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Oliveira JR. Avaliacdo de atividades biologicas dos extratos de
Rosmarinus officinalis L. (alecrim) e Thymus vulgaris L. (tomilho) [tese].
Sé&o José dos Campos (SP): Instituto de Ciéncia e Tecnologia, UNESP -
Univ Estadual Paulista; 2016.

RESUMO

No presente estudo foram avaliadas algumas atividades bioldgicas dos
extratos de R. officinalis L. (alecrim) e T. vulgaris L. (tomilho), verificando:
I. Atividade antimicrobiana sobre biofilmes monomicrobianos de Candida
albicans, Staphylococcus aureus, Enterococcus faecalis, Streptococcus
mutans e Pseudomonas aeruginosa e associacdoes de C. albicans com
cada uma destas bactérias, ap6s determinacdo da concentracao inibitoria
minima (CIM) e concentracdo microbicida minima (CMM) sobre culturas
planctonicas destes micro-organismos; IlI. Viabilidade celular sobre
macrofagos de camundongo (RAW 264.7), fibroblastos gengivais
humanos (FMM-1), linhagem tumoral de carcinoma mamario (MCF-7) e
linhagem tumoral de carcinoma cervical (HelLa); lll. Atividade anti-
inflamatodria sobre RAW 264.7 estimulada por lipopolissacarideo (LPS) de
Escherichia coli; e IV. Atividade genotéxica. Apoéds verificagdo da
capacidade antimicrobiana dos extratos, por método de microdiluicdo em
caldo, as concentracdes mais efetivas foram aplicadas nos demais testes.
Sobre os biofilmes mono e polimicrobianos, formados por 48 h em pocos
de placa de microtitulacdo, a acdo dos extratos foi analisada apos
exposicdo de 5 min, com quantificagdo de UFC/mL e analise de sua
viabilidade. Da mesma forma, sobre as linhagens celulares (RAW 264.7,
FMM-1, MCF-7 e Hela), cultivadas por 24 h em placas de microtitulacao,
os extratos foram analisados com os ensaios de MTT, vermelho neutro
(VN) e cristal violeta (CV). Foi analisado o efeito anti-inflamatorio dos
extratos com ensaio imunoenzimatico ELISA, pela quantificacdo de
citocinas pré-inflamatérias (TNF-a e IL-1(). A genotoxicidade dos extratos
foi verificada pela frequéncia de micronucleos (MN) formados em 1000
células. Os resultados foram analisados por T-Test ou ANOVA e Tukey
Test (p < 0,05). Em relacdo ao extrato de R. officinalis L. foi observada
reducao significativa de todos os biofilmes apos exposi¢cao de 5 min, bem
como, reducdo de sua viabilidade. Quanto as células, foi observado
viabilidade celular acima de 50% a < 50 mg/mL. O nivel de IL-13 ndo se
alterou com as concentracdes do extrato, entretanto quando RAW 264.7
foi estimulada por LPS, houve inibicdo da producdo desta citocina. Em
relagdo ao nivel de TNF-a, houve modulagcdo da sintese desta citocina,
sem e com LPS. Foi constatado também auséncia de genotoxicidade,



uma vez que, a frequéncia de MN foi semelhante ou menor ao grupo
controle. Em relacdo ao extrato de T. vulgaris L., todos os biofilmes mono
e polimicrobianos apresentaram reducdes significativas em comparacéo
ao grupo controle. A viabilidade dos biofilmes também foi reduzida. Sobre
todas as linhagens celulares foi observada viabilidade celular acima de
50%. Efeito imunomodulador foi observado na sintese de IL-13 e TNF-a.
A formacéo de MN foi semelhante ou inferior ao grupo controle, em todas
as linhagens. Com isso, foi concluido que ambos os extratos foram
efetivos sobre biofilmes mono e polimicrobianos, proporcionaram
viabilidade celular para as culturas acima de 50%, apresentaram efeito
imunomodulador e ndo foram genotoxicos.

Palavras-chave: Rosmarinus officinalis. Thymus vulgaris. Atividade
antimicrobiana. Biofilmes. Citotoxicidade. Atividade anti-inflamatéria.
Genotoxicidade.



Oliveira JR. Assessment of biological activities of Rosmarinus officinalis L.
(rosemary) and Thymus vulgaris L. (thyme) extracts. [doctorade thesis].
S&o José dos Campos (SP): Institute of Science and Technology, UNESP
- Univ Estadual Paulista; 2016.

ABSTRACT

This study performed some biological activities of R. officinalis L.
(rosemary) and T. vulgaris L. (thyme) extracts, such as: I. Antimicrobial
activity on monomicrobial biofilms of Candida albicans, Staphylococcus
aureus, Enterococcus faecalis, Streptococcus mutans and Pseudomonas
aeruginosa and C. albicans association with each of these bacteria, after
determination of the minimum inhibitory concentration (MIC) and minimum
microbicidal concentration (MMC) on planktonic cultures of these
microorganisms; Il. Cell viability on mouse macrophages (RAW 264.7),
human gingival fibroblasts (FMM-1), human breast carcinoma cells (MCF-
7) and cervical carcinoma cells (HeLa); Ill. Anti-inflammatory activity on
lipopolysaccharide (LPS)-stimulated RAW 264.7; and IV. Genotoxic
activity. After checking the antimicrobial capacity of the extracts by broth
microdilution method, the most effective concentrations were applied in
the other tests. On mono- and polymicrobial biofilms formed by 48 h in
microtitre plate wells, the action of the extracts was analyzed after 5 min
exposure, with counting of CFU/mL and analysis of their viability. Likewise,
in the cell lines (RAW 264.7, FMM-1, MCF-7 and HelLa cells) cultured for
24 h in microtitre plates, the extracts were analyzed by MTT, neutral red
(NR) and crystal violet (CV) assays. By ELISA assay, anti-inflammatory
effect of the extracts was analyzed with quantification of proinflammatory
cytokines (TNF-a and IL-1B). The genotoxicity of the extracts was verified
by the micronuclei frequency (MN) formed in 1000 cells. The results were
analyzed by T-Test or ANOVA and Tukey test (p < 0.05). Regarding the R.
officinalis L. extract was observed significant reduction of all biofilms after
5 min of exposure, as well as reduction their viability. Additionally, cell
viability above 50% to < 50 mg/mL was observed on lineages. The IL-1f
level did not change with the concentrations of the extract, but when RAW
264.7 was stimulated by LPS, there was inhibition of the production of this
cytokine. In relation to the level of TNF-a, was modulation of the synthesis
of this cytokine with and without LPS. It was also observed lack of
genotoxicity, since the frequency of MN was similar or less than the control
group. Regarding to T. vulgaris L. extract, all mono and polymicrobial
showed significant reductions compared to the control group. Their



viability was also reduced. On all cell lines was observed cell viability
above 50%. Immunomodulatory effect was observed in IL-18 and TNF-a
synthesis. The MN formation was similar or lower than the control group in
all cell lines. Thus, it was concluded that both extracts were effective on
mono- and polymicrobial biofilms, promoted cell viability above 50% for
cultures, presented immunomodulatory effect and were non-genotoxic.

Keywords: Rosmarinus officinalis. Thymus vulgaris. Antimicrobial activity.
Biofilms. Cytotoxicity. Anti-inflammatory activity. Genotoxicity.



17

1 INTRODUCAO

Desde tempos remotos o0s seres humanos buscam na
natureza elementos para sua sobrevivéncia, com destaque para
alimentacdo e saude. Especificamente neste ultimo item, a natureza tem
sido fonte para o tratamento de iniUmeras enfermidades, bem como, para
a prevencdo de algumas delas. Para tanto, s&do utilizados micro-
organismos, vegetais ou animais, com bases nos efeitos benéficos de
suas moléculas, proteinas ou outras substancias com alguma
caracteristica farmacolégica.

E possivel encontrar na literatura estudos focados na
avaliacdo de atividades bioldgicas de diferentes espécies vegetais, que
podem incluir atividade antimicrobiana (de Oliveira et al., 2013, 2014)
antiviral (Sanna et al., 2015), antihelmintica (Metuge et al., 2014),
antiprotozoéario (Falodun et al., 2014), anti-inflamatéria (Jeong et al.,
2015), antimutagénica (Ruiz-Montafiez et al., 2015), anticarcinogénica
(Munari et al., 2014), antiproliferativa (Formagio et al., 2015), antipirética
(Kunnaja et al., 2014), analgésica (Souza et al., 2015), entre outras.

Duas espécies de plantas medicinais se destacam e sdo
mundialmente conhecidas e popularmente utilizadas, tanto na medicina
popular e na culinaria tradicional, como na industria, com reconhecidas
atividades biolégicas: Rosmarinus officinalis L., conhecida como alecrim,
e Thymus vulgaris L., também chamada de tomilho. Relatos apontam a
origem destas espécies vegetais como sendo mediterrdnea, porém
atualmente podem ser encontradas em muitas partes do planeta, sendo
utilizadas na condimentacdo de alimentos, bem como, na medicina

popular (Ismaili et al., 2004; Jamali et al., 2012; Raskovic et al., 2014).
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R. officinalis L. apresenta efeitos como antibacteriano
(Fratini et al., 2014); antifangico (Gauch et al., 2014), antiviral (Shin et al.,
2013), antibiofilme (Smullen et al., 2012), antitumoral (Gonzalez-Vallinas
et al., 2014), anti-inflamatorio (Yu et al., 2013), antileishméanico (Ahmed et
al., 2011) e antioxidante (Ahmed et al., 2011). Desta mesma forma, T.
vulgaris L. tem sido citado na literatura com resultados satisfatérios com
atuacao antibacteriana (Belaqziz et al., 2013), antifungica (Khan et al.,
2014), antiviral (Rezatofighi et al., 2014), antioxidante (Galasso et al.,
2014), antitumoral (Ayesh et al., 2014) e anti-inflamatéria (Galasso et al.,
2014). A amplitude das avaliacdes bioldgicas destes vegetais permite a
aplicacdo de diferentes métodos para a constatacdo de um efeito
farmacoldgico. Com isso, torna-se interessante a avaliacdo antimicrobiana
sobre biofilmes polimicrobianos envolvendo espécie fangica e bacteriana,
uma vez que, naturalmente 0S micro-organismos se encontram
distribuidos nos diferentes nichos ecologicos em associacdes
interespecificas. Dentre 0s micro-organismos de interesse, podemos citar
Candida albicans, Staphylococcus aureus, Enterococcus faecalis,
Streptococcus mutans e Pseudomonas aeruginosa que sdo de grande
importancia para Medicina e Odontologia (de Oliveira et al., 2014), de
modo que a acdo de extratos de plantas sobre tais biofiimes pode ser
bem relevante na prevencao e controle de diferentes infeccdes.

Com relacdo a citotoxicidade, busca-se utilizar os
fitoterapicos em doses que promovam inibicdo de proliferacdo neoplasica,
porém que permita o desenvolvimento de células ndo tumorais. Em
adicao, a aplicacdo de diferentes doses para constatacéo de inibicdo de
um processo inflamatorio descontrolado, que pode causar sérios danos
ao hospedeiro, podera contribuir para o restabelecimento do equilibrio de
mediadores quimicos. Outro aspecto farmacoldgico a ser analisado é o
efeito antimutagénico que podera contribuir para protecdo de danos ao
material genético eventualmente provocado por fatores intrinsecos ou

extrinsecos as células.
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Com a constatacdo dos beneficios destes produtos
vegetais, relacionados com o controle de diversos fatores que possam
contribuir para inUmeras manifestacdes patologicas em seres humanos,
bem como o conhecimento de sua biocompatibilidade, podera ser
utilizado para o aprimoramento de produtos j& utilizados para higiene
pessoal e oral e talvez até para o aprimoramento de medicamentos,
pensando na insercdo destes produtos vegetais em diversas formulacdes

ja existentes e utilizadas pela populacéo.
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2 REVISAO DA LITERATURA

2.1 Associagdes de micro-organismos em biofilmes

2.1.1 Definig&o de biofilme

Biofilmes podem ser descritos como um
microecossistema formado por micro-organismos de diferentes espécies
que se encontram envolvidos por uma matriz extracelular composta por
polissacarideos e proteinas, produzidos por estes micro-organismos.
Podendo ficar aderidos tanto a uma superficie abidtica, como materiais
dentarios, proteses, implantes, tubo endotraqueal, marcapasso e
cateteres, como a uma superficie bittica, como tecidos do hospedeiro
(Kojic, Darouiche, 2004; Harriott, Noverr, 2009; Ammons et al., 2014).

No microecossistema do biofilme sdo geradas inUmeras
substancias que podem afetar a superficie de aderéncia deste
microecossistema. Um exemplo disso é a producédo de acidos gerados
pela degradacdo de carboidratos provenientes da dieta do hospedeiro
pelos micro-organismos, que estando sobre dentes, podem provocar
desmineralizacdo e possivelmente desenvolver lesdes de céarie (Sun et
al., 2014).

Os micro-organismos associados em biofilmes sdo mais
resistentes aos agentes antimicrobianos, bem como a resposta imune do
hospedeiro. Com isso, verifica-se a importancia clinica do biofilme, uma

vez que, podem servir como reservatorio de infecgbes, pela imensa
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variedade de espécies microbianas que o constitui (Harriott, Noverr,
2009).

Naturalmente os biofimes s&o encontrados em
associacoes interespecificas em diferentes nichos biéticos ou abidticos.
Nestas associagbes um micro-organismo pode favorecer ou prejudicar o
desenvolvimento do outro, interferir na susceptibilidade aos
antimicrobianos, bem como, interferir na expressao de genes que poderéo
levar ao aumento da viruléncia dos micro-organismos (Mastropaolo et al.,
2005; O’'Connell et al., 2006).

2.1.2 Associacao de Candida albicans e Staphylococcus aureus

Biofilme monotipico de C. albicans pode ser formado
inicialmente apds o0 contato com uma superficie apropriada, cujo
desenvolvimento dependerd de condicbes adequadas. Neste estagio
inicial, as formas leveduriformes aderidas iniciam a formacdo de tubo
germinativo e posteriormente, na fase intermediaria, ocorrerd o
alongamento destas hifas, bem como, a producdo de matriz extracelular,
sendo composta por carboidratos, principalmente glicose, e por proteinas.
Em seguida, ocorrerd a formacdo de um biofilme maduro, composto por
uma base de leveduras onde seguem aderidas as formas hifais, estando
tudo envolvido pela matriz. Para sua recolonizacao, ocorrera inicialmente
o desprendimento de células-filhas a partir das hifas e estas células
poderdo se aderir em outros nichos e consequentemente poderdo formar
novo biofilme (Chandra et al., 2001; Al-Fattani, Douglas, 2004).

Geralmente, a formacdo de biofilme em superficies
abidticas, dependera principalmente da presenca de nutrientes, um fator
gue pode comprometer sua adesédo (Cassat et al., 2014).
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S. aureus € clinicamente relevante por apresentar
elevados indices de infec¢des sistémicas e mortalidade relacionadas
principalmente com acumulo de seu biofilme em dispositivos médicos
(Katneni, Hedayati, 2007).

Tanto C. albicans como S. aureus podem ser
responsaveis por inumeros quadros infecciosos isoladamente, no entanto,
em infeccbes polimicrobianas estes micro-organismos podem atuar
conjuntamente (Baena-Monroy et al., 2005). Foi verificado que S. aureus
pode facilmente aderir-se as hifas de C. albicans, formando assim um
biofilme heterogénio. Neste biofilme polimicrobiano, pode ser verificado a
formacao de uma base composta principalmente por hifas de C. albicans,
onde seguem aderidos S. aureus. Adicionalmente, pode ser observada a
formacdo de microcolbnias de S. aureus na superficie deste biofilme
(Harriott, Noverr, 2009).

Foi estimado que cerca de 27% de candidemias, em
infeccbes nosocomiais, ocorreram em associagdo com outros micro-
organismos, sendo S. aureus o terceiro mais comum (Klotz et al., 2007).
Segundo Harriott e Noverr (2009), C. albicans pode contribuir para a
formacdo do biofime de S. aureus e, com isso, pode aumentar a

resisténcia desta bactéria a acdo de antimicrobianos.

2.1.3 Associagao de C. albicans e Enterococcus faecalis

Estes dois micro-organismos sdo comensais do trato
gastrointestinal, da cavidade oral e outros sitios ndo estéreis de
mamiferos, incluindo os seres humanos, além de poderem estar
associados a uma mesma comunidade polimicrobina em um hospedeiro.
Ambos compreendem uma porcéo relativamente pequena da microbiota

corporal, contudo esta quantidade pode elevar-se significativamente ao
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ponto de causar sérias complicacbes ao hospedeiro. Estes micro-
organismos sdo patégenos oportunistas, com isso, podem causar
importantes infeccfes sistémicas devido a uma debilidade imunoldgica e
consequentemente gerar altos niveis de morbidade e mortalidade. Em
casos de infeccdo hospitalar, espécies de Enterococcus estdo em terceiro
lugar como agentes infecciosos mais comuns, sendo seguidas por
espécies de Candida. Dentro do género Enterococcus, as espécies E.
faecalis e Enterococcus faecium s&o as mais significativas e para o
género Candida, a espécie C. albicans é a mais frequentemente isolada
(Cruz et al., 2013).

E comum o co-isolamento tanto de C. albicans como de
Enterococcus spp de um mesmo local de infec¢cdo, como foi observado no
estudo de Mason et al. (2012), onde foi constatado um aumento
significativo de enterococos na microbiota intestinal de camundongos nao
tratados com antibiéticos, onde foram preliminarmente introduzidos
apenas C. albicans.

No estudo realizado por Cruz et al. (2013), onde foi
utilizado o nematédeo Caenorhabditis elegans como hospedeiro para
infecgao polimicrobiana de C. albicans e E. faecalis, foi observado que a
morte do nematddeo ndo ocorreu por conta da associacdo destes micro-
organismos. Em adicéo, foi constatado que houve inibicdo da formacao
de hifas por C. albicans pela acdo de E. faecalis, ou seja, a bactéria atuou
diretamente em um dos principais fatores de viruléncia de C. albicans,
gue é responsavel por causar a morte deste nematddeo. Segundo 0s
autores, a presenca de C. albicans protegeu E. faecalis de morte celular.
Com isso, a interagdo destes micro-organismos em C. elegans néo foi
danosa para o hospedeiro, sendo assim, ambos foram comensais e nao
patogénicos para o0 nematddeo, porém separadamente 0S micro-

organismos apresentaram efeito foi oposto, altamente patogénico.
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2.1.4 Associacao de C. albicans e Streptococcus mutans

Sabe-se que C. albicans é o organismo fungico mais
comumente detectado nas superficies mucosas dos seres humanos, com
isso, geralmente esta associada com uma extensa variedade de micro-
organismos patogénicos (Morales, Hogan, 2010a; Peleg et al., 2010). Na
cavidade oral, pode formar uma complexa comunidade microbiana
juntamente com Streptococcus spp, principalmente as espécie
Streptococcus gordonii, Streptococcus sanguinis e S. mutans (ten Cate et
al., 2009; Gregoire et al., 2011).

C. albicans além de estar relacionada com complicacdes
em tecidos moles, na cavidade oral, pode também influenciar na
patogénese de carie dental particularmente em pacientes pediatricos (de
Carvalho et al., 2006; Raja et al.,, 2010). Nestes pacientes, pode ser
formado um biofilme virulento a superficie dental, especialmente
constituido por estreptococos do grupo mutans, em particular S. mutans,
favorecido por precéria higienizacéo e elevado consumo de dieta rica em
sacarose, fatores estes que promovem o aumento da prevaléncia de
infeccbes de cérie neste publico (Vadiakas, 2008; Parisotto et al., 2010).
Em adicdo, a presenca de micro-organismos acidogénicos e aciduricos
pode proporcionar a progressao desta infeccdo (Kanasi et al., 2010).

S. mutans tem a habilidade de desenvolver-se em
biofilme, uma vez que, esta espécie utiliza de forma eficaz a sacarose da
dieta de seu hospedeiro para sintetizar polissacarideo extracelular que
dard sustentacdo a esta comunidade microbiana, para isso, este micro-
organismo produz e faz uso excepcional de enzimas adsorvidas as
superficies de onde se encontram, como glicosiltransferases ou
frutosiltransferases, favorecendo forte adesdo deste biofilme as

superficies, além do mais, mesmo esta espécie sendo altamente
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acidogénica, seu desenvolvimento ndo é prejudicado, uma vez que,
apresenta tolerancia a pH &cidos (Quivey et al., 2000; Bowen, Koo, 2011).
Em biofilmes polimicrobianos compostos por C. albicans e
S. mutans, a bactéria parece favorecer o desenvolvimento do biofilme de
C. albicans (Pereira-Cenci et al., 2008). Estudos sobre infeccdo de cérie
ja demonstraram que ha uma associa¢ado direta entre esses dois micro-
organismos relacionando-os com o0 desenvolvimento desta doenca
(Marchant et al., 2001; de Carvalho et al., 2006; Klinke et al., 2011).

2.1.5 Associagao entre C. albicans e Pseudomonas aeruginosa

P. aeruginosa € um patdégeno oportunista capaz de causar
severas infeccBes hospitalares em pacientes imunocomprometidos (Chen
et al., 2014).

Este micro-organismo apresenta capacidade de formar
biofilme, uma vez que, suas células podem se agregar facilmente e
sintetizar matriz extracelular, composta por proteinas, acido nucleico e
polissacarideos (Davey, O’Toole, 2000; Mah, O’Toole, 2001; Chen et al.,
2014). A formacao de biofilme por P. aeruginosa é mediada por moléculas
de cyclic-di-GMP, responséaveis por promover a transicdo da forma mével
para séssil, com isso, é induzido o aumento da producdo de matriz
extracelular e diminuicdo da motilidade flagelar deste micro-organismo
(Baraquet, Harwood, 2013; Kuchma et al., 2012). Além disso, esta
bactéria pode produzir um tipo de enzima, relacionada ao seu fator de
viruléncia, conhecida por fenazina (Denning et al., 2003; Rada, Leto,
2013). Esta enzima pode afetar células eucaridticas, incluindo as células
fungicas, como foi demonstrado por Morales et al. (2013), onde altas
concentracdes de fenazina interferiram tanto no processo de respiracéo

celular como na formacédo de hifas em C. albicans. Assim, parece que
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esta enzima pode regular o crescimento de células fangicas em biofilme
polimicrobiano. Em adicéo, na interacdo de C. albicans com P. aeruginosa
em biofilme pode ocorrer o estimulo da producdo de um pigmento
avermelhado derivado da fenazina bacteriana que se acumula no interoir
da célula fungica (Morales et al., 2010b).

Na cavidade oral, esta bactéria Gram-negativa pode
causar uma forma mais agressiva de periodontite justamente pela sua
presenca no biofilme supragengival (da Silva-Boghossian et al., 2011). A
partir da cavidade oral, P. aeruginosa pode ser disseminada
sistemicamente e provocar infec¢do respiratoria, principalmente em
pacientes hospitalizados e imunodebilitados (Raghavendran et al., 2007).

Foi verificado que em casos de pacientes com fibrose
cistica, uma doenca hereditaria fortemente associada com infeccdes
pulmonares crbnicas recalcitrantes, € comum a co-infeccdo de P.
aeruginosa com outros micro-organismos, sendo este, um fator
impactante para o curso desta doenca e seu tratamento (Leclair, Hoga,
2010; Delhaes et al., 2012; Chen et al., 2014). A associacdo de P.
aeruginosa com C. albicans pode provoca agravamento desta doenca,
com rapido aumento da perda da funcdo pulmonar nestes pacientes
(Chotirmall et al., 2010).

2.2 Rosmarinus officinalis L. (alecrim)

7

R. officinalis L. € conhecido popularmente no Brasil por
alecrim (rosemary, em inglés), trata-se de uma espécie vegetal perene
lenhosa, da familia Lamiaceae, originada da regido Mediterranea, que
atualmente pode ser encontrada e cultivada em todos os continentes

como planta aromatica e ornamental, sendo suas folhas comumente
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utilizadas como condimento, bem como, para fins medicinais (Raskovi¢ et
al., 2014).

Foi demonstrado por meio de cromatografia gasosa
acoplada a espectrometria de massa e espectroscopia por resonancia
magnética que os principais constituintes do 6leo essencial de alecrim sdo
1,8-cineol (52.2%), céanfora (15,2%) e a-pineno (12,4%) (da Silva et al.,
2015). Raskovi¢c et al. (2014) também comprovaram que estes
biocompostos estdo em maior quantidade no vegetal, sendo 1,8-cineol
(43,8%), canfora (12,5%) e a-pineno (11,5%).

E possivel encontrar na literatura estudos que relataram
algumas atividades farmacolégicas de R. officinalis, como efeito
antimicrobiano (Guerra-Boone et al., 2015), antibacteriano (Irshaid et al.,
2014), antifungico (Gauch et al.,, 2014; da Silva et al., 2015),
antimicobacteriano (Abuzeid et al., 2014), anti-inflamatdrio (Rocha et al.,
2015; Silva et al. 2015), antitumoral (Wang et al., 2012), antioxidante
(Motlagh et al.,, 2014: Dias et al., 2015; Guerra-Boone et al., 2015),
antimutagénico (Felicidade et al. 2014), neuroprotetivo (Lin et al, 2014;
Wu et al., 2015), cardioprotetor (Li XL et al., 2014), modulador de estresse
oxidativo (EI-Demerdash et al., 2016; Sebai et al., 2015) e DNA-protetivo
(Horvathova et al., 2014).

2.2.1 Atividade antimicrobiana

A acédo antimicrobiana de R. officinalis L. tem sido
relatada sobre os micro-organismos como C. albicans (Chifiriuc et al.,
2012; Smullen et al., 2012; Gauch et al., 2014), S. aureus (Smullen et al.,
2012; Wang et al., 2012; Fratini et al., 2014), S. mutans (Smullen et al.,
2012), E. faecalis (Smullen et al., 2012; Petrolini et al., 2013) e P.
aeruginosa (Smullen et al., 2012; Petrolini et al., 2013), entre outros.
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R. officinalis L. apresentou capacidade de interferir na
filamentacao in vitro de amostras clinicas de C. albicans, um importante
fator de viruléncia desta levedura (Gauch et al., 2014). Neste estudo, a
avaliacdo foi conduzida em 10 isolados de C. albicans provenientes de
proteses dentarias. Para tanto, ap0s inducdo da filamentacdo das
leveduras, com soro fetal bovino em caldo Sabouraud, foi utilizado o 6leo
essencial de alecrim para verificacdo da inibicdo do desenvolvimento
deste fator de viruléncia. Foi observado que a adicdo do 6leo essencial de
R. officinalis L. na incubacdo dos isolados promoveu total inibicdo da
filamentacdo das leveduras, uma vez que, no grupo em que néao foi
adicionado o Oleo essencial foi notado que metade dos isolados
apresentaram 100% de formacao de tubo germinativo e na outra metade
houve variagéo entre 63% e 94%.

O o6leo essencial de R. officinalis L. apresentou efeito
antibacteriano para S. aureus e S. Xxylosus. Este produto vegetal
promoveu inibicdo do crescimento das bactérias, demonstrado por teste
de disco-difusdo em agar, onde foram gerados halos de inibicdo de 6,3
mm para S. aureus e de 8 mm para S. xylosus (Fratini et al., 2014).

O extrato hidroalcodlico obtido a partir de folhas de R.
officinalis L. e suas fracdes proporcionaram efeito inibitério e, em alguns
casos, efeito bactericida para cepas de E. faecalis e P. aeruginosa
(Petrolini et al.,, 2013). Com teste de microdiluicdo em caldo, o extrato
bruto, bem como, suas fracdes n-hexano (F1), hexano/acetato de etila
(75:25 viv) (F2), hexano/acetato de etila (50:50 v/v) (F3), acetato de etila
(F4), acetato de etila/etanol (75:25 v/v) (F5), acetato de etila/etanol (50:50
v/v) (F6) e etanol (F7), foram avaliados sobre uma cepa de referéncia e
uma clinica para cada espécie. Os resultados demonstraram que o
extrato bruto e suas fragcdes F3, F2, F4-F7, inibiram o crescimento da
cepa de referéncia de P. aeruginosa e somente F1 e F3, inibiram o
crescimento da cepa clinica. Em relacdo as cepas de E. faecalis, o

extrato bruto e as fracbes F4, F5 e F3 proporcionaram efeito bactericida a
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cepas de referéncia e também ao isolado clinico, contudo, a fracdo F2
proporcionou apenas efeito inibitério para este ultimo.

O extrato das folhas de R. officinalis L. demonstrou
significativa acdo in vitro sobre S. mutans, em relacdo a formacgéo de
biofilme, a reducgéo da atividade de fatores de viruléncia e também sobre
culturas planctonicas (Smullen et al., 2012). Adicionalmente, os autores
também constataram efeito inibitério sobre outras espécies microbianas,
como C. albicans, S. aureus, E. faecalis, P. aeruginosa, Actinomyces
spp., Streptococcus spp., Escherichia coli, Lactobacillus acidophilus e
Veillonella spp. Em relacdo ao S. mutans, os autores demonstraram que
apos 1 h de incubacdo em meio liquido acrescido de extrato de R.
officinalis L. houve redugéo da viabilidade celular do biofilme de 10 vezes,
aumentando para 100 vezes apés 6 h, em comparagdo ao controle. Além
disso, comprovaram que o biofilme de S. mutans teve seu
desenvolvimento afetado com cerca de 87,5% de inibicao.

A atividade antibiofiime de um sistema nanobiolégico,
formado pela unido do O6leo essencial de R. officinalis L. com
nanoparticulas compostas por um nucleo de 6xido de ferro (Fe3O,4) € um
revestimento de &cido oleico (CHCI3), foi verificada sobre um isolado
clinico de C. albicans e Candida tropicalis (Chifiriuc et al., 2012). Nesse
estudo, cateteres foram revestidos ou ndo com esse sistema e a
capacidade do desenvolvimento dos biofilmes flngicos foi analisada in
vitro. Com auxilio de microscopia confocal de varredura a laser, foi
possivel notar significativa reducdo da aderéncia das células fungicas ao
material, bem como, a interferéncia no desenvolvimento do biofilme, com
total auséncia de aderéncia nos periodos de 48 e 72 h. Em contrapartida,
nas pecas nao tratadas foi observada formacdo de biofiime composto
inicialmente apenas por leveduras (24 h) e posteriormente por formas
filamentosas (72 h). Com isso, foi constato que este sistema
nanobioldgico proporcionou redugdo acentuada do biofilme de C. albicans

de aproximadamente 85% apds 48 h, e de cerca de 98%, ap6s 72 h.
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O Oleo essencial de R. officinalis L. e alguns de seus
biocompostos como a-pineno, B-pineno e 1,8-cineol apresentaram efeito
antibacteriano sobre S. aureus (Wang et al.,, 2012). Neste estudo, foi
constatado que 0 Oleo essencial proporcionou acentuada queda no
namero de unidades formadoras de colénia por mililitro (UFC/mL), apés
12 h de exposicdo, com eliminacdo total apdés 24 h. Em relacdo aos
biocompostos, a-pineno apresentou efeito bactericida, apés 12 h, no
entanto, foi observada queda do numero de UFC/mL a partir de 8 h de
contato, B-pineno também foi bactericida ap6s 24 h, com significativa
reducdo de UFC/mL ap6s 12 h, e 1,8-cineol, apresentou acentuada queda

de UFC/mL a partir de 24 h de exposicao e eliminacéao total apds 30 h.

2.2.2 Citotoxicidade para células tumorais humanas

Linhagens de células tumorais humanas (CTH) de céncer
ovariano (SK-OV-3 e HO-8910) e de carcinoma hepatocelular (Bel-7402),
cultivadas in vitro, apresentaram diminuicdo de sua viabilidade com
aplicac@o do Oleo essencial de R. officinalis L. ou de seus biocompostos,
com demonstracdo de dose-dependéncia, em estudo realizado com
aplicacéo do teste colorimétrico MTT [brometo de 3-(4,5-dimetiltiazol-2-yl)-
2,5-difeniltetrazélio] (Wang et al., 2012). Neste estudo, foi comprovada
reducao significativa da viabilidade celular destas as linhagens conforme
0 aumento da concentracao dos produtos vegetais avaliados.

Avaliando a atividade citotoxica do extrato das folhas de
R. officinalis L. sobre linhagens de CTH de céancer de colo (SW620 e
DLD-1) e de céncer de pancreas (MIA-PaCa-2 e PANC-1), com teste
MTT, ficou demonstrado que PANC-1 apresentou maior resisténcia a
acao citotoxica do extrato, seguida por MIA-PaCa-2. As linhagens de

SW620 e DLD-1 apresentaram maior sensibilidade aos efeitos deste
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extrato (Gonzélez-Vallinas et al., 2014). Adicionalmente, foi observado
citotoxicidade dose-dependente sobre as linhagens de céncer de colo,
com acentuada queda de viabilidade celular de SW620, que passou de
90% para 20%. Por outro lado, PANC-1 demonstrou menor taxa de
reducdo, uma vez que, passou de aproximadamente 80% para cerca de
60%. Contudo, ambas as linhagens foram significativamente afetadas
pelo extrato vegetal.

O extrato de R. officinalis L. teve sua atividade citotoxica
avaliada sobre duas linhagens de CTH de cancer de préstata (22Rv1 e
LNCaP) (Petiwala et al., 2014). Neste estudo, 0 extrato apresentou um
percentual de inibicdo da proliferacdo de 22Rv1l em cerca de 80% e de
aproximadamente 95% para LNCaP. Em adicdo, foi demonstrado que o
percentual da viabilidade celular diminui ao passo que a concentragédo do
extrato aumentava, sendo constado queda da viabilidade celular de
22Rv1 entre 30% e 90% e de 10% a 90% para LNCaP, dependendo da

dose empregada .

2.2.3 Atividade anti-inflamatéria

E necessario levar em consideracdo que O pProcesso
inflamatério € uma estratégia essencial do sistema imune contra
patdgenos, porém em alguns casos pode promover danos ao hospedeiro.

Neste processo, neutréfilos circulantes sdo as primeiras
células a serem recrutadas ao foco da leséo no tecido, por ativacdo de
proteinas plasmaticas ou por mediadores quimiotaticos secretados por
células residentes ativadas. Ap6s o reconhecimento do patégeno pelos
neutrolifos, ocorre a ativacdo destas células defensoras, com isso, pode
ocorrer aumento da secrecdo de citocinas, que consequentemente

atrairdo ao local da infecgdo mais células fagocitarias, além da expressao
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de receptores para estes agentes na superficie destas células. Desta
forma, estes elementos proé-inflamatérios poderdo contribuir para a
destruicdo do agente invasor que desencadeou este processo de defesa
(Li JL, Ng, 2012; Silva et al., 2015).

Em um processo inflamatério pode ser gerados danos ao
tecido do hospedeiro, por isso, 0 bloqueio deste mecanismo tem sito
avaliado, como por exemplo, a capacidade de produtos naturais atuarem
sobre a migracao de células, bem como, sobre a producédo de mediadores
quimicos e fagocitose (de Oliveira et al., 2013, 2014; Silva et al., 2015).

O potencial anti-inflamatério de R. officinalis L., tanto in
vitro como in vivo, tem sido verificado em relacdo a sua capacidade de
controle da producdo de alguns elementos relacionados a inflamacéao
como citocinas, fatores de crescimento, Oxido nitrico (NO) e
prostaglandinas, além de verificar sua acdo direta sobre a migracao
desnecessaria de células de defesa. Esses estudos buscam avaliar uma
alternativa para inibir esses mecanismos que, por alguma razao, se
encontram desajustados biologicamente e tendem a ser danosos ao
hospedeiro.

Essa funcionalidade de R. officinalis L. pode ser verifica
no estudo de Yu et al. (2013), onde foi avaliado o uso de extratos nas
fracbes metandlica e hexanica deste vegetal sobre macréfagos de
camundongo (RAW 264.7) estimulados por lipopolissacarideo (LPS).
Esses autores demonstraram que o extrato metandlico foi capaz de
diminuir os niveis da enzima o6xido nitrico sintetase (NOS), responsavel
pela sintese de NO, contudo foi analisado que ndo houve interferéncia
nos niveis de ciclo-oxigenase-2 (COX-2), enzima responsavel pela
producdo de prostaglandina. Por outro lado, o extrato hexanico de R.
officinalis L., proporcionou apenas a diminui¢cado dos niveis de COX-2. Em
relacdo aos niveis de prostaglandina E2 (PGE2) analisados, o extrato
metanalico proporcionou consideravel reducéo, porém com uso da fracao

hexanica sua supressao foi maior. Esses autores demonstraram ainda
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que os niveis de fator de necrose tumoral alfa (TNF-a) também foram
inibidos fortemente com utilizacdo do extrato hexanico de R. officinalis L.
Com isso, puderam constatar que extratos de R. officinalis L.,
apresentaram efeito preventivo a infeccdo, em caso de estimulo celular a
producéo de mediadores quimicos.

A producdo destes mediadores quimicos inflamatorios
ocorre gracas ao estimulo que certas células relacionadas diretamente
com o processo de inflamacédo recebem, desta forma, o efeito pode ser
gradualmente aumentado com a chegada desnecesséaria de mais células
defensoras ao sitio da infeccao.

A acao do extrato aquoso do R. officinalis L. na migracao
de neutrdfilos do sangue ao tecido inflamado e producdo de mediadores
quimiotaticos e estresse oxidativo ocasionados por essa migracdo foi
analisada por Silva et al. (2015). Neste estudo, em ratos Wistar tratados
oralmente com extrato de R. officinalis, foi induzida inflamacao
subcutéanea com aplicacdo de carragenina, um polissacarideo proveniente
de algas marinhas vermelhas (Chondrus crispus) comumente utilizado
para avaliacdo de atividade anti-inflamatéria. A partir de exsudato
inflamatorio, foram realizadas andlises do fluxo de leucécitos, producao
de mediadores inflamatorios, como PGE2, TNF-a, interleucina 6 (IL-6),
leucotrieno B4 (LTB4), citocina indutora de quimiotaxia de neutréfilos 1
(CINC-1) e producéo de estresse oxidativo. Ficou evidente que o extrato
de R. officinalis L., proporcionou reducédo na migracao de neutrofilos, bem
como, diminuicdo dos niveis de mediadores inflamatdrios no exsudato.
Em adicdo, ficou comprovada in vitro a diminuicdo da atracdo de
neutrofilos e da producdo de NO. Com isso, 0s autores sugeriram a
possibilidade de aplicacédo terapéutica do extrato de R. officinalis L. em

casos de reacgles inflamatoérias agudas



34

2.2.4 Atividade antimutagénica

Efeitos mutagénicos séo caracterizados pela presenca de
danos irrepardveis a molécula de acido desoxirribonucleico (DNA) que
continuamente € transmitido a geracdo seguinte durante a diviséo celular.

O DNA é um dos principais alvos de espécies reativas de
oxigénio (ROS), como radical hidroxila (OH"), anion superéxido (0;"),
perdoxido de hidrogénio (H.O,) e oxigénio singleto, gerados intrinseca ou
extrinsecamente nas células por estresse oxidativo, indicando a fase
inicial na mutagénese e carcinogénese, podendo incluir danos como
ligacdo cruzada na sintese proteica, quebras da molécula de DNA e
geracdo de sitios alcali-labeis (local na cadeia nucleotidica onde ocorre
sua ruptura, quando o DNA é colocado em pH elevado). Contudo, além
de afetar o DNA, esses radicais livres podem também danificar outras
macromoléculas, como membranas celulares, proteinas e acido
ribonucleico (RNA), causando diversos problemas relacionados com
doencas pulmonares, renais e hepaticas, bem como, aterosclerose,
diabetes melitus e envelhecimento. No entanto, enzimas antioxidantes,
como catalase, superoxido dismutase, glutationa redutase e glutationa
peroxidase trabalham a favor de um balango oxidativo-antioxidativo
(Elejalde, 2001; Kawanishi et al., 2002; Shi et al.,, 2004; Manke et al.,
2013).

O estudo do efeito protetor de produtos naturais aos
possiveis danos oxidativos ao DNA, utilizados como uma ferramenta
terapéutica alternativa pode ser uma estratégia eficiente para solucionar
casos de mutagénese.

Razavi-Azarkhiavi et al. (2014) puderam constatar o efeito
protetor do extrato etandlico de R. officinalis contra danos ao DNA
induzido in vitro por H,O,. Neste estudo, onde foi utilizado o teste do

cometa, ensaio proposto inicialmente por Ostling e Johanson em 1984,
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que consiste em quantificar os danos na molécula de DNA por verificacao
do material genético migrante a partir do nicleo que se apresenta em
formato semelhante a cauda de um cometa, foi constatado que houve
reducdo do dano ao DNA na cultura celular de linfécito humano tratado
previamente com os extrato de R. officinalis L., uma vez que, no grupo
nao tratado foi observado percentual de formacdo de cauda de 55%,
contudo, a utilizacdo dos extratos proporcionou reducdo para cerca de
5%. Com isso, foi possivel constatar auséncia de genotoxicidade do
extrato de R. officinalis, no grupo sem inducdo de mutagénese (apenas
extrato), além de efeito protetor no grupo onde foi induzido dano ao DNA
por H,O, e houve tratamento com extrato de R. officinalis L.

Um biocomposto presente em espécies da familia
Lamiaceae, incluindo R. officinalis L. e T. vulgaris L., o &cido rosmarinico,
também apresentou efeito protetor in vitro aos danos ocasionados por
doxorrubicina (DXR), um indutor de genotoxicidade (Furtado et al., 2010).
Neste estudo, fibroblastos pulmonares de hamster chinés (V79), foram
induzidos & mutagénese por DXR e tratados com &cido rosmarinico. A
andlise do efeito protetor deste biocomposto vegetal foi verificada com o
teste do cometa e micronucleo, este ultimo corresponde em quantificar o
material desprendido do ndcleo celular sem quantificacdo da cauda
exibida no teste do cometa. Desta forma, os autores constataram no
grupo com inducdo de mutagénese por DXR e tratado com o &cido
rosmarinico, significativa reducdo da frequéncia de micronucleos de até
89% e diminuicdo da extensdo do dano ao DNA, neste mesmo
percentual, pelo teste do cometa. Analisando isoladamente o biocomposto
vegetal, foi observado que este ndo apresentou efeito genotdxico, uma
vez que, os niveis de material genético extranuclear foram semelhantes
ao grupo controle e significativamente menores em comparagao ao grupo

DXR, em relacéo a frequéncia de micronucleos e migracdo de DNA.
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2.3 Thymus vulgaris L. (tomilho)

T. wvulgaris L., conhecido popularmente no Brasil por
tomilho (thyme, em inglés), trata-se de uma planta aromatica perene
originada da regido Mediterranea, pertencente também a familia
Lamiaceae (Ismaili et al., 2004). O tomilho vem sendo utilizado pela
populacdo mundial como planta aromatica, na culinaria, como
conservante de alimentos, além de seu lado medicinal também ser
explorado (Jamali et al., 2012).

Thymus spp apresentam uma gama de biocompostos
responsaveis por inUmeras atividades farmacologicas. Foi verificado que
0 Oleo essencial de diferentes espécies de tomilho pode apresentar como
maiores constituintes os terpenos timol, carvacrol, p-cimeno, y-terpineno,
cariofileno, linalol e borneol (Jamali et al., 2012).

Seus efeitos benéficos foram descrito na literatura, com
apresentacao de atividades antibacteriana (Al Laham, Al Fadel, 2014; de
Las Mercedes et al., 2015), antiviral (Sanchez, Aznar, 2015), antifingica
(Maissa, Walid, 2015; Kohiyama et al., 2015; Khaledi et al., 2015), anti-
inflamatoria (Aazza et al., 2014), anticancer (Al-Menhali et al., 2015), anti-
hipertensiva (Alamgeer et al., 2014), antioxidante (Aazza et al., 2014),
antitumoral (Aazza et al., 2014), pr6-apoptotica em célula tumoral
(Esmaeili et al., 2014), anti-proliferativa (Esmaeili-Mahani et al., 2014),

anti-nematddeo (Giarratana et al., 2014).

2.3.1 Atividade antimicrobiana

A acdo antimicrobiana T. vulgaris L. pode ser observada
sobre algumas espécies como C. albicans (Belagziz et al., 2012; Jamali et
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al., 2012; Khan et al., 2014), S. aureus (Sienkiewicz et al., 2011; Belaqgziz
et al.,, 2012), E. faecalis (Sienkiewicz et al., 2011) e P. aeruginosa
(Sienkiewicz et al., 2011; Belagziz et al., 2012), entre outras.

Foi relatado que sete espécies de Thymus apresentaram
acdo anti-Candida, sendo avaliados os 6leos essenciais de T.
broussonetii, T. ciliatus, T. leptobotrys, T. maroccanus, T. pallidus, T.
satureioides e T. serpyllum (Jamali et al., 2012). Para tanto, por meio de
disco-difusdo em &agar foi verificado o perfil antifangico destes Oleos
essenciais sobre C. albicans, C. krusei, C. glabrata e C. parapsilosis. Foi
observado que todos os 6leos essenciais, derivados das sete espécies,
proporcionaram inibicAo de crescimento das leveduras, apresentando
halos de inibicdo superiores ao fluconazol, exceto T. serpyllum que
apresentou acao inibitéria inferior a este antifungico.

O Oleo essencial de T. vulgaris L. proporcionou a inibicdo
in vitro da formacdo de biofilme de isolados clinicos de C. albicans,
resistentes a antifungicos (Khan et al., 2014). Neste estudo, foram
analisadas concentracdes inferiores a concentracdo inibitéria minima
(CIM) deste Oleo essencial sobre 18 isolados clinicos de C. albicans
antifangico-resistentes. Os autores pontuaram a capacidade de formacéo
de biofime como “fraca”, “moderada” ou “forte”, com isso, dentre os
isolados clinicos, 13 foram classificados com capacidade “forte” ou
“‘moderada”, trés com capacidade “fraca” e dois ndo formaram biofilme.
Adicionalmente, sobre as cepas caracterizadas com capacidade “forte”
foram aplicadas as sub-CIM do 6leo essencial. Com isso, foi verificado
que essas concentracbes proporcionaram em média reducdes
significativas entre 7,5% e 25%.

A susceptibilidade de S. aureus, P. aeruginosa e C.
albicans ao 0leo essencial de T. vulgaris L. foi demonstrada por meio de
disco-difusdo em agar (Belagziz et al., 2012). Neste estudo, a acédo do
Oleo essencial sobre S. aureus foi semelhante a gentamicina e

tetraciclina. Em relacdo a P. aeruginosa, foi observado que a agdo do 6leo
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essencial foi menor em comparacdo a gentamicina (23 mm), porém com
efeito inibitério semelhante a tetraciclina. A acdo do 6leo essencial sobre
a amostra de C. albicans foi menor em comparacgéo a tetraciclina. Desta
forma, ficou evidenciado que o 6leo essencial de T. vulgaris L. pode, em
alguns casos, atuar semelhantemente a um antibiético como gentamicina
ou tetraciclina.

A acao do oleo essencial de T. vulgaris L. sobre isolados
clinicos de S. aureus, Enterococcus spp (E. faecalis, E. faecium e E.
durans), E. coli e P. aeruginosa, com caracteristicas de resisténcia ou
sensibilidade a alguns antimicrobianos foi avaliada in vitro com aplicacao
de teste de disco-difusdo em agar (Sienkiewicz et al., 2011). Para tanto,
foram utilizadas 30 isolados clinicos de S. aureus, Enterococcus spp, E.
coli e P. aeruginosa. Neste estudo, ficou constatado que todos os isolados
de S. aureus, Enterococcus spp e P. aeruginosa apresentaram
susceptibilidade ao 6leo essencial de T. vulgaris L., entretanto, apenas
dois isolados clinicos de E. coli foram tolerantes ao 6leo essencial.

2.3.2 Citotoxicidade para células tumorais humanas

Estudos realizados com T. vulgaris L. demonstraram sua
efetiva atuacdo sobre CTH, uma vez que, proporcionaram significativa
inibicdo de seu desenvolvimento em testes in vitro.

O extrato hidroalcodlico de tomilho foi citotéxico para CTH
de adenocarcinoma de mama (MCF-7) (Esmaeili-Mahani et al., 2014).
Neste estudo, as células MCF-7 foram cultivas com diferentes
concentracdes do extrato vegetal, bem como, com a juncéo desse extrato
com o anticancer vincristina. Os resultados apontaram que o extrato
sozinho proporcionou citotoxicidade dose-dependente as células MCF-7,

com reducdo de cerca de 50% de viabilidade celular, ja na interagédo
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medicamentosa o0s resultados foram menores, com reducdo de
aproximadamente 35% da viabilidade celular da cultura.

O extrato etanodlico de T. vulgaris L. demonstrou efeito
citotoxico para CTH de leucemia monocitica aguda (THP-1) com controle
dose-dependente de sua proliferacéo in vitro (Ayesh et al., 2014). Neste
estudo, THP-1 foram expostas a diferentes concentragbes do extrato.
Com isso, foi observado que a viabilidade celular de THP-1 diminuiu
significativamente ao passo que as concentracées eram aumentadas. O
extrato de T. vulgaris L. demonstrou afetar esta linhagem tumoral
drasticamente, alcancando niveis de eliminacdo de até 100%, em doses
elevadas. Por outro lado, em doses inferiores, foi constado efeito oposto,
ocorrendo inducdo da proliferacdo celular, uma vez que, a viabilidade

celular chegou a 120%.

2.3.3 Atividade anti-inflamatéria

A capacidade do efeito anti-inflamatorio de extratos
oleosos de Thymus spp (T. vulgaris, T. zygis e T. hyemalis) foi analisada
por Ocafa e Reglero (2012). Neste estudo, THP-1 foram diferenciados
em macréfagos por incubacdo com acetato miristato de forbol (PMA) e
ativados com lipoproteinas de baixa densidade oxidada (LDL-oxi) e os
niveis de citocinas pro-inflamatoérias, como IL-1B, IL-6 e TNF-q, e anti-
inflamatéria, 1L-10, foram analisados. ApOs exposicdo ao agente
estimulante (LDL-oxi) e tratamento com extratos de tomilho, por 24 h, foi
observada significativa reducdo da producdo das citocinas proé-
inflamatodrias. Em adigéo, foi constatado que apos 48 h de tratamento, 0s
niveis de IL-18 e TNF-a foram semelhantes ao nivel basal de células néo
ativadas e os niveis de IL-10 foram significativamente aumentados, apos

tratamento de 24 h. Estes autores também verificaram que a expressao
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génica de IL-1B, IL-6 e TNF-a aumentou no grupo de células ativadas por
LDL-oxi, por outro lado, nos grupos tratados por 24 h, a expressao de IL-
18 e TNF-a diminuiu e a expresséo de IL-6 foi semelhante ao grupo de
células ndo ativadas por LDL-oxi. Contudo, apdés 48 h de tratamento
houve reducdo da expressdo génica de todas as citocinas pro-
inflamatdrias analisadas. Em relacdo a IL-10, sua expressao foi
duplamente aumentada no grupo tratado por 24 h. Desta forma, ficou
evidente o potencial anti-inflamatorio dos extratos de Thymus spp.

O Oleo essencial de T. vulgaris L. também foi capaz de
promover efeito anti-inflamatorio, como demonstrado no estudo realizado
por Tsai et al. (2011), onde utilizaram modelo celular de THP-1 ativados
por LPS. A quantificacdo dos niveis de IL-1B, IL-8 e TNF-a foi realizada
apoés tratamento por 24 h com o 6leo essencial e exposi¢do ao LPS por
48 h. Primeiramente, foi constado que as células estimuladas por LPS
apresentaram para estas citocinas niveis imensamente superiores em
comparacao aos niveis apresentados pelo grupo ndo estimulado por LPS.
Em seguida, foi observado que no grupo tratado com o 6leo essencial,
houve significativa reducéo destas citocinas, sendo que os niveis de IL-13
foram menores que IL-8, que foram menores que TNF-a. Em adicéo, os
autores puderam demonstrar que este 6leo essencial promoveu acgao
direta sobre a enzima 5-lipoxigenase, responsavel pela producdo de
leucotrienos, reforcando ainda mais o potencial anti-inflamatério de T.

vulgaris L.

2.3.4 Atividade antimutagénica

Biocompostos de T. vulgaris L., como timol e carvacrol,
tem sido estudados no intuito de verificar seu efeito protetor em resposta

aos danos proporcionados pelo estresse oxidativo ao DNA (Undeger et



41

al., 2009). A analise do efeito protetor destes biocompostos foi realizada
in vitro sobre a linhagem V79, que foi estimulada a mutagénese com
H,O,, porém tratada separadamente com cada biocomposto de T.
vulgaris L. Neste estudo, pode ser observado que nos grupos tratados
com ambos os biocompostos, houve reducdo da migracdo de DNA, em
comparacao ao grupo estimulado por H,O, e ndo tratado. Os autores
constataram também que a producdo de ROS foi maior com aplicacédo de
H,O,, porém o uso de timol os niveis foram similares ao grupo controle.

No estudo de Buyukleyla e Rencuzogullari (2009), o efeito
genotoxico do timol também foi analisado. Para tanto, os autores
utilizaram linfocitos periféricos tratados com o biocomposto e estimulados
pelo agente mutagénico metanossulfonato de etila (MSE). Ficou
constatado que a frequéncia de micronucleos foi maior tanto com
aplicacdo do biocomposto como do MSE, em comparacdo ao grupo
controle, porém as células tratadas com timol promoveram exibicdo de
menor frequéncia de micronucleos que MSE. Constataram também que
ao decorrer do tempo de 48 h, a frequéncia de micronucleos foi maior que
no tempo de 24 h, para MSE, porém, em relacéo ao timol, a frequéncia foi
similar.

Com esses resultados promissores da utilizacdo dos
extratos de R. officinalis L. e T. vulgaris L., nossa busca foi por encontrar
atividade antimicrobiana, principalmente sobre biofimes mono e
polimicrobianos. Além de se obter concentracdes capazes de nao
prejudicar o desenvolvimento de células ou que fossem minimamente
citotbxicas para elas e, por outro lado, pudessem afetar o
desenvolvimento de células tumorais com inibicdo de sua proliferagéo.
Promover efeito imunomodulador na producdo de citocinas pro-
inflamatorias e efeito protetor para o DNA, que poderia ser uma estratégia
de combate a mutagénese, que se for controlada, podera evitar mutacdes
genéticas e consequentemente inibir o desenvolvimento de

carcinogénese.
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3 DETALHAMENTO METODOLOGICO

3.1 Extratos vegetais

Os extratos de R officinalis L. (Mapric, Sdo Paulo, Brasil)
e T. wvulgaris L. (Florien, Piracicaba, Brasil) foram adquiridos

comercialmente na concentracdo de 200 mg/mL em propilenoglicol.

3.2 Atividade antimicrobiana

3.2.1 Micro-organismos

A avaliacdo da atividade antimicrobiana dos extratos foi
realizada sobre cepas de referéncia (ATCC - American Type Culture
Collection) de C. albicans (ATCC 18804), S. aureus (ATCC 6538), E.
faecalis (ATCC 4083), S. mutans (ATCC 35688) e P. aeruginosa (ATCC
15442) provenientes do Laboratorio de Microbiologia e Imunologia —
ICT/UNESP. As cepas foram mantidas em congelamento (-80°C) em
caldo Brain Heart Infusion (BHI — Himedia, Mumbai, india) com 20% de
glicerol, para as bactérias, e em caldo Yeast Extract Peptone Dextrose
(YPD — Himedia) com 16% de glicerol, para C. albicans.
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3.2.2 Acgéo sobre culturas planctonicas

Para a determinacédo das concentracdes inibitéria minima (CIM) e
microbicida minima (CMM) dos extratos foi utilizado o método de
microdiluicio em caldo, segundo Clinical and Laboratory Standards
Institute (CLSI), normas M7-A6 (CLSI, 2003) e M27-A21 (CLSI, 2002)
suplementada por M27-S4 (CLSI, 2012). Primeiramente, as bactérias
foram cultivadas em agar BHI (Himedia) e C. albicans em agar
Sabouraud-dextrose (SD — Himedia) por 24 h a 37°C, com 5% de CO
para S. mutans. Em seguida, suspensdes microbianas foram preparadas
em solucéo salina estéril (NaCl 0,9%). Com auxilio de espectrofotbmetro
(Micronal, Sado Paulo, Brasil) a turbidez das suspensdes foram ajustadas
para 1 x 10° UFC/mL (unidades formadoras de coldnia por mililitro). O
meio de cultura utilizado para crescimento das bactérias foi caldo Mueller
Hinton (Himedia) e para C. albicans foi utilizado caldo RPMI 1640
(Himedia) com glutamina, sem bicarbonato e com indicador vermelho de
fenol, tamponado a pH 7,0 £ 0,1 com MOPS [&acido 3-(N-morfolino)
propanosulfénico] (Sigma-Aldrich, St. Louis, EUA). As microdiluicdes do
extrato foram realizadas em placas de 96 pocos (TPP, Trasadingen,
Suica), onde foram adicionados100 pL de meio de cultura em 10 pocos e
100 pL do extrato de R. officinalis L (200 mg/mL) ou T. vulgaris L. apenas
no primeiro poco de onde foi iniciada uma série de diluicdes (1:2) até a
décima diluicdo. Em seguida, foram adicionados em todos os poc¢os 100
UL da suspensdo microbiana padronizada. Com isso, 0s inoculos
alcancaram aproximadamente as concentracdes de 5 x 10°> UFC/mL, para
as bactérias, e de 5 x 102 a 2,5 x 103 UFC/mL, para C. albicans. E as
concentracbes do extrato foram diluidas de 50 a 0,09 mg/mL. Pocos de
controle de crescimento (C-), meio mais inoculo, e do meio (C+), sem
indculo, foram adicionados. Apoés incubacdo de 24 h, a CIM foi

determinada no dltimo poco da microplaca na diluicho que nao foi
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observada turvacéo. Para determinacdo da CMM, 100 puL da CIM e de
pocos anteriores a ela foram semeados em &gar BHI ou SB. Apds 48 h de
incubacédo ela foi determinada na menor concentracdo onde nao houve

crescimento microbiano.

3.2.3 Acao sobre biofilmes microbianos

3.2.3.1 Grupos experimentais

A acado dos extratos foi avaliada in vitro sobre biofilmes
monomicrobianos de C. albicans, S. aureus, E. faecalis, S. mutans e P.
aeruginosa, bem como, em associacdes polimicrobianas de C. albicans

com cada uma das bactérias (Quadro 1).
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Quadro 1 - Distribuicdo dos grupos experimentais e associacdes
interespecificas de micro-organismos em biofilme in vitro

Numgrq de Grupo Micro-organismos
espécies
Ca C. albicans
Sa S. aureus
1 Ef E. faecalis
Sm S. mutans
Pa P. aeruginosa
CatSa C. albicans S. aureus
Ca+Ef C. albicans E. faecalis
? Cat+Sm C. albicans S. mutans
Ca+Pa C. albicans P. aeruginosa

3.2.3.2 Formacéo dos biofilmes e tratamento com os extratos

Os microorganismos foram primeiramente cultivados em
meio solido (Agar BHI ou SD) e em seguida em meio liquido (caldo BHI ou
caldo Yeast Nitrogen Base — YNB, Himedia) por 24 h a 37°C (CO; 5%
para S. mutans). A suspensdo microbiana gerada foi centrifugada em
2000 rpm/10 min (MPW-350, Varsévia, Polénia), o sobrenadante foi
descartado e o pellet suspendido em solugcéo salina, sendo realizado por
duas vezes este procedimento. Posteriormente, a turbidez desta
suspensdo foi ajustada a 10’ UFC/mL com auxilio de espectrofotdmetro
(Micronal) e 200 pL/poco desta suspenséao foram distribuidos em placas
de 96 pocgos. As placas foram levadas para incubacdo sob agitacao
(37°C; 75 rpm — Quimis, Diadema, Brasil) por 90 min, para ades&o inicial
dos microorganismos. Em seguida, o sobrenadante foi descartado e

foram adicionados 200 pL de caldo BHI ou YNB. As placas foram
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incubadas por 48 h, para a formacdo dos biofilmes, porém apés 24 h o
meio de cultura foi substituido por meio fresco.

Os biofilmes polimicrobianos foram formados da mesma
forma, porém foram adicionadas partes iguais das suspensdes
padronizadas, ou seja, 100 pL de cada uma. Para o cultivo nos pogos,
também foram adicionados partes iguais de BHI e YNB, 100 uL de cada
um.

ApoOs 48 h, os biofilmes formados foram expostos por 5 min
ao extrato de R. officinalis L. ou T. vulgaris L. (200 mg/mL) (n = 10) e
solucdo salina foi utilizada como controle negativo (n = 10). Células
microbianas afetadas com o extrato foram removidas por duas lavagens
com solucdo salina. Em seguida, o biofiime foi desagregado por
homogeneizador ultrassénico (Sonopuls HD 2200 — Bandelin Eletronic,
Berlin, Alemanha) por 30 s e poténcia de 25%. A suspensao obtida foi
diluida seriadamente (1:10) e foram adicionados 100 pL em agar BHI ou
SD. No caso dos biofilmes polimicrobianos as semeaduras foram
utilizados em meios seletivos sendo, SD acrescido de cloranfenicol (1%)
para C. albicans, agar BHI acrescido de 75 mg de NaCl/mL de meio para
S. aureus, agar Mitis salivarius com 20% de sacarose e 0,2 unidades
internacionais (Ul) de bacitracina por mililitro de meio para S. mutans, m-
Enterococcus (Difco) para E. faecalis e agar MacConkey (Difco) para P.
aeruginosa. Ap6s 48 h incubacédo, foram contadas as UFC e dada sua

concentracdo em UFC/mL.



47

3.3 Viabilidade celular

3.3.1 Linhagens celulares

A avaliacdo da citotoxicidade dos extratos foi realizada
sobre fibroblastos gengivais humanos (FMM-1), provenientes da
Faculdade de Odontologia da Universidade de S&o Paulo (USP, Séo
Paulo, Brasil), macrofagos de camundongo (RAW 264.7), do Banco de
Células do Rio de Janeiro - Associacao Técnico Cientifica Paul Ehrlich
(APABCAM, Rio de Janeiro, Brasil), linhagem tumoral de carcinoma
mamario (MCF-7) e linhagem tumoral carcinoma cervical (HelLa),
provenientes do Instituto Adolfo Lutz (S&o Paulo, Brasil).

3.3.2 Cultivo das células

As células foram mantidas em frascos de cultivo celular (TPP) em
meio de Eagle modificado por Dulbecco (DMEM — LGC) com 10% de soro
fetal bovino (Invitrogen, Nova York, EUA) e 1% de penicilina-
estreptomicina (Gibco, Grand Island, EUA) sob incubacéo (37°C e CO;
5%) e umidade atmosférica. Apds subconfluéncia, RAW 264.7 foi
desprendida com varredor celular (TPP) e demais linhagens com tripsina
(LGC). Apos centrifugagéo (2000 rpm/5 min — Hermle Z-300 K — Labnet,
Edison, EUA) desta suspensao celular o sobrenadante foi descartado e o
pellet foi suspenso em meio fresco. Com o teste de exclusdo por azul de
Trypan (0,5%, Sigma-Aldrich) foram quantificadas as células viaveis. Com
isso, em placas de 96 pogos foram adicionadas 200 pL/po¢co de DMEM

contendo 4 x 10* células viaveis.



48

3.3.3 Exposicdo as concentracdes dos extratos

Os extratos de R. officinalis L. e T. vulgaris L. foram
diluidos em DMEM nas concentra¢des de 25, 50 e 100 mg/mL. DMEM
sozinho foi utilizado como controle negativo (0 mg/mL), sendo n =
10/grupo experimental. Apos incubacdo de 24 h, cada cultura foi exposta
as concentracdes do extrato por 5 min. Para descarte de células que néo
sobreviveram ao tratamento foram feitas lavagens com PBS. Em seguida
foram aplicados os testes de viabilidade celular, descritos a seguir.

3.3.4 Teste de MTT

Neste teste, enzimas redutases presentes em células
viaveis podem degradar o MTT e gerar o formazan que pode ser
quantificado por espectrofotbmetro. Para tanto, a solucdo de MTT
[brometo de 3(4,5-dimetiltiazol-2-yl)2,5-difeniltetrazolio] (Sigma Aldrich) foi
preparada a 0,5 mg/mL phosphate buffered saline (PBS - LGS
Biotecnology, Cotia, Brasil), e adicionados 100 pL/pogco sobre os
biofilmes. Apds incubagédo de 1 h sob abrigo da luz o sobrenadante foi
descartado e adicionado 100 pL/poco de dimetilsulféxido (DMSO - Sigma
Aldrich). Nova incubacao de 10 min foi realizada, seguida de agitacao da
placa de 96 pocos em mesa orbital (Solab, Piracicaba, Brasil), por mais
10 min. Em seguida, a absorbancia dos pocos foi dada com auxilio de
espectrofotdbmetro de microplacas (Bio-Tek, Vermont, EUA) a 570 nm. Os
dados gerados foram convertidos em percentual de redugcédo de

viabilidade celular.
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3.3.5 Teste de vermelho neutro (VN)

Este meétodo analisou a incorporacdo do VN em
lisossomos de células viaveis. Para este fim, o p6 de VN (Vetec/Sigma-
aldrich, SP, Brasil) foi suspendido em PBS (20 pg/mL). Foram
adicionados 100 pL/poco desta solucdo sobre as células e apos
incubacdo de 2 h, abrigadas da luz, esta solucdo foi removida e
adicionados 100 uL/poc¢o de alcool etilico puro. A placa foi levada para
agitacdo em mesa orbital (Solab) por 15 min. Em seguida, a absorbancia
dos pocos foi analisada em espectrofotdmetro de microplacas (Bio-Tek) a
570 nm. Os valores obtidos foram convertidos em percentual de

viabilidade celular.

3.3.6 Teste de cristal violeta (CV)

Por este método foi verificado coloracdo do DNA de
células viaveis. Primeiramente, as células foram fixadas por 10 min com
formaldeido 10% (Synth, SP, Brasil), em seguida, foram adicionados 100
pL/poco de solucdo de CV (0,2 mg/mL), apds suspensdo do pé de CV
(Synth) em agua destilada. Apés incubacédo de 15 min, sob abrigo da luz,
o corante foi descartado e os poc¢os foram lavados com agua destilada até
gue ndo se percebesse a presenca do corante. Em cada poco foram
adicionados 100 pL de alcool etilico puro e apdés 10 min de agitacdo em
mesa orbital (Solab) a absorbancia dos pogos foi lida em
espectrofotdbmetro de microplacas (Bio-Tek) a 570 nm e os valores obtidos

foram convertidos em percentual de viabilidade celular.
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3.4 Atividade anti-inflamatoéria

3.4.1 Formacao dos grupos experimentais

RAW 264.7 foi cultivada em placa de 24 pocos (TPP) na
concentracdo de 5 x 10° células/mL de DMEM por 24 h. No grupo com
auséncia de LPS de E. coli (Sigma-Aldrich), o sobrenadante foi
descartado e adicionado extrato de R. officinalis L. ou T. vulgaris L.
diluidos em DMEM, nas concentracdes de 25, 50 e 100 mg/mL, DMEM
sozinho foi utilizado como controle (0 mg/mL), sendo n = 10/grupo
experimental. No grupo com presenga de LPS, a essas concentracdes foi
adicionado 1 yg/mL de LPS (n = 10/grupo). Apos 24 h de exposi¢ao, o
sobrenadante foi coletado e armazenado em microtubos a -20°C para

posterior andlise de citocinas pro-inflamatorias (IL-18 e TNF-a).

3.4.2 Ensaio imunoenzimatico ELISA

Os niveis de citocinas proé-inflamatérias, IL-18 e TNF-q,
provenientes dos sobrenadantes coletados de RAW 264.7, foram
analisados por ELISA, método sanduiche. Para tanto, foram utilizados os
kits comerciais (R & D Systems, Minneapolis, EUA), sendo catdlogo
DY401 para IL-1B e catdlogo DY410 para TNF-a, conforme orientagéo do
fabricante.

Apo6s diluicdo do anticorpo de captura anti-IL-1 ou
anti-TNF-a em PBS, foram adicionados 100 pL/po¢o em microplacas para
teste ELISA (Greiner-BioOne, Bélgica) e deixadas em temperatura
ambiente, overnight, protegidas por filme plastico.
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Posteriormente, 0S pog¢os passaram por processo de
lavagem que consistiu na remoc¢éo do sobrenadante e adigdo de 300 pL
de Tampao de Lavagem (PBS acrescido de 0,05% de Tween 20 [Sigma-
Aldrich]), por trés vezes consecutivas e secagem com batidas em papel
toalha. Apds, foram adicionados 300 pL/poco de Tampédo de Bloqueio
(PBS acrescido de 0,1% de Soro Albumina Bovino — BSA [US Biological,
Salem, EUA]). As placas foram deixadas em temperatura ambiente por
uma hora.

Apos procedimentos de lavagem, foram adicionados nas
placas 100 pL do padrdo de citocinas (curva-padrédo) e 100 pL dos
sobrenadantes celulares obtidos apds exposi¢cido aos extratos.

Apo6s duas horas de incubacédo em temperatura ambiente,
os procedimentos de lavagem foram realizados e posteriormente foram
acrescentados 100 pL/poco de anticorpo de deteccéo (anti-IL-18 ou anti-
TNF-a) marcados com biotina. As placas foram mantidas em temperatura
ambiente por duas horas. Novas lavagens foram feitas e apés foram
adicionados 100 pL/poco de estreptavidina conjugada com enzima
peroxidase. Sobre protecdo da luz, as placas foram incubadas em
temperatura ambiente por 20 minutos.

Apés os procedimentos de lavagem, foram adicionados
100 pL/poco da solugdo de substrato cromogénico, composto por
Reagente A (peréxido de hidrogénio) e Reagente B (tetrametilbenzidina)
na proporcdo de 1:1 (R & D Systems). As placas foram incubadas,
abrigadas da luz, a temperatura ambiente por 20 minutos. Logo apds,
foram adicionados 50 pL de &cido sulfarico 2N (Solugcédo de Parada) e as
placas foram imediatamente levadas ao leitor de microplacas, e suas
absorbancias foram lidas em espectrofotometro de microplacas (Bio-Tek)
no comprimento de onda de 450 nm. Os dados obtidos foram convertidos
em picogramas por mililitro (pg/mL), levando em consideracao os valores
da curva-padréo de IL-13 ou TNF-a, com auxilio do programa GraphPad
Prism 5.0.
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3.5 Genotoxicidade

A verificacdo da frequéncia de micronucleos (MN) foi
utilizada para avaliar a genotoxicidade dos extratos sobre todas as
linhagens. Para tanto, 2 x 10* células/mL de DMEM foram cultivadas em
placas de 24 pocos por 24 h. Em seguida, o sobrenadante foi descartado
e adicionado os extratos de R. officinalis L. ou T. vulgaris L. diluidos em
DMEM (25, 50, 100 mg/mL) ou DMEM sozinho (0 mg/mL), sendo n =
2/grupo experimental. Apos incubagdo de 24 h, o sobrenadante foi
descartado e foram feitas lavagens com PBS para descarte de células
nao viaveis. Posteriormente, as células foram fixadas por 10 min com
formaldeido 10%. ApGs nova lavagem, foram adicionados 200 uL de PBS
e uma gota de fluoroshield with DAPI. A placa foi levada para agitacdo em
mesa orbital (Solab) por 5 min sob protecdo da luz. Em seguida, com
auxilio de microscopio de fluorescéncia (Axiovert 200, Zeiss, Jena,
Alemanha) foi verificada a frequéncia de MN em 1000 células contadas,

ambos corados em azul.

3.6 Andlise estatistica

Os dados obtidos foram apresentados em valores médios
(x desvio-padrao) e analisados estatisticamente pelo GraphPad Prism 5.0
e Minitab 17. Foi considerada diferenca estatistica significativa quando p <
0.05. Os resultados da atividade antimicrobiana foram analisados por T-
Test ou ANOVA complementado por Tukey Test e os dados de viabilidade
celular, atividade anti-inflamatéria e genotoxicidade foram analisados por
ANOVA e Tukey Test.
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Abstract

R. officinalis L. is a medicinal plant that has several biological activities
and in this context we aimed to evaluate its antimicrobial effect on mono-
and polymicrobial biofilms, its potential cytotoxic, its anti-inflammatory
capacity and genotoxic profile. To this end, monomicrobial biofilms of
Candida albicans, Staphylococcus aureus, Enterococcus faecalis,
Streptococcus mutans and Pseudomonas aeruginosa and polymicrobial
biofilms composed by C. albicans with each bacterium were formed in the
bottom of the wells of microtiter plates during 48 h and exposed for 5 min
to R. officinalis L. glycolic extract (200 mg/mL). Its cytotoxic effect was
examined on murine macrophages (RAW 264.7), human gingival
fibroblasts (FMM-1), human breast carcinoma cells (MCF-7) and cervical
carcinoma cells (HelLa) after exposure to different concentrations of the
extract. Cell viability was analyzed by MTT, neutral red (NR) and crystal
violet (CV) assays. Anti-inflammatory activity was evaluated on RAW
264.7 non-stimulated or stimulated by lipopolysaccharide (LPS) from
Escherichia coli and treated with different concentrations of the extract for
24 h. Then, interleukin-1 beta (IL-18) and tumor necrosis factor alpha
(TNF-a) were quantified by ELISA. Its genotoxicity was verified by the
frequency of micronuclei (MN) at 1000 cells after exposure to
concentrations of the extract for 24 h. Data were analyzed by T-Test or
ANOVA and Tukey Test (p < 0.05). Thus, after exposure to the extract,

significant reductions in colony forming units per milliliter (CFU/mL) and
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reductions in their viability were observed in all studied biofilms. Regarding
the cells, it was observed that concentrations < 50 mg/mL provided cell
viability above 50%. Immunomodulatory effect was observed, since the
production of proinflammatory cytokines in the treated groups was similar
or lower compared to the control group. There was also a lack of
genotoxicity due to the frequency of MN in the groups exposed to extract
was similar or less than the untreated group. Thus, it was shown that R.
officinalis L. extract was effective on mono- and polymicrobial biofilms, it
also provided cell viability above 50% (at < 50 mg/mL), showed
immunomodulatory effect, inhibiting the synthesis of proinflammatory

cytokines and was not genotoxic.

Introduction

R. officinalis L. (Lamiaceae) is a perennial woody plant species,
originated from the Mediterranean region, which currently can be found
and cultivated in all continents as aromatic and ornamental plant, its
leaves are commonly used as a condiment and also serving for medicinal
purposes [1]. Its major constituents responsible for the pharmacological
activities are 1,8-cineole (52.2%), camphor (15.2%) and a-pinene (12.4%)
[2]. Some of their biologic activities have been reported as antimicrobial
[3], antibacterial [4], antifungal [5,2], antimycobacterial [6], anti-

inflammatory [7,8], antitumor [9], antioxidant [3,10,11], antimutagenic [12]



56

neuroprotective [13,14], cardioprotective [15], oxidative stress modulator
[16,17] and DNA-protective [18].

Biofilms can be described as a micro ecosystem formed by different
species of microorganisms, surrounded by a protein extracellular matrix
and polysaccharides produced by them. This microbiome can be adhered
both to an abiotic surface, such as dental materials, prostheses, implants,
endotracheal tube, pacemakers and catheters, or a biotic surface, such as
host tissues [19,20,21]. They are naturally found in interspecific
associations in different niches. In these associations a microorganism
may favor or hinder the development of other, interfere with antimicrobial
susceptibility, as well as interfere with the expression of genes that may
lead to generation of pathogenic forms [22,23].

C. albicans biofiim can be formed after contact with a suitable
surface and its development will depend on favorable conditions. In the
initial stage, the yeast forms adhered initiate the formation of germ tube
and subsequently in the intermediate phase, there will be the elongation of
these hyphae and production of extracellular matrix, composed by
carbohydrates and proteins. Following, it occurs the formation of a mature
biofilm, composed by a yeasts base where the hyphal forms follow
adhered, involved by the matrix [24,25]. S. aureus is clinically relevant
because it has high levels of systemic infections and mortality related to
accumulation of its biofilm in medical devices [26]. It has been estimated

that about 27% of candidemias in nosocomial infections occurred in
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association with other microorganisms, being S. aureus the third most
common [27]. According to Harriott and Noverr [20], C. albicans can
contribute to the formation of S. aureus biofilm and thus, increase the
resistance of the bacteria to the action of antibiotics.

A study conducted in the nematode Caenorhabditis elegans, which
serves as host for multispecies infection of C. albicans and E. faecalis, it
was observed that there was no death of C. elegans due to this microbial
association. It was also observed inhibition of hyphae of C. albicans by E.
faecalis action, which favored the survival of the nematode. Both
microorganisms were commensal and non-pathogenic to C. elegans, but
separately presented highly pathogenic effect [28].

In the oral cavity, C. albicans can form a complex microbial
community with Streptococcus spp., especially S. gordonii, S. sanguinis
and S. mutans [29,30] and may influence the pathogenesis of dental
caries, particularly in pediatric patients [31, 32], which can be formed a
virulent biofilm on the teeth surface of these patients, especially consisting
of mutans group streptococci, particularly S. mutans, favored by poor
hygienization and high intake of a diet rich in sucrose [33,34].

P. aeruginosa has the ability to form biofilm, since its cells can
easily aggregate and synthesize extracellular matrix, composed of protein,
nucleic acid and polysaccharides, factor that allows it to be tolerant to the
action of antibiotics [35,36,37]. In the oral cavity, it may cause a more

aggressive form of periodontitis just by their presence in supragingival
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biofilm [38]. From the oral cavity, P. aeruginosa can be disseminated
systemically and cause respiratory infection, particularly in hospitalized
and immunossupressed patients [39]. It has been found that in cases of
patients with cystic fibrosis, it is common the co-infection of P. aeruginosa
with other microorganisms, which is an impacting factor for the course of
this disease and its treatment [40,41,37] and their association with C.
albicans can seriously compromise the recovery of these patients, causing
them pulmonary dysfunction [42].

The action of different types of R. officinalis L. extracts was reported
on some tumor cell lines such as the ovarian cancer (SK-OV-3 and HO-
8910), hepatocellular carcinoma (Bel-7402) [9], colorectal cancer (SW620
and DLD-1), pancreas cancer (MIA-PaCa-2 and PANC-1) [43], prostate
cancer (LNCaP and 22Rv1) [44], colorectal adenocarcinoma (LoVo),
hepatocarcinoma (HepG2). On the target lineages in this study, MCF-7
[45] and Hela [46], it has also been reported the action of R. officinalis L,
however in our study we used three different cell viability test and glycolic
extract.

Studies have been undertaken in order to seek alternative ways to
inhibit some inflammatory mechanisms that, for some reason, are
biologically disarranged and tend to be harmful to the host. Thus, the anti-
inflammatory effect of R. officinalis L. has been investigated regarding its

ability to control the synthesis of proinflammatory cytokines, growth
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factors, nitric oxide (NO) and prostaglandin [47], and check its effect on
immune cells migration [8].

It was proposed that the ethanol extract of R. officinalis L. can
promote protective effect against DNA damage [48]. According to these
authors, human lymphocytes exposed to R. officinalis L. extract showed
no genotoxicity, in the group treated with the extract and exposed to
hydrogen peroxide (H.O,), it was noticed DNA-protective effect. This
antimutagenic action of R. officinalis L. can be attributed to their biological
composition. The phytocompound rosmarinic acid, present in Lamiaceae
family species, including R. officinalis L., provided protective effect to the
DNA of lung fibroblasts of Chinese hamster (V79), in the group which
mutagenesis by chemotherapeutic doxorubicin was induced [49].

Based on these findings, the objectives of this study were to
evaluate some biological activities of R. officinalis L. glycolic extract, such
as antimicrobial activity against C. albicans, S. aureus, E. faecalis, S.
mutans and P. aeruginosa in planktonic form and mono- and polymicrobial
biofilms of C. albicans associated with S. aureus, E. faecalis, S. mutans
and P. aeruginosa, cytotoxicity to RAW 264.7, FMM-1, MCF-7 and Hela,
anti-inflammatory activity in LPS-stimulated RAW 264.7 and genotoxic

activity on the cell lines studied.
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Materials and Methods

R. officinalis L. extract was commercially acquired (Mapric, SP,
Brazil) at concentration of 200 mg/mL of propylene glycol. This extract was

obtained from leaves of the plant.

Antimicrobial activity

Reference strains (ATCC - American Type Culture Collection) of C.
albicans (ATCC 18804), S. aureus (ATCC 6538), E. faecalis (ATCC 4083),
S. mutans (ATCC 35688) and P. aeruginosa (ATCC 15442) obtained from
the Laboratory of Microbiology and Immunology, Institute of Science and
Technology/UNESP, were used in this study. Strains were kept frozen (-
80°C) in Brain Heart Infusion broth (BHI - Himedia, Mumbai, India) with
20% glycerol, for bacteria, and Yeast Extract Peptone Dextrose broth

(YPD - Himedia) with 16% glycerol, for C. albicans.

Antimicrobial activity against planktonic cultures

Broth microdilution method

For the determination of minimum inhibitory (MIC) and minimum
microbicidal (MMC) concentrations of the extract, microdilution broth
method was used, according to the Clinical and Laboratory Standards
Institute (CLSI), M7-A6 [50] and M27-A2 [51] supplemented by M27-S4

[52]. Firstly, bacteria were grown in BHI agar (Himedia) and C. albicans in
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Sabouraud dextrose agar (SD - Himedia) for 24 h at 37°C with 5% CO, for
S. mutans. Then, the microbial suspensions were prepared in sterile saline
(0.9% NaCl). The turbidity of the suspensions was adjusted to 10°
CFU/mL (colony forming units per milliliter) in spectrophotometer
(Micronal, Sao Paulo, Brazil). The culture medium used for bacteria growth
was Mueller Hinton broth (Himedia) and for C. albicans was used RPMI
1640 broth (Himedia) with glutamine, without bicarbonate and phenol red
indicator, buffered to pH 7,0£0,1 with MOPS [3- (N-morpholino)
propanesulfonic acid] (Sigma-Aldrich, St. Louis, USA). The extract
microdilutions were performed in 96-well plates (TPP, Trasadingen,
Switzerland), where 100 pL of culture medium were added in 10 wells and
100 L of R. officinalis L. extract (200 mg/mL), only in the first well, where
serial dilutions (1:2) started till the tenth dilution. Then, 100 pyL of the
standardized microbial suspension were added in all the wells. Thus, the
inoculum concentrations were approximately 5 x 10> CFU/mL for the
bacteria, and 5 x 10?2 to 2.5 x 103 CFU/mL for C. albicans. The
concentrations of the extract were diluted from 50 to 0.09 mg/mL. Wells for
growth control (C-, medium plus inoculum) and medium (C+, medium
alone), were added. After 24 h incubation, MIC was determined at the last
well of the microplate which was not observed turbidity. For determining
MMC, 100 pyL of MIC and its previous wells were seeded on BHI or SB
agar. After 48 h of incubation it was determined the lowest concentration

which showed no microbial growth.
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Antimicrobial activity against mono- and polymicrobial

biofilms

Biofilm formation in wells of 96-well plates

Microorganisms were first cultured on solid medium (BHI or SD
agar) and then in liquid medium (BHI broth or Yeast Nitrogen Base - YNB,
Himedia) for 24 h at 37°C (5% CO, for S. mutans). The generated
microbial suspension was centrifuged at 2000 rpm/10 min (MPW-350,
Warsaw, Poland), the supernatant discarded and the pellet suspended in
saline. This procedure was repeated twice. Thereafter, the turbidity of the
suspension was adjusted to 10’ CFU/mL, in spectrophotometer, and it was
distributed in 96-well plates, 200 uL/well of this suspension. Plates were
brought to incubation under agitation (37°C; 75 rpm - Quimis, Diadema,
Brazil) for 90 min to initial adhesion of microorganisms. Then, the
supernatant was discarded and added 200 pyL of BHI or YNB broth. The
plates were incubated for 48 h for the formation of biofilm, however, after
24 h, the culture medium was replaced by fresh medium.

The polymicrobial biofilms were formed in the same manner but
equal parts of the standardized suspensions were added, i.e., 100 yL of
each suspension and for growing in the wells, equal parts of BHI and YNB,

100 uL of each were also added.
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Exposure of biofilms to the R. officinalis L. extract

After 48 h, biofilms were exposed to R. officinalis L. extract (200
mg/mL) (n = 10) for 5 min and saline was used as a negative control (n =
10). Cells affected by the extract were removed by washing with saline.
Then, the biofilm has disaggregated by ultrasound homogenizer (Sonopuls
HD 2200 — Bandelin Eletronic, Berlin, Germany) for 30 s and 25% power.
The generated suspension was serially diluted (1:10) and 100 pL were
seeded into BHI or SD agar. In the case of polymicrobial biofilms, selective
medium (agar) were used, such as SD with chloramphenicol (1%) for C.
albicans, BHI with 75 mg NaCl/mL medium for S. aureus, Mitis salivarius
with 20% sucrose and 0.2 international units (IU) of bacitracin/mL medium
for S. mutans, m-Enterococcus (Difco) for E. faecalis and MacConkey
(Difco) for P. aeruginosa. After 48 h incubation, CFU were counted and

CFU/mL were calculated.

Cell viability

Cell lines

Human gingival fibroblasts (FMM-1), from the Faculty of Dentistry,
University of Sado Paulo (USP, Séo Paulo, Brazil), murine macrophages
(RAW 264.7), from Rio de Janeiro Cell Bank (APABCAM, Rio de Janeiro,
Brazil), human breast carcinoma cells (MCF-7) and cervical carcinoma
cells (HeLa), from Adolfo Lutz Institute (S&do Paulo, SP, Brazil), were used

in this study. The cells were maintained in cell culture flasks (TPP) in
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Dulbecco's modified Eagle medium (DMEM - LGC) with 10% fetal bovine
serum (Invitrogen, New York, USA) and 1% penicillin-streptomycin (Gibco,
Grand Island, NY, United States) under incubation (37°C and 5% CO,)
and atmospheric humidity. After subconfluency, RAW 264.7 was detached
with cell scraper (TPP) and the other cell lines with trypsin (LGC). After
centrifugation at 2000 rpm/5 min (Hermle - Z-300 - Labnet, Edison, USA),
the supernatant of this cell suspension was discarded and the pellet was
suspended in fresh medium. By exclusion test Trypan Blue (0.5%, Sigma-
Aldrich), viable cells were quantified and, in 96-well plates, 200 uL/well of

DMEM containing 4 x 10* cells were added.

Exposure to R. officinalis L. extract

R. officinalis L. extract was diluted in DMEM at concentrations of
25, 50 and 100 mg/mL and DMEM was used as negative control (0
mg/mL) with n = 10/experimental group. After incubation for 24 h, each
culture was exposed to the extract concentrations for 5 min. In order to
discard cells that did not survive the treatment, washes with PBS were

performed. Then, cell viability tests were applied (described hereafter).

MTT Assay
In this test, reductases present in viable cells, break MTT
generating formazan, which may be quantified by spectrophotometer.

Therefore, MTT solution [bromide of 3-(4,5-dimethylthiazol-2-yl)-2,5-
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diphenyltetrazolium bromide] (Sigma Aldrich) was prepared at 0.5 mg/mL
phosphate buffered saline (PBS - LGC Biotechnology, Cotia, Brazil), and
100 uL of this solution were added per well. After incubation for 1 h under
protection from light, the supernatant was discarded and 100 pL of
dimethyl sulfoxide (DMSO - Sigma Aldrich) was added in each well. New
incubation of 10 min was performed, followed by agitation of the 96-well
plate in shaker (Solab, Piracicaba, Brazil) for more 10 min. Then, the
absorbance of the wells was measured by spectrophotometer (Bio-Tek,
Vermont, USA) at 570 nm. Data generated were converted to cell viability

reduction percentage.

Neutral red (NR) assay

This method analyzed the incorporation of NR into lysosomes of
viable cells. To this end, NR powder (Vetec/Sigma-Aldrich, Sdo Paulo,
Brazil) was suspended in PBS (20 pg/mL) and 100 uL/well of this solution
were added to the cells and after incubation for 2 h, protected from light,
this solution was removed and to 100 yL/well of pure ethyl alcohol were
added. The plate was taken to agitation in shaker for 15 min. Then, the
absorbance of the wells were analyzed in a microplate spectrophotometer
(A =570 nm) and the values obtained were converted to percentage of cell

viability.
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Crystal violet (CV) assay

This method verified DNA staining of viable cells. First, cells were
fixed for 10 min with 10% formaldehyde (Synth, S&o Paulo, Brazil) and
then 100 uL/well of CV solution (0.2 mg/mL) were added, after suspension
of CV powder (Synth) in distilled water. After 15 min incubation, under
protection from light, the dye was discarded and the wells were washed
with distilled water until no presence of the dye was found. In each well,
100 pL of pure ethyl alcohol were added and after 10 min of agitation in
the shaker, absorbance was read on microplate spectrophotometer (A =

570 nm). Obtained values were converted to percentage of cell viability.

Anti-inflammatory activity

Formation of experimental groups

RAW 264.7 was cultured in 24-well plates (TPP) at a concentration
of 5 x 10° cells/mL of DMEM for 24 h. In the group non-lipopolysaccharide
(LPS - Sigma-Aldrich) from Escherichia coli, the supernatant was
discarded and R. officinalis L. extract diluted in DMEM at concentrations of
25, 50 and 100 mg/mL was added, DMEM was used as control (O mg/mL),
with n = 10/experimental group. In the group with LPS, in these
concentrations 1 pg/mL LPS (n = 10/group) was added. After exposure for
24 h, the supernatant was collected in microtubes and stored at -20°C for

subsequent analysis of proinflammatory cytokines (IL-1 and TNF-a).
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Enzyme immunoassay (ELISA)

The levels of proinflammatory cytokines, IL-1p and TNF-a, collected
from RAW 264.7 supernatants were analyzed by ELISA sandwich method.
Commercial kits were used (R&D Systems, Minneapolis, USA) and DY401
catalog for IL-1p and DY410 catalog for TNF-a, according to
manufacturer's guidance. The absorbance of the wells was assessed by
microplate spectrophotometer (A = 450 nm) and data were converted to
picograms per milliliter (pg/mL), taking into account the standard curve

values of IL-1B or TNF-a, with GraphPad Prism 5.0 software.

Genotoxicity - Micronucleus (MN) assay

The test was applied separately in all cell lines. Firstly, 2 x 10*
cellssmL of DMEM were cultured in 24-well plates for 24 h. Then, the
supernatant was discarded and R. officinalis L. extract diluted in DMEM
(25, 50, 100 mg/mL) or only DMEM (0 mg/mL) were added, with n =
2/experimental group. After incubation for 24 h, supernatant was
discarded and washing with PBS was done to discard the non-viable cells.
Subsequently, the cells were fixed for 10 min with 10% formaldehyde.
After new washing, 200 puL of PBS and one drop of fluorshield with DAPI
(Sigma-Aldrich) were added. The plate was taken to agitation for 5 min,
protected from light. Then, with the aid of fluorescence microscope
(Axiovert 200 - Zeiss, Jena, Germany) MN frequency was observed in

1000 cells counted, both stained blue.
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Statistical analysis

The results, analyzed by the GraphPad Prism 5.0 and Minitab 17,
were presented as mean values (+ standard deviation). It was considered
statistically significant when p < 0.05. The results of the antimicrobial
activity were analyzed by T-Test or ANOVA and Tukey Test. Data of cell
viability, anti-inflammatory activity and genotoxicity were analyzed by

ANOVA and Tukey Test.

Results

Antimicrobial activity

R. officinalis L. extract showed microbiostatic and microbicidal
effects on planktonic forms. Planktonic forms of C. albicans, S. aureus,
E. faecalis, S. mutans and P. aeruginosa had growth inhibition at
concentrations <50 mg/mL. However, C. albicans (3.13 mg/mL) and P.
aeruginosa (6.25 mg/mL) showed elimination, other microorganisms

showed MMC >50 mg/mL (Table 1).
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Table 1. Antimicrobial effect of R. officinalis L. extract on planktonic
forms. Values (mg/mL) of minimal inhibitory concentration (MIC) and
minimal microbicidal concentration (MMC) of R. officinalis L. extract (200
mg/mL), verified after 24 h of exposure.

Microorganism mg/mL
MIC MMC

C. albicans 0.78 3.13

S.aureus 25 >50

E. faecalis 50 >50

S. mutans 25 >50

P. aeruginosa 6.25 6.25

Monomicrobial biofilms were affected by R. officinalis L.
extract. There was significant decrease of CFU/mL in monomicrobial
biofims of C. albicans, S. aureus, E. faecalis, S. mutans and P.
aeruginosa after treatment with R. officinalis L. extract (200 mg/mL) for 5
min (Fig 1). Thus, significant reductions were observed in these biofilms
after exposure to the extract (Fig 2), most notably in C. albicans and P.

aeruginosa, which showed complete elimination of biofilm.
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Fig 1. Action of R. officinalis L. extract on monomicrobial biofilms.
Mean values (+ standard deviation) of CFU/mL of C. albicans, S. aureus,
E. faecalis, S. mutans and P. aeruginosa biofilms presented in untreated
group (0.9% NaCl) and treated group with R. officinalis L. extract (200
mg/mL) for 5 min. p values follow on the columns (n = 10. T-Test, p <

0.05).
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Fig 2. Reduction percentage of monomicrobial biofilms. After
exposure to R. officinalis L. extract (200 mg/mL) for 5 min, significant
reductions were observed in the biofilms of C. albicans (Ca), S. aureus
(Sa), E. faecalis (Ef), S. mutans (Sm) and P. aeruginosa (Pa). The groups
were reunited according to their homogeneity. Statistically significant
differences can be observed among groups with different superscript
letters. (n = 10. ANOVA, Tukey test, p < 0.05).

Polymicrobial biofilms were susceptible to R. officinalis L.
extract. As in monomicrobial biofilms, it was also observed antibiofilm
effect of R. officinalis L. extract in polymicrobial associations between C.
albicans and each bacterium, i.e., S. aureus, E. faecalis, S. mutans and P.
aeruginosa (Fig 3). Although a similar amount of CFU/mL for each
microorganism was used for biofilm formation, after 48 h of incubation, a
significant difference was observed between CFU/mL amount of C.
albicans and each bacterium, being greater the amount of bacteria in all
the associations. However, the application of R. officinalis L. extract (200

mg/mL) for 5 min resulted in a significant decrease in CFU/mL number in

all treated groups, taking into consideration the untreated group.
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Additionally, in Fig 4, it was observed that the rate of reduction of both,
yeast and bacteria, in polymicrobial biofilm was similar in the associations
of C. albicans and E. faecalis and C. albicans and P. aeruginosa. In
biofilms composed by C. albicans and S. aureus and C. albicans and S.
mutans, there was a greater reduction in yeast when compared to the

bacterium (Fig 4).

Ca+Sa Ca+Ef
0 0153 Ty
-- ).0327
8.0x10" _’ 2 Untreated 9.0x10 b 2 |
6.0%10" Treated 6.0x10%4
ri7
J 7 7 - 3.0%104
o e A i o
g <0.0001 s g
& 1sa0 ] - e b
© ; e 12 9 12407 <0 0322
1.2%1074 7 / 8.0%10%4
s0x10 L0 4.0%10% J‘
0 T : 0 = - ~
C. athicans $. aureus C, albicans E. faecalls
Ca+Sm Ca+Pa
<0.0001
4.0x10" 0.00c4 : 6.0x10"
3.0%10* T 4.0=1074 ‘1
2.0%10* J‘ 20x1074 v
g 7 T : | %
5 0000 A 2 40x10% 0.0001 =
g 24x10° _“L,i ) P ok w4 | L
1.6%10" = 20x10 J_ 77
27 27 77
8.0%10* A =t v
v - 0
0 e — M
C. albicans P. aeruginosa
C. albicans S. mutans

Fig 3. Action of R. officinalis L. extract on polymicrobial biofilms.
Mean (x standard deviation) of CFU/mL of polymicrobial associations of C.
albicans with S. aureus (Ca+Sa), E. faecalis (Ca+Ef), S. mutans (Ca+Sm)
and P. aeruginosa (Cat+Pa) presented in the untreated group (0.9% NaCl)
and treated groups with R. officinalis L. extract (200 mg/mL) for 5 min. p
values follow on the columns (n = 10. T-Test, p < 0.05).
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Fig 4. Reduction percentage of polymicrobial biofilms. Data obtained
in polymicrobial associations of C. albicans with S. aureus (Cat+ Sa), E.
faecalis (Ca+Ef), S. mutans (Ca+Sm) and P. aeruginosa (Ca+Pa) after
exposure to R. officinalis L. extract (200 mg/mL) for 5 min. Statistically
significant difference between the reductions in yeast and bacteria in each
association can be observed among groups with superscript asterisks. (n
=10. T-Test, p <0.05).

Cell viability

The viability of RAW 264.7, FMM-1, MCF-7 and HelLa decreased
according to the concentration of the R. officinalis L. extract. Three
cell viability tests were used, as follows: MTT, that verified the enzymatic
activity of viable cells capable of degrading MTT salt to formazan with the
aid of specific enzymes; neutral red (NR), which analyzed the lysosomal
activity of viable cells after the incorporation of this dye; and crystal violet
(CV), capable of staining cells DNA that survived the treatment and
remained attached to the wells. In Fig 5, it can be seen the cell viability
percentage in cultures exposed to concentrations of the extract analyzed

by MTT test (Fig 5A), NR (Fig 5B) and CV (Fig 5C). Significant reductions
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were observed in the viability of RAW 264.7 at concentrations of 100
(MTT, NR and CV), 50 (MTT, NR and CV) and 25 mg/mL (CV). FMM-1
also showed a decrease of viability at 100 (MTT, NR and CV), 50 (MTT
and CV) and 25 mg/mL (MTT). For MCF-7, a significant reduction of
viability was found at 100 (MTT, RN and CV) and 50 mg/mL (MTT and
NR) and the viability of HeLa cells was reduced by exposure at 100 (MTT,

RN and RC) and 50 mg/mL (NR and CV).
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Fig 5. Cell viability verified by MTT, NR and CV assays. After exposure
of RAW 264.7, FMM-1, MCF-7 and HeLa at concentrations of 25, 50 and
100 mg/mL of R. officinalis L. extract, cell viability of the cultures,
compared to the control group (0 mg/mL), were analyzed by: (A) reduction
of MTT salt to formazan; (B) Incorporation of neutral red (NR) in the
lysosomes; and (C) DNA staining with crystal violet (CV). Statistically
significant differences among experimental groups can be observed with
different superscript letters (n = 10. ANOVA, Tukey Test, p < 0.05). Optical
microscopy (200X).
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In Fig 6, the cell viability percentage of the lineages in each of the
concentrations tested can be verified. For MTT assay (Fig 6A), it was
found that cell viability percentage of the four lineages was similar after
exposure to 25 and 50 mg/mL, however, at 100 mg/mL, FMM-1 showed
lower cell viability percentage than MCF-7 and HelLa. In the NR assay (Fig
6B), it was noted statistical similarity in the percentage of cell viability of all
cell lineages exposed to 25 mg/mL. At 50 mg/mL, it was noted that the
MCF-7 and HelLa had lower cell viability rate than FMM-1, and after
treatment with 100 mg/mL, it was found lower cell viability rate in the
culture of RAW 264.7, compared to the other lineages, which showed
similar cell viability percentage. By CV assay (Fig 6C) was demonstrated
homogeneity among cell lineages at a concentration of 25 mg/mL. After
exposure to 50 mg/mL, it was noted lower percentage of cell viability in the
FMM-1, compared to other cells. In the same way, the concentration of
100 mg/mL showed lower percentage of cell viability for FMM-1 when

compared to the other studied lineages.
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Fig 6. Cell viability percentage obtained in each concentration of the
R. officinalis L. Data were obtained in RAW 264.7, FMM-1, MCF-7 and
HelLa cultures, after exposure for 5 min to concentrations of R. officinalis
L. extract (25, 50 e 100 mg/mL), and analyzed by MTT (A), NR (B) and CV
(C) assays. Different superscript letters indicate statistically significant
differences among experimental groups. (n = 10. ANOVA, Tukey Test, p <
0.05).
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Anti-inflammatory activity

Proinflammatory cytokines (IL-18 and TNF-a) synthesis was
suppressed in LPS-stimulated RAW 264.7 macrophages culture after
application of R. officinalis L. extract. In presence of LPS, it was found
that the concentrations of R. officinalis L. extract afforded significant
inhibition of cytokines production (Table 2). Likewise, in the quantification
of TNF-a levels was observed both, in the absence or presence of LPS,
there was significant inhibition of this cytokine production with the
application of the plant extract concentrations.

Table 2. Production of proinflammatory cytokines IL-18 and TNF-a by
RAW 264.7, in the presence or absence of LPS. Mean values (x
standard deviation) of IL-18 and TNF-a (pg/mL) production by RAW 264.7
after contact with concentrations of 25, 50 or 100 mg/mL of R. officinalis L.
extract for 24 h in the absence or presence of LPS (1 pg/mL). Statistically

significant differences among experimental groups can be observed with
different superscript letters. (n = 10. ANOVA, Tukey Test, p < 0.05).

Cytokine (pg/mL)
Group

(mg/mL) IL-1B TNF-a

no LPS LPS no LPS LPS

0 2.7+579" 20.02 +11.17* 19.74+10.99" 8125.46 + 7305.34"
25 0.91+1.86" 1.02+2.248 3.65 + 3.28"% 28.60 + 34.66°
50 1.44+1.99% 1.72+3.63"% 3.87 + 2.66° 16.55 + 8.86°
100 0.27+0.85% 0° 2.38 + 2.51° 4.77 +4.2°

Genotoxicity

MN frequency was similar or lower than the control group after
treatment. Several materials can cause damage to DNA, represented by

the presence of small structures close to the cell nucleus -called
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micronuclei (Fig 7). It was found that the frequency of MN was similar
among treated and control (0 mg/mL) groups for RAW 264.7 and HelLa
(Fig 8A). For FMM-1 and MCF-7, the concentrations of the extract afforded
protection against DNA damage, since the presence of MN was lower than
the control group. Additionally, the MN frequency formed by cell after
exposure to each concentration (0, 25, 50 and 100 mg/mL) can be
analyzed in Fig 8B. At control group (0 mg/mL) can be found that the
formation of MN was higher in FMM-1 than in MCF-7 and HelLa. After
exposure to 25 mg/mL, RAW 264.7 showed more MN than the other
lineages. Concentrations of 50 and 100 mg/mL do not provide MN

formation in MCF-7 and HelLa.



Fig 7. Micronuclei (MN). MN are DNA fragments located around and
close to the cell nucleus (indicated by white arrows), and may have
variable size but always smaller than the cell nucleus and varied amount,
as shown in the figure bottom right, which shows two MN. Its presence
characterizes DNA damage, provided by intrinsic or extrinsic causes. After
fixing the cells, previously treated or not with different concentrations of R.
officinalis L. extract, DAPI dye was added and the nuclei and MN were
observed through fluorescence microscopy (200X) and then the frequency
of MN was determined after counting 1000 nuclei.
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Fig 8. Micronuclei (MN) frequency presented by cells. RAW 264.7,
FMM-1, MCF-7 and HelLa were exposed to concentrations of 25, 50 and
100 mg/mL of R. officinalis L. extract. After 24 h, MN frequency was
counted. (A) MN frequency presented by the four cell lineages per 1000
cells counted. (B) MN frequency obtained in each experimental group (O,
25, 50 and 100 mg/mL). Statistically significant difference among treated
groups and control groups can be observed with different superscript
letters (n = 2. ANOVA, Tukey Test, p < 0.05).
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Discussion

R. officinalis L. extract demonstrated effective antimicrobial action in
this study. It was able to inhibit the growth of C. albicans, S. aureus, E.
faecalis, S. mutans and P. aeruginosa in planktonic forms (Table 1) and, in
addition to this, significantly affected mono- (Fig 1) and polymicrobial
biofilms (Fig 3), formed by association of C. albicans with S. aureus, E.
faecalis, S. mutans and P. aeruginosa.

According to the results obtained in planktonic assay, the
concentration of 200 mg/mL of biofiims was applied, since controlling
these communities require higher concentrations of antimicrobial agents in
order to significantly affect their structures [53]. Thus, after exposure to the
extract, significant reductions were observed in monomicrobial biofilms of
C. albicans (99.96 = 0.07%), S. aureus (67.84 + 12.05%), E. faecalis
(77.64 £ 15.67%), S. mutans (79.32 + 7.34%), and P. aeruginosa (98.23 +
2.17%) (Fig 2). Although they were all affected by the extract, C. albicans
and P. aeruginosa biofilms showed the highest reduction percentage.

Regarding polymicrobial biofilms, it was observed that there were
significant reductions in both, yeast and bacteria, after treatment with the
extract (Fig. 4). However, the reduction percentages showed by each
microorganism varied after this exhibition. In association C. albicans with
S. aureus (Cat+Sa), it was found that the yeast (89 £ 13.89%) showed the
higher reduction percentage than the bacterium (56.75 £ 22.58%). It was

reported that the development of C. albicans can be harmed by S. aureus,
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since this bacteria can easily adhere to C. albicans hyphae, forming a
base composed by hyphae in which staphylococci adhere [20]. Likewise,
reduction of C. albicans (92.04 = 5.24%) was greater than S. mutans
(64.55 £ 15.12%) in the association Ca+Sm. According to Pereira-Cenci et
al. [54], this yeast favors the development of S. mutans biofilm. In
polymicrobial biofilms, the different species may compete and this could
harm or favor the development of each other [22,23].

In association of C. albicans (85.87 + 17.48%) with E. faecalis
(97.11 = 1%) there was no significant difference between the reductions
presented by the yeast and the bacterium. Cruz et al., [28] noted that C.
albicans associated with E. faecalis, during an in vivo infection (C.
elegans), prevented bacterium cell death and the bacterium,
consequently, inhibited the formation of C. albicans hyphae, which
resulted in the survival of the host. Thus, the authors noted that these
microorganisms were commensal for C. elegans and, out polymicrobial
association, they were considered pathogenic to the host. The biofilm
composed by C. albicans (85.19 + 10.48%) and P. aeruginosa (83.33 +
17.79%) also showed no significant difference between the reductions
showed by the microorganisms. Morales et al. [55] attributed to phenazine,
an enzyme produced by P. aeruginosa, the regulation of the of fungal cells
growth in polymicrobial biofilm, as well as the control of hyphal formation

of C. albicans. Thus, it was noticed some balance between species in the
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biofilm formed by C. albicans and E. faecalis (Ca+Ef) and C. albicans and
P. aeruginosa (Ca+Pa).

By assessing the viability of biofilms, it was also found the
antimicrobial action of R. officinalis L. extract, being observed certain
homogeneity among the reduction percentages presented by biofilms
ranging from 36.48 + 10.44 and 65.92 + 9.82% (Fig 5). This method has
been used to verify the performance of a therapeutic agent against
biofilms and how it can be affected. This is done by metabolic activity
analysis of biofilms, where only viable cells are capable of metabolizing
MTT salt to formazan by the action of reductases present in these cells
[56].

Cell viability assays in RAW 264.7, FMM-1, MCF-7 and HelLa
showed that the concentration of 100 mg/mL resulted in a significant
decrease in cell viability in most groups, previously confirmed by the three
tests. In some cases, cell viability reached levels lower than 50%, such as
RAW 264.7, FMM-1 and Hela cells, assessed by MTT assay (Fig. 6A), in
all lineages analyzed by NR assay (Fig. 6B) and FMM-1, as verified by CV
assay (Fig. 4C). In many cases, the concentration of 25 mg/mL provided
cell viability similar to the control group, verified on RAW 264.7, MCF-7
and HelLa cells, by MTT assay, on all lines, by NR assay, and on FMM-1,
MCF 7 and Hela, by CV assay. The concentration of 50 mg/mL, showed
some peculiarities, such as: i. lower cell viability than the control group, but

with percentages of viability higher the concentration of 100 mg/mL, as
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shown on RAW 264.7 and FMM-1 (MTT), RAW 264.7 (NR) and FMM-1
(CV); ii. lower viability than the control, but similar to the concentration of
100 mg/mL, as seen in MCF-7 (MTT), MCF-7 and HelLa (NR) and HelLa
cells (CV); iii. show similarity compared to the control and 25 mg/mL, as
observed in HeLa (MTT), FMM-1 (NR) and MCF-7 (CV); and presenting
similarity between the concentrations of 25 and 100 mg/mL and the
control, as noted in RAW 264.7 (CV). Thus, it can be suggested that some
concentrations could interfere with cellular metabolism, harming its
enzymatic action, and also affect the lysosomal activity. In this case, it may
contribute to the interference of particles entrance and exit of the cell,
damaging many of its functions [57]. However, generally, they could
promote inhibition of DNA damage, it was found that cell viability of RAW
264.7, MCF-7 and HelLa cells were above 50% after application of all
concentrations, by CV assay. The extract may provide protective effects
on DNA, especially on MCF-7 and HelLa. Thus, it can be noted that the
cellular targets of therapeutic agents must be carefully studied, since
certain cell structures may be more or less affected, interfering with its
control and viability.

Regarding anti-inflammatory activity of R. officinalis L., it was noted
that all concentrations analyzed demonstrated immunomodulatory effect
(Table 2). The production of IL-18 and TNF-a in the treated groups (100,
50, 25 mg/mL) was lower than in control group (0 mg/mL), demonstrating

that the extract can inhibit the natural synthesis of these pro-inflammatory
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cytokines. In addition, in the groups stimulated with LPS, it was found that
all concentrations also promoted immunomodulatory effect on the
production of these cytokines, since there were significant reductions in
their synthesis with the extract. Similarly, in the study of Yu et al. [47] it
was also demonstrated anti-inflammatory effect of R. officinalis L. These
authors proved that the extract of this plant, which was analyzed on LPS-
stimulated RAW 264.7, was able to reduce the levels of nitric oxide
synthase enzyme (NOS), responsible by NO synthesis, as well as
inhibiting TNF-a production. Besides, it was noted that the aqueous extract
of R. officinalis L., promoted in Wistar rats, orally treated with this extract,
reduction of neutrophils migration and decreased levels of inflammatory
mediators in exudates, caused by the inflammatory agent carrageenan [8].

In the genotoxicity test, where the MN frequency was verified, it was
found that all tested concentrations did not stimulate DNA damage, i.e.,
they were DNA-protective, since the MN frequency was statistically similar
to the control group for RAW 264.7 and significantly lower in the case of
the other cells (Fig. 9). The concentrations of 50 and 100 mg/mL
completely inhibited the production of MN in HeLa and MCF-7. With this, it
was evident that R. officinalis L. extract showed no mutagenic effect for
the studied cells. This DNA-protective effect was also demonstrated on
human lymphocytes exposed to H,O, and treated with R. officinalis L.
extract. The plant extract, besides did not stimulate DNA damage, also

protected it from the action of hydrogen peroxide [48]. Furthermore, it was
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proved that one of its phytocompounds, rosmarinic acid, showed no
mutagenic effect and was able to protect fibroblasts V79 DNA from
doxorubicin action [49].

Increasingly, the number of medical and dental products based on
medicinal plants has increased, because It has been proven them
effectiveness in various application areas, as was evidenced in our study
that showed control of mono- and polymicrobial biofilm, effect
immunomodulatory and antimutagenic action of R. officinalis L. extract.
Based on biological potential, this medicinal plant has great chances to be
a promising therapeutic agent applied in some formulations as
toothpastes, mouthwashes, irrigating root canals, ointments, soaps,
among others.

In this study, R. officinalis L. extract demonstrated effective
biological activities. It acted on monomicrobial biofilms of C. albicans (Ca),
S. aureus (Sa), E. faecalis (Ef), S. mutans (Sm) and P. aeruginosa (Pa) as
well as on polymicrobial biofilms (Ca+Sa, Ca+Ef, Ca+Sm and Ca+Pa),
with significant reductions in CFU/mL and viability. Regarding cell lines,
the extract promoted cell viability above 50% (at < 50 mg/mL). It showed
significant immunomodulatory effect, controlling the synthesis of pro-
inflammatory cytokines such as IL-1B and TNF-a in LPS-stimulated RAW

264.7 or not. In addition, exhibited DNA-protective effect in all tested cells.
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Abstract

Objectives: This study was aimed to evaluate antimicrobial activity against
mono- and polymicrobial biofilms, cytotoxic profile, anti-inflammatory and
genotoxic action of T. vulgaris L. extract.

Methods: Monomicrobial biofilms of Candida albicans, Staphylococcus
aureus, Enterococcus faecalis, Streptococcus mutans and Pseudomonas
aeruginosa and polymicrobial biofilms composed by C. albicans with each
bacteria were formed in microplate wells for 48 h and exposed for 5 min to
the plant extract. Murine macrophages (RAW 264.7), human gingival
fibroblasts (FMM-1), human breast carcinoma cells (MCF-7) and cervical

carcinoma cells (HeLa) were also exposed to different concentrations of
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the extract for 5 min and the viability of them was analyzed by MTT,
neutral red (NR) and crystal violet (CV) assays. Interleukin-1 beta (IL-1B)
and tumor necrosis factor alpha (TNF-a) produced by RAW 264.7 was
quantified by ELISA, after exposure for 24 h to different concentrations of
extract in the absence and presence of lipopolysaccharide (LPS) from
Escherichia coli. The genotoxicity of the extract was evaluated by the
frequency of micronucleus (MN) in 1000 cells. The results were analyzed
by T-Test or ANOVA and Tukey test (p < 0.05).

Results: All biofilms showed significant reductions in CFU/mL. The cell
viability was above 50% to all cell lines. Immunomodulatory effect in the
synthesis of proinflammatory cytokines (IL-1p and TNF-a) was observed.
The frequency of MN was similar or lower than the control group in all
cells.

Conclusions: T. vulgaris L. extract was effective against all biofilms,
promoted cell viability above 50%, exerted immunomodulatory effect and
absence of genotoxicity.

Clinical significance: The applicability of T. vulgaris L. extract is involved in
a possible addition to medical and dental use products, mainly for the
control of microbial biofilms. Taking into consideration that its cytotoxic
effect is not enhanced, promoting cell viability above 50%, furthermore it

featured immunomodulation capability and non-genotoxic effect.
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Introduction

T. vulgaris L. (Lamiaceae) is an aromatic perennial plant originates
from the Mediterranean region [1], which has been used by the world
population as aromatic plant, also as a preservative of food, in addition it is
explored as medicinal plant [2]. Thymus spp. feature a variety of
biocompounds responsible for numerous pharmacological activities. The
major constituents are terpenes as thymol, carvacrol, p-cymene, y-
terpinene, caryophyllene, linalool and borneol [2]. Some of their effects
were described such as antibacterial [3,4], antiviral [5], antifungal [6-8],
anti-inflammatory [9], anticancer [10], anti-hypertensive [11], antioxidant
[9], antitumor [9], pro-apoptotic [12], anti-proliferative [12] and anti-
nematode [13] activities.

Biofilms are microbial communities attached to a biotic or abiotic
surface. The place where this microecosystem is adhered may have its
integrity affected by acids generated from the metabolism of host dietary
carbohydrates [14].

The biofilm accumulation on the teeth, for example, can cause their
demineralization and may induce the caries development [15], especially if
it is composed of S. mutans, one of the main responsible for this infection.
C. albicans is commensal inhabitant of mucous, however it can be
potentially pathogenic for some patients with some type of

immunosuppression, cancer, transplant and hospitalized for a long time. In
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the oral cavity it can provoke oropharyngeal candidiasis [16]. S. aureus
can be obtained in cases of periodontitis, in biofilms supra and subgingival
[17,18]. Its association with the implants and biomaterials infections had
been described [17]. E. faecalis is also responsible for periodontal disease
and infection of root canals [19]. P. aeruginosa, in supragingival biofilm,
can cause a more aggressive form of periodontitis [20].

In polymicrobial biofilms, S. aureus can easily adhere to the hyphae
of C. albicans, thus resulting in a heterogeneous biofilm, which base is
composed mainly of hyphae of C. albicans and S. aureus attached to them
[21]. The co-isolation of C. albicans and Enterococcus spp at a same site
of infection was observed in the study by Mason et al. [22], which found a
significant increase of enterococcus in the intestinal microbiota of mice
antibiotic suppressed and previously inoculated with C. albicans. The
association of C. albicans and S. mutans, the yeast seems to favor the
development of the biofilm of S. mutans [23]. Studies about caries
infection have shown that there is a direct association between the
presence of these two microorganisms and the development of this
disease [24,25,26]. It was reported in cases of cystic fibrosis that the
association of P. aeruginosa and C. albicans may aggravate this disease,
causing in the patient increase of loss of lung function [27].

Tumor cell lines of breast carcinoma, MCF-7, and cervical cancer,
HelLa, are two of the most studied lines worldwide. MCF-7 was named in

honor of Michigan Cancer Foundation, where its generation was achieved
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after seven attempts by researcher Herbert D. Soule. It is widely used by
numerous research groups since it effectively demonstrates its clinical
features [28]. While HelLa is considered as the oldest and most widely
tumor cell used. Its name was given in honor of Henrietta Lacks patient,
which cervical carcinoma was the source of this tumor line. [29]. Tumor
cells are more resistant to drug action [30], so the search for new products
such as those derived from medicinal plants can be an alternative to
obtain therapeutic success.

It has been reported that natural products may act significantly in
controlling inflammatory processes such as the migration of inflammatory
cells, in production of chemical mediators and in phagocytosis [31,32,33].
It has also studied the ability of natural products to present antimutagenic
effect, in other words, they may provide protective action of the cellular
DNA. Phytocompounds of T. vulgaris L., as thymol and carvacrol, have
been evaluated in order to check their protective effect in response to the
damage caused by oxidative stress to DNA [34] or by mutagens agents
such as ethyl methanesulfonate [35].

Thus, the aims of this study were: i. evaluate the antimicrobial effect
of T. vulgaris L. extract on planktonic forms and monomicrobial biofilms of
C. albicans, S. aureus, E. faecalis, S. mutans and P. aeruginosa and in
polymicrobial biofilms of C. albicans associated with S. aureus, E. faecalis,
S. mutans and P. aeruginosa; ii. analyze the cytotoxic profile of the extract

on RAW 264.7, FMM-1, MCF-7 and HeLa; iii. verify its anti-inflammatory
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effect in LPS-stimulated RAW 264.7; and iv. investigate its genotoxic

effect on the four cell lines.

Material and methods

Extract

T. wvulgaris L. extract was commercially acquired (Florien,
Piracicaba, Brazil) at the concentration of 200 mg/mL in propylene glycol.

This extract was obtained from leaves of the plant.

Antimicrobial activity

Antimicrobial activity was evaluated on reference strains (ATCC -
American Type Culture Collection) of C. albicans (ATCC 18804), S.
aureus (ATCC 6538), E. faecalis (ATCC 4083), S. mutans (ATCC 35688)
and P. aeruginosa (ATCC 15442) from the Laboratory of Microbiology and
Immunology, Institute of Science and Technology/UNESP. Strains were
kept frozen (-80°C) in Brain Heart Infusion broth (BHI - Himedia, Mumbai,
India) with 20% glycerol, for bacteria, and Yeast Extract Peptone Dextrose

broth (YPD - Himedia) with 16% glycerol, for C. albicans.
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Broth microdilution method

This method was performed according to the Clinical and
Laboratory Standards Institute (CLSI), protocols M7-A6 [36] and M27-A2
[37] supplemented by M27-S4 [38]. For this, bacteria were grown in BHI
agar and yeast in Sabouraud dextrose agar (SD - Himedia) for 24 h at
37°C with 5% CO, for S. mutans. Then, microbial suspension was
prepared in sterile saline (0.9% NaCl) which turbidity was adjusted to 10°
CFU/mL (colony forming units per milliliter) in a spectrophotometer
(Micronal, Sao Paulo, Brazil). Thereafter, 100 pL of culture medium were
placed on a 96-well plate (TPP, Trasadingen, Switzerland), broth Mueller
Hinton (Himedia) for bacteria and RPMI 1640 (with glutamine, without
bicarbonate and phenol red indicator) (Himedia) buffered with MOPS [3-
(N-morpholino) propanesulfonic acid] (Sigma-Aldrich, St. Louis, USA) at
pH 7.0 £ 0.1, for yeasts. Then, 100 pL of T. vulgaris L. extract were placed
only in the first column, from which serial dilutions (1:2) started to the tenth
dilution. At last, 100 uL of the standardized microbial suspension were
added into each well. Thus, the inoculum concentration was approximately
5 x 10° CFU/mL for bacteria, and 5 x 102 to 2.5 x 103 CFU/mL for yeast.
The concentrations of the extract were diluted from 50 to 0.09 mg/mL and
wells for growth control (C-, medium plus inoculum) and medium (C+,
medium alone), were added. After 24 h incubation, the minimum inhibitory

concentration (MIC) was determined in the last well of the microplate that
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was not observed turbidity. To determine the minimum microbicidal
concentration (MMC) were seeded 100 pL of the MIC and concentrations
above on agar BHI or SD. After 48 h incubation, the MMC was determined
in the plate seeded with lower concentration, where microbial growth has

not been observed.

Mono- and polymicrobial biofilms formation

Monomicrobial biofilms of C. albicans, S. aureus, E. faecalis, S.
mutans and P. aeruginosa were formed, as well as, polymicrobial biofilms
composed of C. albicans associated with S. aureus, E. faecalis, S. mutans
and P. aeruginosa. Firstly, the strains were grown on solid medium and
subsequently in broth medium, being BHI agar and broth for bacteria, and
SD agar and Yeast Nitrogen Base broth (YNB - Himedia) for yeast, for 24
h at 37°C (5% CO; for S. mutans). Then, the microbial suspensions were
centrifuged at 2000 rpm/10 min (MPW-350, Warsaw, Poland), the
supernatant was discarded and the pellet was suspended in saline. This
process was performed twice. Thereafter, the microbial suspension was
adjusted to 10’ CFU/mL using a spectrophotometer and 200 pL of it were
added in microplate wells, which was maintained in shaking (37°C; 75 rpm
- Quimis, Diadema, Brazil) for 90 min for initial adhesion of biofilms. For
polymicrobial biofilms, 100 yL of each standardized inoculum were added.

Subsequently, the supernatant was discarded and 200 uL of BHI broth or
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YNB were added to biofilm development, in polymicrobial biofilms equal
parts of this culture media were used. After 24 h incubation the culture
medium was replaced by fresh medium. The biofilm was cultivated for 48 h
in shaking, then it was exposed for 5 min at a concentration of 200 mg/mL
of T. vulgaris L. extract (n = 10) and saline was used as control (n = 10).
After washing with sterile saline to remove affected cells by exposure, the
biofilm was disaggregated by the ultrasonic homogenizer (HD 2200 —
Bandelin Eletronic, Berlin, Germany) with 25% power for 30 s, the
microbial suspension generated was serially diluted (1:10) and 100 pL
were seeded on agar BHI or SD. In the case of multispecies biofilms,
selective media (agar) were used, as SD with chloramphenicol (1%) for C.
albicans, BHI with 75 mg NaCl/mL medium for S. aureus, Mitis salivarius
with 20% sucrose and 0.2 international units (IU) of bacitracin/mL medium
for S. mutans, m-Enterococcus (Difco) for E. faecalis and MacConkey
(Difco) for P. aeruginosa. After 48 h incubation the UFC were counted and

CFU/mL were calculated.

Cell viability

Cell lines

Human gingival fibroblasts (FMM-1) from the Dentistry College of

University of Sdo Paulo (USP, Sao Paulo, Brazil), murine macrophages



110

(RAW 264.7) from the Rio de Janeiro Cell Bank (APABCAM, Rio de
Janeiro, Brazil), human breast carcinoma cells (MCF-7) and cervical
carcinoma cells (HelLa) from Adolfo Lutz Institute (S&do Paulo, SP, Brazil)
were used. The cells were cultured in Dulbecco’'s modified Eagle medium
(DMEM — LGC Biotechnology, Cotia, Brazil) supplemented with 10% fetal
bovine serum (Invitrogen, New York, USA) and 1% penicillin-streptomycin
(Gibco, Grand Island, NY, United States). They were maintained in cell
culture flasks (TPP) under incubation (37°C and 5% CO;) and atmospheric
humidity up to their subconfluent. Then, the cell monolayer of RAW 264.7
was disaggregated with cell scraper (TPP), and the cell monolayer of
FMM-1, MCF-7 and HelLa cells with trypsin (LGC Biotechnology). The
suspension was centrifuged at 2000 rpm/5 min (Hermle - Z-300 - Labnet,
Edison, USA), the supernatant was discarded and the pellet was
suspended in fresh medium. Then, viable cell counts were made by

exclusion method with Trypan Blue (0.5%, Sigma-Aldrich).

Exposure to T. vulgaris L. extract

In 96-well plates 200 puL of DMEM with 4 x 10 viable cells were
added in each well and kept under incubation for 24 h. Thereafter, the
supernatant was discarded, T. vulgaris L. extract diluted in DMEM at
concentrations of 25, 50 and 100 mg/mL was added (n = 10/group),

DMEM was used as control (0 mg/mL) and after 5 min of exposure the
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supernatant was discarded, the wells were washed with PBS.
Subsequently, three different cell viability tests were applied separately, as

described hereafter.

MTT assay

This method analyzed the cell viability by the reduction of MTT salt
in formazan, by reductases present in viable cells. After washing for
removing affected cells, 100 pL of MTT solution [bromide of 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] (Sigma Aldrich) at a
concentration of 0.5 mg/mL phosphate buffered saline (PBS - LGS
Biotechnology) were added. After incubation for 1 h under protection from
light, the MTT solution was removed and 100 uL/well of dimethyl sulfoxide
(DMSO - Sigma Aldrich) were added. There was further incubation for 10
minutes, followed by shaking (Solab, Piracicaba, Brazil) for 10 minutes.
Then, the absorbance of the wells was read in spectrophotometer
microplate (Bio-Tek, Vermont, USA) at 570 nm. The optical density values

obtained from each well were converted into percent of cell viability.

Neutral red (NR) assay

This method allow us verify the lysosomal activity of viable cells by

the incorporation of NR in the lysosomes. Thus, the NR powder
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(Vetec/Sigma-Aldrich, SP, Brazil) was suspended in PBS at a
concentration of 20 pug /mL. Then 100 pL/well of this solution were added
and the plates were incubated for 2 h protected from light. Subsequently,
the solution was removed and 100 pL/well of pure ethyl alcohol were
added. After 15 min in shaker, the absorbance of the wells was analyzed
in a spectrophotometer (A = 570 nm). The obtained values were converted

to percentage of cell viability.

Crystal violet (CV) assay

By this method it was possible to verify cell viability by staining DNA
of viable cells. The CV powder (Synth, SP, Brazil) was suspended in water
distilled at concentration of 0.2 mg/mL, and 100 pL/well of this solution
were added on cells previously fixed by 10% formaldehyde (Synth) for 10
min. After 15 min incubation, the supernatant was discarded and the wells
were washed with distilled water until the moment at which the water no
longer presented violet staining. Then, 100 uL/well of pure ethyl alcohol
were added and after stirring in shaker for 10 min, the absorbance of the
wells was analyzed in a spectrophotometer (A = 570 nm). The obtained

values were converted to percentage of cell viability.
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Anti-inflammatory activity

Preparation of experimental groups

In 24-well plates (TPP) were cultured RAW 264.7 (5 x 10° cells/mL)
in DMEM for 24 h under appropriate incubation conditions. Subsequently,
in the groups with no lipopolysaccharide (LPS — Sigma-Aldrich) from
Escherichia coli, the supernatant was discarded and DMEM containing T.
vulgaris L. extract at concentrations of 25, 50 and 100 mg/mL was added
(n = 10 / group), DMEM was used as control (0 mg/mL) (n = 10). In the
groups with LPS, it was added at the concentration of 1 ug/mL in the
extract dilutions (n = 10/group). During 24 h the cells were exposed to this
concentrations, after that the supernatant was collected and stored in
microtubes at -20°C for later measurement of proinflammatory cytokines

(IL-1B8 and TNF-a).

ELISA assay

Supernatants from RAW 264.7 were analyzed by enzyme
immunoassay ELISA (sandwich method) and levels of proinflammatory
cytokines, IL-1B3 and TNF-a, were measured with commercial kits (R&D
Systems, Minneapolis, USA), catalog DY401 for IL-18 and catalog DY410

for TNF-a, according to manufacturer's guidance. The absorbance of the
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wells was read in a spectrophotometer (A = 450 nm). The obtained values
were converted to picograms per milliliter (pg/mL), taking into account the
standard curve values for IL-1B or TNF-a, using the GraphPad Prism 5.0

program.

Genotoxicity - micronucleus (MN) assay

MN assay was performed in all cell lines separately. For this,
DMEM containing 2 x 10 cells/mL was added in 24-well plates for 24 h.
After discarding the supernatant, DMEM containing concentrations of 25,
50, 100 mg/mL of T. vulgaris L. extract was added (n = 2/group), DMEM
was used as control (0 mg/mL) (n = 2). After 24 h, the supernatant was
discharged, the monolayer was washed with PBS and fixed with 10%
formaldehyde for 10 min at room temperature. After further washing the
monolayer, 200 uL of PBS and one drop of fluoroshield with DAPI (Sigma-
Aldrich) were added in each well. Protected from the light, the plate was
taken to stir for 5 min. Then, the frequency of MN, stained blue by DAPI,
was verified inside 1000 cells, with fluorescence microscope (Axiovert 200

- Zeiss, Jena, Germany).
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Statistical analysis

The results were presented as mean values (+ standard deviation),
they were statistically analyzed with GraphPad Prism 5.0 and Minitab 17,
considering statistically significant difference when p < 0.05. Antimicrobial
activity data were analyzed by T-Test or ANOVA complemented by Tukey
Test. Cell viability, anti-inflammatory activity and genotoxicity data were

analyzed by ANOVA and Tukey Test.

Results

Antimicrobial activity

T. vulgaris L. extract at 50 mg/mL promoted growth inhibition of C.
albicans. However, for other evaluated microorganisms the MIC and MMC
have presented values >50 mg/mL. Regarding the monomicrobial biofilms
of C. albicans, S. aureus, E. faecalis, S. mutans and P. aeruginosa, there
was a significant reduction in the number of CFU/mL after 5 min of
exposure to T. vulgaris L. extract, compared to the untreated group (Fig.
1). However, reduction percentage presented by the biofilms was

homogeneous (Fig. 2).
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Fig. 1. Mean (z standard deviation) of CFU/mL of monomicrobial biofilms
of C. albicans, S. aureus, E. faecalis, S. mutans and P. aeruginosa
presented in the untreated group (0.9% NaCl) and in the treated group
with T. vulgaris L. extract (200 mg/mL) for 5 min. p values follow on the
columns (n = 10. T-Test, p < 0.05).
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Fig. 2. Reduction percentage of monomicrobial biofilm of C. albicans (Ca)
S. aureus (Sa), E. faecalis (Ef), S. mutans (Sm) e P. aeruginosa (Pa) after
exposure to T. vulgaris L extract. (200 mg/mL) for 5 min. The groups were
reunited according to their homogeneity. Different superscript letters
indicate statistically significant differences between experimental groups.
(n = 10. ANOVA, Tukey test, p < 0.05).

Polymicrobial biofilms composed of C. albicans in association with
S. aureus, E. faecalis, S. mutans and P. aeruginosa also showed
significant reductions in CFU/mL after exposure to T. vulgaris L. extract
(200 mg/mL) for 5 min, compared to the control group (Fig. 3). The
percentage reduction of yeast and each bacterium in polymicrobial biofilm

was similar, except for the association of C. albicans with P. aeruginosa.
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Fig. 3. Mean (zx standard deviation) of CFU/mL of polymicrobial biofilms
composed for C. albicans associated with S. aureus, E. faecalis, S.
mutans and P. aeruginosa presented in the untreated group (0.9% NaCl)
and in the treated group with T. vulgaris L. extract (200 mg/mL) for 5 min.
p values follow on the columns. (n = 10. T-Test, p < 0.05).
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Fig. 4. Reduction percentage of polymicrobial biofilm of C. albicans
associated with S. aureus (Cat+Sa), E. faecalis (Ca+Ef), S. mutans
(Ca+Sm) and P. aeruginosa (CatPa). It is possible to analyze the
reductions of yeast and each bacterium after exposure to T. vulgaris L.
extract (200 mg/mL) for 5 min. Asterisks indicate statistically significant

difference between the reductions of yeast and bacterium in each
polymicrobial association. (n = 10. T-Test, p < 0.05).

Cell viability

In Fig. 5, cell viability percentages obtained in the cell lines can be
verified by the MTT (Fig. 5A), NR (Fig. 5B) and CV assays (Fig. 5C), in the
groups treated with different concentrations of T. vulgaris L. extract. (25,
50 and 100 mg/mL) compared to the control group (O mg/mL). A decrease
in the cell viability percentage of RAW 264.7 could be noticed in the
concentrations of 100 (MTT, NR and CV), 50 (MTT, NR and CV) and 25
mg/ml (MTT). In the FMM-1 culture was observed decrease of the cell
viability percentage after exposure to 100 (MTT and CV), 50 (MTT and

CV) and 25 mg/mL (MTT and CV), however in the NR test there was no
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significant reduction of cell viability. Regarding the MCF-7, reduction of cell
viability was identified after contact with a concentration of 100 (MTT, NR
and CV), 50 (MTT and NR) and 25 mg/mL (NR). The HelLa line had its
viability decreased with application of 100 (MTT and NR) and 50 mg/mL
(NR and CV). Additionally, it was found that in all experimental groups

there was cell viability above 50%.
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Fig. 5. Cell viability percentage of RAW 264.7, FMM-1, MCF-7 and HelLa
obtained after exposure to different concentrations of T. vulgaris L. extract
for 5 min, on the tests: MTT (A), neutral red, NR (B) and crystal violet, CV
(C). Different superscript letters indicate statistically significant differences
between experimental groups. (n = 10. ANOVA, Tukey Test, p < 0.05).



122

Cell viability of cultures in each one of the concentrations of the T.
vulgaris L. extract obtained in the tests MTT, NR and CV, can be analyzed
in Fig. 6. In the MTT assay (Fig. 6A), the percentages obtained in
concentrations of 25, 50 and 100 mg/mL were statistically similar between
cell lines tested. In the NR assay (Fig. 6B), the cell lines exhibited similar
percentage of cell viability after exposure to 25 and 50 mg/mL, except
MCF-7, whose viability was lower in both cases. In contact with 100
mg/mL, MCF-7 also showed lower viability than RAW 264.7 and FMM-1.
In addition, its cell viability was similar to of HeLa. Regarding CV assay
(Fig. 6C) at 25 mg/mL, FMM-1 exhibited the lowest cell viability
percentage, at 50 mg/mL it was noticed that MCF-7 presented the highest
percentage of cell viability than other cells, at 100 mg/mL the highest
percentage of cell viability was observed in HeLa and MCF-7 than in RAW

264.7 and FMM-1.
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Fig. 6 Cell viability percentage of RAW 264.7, FMM-1, MCF-7 and HelLa
obtained from each concentration of T. vulgaris L. extract after exposure

(C). Different superscript letters indicate statistically significant differences

for 5 min in the tests: MTT (A), neutral red, NR (B) and crystal violet, CV
between experimental groups. (n = 10. ANOVA, Tukey Test, p < 0.05).
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Anti-inflammatory activity

Quantifying the production of the pro-inflammatory cytokines, IL-13
and TNF-qa, after 24 h of exposure to concentrations of 25, 50 and 100
mg/mL of T. vulgaris L. extract is described in Table 1. These data
revealed increase of IL-1B production with the application of the highest
concentration evaluated. However, after LPS stimulation and treatment
with the concentrations of the extract, the synthesis of this cytokine was
inhibited in all treated groups. The plant extract also promoted significant
inhibition of TNF-a production. In addition, in the LPS-stimulated groups, it
was identified an inhibitory effect in the production of this cytokine in the
treated groups with the concentrations of the extract. The findings may

indicate anti-inflammatory action of T. vulgaris L. extract.

Table 1. Mean (x standard deviation) of production of pro-inflammatory
cytokines IL-1B and TNF-a (pg/mL) by RAW 264.7, in the absence and
presence of LPS, after contact with concentrations of 25, 50 or 100 mg/mL
of T. vulgaris L. extract for 24 h. Statistically significant differences
between the experimental groups can be observed with different
superscript letters. (n = 10. ANOVA, Tukey Test, p < 0.05).

Cytokine (pg/mL)
Group
(mg/mL) IL-18 TNF-a
no LPS LPS no LPS LPS
0 1.97+0° 70.42 + 14.75"  501.23 +98.31"  22140.37 + 788.51"
25 1.97 +0° 28.03 + 8.59° 94.82 + 13.92° 4466.91 + 155.25°
50 1.97 +0° 2+0.11° 158.41 + 62.07°  824.40 + 198.88°

100 3.03+1.72% 2+0.11° 4.94 +7.19° 12.16 + 29.08°
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Genotoxicity

MN frequency developed by RAW 264.7, FMM-1, MCF-7 and HelLa
after contact for 24 h with concentrations of 25, 50 and 100 mg/mL of T.
vulgaris L. extract can be observed in Fig. 7A. Results revealed that the
MN frequency in the cell lines was similar in all experimental groups,
except in FMM-1, where the MN frequency was lower on the concentration
of 50 mg/mL, compared to 25 mg/mL and control group (0 mg/mL). In
addition, it was noticed that at 100 mg/mL the formation of MN was not
observed. In Fig. 7B, MN frequency may be noted in each concentration of
T. vulgaris L. extract. In the control groups (0 mg/mL), FMM-1 cells
presented the higher MN frequency than other lines. At concentrations of
25 and 50 mg/mL, the highest MN frequency was noted in RAW 264.7 and
FMM-1. Additionally, at 100 mg/mL there was no formation of MN in the

four cell cultures tested.
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Fig. 7. Micronucleus (MN) frequency obtained after 1000 cell counted in
untreated cell cultures (O mg/mL) or treated with T. vulgaris L. extract (25,
50 and 100 mg/mL) for 24 h. (A) MN frequency obtained of cell lines after
contact with the concentrations of the vegetal extract. (B) MN frequency
presented by cell lines in each analyzed concentration. (C) The white
arrow indicates a MN developed around and close to the cell nucleus
viewed by fluorescence microscopy (200X) after addition of DAPI.
Different superscript letters indicate statistically significant differences
between experimental groups. (n = 2. ANOVA, Tukey Test, p < 0.05).

Discussion

In this study, T. vulgaris L. extract showed antimicrobial effect on
biofilms in vitro, with significant reductions of CFU/mL in monomicrobial
biofilms of C. albicans, S. aureus, E. faecalis, S. mutans and P.
aeruginosa (Fig. 1 and 2) and polymicrobial biofiims (Fig. 3 and 4)
composed by C. albicans associated with S. aureus, E. faecalis, S.
mutans and P. aeruginosa.

T. vulgaris L. has demonstrated effective action of microbial
biofilms, as observed in our study. Khan et al. [39] also showed that T.
vulgaris L. acted on C. albicans biofilm, however in that study the authors

found that the T. vulgaris L. essential oil provided in vitro inhibition of the
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biofilm formation of clinical isolates of C. albicans, resistant to antifungal
agents. The authors scored biofilm formation capacity as "weak",
"moderate” or "strong", so among the clinical isolates, 13 were classified
as "strong" or "moderate" capacity, three as "weak" and two did not form
biofilms. Additionally, sub-MIC of essential oil was applied on strains
characterized as "strong" and it was found that these concentrations
caused significant reductions between 7.5% and 25%.

Previous study in vitro demonstrated the action of the essential olil
of T. vulgaris L. on formed biofilm of S. aureus and P. aeruginosa was
more effective than the antibiotic ampicillin [40]. These authors
demonstrated significant reductions of these biofilms, as was presented on
our study, despite we have used glycolic extract.

On S. mutans, we found a significant reduction in its formed biofilm
after treatment with T. vulgaris L. extract. However, besides action on the
formed biofilm, it was verified that this plant extract may also impair the
initial adherence of this bacterium and consequently prevent biofilm
formation [41]. These authors found that the aqueous extract of this plant
promoted decrease of viability of this biofiim nearly 96% after 48 h
exposure. Nevertheless, we could demonstrate inhibition of almost 70%,
with only 5 min of exposure. In addition, Hammad et al. [41] perceived
adherence reduction of S. mutans to oral epithelial cells after use of

dentifrice containing 20% T. vulgaris L. extract (45%).
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In this study, we demonstrated the effect of the plant extract on
biofilm of E. faecalis or in its association with C. albicans, with significant
reductions compared to the untreated group. In the literature this effect
has not been reported yet, only its action in planktonic cells was
mentioned [42,43].

Different species of microorganisms in a polymicrobial biofilm can
provide increase of resistance to effects of antimicrobial agents or to the
host immune system [21], however in this study we could noticed that T.
vulgaris extract was able to overcome the resistance provided by biofilm
and caused damage resulting in cell reduction after exposure to the
extract (Fig. 2 and 4). Microorganisms in association may interfere at the
development of each other [44,45]. Taking this into account, we noted that
in associations of C. albicans with each bacterium there was an increase
of reduction of C. albicans compared to its monomicrobial biofilm. It was
also noted that the reduction percentage of the bacteria remained similar
to their monomicrobial biofilms. In polymicrobial biofilms the reduction
percentages were statistically similar between yeast and bacterium,
except the association of C. albicans with P. aeruginosa, where the yeast
had higher reduction percentage than the bacterium. In this case, besides
the interference of the plant extract, it can be suggested that substances
produced by P. aeruginosa may have affected the development of the
yeast in the biofilm, since P. aeruginosa can produce a antifungal

substance, phenazine, which has been indicated as responsible for
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affecting the process of cellular respiration and hyphae formation in C.
albicans [46].

Regarding cell viability analysis of RAW 264.7, FMM- 1, MCF -7
and Hela, after exposure to the extract, three additional tests were used:
MTT, for reduction of MTT salt in formazan, by enzymatic activity; NR, by
the incorporation of neutral red dye in lysosomes; and CV, causes staining
of the DNA. All these products are metabolized or incorporated by viable
cells only. Overall, it was observed on all three assays, the higher the
concentration of the extract promoted higher reduction of the viability of
cell cultures, and all experimental groups have shown cell viability above
50% (Fig. 5). Comparing the viability of cell lines by MTT assay, no
significant differences were observed between them in the treated groups,
as shown in Fig. 6A. The cultures reductions suggest that the metabolism
of these cells was similarly affected by the concentrations used. In the
evaluation by NR assay, it was found that MCF-7 showed the lowest
percentage of cell viability, compared to the other cells, after treatment
with 25 and 50 mg/mL. At the concentration of 100 mg/mL, the cell viability
of MCF -7 was lower than of RAW 264.7 and FMM- 1.

Thus, we verified that the concentrations of T. vulgaris L. extract
significantly affected the lysosomal activity of MCF-7 and HeLa. Therefore,
new studies related to alternative and complementary therapy can be
developed considering this cellular structure as a possible target for

interaction with therapeutic molecules, since, many medications reach the
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lysosomes by endocytosis, and may be inactivated by enzymatic
degradation, especially by acid hydrolases, or have its entry into the
cytosol controlled by these enzymes [47,48].

Analysis performed by the CV assay, identified that MCF-7 and
HeLa showed higher cell viability percentage than other cells at 100
mg/mL, MCF-7 was less affected by the concentration of 50 mg/mL and
FMM-1 showed lower cell viability percentage than other cells, after
treatment with 25 mg/mL. Thus, we suggest that some concentrations of
the herbal extract did not produce significant DNA damage, mainly in
MCF-7 and HelLa, which exhibited greater resistance to damage in their
genetic material than other cells, thereby, it would be necessary think of
another target interaction for their elimination. It was reported that tumor
lines typically are able to develop multidrug resistance to therapeutic
agents [30], because they have a complex network of protein that
regulates several resistance mechanisms and controls of apoptosis [49].
HelLa has shown resistance to the action of natural products such as T.
vulgaris L. extract, which caused low cytotoxicity on it [50], therefore
higher concentrations of this extract is requested to control its proliferation
[51].

In the investigation of anti-inflammatory activity of T. vulgaris L.
extract, RAW 264.7 cultures were exposed to LPS (1 pg/mL), to induce
secretion of proinflammatory cytokines (IL-18 and TNF-a), and to different

concentrations of T. vulgaris L. extract, to verify its inhibitory effect of this
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secretion (Table 1). Thus, although in the non-LPS-stimulated group at the
concentration of 100 mg/mL there was increase production of IL-1p,
compared to the other concentrations, it was found that the LPS-
stimulated groups at all concentrations were able to control significantly
the production of this cytokine, compared to the control group (0 mg/mL).
Likewise, the vegetal extract provided inhibition of TNF-a production in the
presence and absence of LPS. It was revealed that all concentrations of
extract were able to inhibit the synthesis of this cytokine, even in the non-
LPS-stimulated group. In the LPS-stimulated group the inhibition was
directly proportional to the concentration used. Therefore, we could
demonstrate the anti-inflammatory profile of T. vulgaris L. extract, which
was capable of controlling IL-B and TNF-a synthesis by cells both in the
presence or absence of inflammatory stimulators.

Anti-inflammatory effect of T. vulgaris, T. zygis and T. hyemalis
extracts had been also confirmed by Ocafla and Reglero [52], whose
study identified significant reduction of proinflammatory cytokines (IL-1j,
IL-6 and TNF-a) and increase of anti-inflammatory (IL-10) after treatment
for 24 h with the extracts by human monocytes (THP-1), differentiated into
macrophages by phorbol myristate acetate and stimulated by oxidized low
density lipoprotein (LDL-oxy). In addition, after 48 h of treatment, it was
found similar levels of IL-18 and TNF-a to the baseline level of non-
activated cells. Anti-inflammatory activity of T. vulgaris L. is not restricted

to their extracts, since its essential oil has also demonstrated effectiveness
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in control of the production of IL-1B, IL-8 and TNF-a by LPS-stimulated
THP-1 or by Propionibacterium acnes-stimulated [53].

Regarding possible damage to DNA caused by exposure to
concentrations of T. vulgaris L. extract, it was observed MN frequency per
1000 cells counted (Fig. 7). In all cell lines evaluated, the MN frequency
was similar or lower than of the untreated group (0 mg/mL). Therefore, we
suggest that this plant extract, in the concentrations evaluated, provided
DNA-protective effect, eliminating the possibility of neoplastic changes in
non-tumor cells. In addition, in MCF-7 and HelLa there was MN formation
only in the control group, demonstrating that the extract can also inhibit the
DNA damage of these cells and contribute to decrease its mutagenicity.
This protective effect has been demonstrated by thymol phytocompound
present in T. vulgaris L. Thus, it may be suggested being one of the
responsible of protection of DNA damage. As shown in a study where
keratinocytes (NCTC 2544) previously treated with either thymol and T.
vulgaris L. extract were irradiated by ultraviolet light A and B and the MN
formation was significantly similar to the untreated group, demonstrating
the protective effect of both products [54]. This effect was also observed
on human lymphocytes, after exposure to different concentrations of
thymol for 48 hours, whose MN formation was significantly lower than in
the group exposed to ethyl methanesulfonate, a substance known as

inducer of mutagenicity [35].
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The demonstration of effective biological activities of T. vulgaris L.
extract allows us think in its future applications, especially in its addition in
medical and dental products, in order to improvement of materials, to
replacement of ineffective and harmful products and in to the conscious
use of natural products, as medicinal plants being an alternative way of

utilization.

Conclusion

T. vulgaris L. extract exhibited effective biological activities. In this
study, it was found that this vegetal extract acted effectively on the control
of monomicrobial biofilms of C. albicans, S. aureus, E. faecalis, S. mutans
and P. aeruginosa and polymicrobial biofilms composed by C. albicans
with each bacterium, with significant reductions in CFU/mL. It was
observed that the extract promoted cell viability above 50%, besides
immunomodulatory effect on the production of proinflammatory cytokines
(IL-18 and TNF-a) by LPS-stimulated RAW 264.7. Additionally, genotoxic
effect was not observed on any cell line analyzed, thus suggesting DNA-

protective effect.
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5 ANALISE DOS ARTIGOS

Nos artigos elaborados foi possivel constatar alguns
efeitos bioldgicos dos extratos vegetais de R. officinalis L. e T. vulgaris L.
Ambos foram capazes de reduzir significativamente biofilmes mono e
polimicrobianos, apenas com exposicdo de 5 min. Este tempo foi
escolhido levando em consideracdo estudos anteriores realizados e
publicados por nosso grupo de pesquisa, onde constatamos efetividade
no controle de biofilmes. Também foi levado em consideracdo as
aplicacdes futuras que estes produtos possam ter, como em produtos
odontoldgicos, como dentifricios, enxaguantes bucais, irrigadores de
canais e formulacdes topicas.

Ficou demonstrado também que algumas concentracfes
dos extratos nao afetaram significativamente a viabilidade celular das
linhagens, o que poderia viabilizar sua utilizagdo em produtos de uso
odontologico citados anteriormente. Além do mais, ndo foram
mutagénicas, uma vez que, a formacdo de microndcleos foi semelhante
ou inferior ao apresentado pelo grupo ndo exposto aos extratos.

Outra atividade biolégica constatada nos estudos foi o
efeito imunomodulador dos extratos, uma vez que, foi verificado que as
concentracbes destes produtos inibiram a producdo de citocinas pro-
inflamatérias. Com isso, a aplicabilidade destes produtos em formulacdes
anti-inflamatérias poderia ser pensada. Contudo, estudos in vivo e clinicos
devem ser conduzidos no futuro, para se ter garantia da viabilidade de
tais produtos.

Nossos resultados foram obtidos com experimentacao in
vitro. Por isso, estes outros estagios da pesquisa cientifica, devem ser

realizados futuramente, para podermos um dia elaborarmos em
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laboratorio aquelas formula¢des odontologicas. Por outro lado, nossos
resultados concordaram com inameros estudos in vitro ja realizados com
0S mesmos extratos vegetais, sobre alguns micro-organismos e linhagens
celulares. Com isso, 0s resultados atuais alcancam um nivel mais
fundamental, porém os resultados obtidos s&o promissores, podendo
partir de um ponto mais seguro, uma vez que, a etapa inicial de uma
complexa investigacao cientifica tenha sido finalizada.

Acreditamos que antes mesmo do inicio de testes in vivo
ou clinicos seria necesséario algumas intervengfes. Por isso, algumas
perspectivas poderiam estar relacionadas a ampliacdo do teste
antimicrobiano destes vegetais sobre outros micro-organismos, bem
como, outras interacbfes microbianas em biofilmes, expandindo para
espécies de interesse, ndo somente odontoldgica, como médico e clinico;
a verificacdo de atividade citotdxica e genotdxica para outras linhagens
nao tumorais e tumorais, correlacionadas com neoplasias da cavidade
oral e as mais comuns encontradas em outros sistemas do corpo
humano; e a investigacdo da imunomodulacdo de outras citocinas pro e
anti-inflamatérias, bem como, outros mediadores ligados a inflamacao.

O pensamento cético sobre as propriedades medicinais
de algumas plantas pode ser rompido quando podemos comprovar
cientificamente sua existéncia. Resultados obtidos em diferentes grupos
de pesquisa, porém que convergem em um Unico sentido, que se
complementam, que sdo homogéneos entre si, podem colaborar
positivamente para mudancas de habitos, seja no ambito industrial, onde
sera elaborado, manipulado e produzido estes produtos, no ambito
académico, responsavel pela investigacao cientifica, porém sem producao
em larga escala, ou no ambito comunitario, onde os produtos chegarao e

serdo consumidos.
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