -  Concentração inibitória mínima (Minimal Inhibitory concentration). 

CG-EM (GC-MS) - Cromatografia gasosa acoplada a espectrômetria de massa (Gas 

chromatography coupled to mass spectrometry). 

CPMA  Coleção de plantas medicinais e aromáticas. 

CPQBA  Centro pluridisciplinar de pesquisas químicas, biológicas e agrícolas. 

Cs - Óleo essencial de Coriandrum sativum (C . sativum essential oil). Cada fração deste 

mesmo óleo possui uma numeração na posição subescrita.  

DMSO - Dimethyl sulfoxide 

FAS (SAF)  -  Frações ativas selecionadas (Selected active fractions) 

Ls - Óleo essencial de Lippia sidoides (L. sidoides essential oil). Cada fração deste 

mesmo óleo possui uma numeração na posição subescrita.  

MEV (SEM) -  Microscopia eletrônica de varredura (Scanning Electron Microscopy) 

OE  -  Óleos essenciais  

 

 

 

                                                                                                                
1  Abreviaturas  entre  parêntesis  correspondem  à  versão  na  língua  inglesa.  
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IN T R O DU Ç Ã O  

A cárie dental representa um grande problema de saúde coletiva bucal 

(Dinelli et al., 2000; Oliveira et al., 2006), tanto no Brasil (Brasil, 1988, 1996; Dantas 

et al., 2000) como na maior parte do mundo (Weyne, 1997; Martins et al., 1999; 

Loretto et al., 2000) e esses achados são confirmados pelos resultados do último 

Saúde Bucal (SB) Brasil (Brasil, 2010). 

Dessa forma, a doença cárie continua sendo, dentro da odontologia, a 

doença de maior prevalência (Maia et al., 2007), mesmo sabendo que nas últimas 

décadas houve um avanço em relação à etiologia e à prevenção da mesma com 

especial destaque ao uso de fluoreto nas mais variadas formulações (Alves et al., 

2010). 

A cárie é uma doença infecciosa multifatorial causada pelo acúmulo de 

biofilme na superfície do dente (Marsh, 2003) e pelo consumo frequente de 

carboidratos fermentáveis (Bowen et al., 1980). Quando ocorrem alterações no pH da 

matriz do biofilme, causados pela dieta, microrganismos ou fluxo e\ou componentes 

salivares há um desequilíbrio entre o biofilme e o hospedeiro o que leva ao 

aparecimento de doenças como a cárie, cujo principal agente etiológico é o 

Estreptococos do grupo mutans (S. mutans). 

, certos tipos de placas bacterianas (ou 

biofilmes bacterianos) são consideradas odontopatogênicas, pois são colonizadas por 

cepas bacterianas capazes de determinar uma quantidade mensurável de cárie 

dentária. Estas espécies odontopatogênicas incluem S. mutans e Lactobacillus que são 

responsáveis por boa parte das lesões de cárie, embora seja possível a ocorrência de 

placa sem que haja doença, significando a presença de placa não dominada pelos 

organismos odontopatógenos (Marinho & Pereira, 1998). 

A constante presença desses microrganismos, odontopatógenos, aderidos à 

superfície dental, pode causar a desmineralização dessa superfície pela fermentação 

de carboidratos ingeridos na dieta. Estes microrganismos são considerados 

cariogênicos por produzirem ácidos orgânicos fracos a partir da sacarose 

(acidogênicos) e manterem o seu metabolismo mesmo em pHs baixos (acidúricos) 

(Lemos et al., 2005). Além disso, essas bactérias produzem polissacarídeos intra e 

extracelulares de reserva e extracelulares insolúveis, que são responsáveis pela 
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adesividade da placa bacteriana (Yoshizumi et al., 2007; Loesche, 1986; Macpherson 

et al., 1992). 

Sabendo que os produtos naturais têm contribuído significativamente na 

descoberta de estruturas químicas para o desenvolvimento de novos fármacos, que 

serão usadas como agentes inovadores na terapêutica de doenças muito prevalentes, 

como é o caso da cárie (Clardy & Wash, 2004), têm-se buscado cada vez mais 

recursos alternativos para o tratamento e controle da mesma, principalmente 

utilizando substâncias que tenham ação contra a bactéria em estado de biofilme, cuja 

configuração representa um estado de preservação da comunidade bacteriana 

organizada dessa forma, tornando-se mais difícil de ser desorganizada ou 

sensibilizada por agentes antimicrobianos (Furletti et al., 2011). 

Por isso a importância de pesquisas sobre fontes naturais de fármacos no 

Brasil, onde estão localizadas cerca de 20 % das 250 mil espécies de plantas 

medicinais catalogadas pela UNESCO (Drumond et al., 2004, Funari & Ferro 2005), 

e esta biodiversidade brasileira favorece o aproveitamento do potencial de cura desses 

vegetais para o tratamento de doenças, inclusive na odontologia.  

Apesar disso, sabe-se que apenas 8% das espécies vegetais da flora 

brasileira foram estudadas em busca de compostos bioativos e apenas 1.110 delas 

foram avaliadas quanto suas propriedades medicinais (Garcia et al., 1996). Por outro 

lado, crescimento do mercado de medicamentos fitoterápicos é da ordem de 15 % ao 

ano, enquanto que o de medicamentos sintéticos é de 3 a 4 % (Simões et al., 2003) e 

cerca de 50 % das novas drogas aprovadas por órgãos regulamentadores no mundo 

procedem direta ou indiretamente de produtos naturais,  (Butler, 2005; Newman & 

Cragg,  2007), por isso esse mercado de produtos farmacêuticos derivados de plantas 

é muito promissor, além de se constituir em uma opção terapêutica eficaz e 

apropriada. 

Entre os produtos de origem natural, as plantas aromáticas têm sido 

empregadas na medicina popular há muitos séculos (Inamul, 2004; Lakmichi et al 

2011) e destas plantas pode-se extrair óleos essenciais (OE), utilizados para proteção 

da planta e atração de polinizadores (Simões et al., 2003), sendo usados como agentes 

antimicrobianos contra bactérias Gram-positivas, Gram-negativas e fungos (Queiroga 

et al., 2006).  
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Esses OE estão presentes em quase duas mil espécies de plantas 

distribuídas em sessenta famílias (Maffei et al., 2011), relacionados com algumas 

funções necessárias à sobrevivência vegetal e 35 % dos óleos estudados exibem 

propriedades antimicrobianas (Maffei et al., 2011). No entanto, existem poucas 

pesquisas sobre a atividade inibitória de OE em bactérias causadoras da cárie (Koo et 

al., 2000), além disso, estes estudos em geral não possibilitam a reprodutibilidade, 

tendo em vista a diversidade do material natural e sua não caracterização biológica, 

química e botânica. 

Os OE são também conhecidos por óleos voláteis e são extraídos das 

plantas, sobretudo por hidrodestilação, são misturas complexas de substâncias 

voláteis, lipofílicas, que geralmente possuem certo odor e são líquidas. Possuem 

aparência oleosa à temperatura ambiente, são solúveis a solventes orgânicos apolares, 

com solubilidade limitada em água, porém suficiente para aromatizar soluções 

aquosas. 

Outra característica física dos OE é que têm sabor geralmente acre e 

picante, são incolores ou amarelados logo quando extraídos, não são muito estáveis na 

presença do ar, calor, luz, umidade e metais, a maioria possui índice de refração e são 

opticamente ativos (Sousa, 2012).  

Os OE, que são produtos do metabolismo secundário das plantas, 

apresentam toxicidade sobre alguns microrganismos, isso ocorre por causa da alta 

complexidade de sua fórmula química e da presença de grupamentos alcoóis, fenóis, 

ésteres, ácidos, aldeídos e terpenos que podem explicar sua ação bacteriostática e 

bactericida (Sousa, 2012).  

São, em sua grande maioria, derivados de terpenóides ou fenilpropanóides. 

Os terpenoides preponderam, são derivados de unidades do isopreno e os mais 

frequentes são os monoterpenos (90 % dos óleos) e os sesquiterpenos. E os 

fenilpropanóides se formam a partir do ácido chiquímico, que compõe as unidades 

básicas dos ácidos cinâmico e p-cumárico (Simões et al., 2003; Lupe, 2007; Sousa, 

2012).  

Dessa forma, cresce o interesse por produtos naturais que apresentem 

atividade antibacteriana seletiva de forma a evitar e tratar doenças bucais biofilme 

dependentes, com o mínimo de efeitos adversos e o máximo de efetividade para os 

seus usuários. Para que isso ocorra, deve-se avaliar a efetividade desses produtos 
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naturais, identificando-os, isolando-os e sintetizando os compostos biologicamente 

ativos, fazendo estudos laboratoriais in vitro, passando por estudos in vivo e por fim 

com estudos clínicos longitudinais (Ten Cate & Marsh, 1994). Por isso é importante 

que sejam feitos estudos aprofundados acerca de OE, assim como de outras fontes de 

medicamentos naturais, para tentar controlar problemas como a cárie dental, uma 

doença infecciosa biofilme dependente. 

Mesmo conhecendo a diversidade vegetal, poucas espécies têm sido 

avaliadas quanto à sua qualidade, segurança e eficácia (Simões et al., 2001; Soares et 

al., 2006; Sousa, 2012). Dessa forma, além de avaliar a atividade antimicrobiana, é 

importante saber se esses produtos naturais com efetiva atividade farmacológica não 

provocam danos às linhagens celulares humanas normais e também se possuem 

alguma toxicidade específica contra linhagens celulares tumorais, que é uma 

característica desejada, pois uma vez que os OE ou outros produtos naturais são 

fracionados, pode-se concentrar compostos com toxicidade seletiva nestas frações 

ativas (Carvalho, 2006).  

Além disso, a literatura científica vem mostrando que drogas com 

atividade antimicrobiana e/ou anti-inflamatória possuem ação antitumoral, como é o 

casos de peptídeos antimicrobianos (Suttmann et al, 2008, Roskin e Ramamoorthy, 

2008). Da mesma forma, drogas com atividade antitumoral, como é o caso da 

doxorrubicina, também têm se mostrado ativas contra algumas bactérias (Peiris and 

Oppenheim, 1993). 

Neste contexto, o presente trabalho estudou 20 plantas medicinais do 

CPQBA/UNICAMP, com o intuito de extrair delas o seu OE e testá-los contra S. 

mutans UA159, principal causadora da cárie dental (Löe, 1978; Loesche, 1986). Além 

disso, os óleos essenciais que apresentaram melhores resultados, foram fracionados 

quimicamente por coluna seca para que fossem identificadas as frações ativas 

responsáveis pelo efeito biológico. Estas frações ativas foram avaliadas em biofilme 

de S. mutans e juntamente com os óleos de melhor atividade foram quimicamente 

caracterizadas e avaliadas quanto à sua citotoxicidade em células humanas normais 

(queratinócitos) e contra linhagens celulares tumorais. 
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This study aimed to evaluate the activity of essential oils (EO) against Streptococcus mutans 

biofilm by chemically characterizing their fractions responsible for biological and 

antiproliferative activity. Twenty EO were obtained by hydrodistillation and submitted to the 

antimicrobial assay [minimum inhibitory (MIC) and bactericidal (MBC) concentrations] 

against S. mutans UA159. Thin layer chromatography and gas chromatography/mass 

spectrometry were used for phytochemical analyses. EO were selected according to pre-

determined criteria and fractionated using dry column; the resulting fractions were assessed 

by MIC and MBC, selected as active fractions, and evaluated against S. mutans biofilm. 

Biofilms formed were examined using scanning electron microscopy. Selected EO and their 

selected active fractions were evaluated for their antiproliferative activity against 

keratinocytes and seven human tumor cell lines. MIC and MBC values obtained for EO and 

their active fractions showed strong antimicrobial activity. Chemical analyses mainly showed 

the presence of terpenes. The selected active fractions inhibited S. mutans biofilm formation 

(p < 0.05), did not affect glycolytic pH drop and were inactive against keratinocytes, normal 

cell line. In conclusion, EO showed activity at low concentrations and their selected active 

fractions were also effective against biofilm formed by S. mutans and human tumor cell lines. 

1. Introduction 

Despite the implementation of measures to control and treat dental caries with 

fluoride, they remain the most prevalent dental disease in many countries [1]. Caries are a 

multifactorial infectious disease caused by accumulation of biofilm on tooth surface [2]. 

Manifestations of the disease occur when there is an imbalance between the biofilm and the 

host due to changes in biofilm matrix pH caused by diet, microorganisms, or salivary flow 

and their components [3, 4]. 

Streptococcus mutans is considered the most cariogenic of all oral streptococci [5]. S. 

mutans is able to colonize the tooth surface and to produce large amounts of extra and intra-

cellular polysaccharides. This microorganism is also highly acidogenic and aciduric, and it 
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metabolizes several salivary glycoproteins, thus being responsible for the initial stage of oral 

biofilm formation and caries lesions [6]. 

Several products have been used to control dental caries, such as fluoride, 

chlorhexidine, and their associations [7]. However, natural products have contributed 

significantly to the discovery of chemical structures to create new medicaments to be used as 

innovative therapeutic agents against this prevalent disease [8, 9]. 

Essential oils (EO) are important for their detected antimicrobial activity [10 12] 

including that against S. mutans [13]. They are, complex, volatile, natural compounds formed 

by aromatic plants as secondary metabolites [14]. They are known for their bactericidal, 

virucidal, fungicidal, sedative, anti-inflammatory, analgesic, spasmolytic and locally 

anesthesic properties [14]. The presence of complex chemical structures constituted of several 

groups, such as terpenes and terpenoids, aromatic and aliphatic constituents, all characterized 

by low molecular weight, may explain their successful bacteriostatic and bactericidal action 

[14].  

Additionally, it was attested that the antimicrobial activity of a natural product, such 

as EO, is important to evaluate its effects on human normal cell lines and also against human 

tumor cell lines in order to evidence potential toxicity on human healthy and tumor cell lines 

[15]. For this reason, it is important that extensive studies involving EO as well as other 

sources of natural medicines are carried out. 

The aim of this study was to evaluate the activity of EO and fractions against 

planktonic cells of S. mutans and also the selected active fractions of EO were chemically 

characterized and evaluated against mutans biofilm and antiproliferative activity on human 

cells. 

2. Materials and methods 

2.1. Medicinal Plants. We studied 20 medicinal and aromatic plants (Table 1), which were 

obtained from the germoplasm bank of the Collection of Medicinal and Aromatic Plants 
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(CPMA) of the Research Center for Chemistry, Biology and Agriculture (CPQBA), 

University of Campinas (UNICAMP), São Paulo, Brazil (www.cpqba.unicamp.br), and 

identified by Glyn M. Figueira, curator of CPMA.  

The plants were collected from November 2009 to January 2011, during the morning, 

after the dew point has been reached. The vouchers of each species were deposited in the 

herbarium of the Institute of Biology, at UNICAMP  UEC, and also registered in the 

herbarium of CPQBA, receiving identification numbers (CPMA number).  

2.2. Essential Oil Extraction. EO were obtained from 100 g of aerial fresh plant parts by 

hydrodistillation using a Clevenger-type system, for 3 hours. The aqueous phase was 

extracted with 50 mL of dichloromethane. Then, the organic layer was separated, dried over 

anhydrous sodium sulphate (Na2SO4), filtered, and the solvent was removed by vacuum 

glass vials [11]. 

2.3. F ractionation of Essential Oils. In order to select the EO that should be fractionated, we 

pre-determined some criteria: best antimicrobial activity (MIC < 250 ), extract yield (> 

0.5%, except for Coriandrum sativum EO), commercial availability, presence of the EO in 

aerial parts of plants, and easy cultivation. The resulting fractions were also submitted to the 

antimicrobial assay. 

Fractionation was performed using dry column chromatography (cellulose 2 cm × 20 

cm) with Si gel 60 (Merck, Darmstadt, Germany) as the stationary phase and dichloromethane 

as the mobile phase, previously chosen by thin layer chromatography (TLC), visualized under 

UV 254 nm, followed by anisaldehyde solution application and drying at 105°C for 5 min. 

After elution, columns were cut into different parts for each EO, according to polarity and 

extraction, using dichloromethane. The fractions so obtained were analyzed using TLC and 

gas chromatography coupled to mass spectrometry (GC-MS) and then bioguided using the 
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antimicrobial assays [16]. All chemical wastes generated during this study were treated 

according to the Environmental Ethics Committee of UNICAMP (324/2009). 

2.4. Analyses of the Selected Active F ractions using GC-MS. The chemical composition of 

each selected active fraction was evaluated using a Hewlett-Packard 6890 gas chromatograph 

equipped with an HP-5975 mass selective detector and HP-5 capillary column (30 m × 0.25 

-MS was performed using split injection with the injector set at 220°C, 

the column set at 60°C with a heating ramp of 3°C/min and a final temperature of 240°C, and 

the MS detector set at 250°C. Helium was used as a carrier gas at 1 mL/min. The GC-MS 

electron ionization system was set at 70 eV. The quantitative analyses were performed using a 

Hewlett-Packard 5890 gas chromatograph equipped with a flame ionization detector under the 

same conditions previously described. A sample of each EO or its selected active fraction was 

solubilized in ethyl acetate (15 mg/mL) for the analysis. Retention indices (RI) were 

determined using injection of hydrocarbon standards and EO samples under the same 

conditions described above. The oil components were identified by comparison with data 

described in the literature and the profiles in the NIST 05 mass spectral library [11, 17]. 

2.5. Microorganisms. For the development of this study, Streptococcus mutans UA159 was 

used.  

2.6. Antimicrobial Assay. We tested 20 EO using the antimicrobial assay and selected them 

according to pre-determined criteria (item 2.3) before being fractionated and continuing the 

bioguided study. 

MIC test was carried out using tissue culture microplates (96 wells) containing 100 

Difco, Franklin Lakes, NJ, USA) medium [18]. The stock 

solutions of EO and fractions from selected EO (item 2.3) were diluted with propylene glycol 

(4 mg/mL), transferred to the first well, and serial dilutions were performed to obtain 

-

Aldrich, St. Louis, MO, USA) as positive control and propylene glycol 6.25% as negative 
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control. The bacterial inoculum (1 × 106 UFC/mL) was added to all wells and the plates were 

incubated at 37°C and 5% CO2 for 24 hours. MIC was defined as the lowest concentration of 

EO or fraction from selected EO that inhibited microorganism visible growth indicated by 

resazurin 0.01% (Sigma-Aldrich, St. Louis, MO, USA) [19]. 

To determine MBC, an aliquot of each incubated well with concentrations higher than 

MIC was sub-cultured on BHI medium supplemented with 5% defibrinated sheep blood using 

a Whitley Automatic Spiral Plater (Don Whitley Scientific Limited, Shipley, West Yorkshire, 

UK). MBC was defined as the lowest concentration of EO or fraction that allowed no visible 

growth on the test medium. 

To determine the nature of antibacterial effect of EO and fractions, the MBC:MIC 

ratio for bacteria was used [20]. When MBC:MIC ratio for S. mutans was between 1:1 to 2:1, 

the EO or fraction from selected EO was considered bactericidal against this microorganism 

[20], and when the ratio was higher than 2:1, it was considered bacteriostatic. 

2.7. Action of Selected Active F ractions from Selected EO against S. mutans Biofilm.  We 

tested 20 EO and those that fulfilled the pre-determined criteria (item 2.3) were selected to be 

chemically fractionated. The resulting fractions were also tested using the antimicrobial assay 

and selected according to MIC and MBC results and yields. The selected active fractions were 

then assessed regarding their action against S. mutans biofilm. 

2.7.1. Inhibition of S. mutans Biofilm Growth. In order to evaluate the antimicrobial activity 

of EO selected active fractions against the formation of S. mutans biofilm, the samples were 

placed, at different concentrations (7.81  in the wells of sterile polystyrene U-

bottom microtiter plates, previously treated with saliva1 [21]. S. mutans cells (1.0 × 107 

cells/mL in BHI medium) were added to wells containing BHI medium with 2% sucrose and 

the samples were incubated at 37°C for 18 hours. Biofilm growth was revealed and quantified 

using the crystal violet staining method and measuring absorbance at 575 nm [11, 22]. 

                                                                                                                
1 The use of human saliva in this study was approved by the Research Ethics Committee of the Piracicaba Dental 
School, State University of Campinas (UNICAMP) (Approval 087/2011).  
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After 18 hours of incubation, the spent medium was aspirated, non-adhered cells were 

removed, the wells were washed three times with sterile distilled water, and the plates were 

dried for 45 min before carrying out biofilm quantification [22]. 

2.7.2 Glycolytic pH-drop Assay. The effect of EO selected active fractions against S. mutans 

biofilm was measured using the standard glycolytic pH-drop assay [23]. Biofilm growth was 

carried out as previously described (item 2.7.1), in sterile polystyrene U-bottom microtiter 

plates without fractions. The biofilms so obtained were washed twice with 0.9% NaCl 

solution and salt solution (50 mM KCl + 1.0 mM MgCl2), containing EO selected active 

) and vehicle (25% propylene 

glycol, v/v), was added. The pH was adjusted to 7.2 with 0.1 M KOH solution, and glucose 

was added to a final concentration of 1%, and pH-drop was assessed using Orion® pH glass 

electrode attached to Orion® 290 A+ pHmeter (Orion Scientific, Houston, TX, USA) for 90 

min. 

2.8. Scanning Electron Microscopy (SEM). In order to evaluate S. mutans integrity using 

SEM, biofilms were first developed in Lab-Tek chambered coverglass (Nunc, Naperville, IL, 

USA), as described previously (item 2.7.1), were treated with vehicle (6.12% propylene 

glycol) or had their active fractions selected at concentrations able to inhibit more than 90% 

of S. mutans biofilm formation. Samples were fixed in 4% glutaraldehyde (v/v) in phosphate-

buffered saline (PBS) at room temperature for 12 24 hours. After this procedure, the biofilms 

were dehydrated through a graded series of ethanol (50% to 100%), dried to a critical point, 

coated with gold, and observed using a scanning electron microscope JEOL JSM5600LV 

(JEOL Ltd., Tokyo, Japan) [11, 24]. 

2.9. Antiproliferative Assay. The in vitro antiproliferative assay [25] was performed in the 

present study using a human keratinocyte (HaCat) cell line, kindly donated by Dr. Ricardo 

Della Coletta (FOP, UNICAMP, Brazil), and seven human tumor cell lines [U251 (glioma), 

MCF-7 (breast), NCI-ADR/RES (ovarian expressing phenotype multiple drugs resistance), 
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786-0 (renal), NCI-H460 (lung, non-small cells), PC-3 (prostate), and OVCAR-03 (ovarian)], 

kindly provided by M.A. Frederick (National Cancer Institute, USA). Stock and experimental 

cultures were grown in medium containing 5 mL RPMI-1640 (Gibco-BRL, Grand Island, 

NY, USA) supplemented with 5% fetal bovine serum (Gibco-BRL, Grand Island, NY, USA). 

A penicilline-streptomicine mixture (1000 U/mL:1000 mg/mL, 1mL/L RPMI) was added to 

experimental cultures. Cells in 96- h EO 

and selected active fractions in dimethyl sulfoxide (DMSO, Sigma-Aldrich, St. Louis, MO, 

USA 2 for 48 hours. Final DMSO 

concentration did not affect cell viability. Before (T0 plate) and after sample addition (T1 

plates), cells were fixed with 50% trichloroacetic acid and cell proliferation was determined 

by spectrophotometric quantification (540 nm) of cellular protein content using 

sulforhodamine B assay. Using the concentration-response curve for each cell line, the total 

growth inhibition (TGI) was determined by non-linear regression analysis using the software 

Origin 8.0 (OriginLab Corporation, Northampton, MA, USA) [26, 27]. 

2.10. Statistical Analysis. An exploratory data analysis was performed to determine the most 

appropriate statistical test. Inhibition of biofilm growth and glycolytic pH-drop data were 

compared using the non-parametric Kruskal-Wallis test. P value < 0.05 was considered 

statistically significant. Triplicates from at least three separated experiments were conducted 

in each assay. 

3. Results 

3.1. Essential Oils and F raction Yields. The EO yields, expressed in relation to dry weight of 

plant material (%, w/w), are shown in Table 1.  
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According to pre-determined criteria (item 2.3), four EO were selected to be fractionated 

using dry column, as follows: A. gratissima, B. dracunculifolia, C . sativum, and L. sidoides. 

The yields of the fractions from selected EO were expressed as a function of the 

respective EO yield (%, w/w) and are shown in Table 2. The yields of A. gratissima fractions 

ranged from 14.4% to 29%, B. dracunculifolia from 20.1% to 30.6%, C . sativum from 4.9% 

to 30.9%, and L. sidoides from 1.7% to 33.3%. 

3.2. Antimicrobial Activity. MIC and MBC values for all tested EO are shown in Table 1. 

The highest activities were observed for A. gratissima and A. triphylla (125 250 

), B. dracunculifolia, L. sidoides, M. glomerata, S. guianenses, and S. aromaticum 

(62.5 125 ), and C . sativum (31.2 62.5 ). 

Based on pre-determined criteria (item 2.3), four EO (A. gratissima, B. 

dracunculifolia, C . sativum, and L. sidoides) were selected to be fractionated. MIC and MBC 

values of fractions from selected EO are shown in Table 2. MIC values obtained for all 

fractions ranged from 15.6 to 500  and MBC values ranged from 31.2 to 1000 . 

The highest activities were observed for the fractions Ag4 (31.2 62.5 ), Bd2 (15.6 31.2 

), Cs4 (15.6 31.2 ), and Ls3 (62.5 125 ). 

The MBC:MIC ratio (Table 1) showed that most EO are bactericidal, except for B. 

dracunculifolia, E . florida, and S. aromaticum, considered bacteriostatic against S. mutans. 

Among the selected EO chosen to be fractionated, only that obtained from B. dracunculifolia 

was bacteriostatic. Most fractions from selected EO were bactericidal, except for Ag4, Cs1, 

Ls2, and Bd2, considered bacteriostatic against S. mutans (Table 2). Based on yield and 

antimicrobial activity, Ag4, Bd2, Cs4, and Ls3 fractions were selected for further evaluations.  
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TABLE 3: Major compounds of the selected active fractions from essential oils with their 

retention time (Rt), retention index (RI) and relative percentage. 
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 1 The selected active fractions Ag4, Bd2, Cs4, and Ls3 had their actions against S. mutans biofilm and their antiproliferative 
activity evaluated. Ag EO, Bd EO, Cs EO, and Ls EO correspond to the following essential oils: Aloysia gratissima, 
Baccharis dracunculifolia, Coriandrum sativum, and Lippia sidoides, respectively. Only the compounds with relative 
percentage above 3% are listed. 
 2 M: molecular weight of a non-identified compound. 

The analyses of EO and fractions indicated the presence of volatile compounds, mainly 

mono- and sesquiterpenes. 

We identified 28 compounds in the EO of A. gratissima, representing 92.73% of the 

EO, 25 compounds in the EO of B. dracunculifolia, representing 93.45% of the EO, 15 

compounds in the EO of C . sativum, representing 91.93% of the EO, and four compounds in the 

EO of L. sidoides, representing 100% of the EO. We also identified 19 compounds in fraction 

Rt (min) RI Compounds 
% Relative1 

Ag EO  Ag4 Bd EO  Bd2 Cs EO  Cs4 Ls EO  Ls3 

4.02 899 cyclohexanone - - - - - - 6.5 - 

4.22 850 3-hexen-1-ol - - - 0.8 3.6 5.1 - - 

5.87 977 beta-pinene 12.0 - - - - - - - 

7.2 1024 p-cymene -  - - - - 17.3 - 

13.08 1140 Trans-pinocarveol  - 4.9 - - - - - - 

14.09 1165 T rans-pinocamphone 16.0 36.7 - - - - - - 
14.61 1177 C is-pinocamphone 6.0 17.0 - -  - - - 
16.7 1274 2-decen-1-ol <E> - - - - 23.6 26.9 - - 

16.86 1277 1-decanol - - - - 33.9 35.4 - - 
17.76 1299 Trans-pinocarvyl acetate 8.2 - - - - - - - 

19.74 1300 Thymol - - - - -  65.8 97.8 
19.95 1303 Carvacrol - - - - - - - 0.6 

21.84 1349 Ethyl ester benzenepropanoic - - - 11.7 - - - - 

22.57 1416 trans-caryophyllene 7.2 - 10.7 - - - 10.5 - 

24.86 1473 2-dodecen-1-ol - - - - 13.1 14.5 - - 

25.04 14.78 germacrene D - - 4.9 - - - - - 

25.66 1493 bicyclogermacrene 4.2 - 6.8 - - - - - 

27.97 1553 M2 = 204 6.4 - - - -  - - 

30.59 1566 T rans-nerolidol - - 31.7 52.2 - - - - 
31.05 1578 Spathulenol - - 13.6 11.5 - - - - 
31.23 1582 Caryophyllene oxide 6.4 7.0 - 6.3 - - - 0.7 

31.9 1600 Guaiol 8.5 12.7 - - - - - - 

33.44 1641 Epi alpha cadinol - - - 3.09 - - - - 

32.47 1674 2-tetradecen-1-ol <E> - - - - 5.5 5.2 - - 

34.40 1668 Bulnesol - 3.5 - - - - - - 
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Ag4, representing 94.6% of the fraction, 10 compounds in fraction Bd2, representing 83.06% of 

the fraction, nine compounds in fraction Cs4, representing 89.71% of the fraction, and five 

compounds in fraction Ls3, representing 99.7% of the fraction.   

The major compounds identified in each selected EO were: trans- and cis-

pinocamphone, beta-pinene, and guaiol in A. gratissima; trans-nerolidol and spathulenol in B. 

dracunculifolia; 2-decen-1-ol and 1-decanol in C . sativum; and thymol in L. sidoides. The major 

compounds identified in each selected fractions were: trans- and cis-pinocamphone and guaiol 

in Ag3; trans-nerolidol, spathulenol, and ethyl ester benzenepropanoic in Bd2; 2-decen-1-ol and 

1-decanol in Cs4; and thymol in Ls3. 

3.6. Scanning Electron Microscopy (SEM). The effect of selected active fractions against S. 

mutans biofilm formation was evaluated by SEM. Figure 2 shows a reduction in biofilm 

formation. Biofilms were first developed as described previously (item 2.7.1), were treated with 

vehicle, or had their active fractions selected at concentrations able to inhibit more than 90% of 

S. mutans biofilm formation (Ag4 2 and Cs4 3 at 125 
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                a 
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FIGURE 2: Scanning electron microscopy of Streptococcus mutans biofilms treated with the 

selected active fractions from selected essential oils and the vehicle. Images a, b, c, and d show 

the reduction of biofilm formation after treatment with Ag4, Bd2, Cs4, and Ls3 fractions, 

respectively, compared with the treatment with the vehicle (image e) (magnification of 7000x). 

3.7. Antiproliferative Assay. Most EO and their selected active fractions did not present activity 

against the human normal cell line evaluated in this study or presented high concentrations to 

totally inhibit its growth. TGI values are shown in Table 4. 
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Among the EO evaluated, B. dracunculifolia and C. sativum were the most active 

inhibitors of human tumor cell lines growth, presenting selectivity for U251 (TGI = 38.2  

and TGI = -

hand, A. gratissima and L. sidoides displayed the lowest activity, both presenting selectivity for 

OVCAR- L. sidoides for PC-3 (TGI = 

reference compound, doxorubicin, presented antiproliferative activity against all cell lines, 

excepted Kidney, (Table 4). 

Table 4 also shows the activity of selected active fractions. Ag4 and Ls3 fractions 

presented better results than A. gratissima and L. sidoides EO, respectively, since these fractions 

were not active against human normal cell lines (TGI > 250 ) and showed lower TGI 

values, being selective for 786-0 (TGI = 5.9  ). Cs4 

fraction had better results than C . sativum EO only against NCI-ADR/RES (TGI = 13.1 

). Bd2 displayed a better performance than B. dracunculifolia 

EO against NCI-ADR/RES (TGI = 10.5 ), 786-O 

(TGI = 47.1 ), and NCI-H460 (TGI = 76.8 

). 

4. Discussion 

The activity of natural products, especially EO, against microorganisms has been 

recently confirmed by several studies focusing on antimicrobial activity of EO against 

planktonic cells. However, bacteria growing in biofilms exhibit a specific phenotype and are 

often, but not always, more resistant to antimicrobial agents than their planktonic counterparts 

[10, 11]. Thus it is important to search for natural products that have antibiofilm properties and 

antimicrobial activity against oral pathogens [28]. 

This study aimed to evaluate the activity of EO and their fractions against planktonic 

cells of S. mutans and the active fractions were evaluated  against biofilm formed by S. mutans. 
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Also, EO and their active fractions were chemically characterized and their activity 

against human normal and tumor cell lines proliferation were determined. 

The antimicrobial assay revealed low MIC values for almost all 20 EO and 15 fractions 

from the selected EO tested. EO and the selected active fractions presented strong activity 

against S. mutans, since natural products are considered strong inhibitors of microbial activity 

when MIC  

These results demonstrate that the EO studied and especially those selected (A. 

gratissima, B. dracunculifolia, C . sativum, and L. sidoides) have potential for bioprospection of 

new active biomolecules. The fractionation process adopted showed good results since the 

fractions obtained were more active than the original EO (Table 2). This bioguided study is a 

model for bioprospecting new drugs [30], and it can be considered successful since we found 

active fractions presenting higher activity than their respective EO.  

Most EO and fractions studied showed MBC:MIC ratio that enables them to be 

classified as bactericidal compounds. This could be explained by their hydrophobicity, an 

important characteristic that exists in EO and their fractions [31] and may allow them to 

partition the lipids of the bacterial cell membrane, turning them more permeable and leading to 

leakage of ions and other cell constituents [32, 33]. On the other hand, B. dracunculifolia EO 

and its selected active fraction (Bd2) present compounds that could be capable of infiltrating the 

cell and interact with cellular metabolic mechanisms [34], demonstrating their bacteriostatic 

effect. Nevertheless, despite presenting bactericidal or bacteriostatic effect, the selected EO 

proved to be active against both S. mutans planktonic cells and biofilm, demonstrating the 

effectiveness of the substances present in these EO, since it is difficult to disrupt S. mutans 

biofilm [35]. 

The selected active fractions were also tested against S. mutans biofilm and they were 

able to disrupt its formation at all tested concentrations. This disruption was observed using 
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SEM, which showed the change the selected active fractions caused in the structure of S. mutans 

biofilm. 

At the concentrations tested, it was possible to observe huge failures in S. mutans 

biofilm surface treated with the active fractions when compared with the treatment with the 

vehicle, which presented a more homogeneous biofilm surface. These changes were also 

observed in another study that tested the action of C . sativum and its bioactive fraction against 

Candida albicans [11]. Moreover, the simple conformational change in biofilm, caused by the 

action of the selected active fractions, could make it more susceptible and less virulent [4]. 

However, when the selected active fractions were tested in order to evaluate their ability 

to reduce S. mutans acid production, no significant results were observed (p > 0.05). Therefore, 

the selected active fractions could not act on this important virulence factor of S. mutans, 

different from the findings of another work with B. dracunculifolia extracts, which showed 

significant reduction in production of acid by this microorganism [36]. The difference between 

B. dracunculifolia EO and the active extracts from this plant may be attributed to the extraction 

method, which results in different compound mixtures with different mechanisms of action [37]. 

It is known that EO are composed of numerous different chemical compounds and their 

antimicrobial activity might be attributed to several different mechanisms, which could explain 

the variations in their mode of action [38].  

The present data suggest the occurrence of a separation during the fractionation process 

of the selected EO in such a way that the selected active fractions presented higher amounts of 

bioactive compounds than their respective EO. The main biologically active compounds found 

in the selected active fractions were: thymol, carvacrol, 2-decen-1-ol, trans-nerolidol, 

spathulenol, ethyl ester benzenepropanoic, trans-pinocamphone, cis-pinocamphone, and guaiol. 

These compounds have been extensively described in the literature for their effect on 

microorganisms [39, 40]. 
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Both forms of pinocamphone  cis and trans  are major constituents of Ag4 fraction 

and were also found in Hyssopus officinalis L. EO [41]. These compounds are responsible for 

the antibacterial, antifungal, and antioxidant activities of H . officinalis EO, demonstrating that 

they pass through the cell wall and the plasma membrane, disrupting their structure [41]. The 

bactericidal activity of Ag4 fraction observed in the present study may be a consequence of this 

mode of action. 

Trans-nerolidol and spathulenol, two compounds present in Bd2 fraction, have been 

considered active against Gram-positive and Gram-negative bacteria unknown [13]. Although 

spathulenol shows activity against S. mutans, its mechanism of action still remains unknown 

[13]. 

Other studies showed that certain alcohols, such as 2-decen-1-ol, have higher 

antimicrobial activity than aldehydes against Candida ssp. [11, 16]. These alcohols were found 

in Cs4 fraction and may be responsible for the action against S. mutans biofilm. Furthermore, 

considering the mode of action of C . sativum EO, it seems to result in bacterial cell 

permeabilization, leading to the impairment of other cell functions, such as membrane potential, 

respiratory activity, or efflux pump activity [42]. 

Thymol is an optic isomer of carvacrol and both substances seem to make bacterial 

membrane more permeable [43]. In our study, both were found in Ls3 fraction as its major 

components. Previous studies have shown that these compounds present antimicrobial activity 

against fungi and bacteria [44], including species of the genus Streptococcus [12].  

After determining the antimicrobial activity of a natural product, it is important to verify 

if it also exhibits antiproliferative activity, mainly after its fractionation, a procedure that may 

concentrate toxic compounds in the fractions that present biological activity. 

Based on TGI values, the selected EO and selected active fractions could be classified 

), moderately active 
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activity was clearly observed in this study since all selected EO and selected active fractions 

were inactive against the human normal cell line tested.  

All EO tested were selective against the ovarian tumor cell line, showing potent activity. 

Ag4 showed potent activity against the kidney tumor cell line, and Bd2 and Cs4 fractions showed 

only moderate activity against the ovarian tumor cell line. These results show the specificity of 

these EO and their fractions against some tumor cell lines, an important and desired 

characteristic for potential new chemotherapic drugs [15]. 

It is known that EO compounds, such as monoterpenes, have shown effects on 

mevalonate metabolism, linked to the maintenance of cell membrane, which could contribute to 

terpene tumor suppressive action [46]. Thereby, the presence of monoterpenes in the selected 

active fractions of our study may explain their antiproliferative actions against some tumor cell 

lines [47]; however, more studies are required to find the compounds of EO responsible for their 

anticancer activity, since little is known about essential oils their antiproliferative activity. 

5. Conclusion 

The results of the present study indicate that all EO and fractions tested showed good 

antimicrobial activity, but only those showing activity at low concentrations were taken into 

consideration and fractionated for bioprospection of new agents against S. mutans. Among these 

fractions, the selected active fractions were able to disrupt S. mutans biofilm formation, did not 

inhibit normal cell line growth, and were more specific against human tumor cell lines. These 

features enable them to be tested in further studies and help the discovery of new bioactive 

molecules. 
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C O N C L USÃ O  

Com base nos resultados pode-se concluir que: 

1) Todos os OE testados e suas frações tiveram boa atividade antimicrobiana, mas 

apenas os que mostraram-se ativos em baixas concentrações foram selecionados e 

fracionados para bioprospecção de novas drogas contra S. mutans, o principal agente 

etiológico da cárie; 

2)  Dentre as frações obtidas, as ativas selecionadas foram capazes de interferir na 

formação de biofilme de S. mutans, mas não foram capazes de interferir em um 

importante fator de virulência dessa bactéria que é a produção de ácidos em presença de 

glicose; e 

3)  Estas frações ativas também mostraram-se inativas contra a linhagem celular 

normal testada e mostraram-se seletivas contra algumas linhagens celulares humanas 

tumorais.  

Estes resultados, permitem, após estudos complementares, classificar estas frações 

como uma promessa para o descobrimento de novas moléculas bioativas. 
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APÊ NDI C E   
 
 

Tabela 1. Dados de umidade, massa da plantas fresca e massa do óleo obtida opós a hidrodestilação que 
foram úteis para o cálculo do rendimento. 

Espécie M edicinal No. 
CPM A 

Umidade (%) Massa da planta 
F resca ( g) 

Massa do 
óleo (g) 

Rendimento 
em óleo (%) 

Aloysia gratissima (Giil & Hook) 714 67,01 1196 4,3556 1,1 
Aloysia triphylla (L´Hér.) Britton 274/700 70,22 889 1,6787 0,27 

Alpinia speciosa (Pers.) Burtt & Smith 447 76,13 1930 0,9946 0,22 

Baccharis dracunculifolia DC 1841 39,25 1020 3,2023 0,8 

C . martini (Roxb.) J.F. Watson 354 42,01 907,36 5,3421 0,59 

C . winterianus Jowitt. 712 47,18 446,75 3,1295 1,48 

Cinnamomun  zeilanicus Blume 455 49,69 814 0,8918 0,22 

Coriandrum sativum L. 664 90,79 12080 3,2316 0,29 

Cymbopogon citratus (DC) Stapf 503 23,78 930,36 2,5045 1,13 

Cyperus articulatus Vahl 222 57,99 1394 2,9604 0,5 

Elyonurus muticus  Spreng 1701 52,62 1347 3,9115 0,61 

Eugenia  florida DC. 1685 18,78 661 0,4209 0,34 

Eugenia  uniflora 1816 21,6 796 4,7537 0,76 

L. sidoides Cham. 398/399 60,51 655 12,0979 4,67 

Lippia alba (Mill) N.E. Brown 467/509 75,68 554,22 0,412 0,3 

Mentha piperita L. 560 76,68 350,18 1,8943 2,22 

Mikania glomerata Spreng 766 82,7 1718 1,1981 0,4 

Siparuna guaianenses Albl. 2025 36,78 1250 2,31 0,29 

Syzygium aromaticum (L.) Merr. & L. 

M. Perry 455 87,93 1500 6,0714 0,46 

Ziziphus joazeiro mart 2119 30,27 400 0,557 0,46 
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A N E X OS 
 
 
Anexo 1 - Informação CCPG/002/06. Trata do Formato Padrão das Dissertações de 
Mestrado e Teses de Doutorado da UNICAMP. 
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Anexo 2. Certificado de aprovação do Comitê de Ética Ambiental  Universidade 
Estadual de Campinas/UNICAMP. 
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Anexo 3. Certificado de aprovação do Comitê de Ética em Pesquisa - Faculdade e 
Odontologia de Piracicaba/UNICAMP. 

 

 
  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 
 








