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Resumo

BAPTISTA, Cristiane Telles. Atividade antimicrobiana dos Oleos essenciais
Thymus vulgaris L. e Cymbopogon martinii e de seus constituintes
majoritarios frente a Klebsiella pneumoniae, Pseudomonas aeruginosa PAO1 e
Candida albicans em biofilme formado em sonda urinaria, 2022, 170f. Tese
(Doutorado em Parasitologia e Microbiologia) Programa de Pdés-Graduagdo em
Parasitologia, Universidade Federal de Pelotas, Pelotas, 2022.

Pseudomonas aeruginosa assim como Klebsiella pneumoniae sdo bactérias Gram-
negativas comumente encontradas no ambiente hospitalar e também causam
infeccbes em pacientes imunocomprometidos Candida sdo responséveis por
ocasionar infec¢des fungicas em todo mundo, sendo a C. albicans a espécie mais
frequentemente associada a processos infecciosos em pacientes hospitalizados.
Esses micro-organismos sdo estudados atualmente, devido ao seu grande
envolvimento na formacdo de biofimes e no aumento da resisténcia aos
antimicrobianos. Neste contexto, o objetivo do presente estudo foi inicialmente
realizar uma reviséo sistematica sobre biofilmes e atividade antimicrobiana dos 6leos
essenciais de tomilho, canela e palmarosa e seus constituintes frente a K.
pneumoniae. Posteriormente, foi avaliada a atividade antimicrobiana e sinérgica dos
Oleos essenciais de tomilho e palmarosa e de seus constituintes majoritarios, e sua
atividade antibiofiime em sonda uinaria. A concentracao inibitéria minima (CIM), a
concentragdo bactericida minima e concentracdo fungicida minima (CFM) foram
avaliadas pelo método de microdiluicdo em placas de 96 pogos (CLSI M7-A6, 2013
CLSI e M44-A2, 2008) utilizando uma cepa de C. albicans (ATCC 14053), C.
glabrata, K. pneumoniae e P. aeruginosa cepa PAOL, respectivamente. O efeito dos
OE e dos CM no crescimento desses micro-organismos foi avaliado com a
realizacdo de curva de crescimento em relacdo ao tempo e o efeito sinérgico
também foi determinado. A atividade antibiofilme apés tratamento com OE e os CM
foi avaliada através das metodologias do ensaio de cristal violeta, determinacdo das
proteinas totais, sinergismo, curva de crescimento, microscopia de forca atdmica.
Para Candida spp. ainda foi realizado o teste de inibicdo da formacdo de tubo
germinativo e pseudohifas, assim como coloracao de calcofluor. Ja para as bactérias
utilizaram-se as técnicas de inibicdo da producédo de exopolissacarideos, e para P.
aeruginosa realizou-se ainda os testes inibicdo da producéo de piocianina e teste de
motilidade. A partir dos resultados obtidos, foi evidenciado em todos os testes
realizados que houve diminuicdo significativa na formacdo de biofilme. Para os
ensaios de coloracdo com cristal violeta, os melhores resultados foram do 6leo de
palmarosa e o constituinte majoritario geraniol, que apresentaram até 86% de
reducdo na formacéo de biofilme para as bactérias na concentracédo de 1x CIM. Ja
para Candida a palmarosa e o0 eugenol apesentaram reducdo de 85% na
concentracdo de 1x CIM. Na determinacdo das proteinas o 6leo que mais se
destacou também foi a palmarosa e o eugenol com reducdo de 84,4% na
concentacdo de 1x CIM para bactérias. Ja para Candida a palmarosa e o geraniol
gue apesentaram maiores redugdes chegando a 79% na concentracéo de 1x CIM.
Para P. aeruginosa PAO1, nos testes de motilidade os o6leos que melhor se
destacaram foram palmarosa e o tomilho que chegaram a apresentar 100% de



reducdo de motilidade. Os testes de inibicdo da formacdo de tubo germinativo em
Candida albicans, os melhores resultados foram tomilho, palmarosa e geraniol que
apresentaram 100% de inibicdo em todas as concentracfes testadas. Para inibicédo
da formacgao de pseudohifas todos os compostos apresentaram reducao significativa
na formacdo de pseudohifas. Em nossos resultados, os 6leos essenciais e seus
constituintes majoritarios demonstraram atividade antibiofiime em material médico
hospitalar, mostrando-se excelentes promissores no controle da formacédo de
biofilme e como alternativa terapéutica eficaz contra resisténcia microbiana.

Palavras chaves: Oleos essenciais, biofilmes, sondas, geraniol, eugenol, timol



Abstract

BAPTISTA, Cristiane Telles. Antimicrobial activity of essential oils Thymus
vulgaris L. and Cymbopogon martinii and their major constituents against
Klebsiella pneumoniae, Pseudomonas aeruginosa PAOl1 and Candida albicans
in biofilm formed in urinary probe, 2022, 170f. Thesis (Doctorate in Parasitology
and Microbiology) Postgraduate Program in Parasitology, Federal University of
Pelotas, Pelotas, 2022.

Pseudomonas aeruginosa as well as Klebsiella pneumoniae are Gram-negative
bacteria commonly found in the hospital environment and also cause infections in
immunocompromised patients Candida are responsible for causing fungal infections
worldwide, with C. albicans being the species most frequently associated with
infectious processes in hospitalized patients . These microorganisms are currently
studied, due to their great involvement in the formation of biofilms and in the increase
of resistance to antimicrobials. In this context, the objective of the present study was
initially to carry out a systematic review on biofilms and antimicrobial activity of
thyme, cinnamon and palmarosa essential oils and their constituents against K.
pneumoniae. Subsequently, the antimicrobial and synergistic activity of thyme and
palmarosa essential oils and their major constituents, and their anti-biofilm activity in
urinary catheters, were evaluated. The minimum inhibitory concentration (CIM), the
minimum bactericidal concentration and the minimum fungicidal concentration (MFC)
were evaluated by the microdilution method in 96-well plates (CLSI M7-A6, 2013
CLSI and M44-A2, 2008) using a strain of C albicans (ATCC 14053), C. glabrata, K.
pneumoniae and P. aeruginosa strain PAQ1, respectively. The effect of EO and CM
on the growth of these microorganisms was evaluated by performing a growth curve
over time and the synergistic effect was also determined. Antibiofilm activity after
treatment with EO and CM was evaluated using crystal violet assay methodologies,
determination of total proteins, synergism, growth curve, atomic force microscopy.
For Candida spp. the inhibition test of the formation of germ tube and pseudohyphae
was also performed, as well as calcofluor staining. As for the bacteria, the techniques
of inhibition of the production of exopolysaccharides were used, and for P.
aeruginosa, the tests of inhibition of the production of pyocyanin and the motility test
were also carried out. From the results obtained, it was evidenced in all tests
performed that there was a significant decrease in biofilm formation. For the crystal
violet staining assays, the best results were for palmarosa oil and the major
constituent geraniol, which showed up to 86% reduction in biofilm formation for
bacteria at a concentration of 1xcim. As for Candida, palmarosa and eugenol showed
a reduction of 85% in the concentration of 1xCIM. In the determination of proteins,
the oil that stood out the most was also palmarosa and eugenol with a reduction of
84.4% in the concentration of 1x MIC for bacteria. As for Candida a palmarosa and
geraniol that presented greater reductions reaching 79% in the concentration of
1xcIM. For P. aeruginosa PAO1, in the maotility tests, the oils that best stood out were
palmarosa and thyme, which even showed 100% reduction in maotility. In the germ
tube formation inhibition tests in Candida albicans, the best results were thyme,
palmarosa and geraniol which showed 100% inhibition in all tested concentrations.
For inhibition of pseudohyphal formation, all compounds showed a significant
reduction in pseudohyphal formation. In our results, essential oils and their major



constituents demonstrated antibiofilm activity in hospital medical material, showing
excellent promise in controlling biofilm formation and as an effective therapeutic
alternative against microbial resistance.

Keywords: Essential oils, biofilms, probes, geraniol, eugenol, thymol
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1. Introducéao

A partir da década de 1930, durante um periodo de cerca de 5 anos,
diferentes classes de antimicrobianos foram pesquisadas e lancadas no mercado,
incluindo a penicilina em 1940. No entanto, 0os primeiros casos de resisténcia aos
medicamentos foram relatados no final da década de 1930 (MIMICA; MENDES,
2007; DAVIES; DAVIES, 2010; LEWIS, 2017). O uso generalizado de medicamentos
anti-infecciosos levou ao aumento da resisténcia microbiana, o que representa uma
ameaca a saude publica, pois limita as op¢des de tratamento associadas a falta de
desenvolvimento de novos medicamentos (MARTINS et al., 2013).

Estima-se que o aumento continuo da resisténcia microbiana poderia matar
aproximadamente 10 milhdes de pessoas até 2050, tornando-a mais mortal que o
cancer (O'NEILL, 2014; SILVA et al.,, 2020). As infecgbes causadas por micro-
organismos resistentes aos medicamentos levam a tratamentos complexos, aumento
da morbidade, mortalidade e custos, tornando o tratamento inviavel na maioria dos
casos (OMS, 2005).

Das variadas espécies dentro do género Klebsiella, K. pneumoniae é
considerada a espécie de maior importancia clinica, sendo responsavel por 75% a
86% das infeccdes clinicas causadas por bactérias deste género (BROBERG;
PALACIOS; MILLER, 2014). Pseudomonas aeruginosa é um patdégeno comumente
responsavel por infeccdes respiratdrias agudas e cronicas, associadas a altas taxas
de mortalidade que variam de 42% a 87% dos casos (FUJITANI; SUN; YU, 2011).
Logo, a candidiase invasiva é classificada como sendo a quarta infeccdo mais
frequentemente encontrada no ambiente hospitalar em todo o mundo, ficando a
Candida albicans responsavel por cerca de 50% das infeccdes mucocutaneas e
sistémicas (PFALLER; DIEKEMA, 2007; PFALLER, 2012).

Alguns micro-organismos tém a capacidade de formar biofilme, e estudos
recentes tém apontado que tal modelo por suas caracteristicas proprias pode ser
utilizado para avaliagdo de farmacos e “compostos bioativos para avaliacdo de suas
atividades antibiofilmes”.

Pseudomonas aeruginosa, Klebsiella pneumoniae e Candida albicans
apresentam destaque no crescimento em biofilmes. Estas sdo capazes de tirar
partido na formacgéo de biofilmes e aumentar a resisténcia a fatores como a protegéo

contra antimicrobianos, desinfetantes, sistema imune inato e a varias influéncias
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ambientais negativas, permitindo-lhes assim, abranger varios nichos ambientais e
colonizar diversas matrizes de tecido, solo e planta, fato que ndo é necessariamente
observado nas mesmas bactérias quando se desenvolve na forma planctonica
(MASAK et al., 2014; MULCAHY et al., 2014; RIBEIRO et al. 2016).

Com isso, ao longo dos anos, a busca por alternativas terapéuticas oriundas
de plantas medicinais, vem aumentando gradativamente e, com isso, diversos
estudos utilizando Oleos essenciais extraidos de plantas aromaticas e medicinais,
vém mostrando suas atividades antimicrobianas, como €& o0 caso dos Oleos
essenciais de tomilho (Thymus vulgaris L.) e palmarosa (Cymbopogon martini)
(SANCHEZ, et al., 2010; SCHELZ, et al., 2010).

Uma espécie que tem despertado muito interesse é o tomilho, reconhecido
principio antimicrobiano (IMELOUANE et al., 2009; SANTURIO et al., 2007; POZZO
et al., 2011) e antioxidante (GRIGORE et al., 2010), devido a acdo na parede celular
bacteriana e segundo os mesmos autores, pode melhorar a funcdo imunoldgica e
apresenta como principal constituinte majoritario o timol.

A palmarosa tem como seu composto majoritario e responsavel por todas
suas caracteristicas antimicrobianas e organolépticas o geraniol (70% a 80%)
(MALLAVARAPU et al., 1998). Além de possuir propriedades farmacologicas e
bioquimicas como acao anti-inflamatoria, antidepressiva e até antitumoral, apresenta
também atividade antimicrobiana que ja foi relatada em diversos estudos (WITTIG et
al.,, 2015; DENG et al., 2015; JAYAHCHANDRAN et al., 2015; KEREKES; et al.,
2019).

O eugenol aparece na literatura com muitas propriedades biolégicas. Tem
sido estudado e atribuido a ele atividades como antioxidantes (JAYAPRAKASHA et
al., 2003; MATHEW & ABRAHAM, 2006), antimicrobianas (CHAO et al., 2000; JHAM
et al., 2005; MATAN et al., 2006; SINGH et al., 2007; FREIRE, 2008; SILVESTRI et
al., 2010), anti-hipertensiva (AGRA et al.,, 2007). Atribui-se também acao
antiespasmaodicos, anti-inflamatorio, antipirético, larvicida, miorelaxante, sedante e
inseticida (GROSSMAN, 2005).

Considerando a resisténcia antimicrobiana como uma problematica de grande
impacto na saude publica e que esta intrinsicamente relacionada com a formacéo de
biofilmes, principalmente no ambito hospitalar, faz-se necessario um estudo a fim de

avaliar a atividade antimicrobiana e antibiofiilme de 6leos essenciais e seus
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constituintes majoritarios, visto que a opcdo terapéutica para as cepas

multirresistentes é bastante restrita.



2. Objetivos

2.1 Objetivo geral
Avaliar a atividade antimicrobiana e sinérgica dos 6leos essenciais de tomilho
e palmarosa e de seus constituintes majoritarios, e sua atividade antibiofilme em

material médico hospitalar (sonda uretral).

2.2 Objetivos especificos

e Realizar uma revisdo sistematica sobre biofilmes e atividade antimicrobiana
dos 6leos essenciais tomilho, canela e palmarosa e seus constituintes frente a
K. pneumoniae;

e Avaliar a atividade antimicrobiana dos Oleos essenciais e dos seus
constituintes majoritarios com a determinacdo da concentracdo inibitéria
minima (CIM), concentragdo bactericida minima (CBM) e concentragao
fungicida minima (CFM);

e Evidenciar a atividade antibiofilme na sonda urinéria dos 6leos essenciais e
dos seus constituintes majoritarios de forma isolada e de forma sinérgica;

e Quantificar o biofiime formado em sonda urinaria através de técnica
padronizada de contagem em UFC/ml em &gar;

e Mensurar 0s niveis de proteinas no biofilme formado apos tratamento;

e Avaliar os niveis de exopolissacarideos (EPS) nos diferentes biofilmes
formados de P. aeruginosa e K. pneumoniae apés tratamento com os 6leos e
seus constituintes majoritarios;

e Determinar os percentuais de inibicdo de biofilme e piocianina de P.
aeruginosa apoés contato com os tratamentos;

e Avaliar a atividade inibitoria de motilidade de P. aeruginosa dos 6leos e seus
constituintes majoritarios;

e Analisar o biofilme formado através da coloragéao de Calcofluor;

e Avaliar a reducdo na formacéo de tubo germinativo e pseudo-hifas em

Candida albicans apés o tratamento.



3. Revisao da Literatura

3.1Género Pseudomonas

Pseudomonas aeruginosa, foi descrita pela primeira vez por Schroeter em
1972, pertence a ordem Pseudomonadales, familia Pseudomonadaceae e ao género
Pseudomonas (OZEN et al, 2013). Sao bacilos gram negativos, aerébio estrito, nao
formadores de esporos, podendo ser encontrados isolados, aos pares ou em
pequenas cadeias, apresentam mobilidade através da presenca de flagelo polar
monotriquio (STARADUMSKYTE, 2014). A pioverdina e a piocianina sao pigmentos
fluorescentes difusiveis no meio de cultura produzidos por este micro-organismo.
Algumas cepas produzem um pigmento avermelhado (piorrubina) ou preto
(piomelanina).

Essa espécie pertence a um grupo de micro-organismos bastante
heterogéneo e amplamente distribuido na natureza, apresentando metabolismo
bastante versatil. Frequentemente habita o solo, &gua, vegetal e colonizam regides
umidas da pele, incluindo as axilas, regides anogenitais, e ouvidos externos
(BARANKIN, 2012). Apresentam minimas necessidades nutricionais, fator esse que
contribui para seu sucesso ecoldgico e para seu papel como agente oportunista
(PEREZ et al, 2011).

Ja& no processo respiratorio, utilizam o oxigénio como o aceptor final de
elétrons. Entretanto, em casos estritos, o nitrato pode ser usado como aceptor final
alternativo, aceitando o crescimento em condicdes de anaerobiose. O catabolismo
da glicose e outros monossacarideos ocorrem pela via de Entner-Doudoroff
(DADDAOUA et al, 2009). Com isso, para a classificacdo de P. aeruginosa devem
ser consideradas algumas caracteristicas metabdlicas. Essa espécie ndo é
fermentadora de carboidratos e produtora de citocromo-oxidase, arginina
dehidrolase e ornitina descarboxilase. Além disso, produz pigmentos fluorescentes,
como a piocianina e a pioverdina, o que facilita sua identificagéo (ARAI, 2011).

Em relagcdo a patogenia, de modo geral, abrange o inicio do processo
infeccioso e 0s mecanismos que levam ao aparecimento de sinais e sintomas da
doenca, essas bactérias podem causar infeccdes graves em pacientes com o
sistema imunoloégico comprometido. Nesses casos, tais micro-organismos costumam
ser invasivos e citotoxicos, frequentemente resultando em dano tecidual,

disseminagédo sistémica, septicemia e morte. A aderéncia e coloniza¢do das células
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epiteliais do hospedeiro sdo promovidas por fimbrias ou Pili que se estendem a partir
da superficie celular da bactéria (JAWETZ, 2010).

Para auxiliar na invasividade, algumas enzimas e toxinas locais fazem parte
do processo, dentre estas, podem ser citadas as elastases, protease alcalina e
fosfolipase C. A producdo de exotoxina A por P. aeruginosa € responsavel pela
inibicdo da sintese protéica em células eucaridticas e apresenta potentes efeitos
locais e sistémicos, incluindo necrose de tecidos moles e choque séptico (PAPOFF
et al, 2012; OKUDA et al, 2010). Contudo, a patogenicidade dos bastonetes Gram -
negativos ndo fermentadores depende da aderéncia a células hospedeiras,
producdo de polissacarideos (alginato), toxinas extracelulares, resisténcia aos
fatores bactericidas do soro e presenca de lipopolissacarideo da parede celular
(endotoxina). Por ser considerado o mais virulento dessa classe de micro-
organismos, esses fatores tém sido exaustivamente estudados em P. aeruginosa
(ARNOW & FLAHERTY, 1996).

Com isso, as fimbrias ou Pili estendem-se a partir da superficie celular e
promovem a aderéncia da bactéria aos receptores do gangliosideo GM-1, presentes
na superficie das células epiteliais do hospedeiro (IRVIN et al., 1989). Ja a
neuraminidase elimina o acido sidlico e residuos dos receptores de gangliosideo
GM-1, facilitando a ligacdo das fimbrias. Ainda que, a expressao de pili tenha o
papel de mediar a aderéncia bacteriana e a colonizacdo de superficies epiteliais,
essa estrutura, pode ser prejudicial ao patdogeno, pois a aderéncia direta a
receptores na célula fagocitica pode facilitar a morte do micro-organismo (KELLY et
al., 1989). Entretanto, a bactéria apresenta mecanismos regulatérios que limitam a
expressao de pili (ISHIMOTO & LORY, 1998).

Por outro lado, o alginato, polimero de polissacarideo que confere ao micro-
organismo uma aparéncia mucoéide (HOIBY, 1975), funciona como mediador de
aderéncia a mucina, aléem de promover resisténcia parcial a mecanismos de defesa
do sistema imune inibindo a ligacao de anticorpos, a fagocitose e a morte intracelular
em leucécitos (MAI et al, 1993). Este polimero é produzido quase pela totalidade de
cepas que infectam cronicamente pacientes com fibrose cistica, e € responsavel
pelas colénias mucoides observadas em culturas de amostras clinicas obtidas
destes pacientes, sendo considerado o principal determinante de patogenicidade
para esses pacientes (DERETIC et al., 1994). Diferentemente, amostras isoladas de

pacientes com outros quadros clinicos e amostras do meio ambiente raramente
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revelam producédo de alginato (MAI et al., 1993). Entretanto, todas as cepas de P.
aeruginosa apresentam o sistema genético que codifica a producédo deste tipo de
polissacarideo (DERETIC et al., 1994).

Dentre os fatores de viruléncia extracelulares, que facilitam o rompimento da
integridade epitelial, podem ser citadas as elastases, protease alcalina, fosfolipase
C, neuraminidase, exoenzima S, lectina e proteases como hemolisinas e exotoxinas
(JAFFAR-BANDJEE et al., 1995). A fosfolipase C destr6i a membrana
citoplasmatica; destréi o surfactante pulmonar, inativa as opsoninas. A exotoxina A
inibe a sintese protéica em células eucaridticas, e é produzida pela maioria das
cepas de P. aeruginosa isoladas de espécimes clinicos e apresenta potentes efeitos
locais e sistémicos, incluindo necrose de tecidos moles e choque séptico, interrompe
a atividade celular e a resposta macrofagica (POLLACK, 1983).

A enterotoxina interrompe a atividade gastrointestinal normal, produzindo
diarréia. Entre as proteases extracelulares, principalmente a elastase e a protease
alcalina, ha uma contribuicdo para a aderéncia e também para a viruléncia do micro-
organismo. Pesquisas com estas enzimas mostram que em extratos purificados elas
causam a necrose de tecidos conectivos por degradarem elastina, laminina e
colageno (HECK et al., 1986). Estas enzimas também apresentam a capacidade de
inativar componentes do complemento, clivar IgG e IgA, particularmente em
pacientes com fibrose cistica (DORING et al., 1984; FICK et al., 1985) e degradar
citocinas, incluindo interleucina 2 (IL2), Interferon y (INF y) e fator de necrose
tumoral (TNFa) (PARMELY et al., 1990).

O lipopolissacarideo da parede celular, existente em multiplos imunotipos,
permite a determinacdo do sorogrupo da bactéria em estudo; é responsavel pelas
propriedades endotoxicas do micro-organismo e a causa da sindrome séptica: febre,
choque, oliguria, leucopenia ou leucocitose, coagulacdo intravascular disseminada,
anomalias metabdlicas.

O Dbiofilme permite a colonizacdo de cateteres e sondas vasculares
(KOWALEWSKA-GROCHOWSKA, 1991), peritoniais (DASGUPTA & COSTERTON,
1989), urinarios (NICKEL, et al., 1989), tubos nasogastricos (MARRIE, et al., 1990),
dispositivos ortopédicos, reservatorios de armazenamento de agua em farmacia e/ou
laboratério (CRISTINA & COSTERTON 1984).

De acordo com Alasil et al, (2015), P. aeruginosa € conhecida por causar

infeccbes agudas caracterizadas pela producédo de toxinas e infec¢cdes crbnicas pela
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producdo de espessa camada de biofiime. Sua patogénese esta diretamente
relacionada a condicdo do hospedeiro, afetando principalmente pacientes
gueimados, com fibrose cistica e internados em UTI, cujo sistema imunoldgico esta
debilitado. Infec¢des causadas por P. aeruginosa sao dificeis de tratar uma vez que
estes micro-organismos possuem altos niveis de resisténcia a varios
antimicrobianos, e expressam diversos fatores de viruléncia que contribuem para o

estabelecimento de infeccdes persistentes (STRATEVA et al, 2009).

3.1.1 Motilidade bacteriana

A motilidade é uma caracteristica muito peculiar e comum a muitos micro-
organismos e tem grande importancia na capacidade de subsisténcia desses
organismos, pois permite que as células se movam na direcdo de nutrientes ou se
afastem de ambientes hostis. Clinicamente, motilidade é um importante fator de
viruléncia, permitindo a disseminagdo do micro-organismo para locais distantes a
partir de um foco de infeccdo (DRAKE, 1988). Além disso, ja foi relatado o aumento
de resisténcia a antimicrobianos durante movimentos bacterianos coletivos (KIM,
2003; LAI, 2009; HOL, 2016).

Existem varios tipos de motilidade bacteriana: sliding é uma forma passiva de
movimento, mediada pelo crescimento bacteriano, que forca as células a se
afastarem da origem; gliding € um termo genérico que se aplica a qualquer forma de
movimento ativo em uma superficie que nédo envolva nem pili nem flagelo. Swimming
e swarming sdo ambas mediadas por flagelos e twitching € um movimento através
de uma superficie mediada por pili tipo IV (KEARNS, 2010). P. aeruginosa apresenta
motilidades dos tipos twitching, swimming e swarming, e por isso € o principal

modelo bacteriano para estudo de motilidade. Figura 1.
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Figura 1: Tipos de motilidade bacteriana. Fonte: Adaptado de KEARNS (2010)
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Swimming é um movimento unicelular que ocorre em meio liquido. Além de
permitir a colonizagéo de locais distantes, esta associado a formacdo de biofilmes,
pois o flagelo utilizado na movimentacdo serve também de molécula de adesao a
superficies, que € um passo importante na formacgéao de biofilmes (O’'TOOLE, 1998).

Adicionalmente, Hol et al (2016), demostraram que uma populacdo de
Escherichia coli foi capaz de colonizar uma area com concentracdo de canamicina
50 vezes superior a CIM através de migracdo por swimming através de um gradiente
de concentracdo. Essa maior tolerancia sé ocorreu apos uma alta densidade
populacional ser atingida, e a CIM dessas cepas voltou aos niveis basais quando
reisoladas, mostrando que a resisténcia ndo era devida a muta¢des. Swarming é
caracterizado por um movimento rapido e coordenado de um grupo de células em
uma superficie semissdlida, equivalente a concentracbes de agar de
aproximadamente 0,5%.

Resisténcia aumentada a varios antimicrobianos relacionada a swarming, ja
foi relatada em varias espécies (KIM, 2003; LAI, 2009), e assim como no
experimento de HOL et (2016), foram demonstradas ser independentes de
mutacdes. Um possivel mecanismo para essa maior tolerdncia a antimicrobianos
durante swarming é a inducdo da expressdo de genes relacionados a resisténcia
para evitar a autotoxicidade devido a secrecdo de surfactantes, que possuem
atividade antimicrobiana (YANG, 2017). A secrecdo de surfactantes é uma das
mudancas fenotipicas que sdo necessarias para swarming.

Outras mudancas geralmente envolvem alongamento celular e expressao
aumentada de flagelos (KEARNS, 2010). No caso de P. aeruginosa consistem na
expressdo de um motor flagelar adicional além daquele necessario para swimming
(TOUTAIN, 2005) e a sintese e secrecdo de ramnolipidios (KOHLER, 2000), que
consiste de uma mistura de mono e di-ramnolipidios e seus precursores, acidos 3-(3-
hidroxialcanoiloxi) alcandicos (HAAs). Glicose-1-P, um dos precursores na sintese
de ramnolipidios, € também necessario para a sintese dos polissacarideos Pel e Psl,
e ativacdo de uma dessas vias indiretamente inibe a outra através da competicdo
por um substrato, consistindo em uma importante forma de regulacédo entre a
formacéo de biofilme ou continuag&o da forma de vida planctonica (WANG, 2014).

A participacdo de pili tipo IV em swarming é controversa. Alguns estudos
apontam que cepas deficientes em pili tipo IV s&o incapazes de swarming (KOLER,

2000; LEECH, 2006), porem evidéncias mais recentes sugerem que pili tipo IV nao
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s6 sao desnecessarios, como interferem negativamente (YANG, 2017). Pili tipo IV,
além do papel ja mencionado na adesdo, permite também o terceiro tipo de
motilidade de P. aeruginosa, twitching. Nesse movimento, que ocorre em superficies
com consisténcia equivalente a 1% de agar, a capacidade de extenséo e retracdo do
pilus € usada pela célula para explorar a superficie a qual se aderiu (BURROWS,
2012). Essa movimentagcdo desempenha importante papel na definicdo da estrutura
do biofilme, com cepas capazes de twitching colonizando outras areas e expandindo
o biofilme apds atingir uma certa densidade, enquanto cepas incapazes de twitching,
formam biofilmes mais espesso e mais localizados na area de fixagdo inicial
(KLAUSEN, 2003).

Outro estudo, de ZHAO et al. (2013) demonstra que cepas de P. aeruginosa,
a medida que exploram uma superficie através de twitching depositam Psl, que
estimulam o movimento de outras células, em um mecanismo de feedback positivo,
que leva a formacdo de microcolénias nos locais onde ha maior depdsito de Psl.
Tanto a presenca deste tipo de pilus quanto a motilidade twitching estéo
relacionados com uma maior viruléncia, e nem sempre se pode distinguir seus
papéis, j& que muitos estudos sao feitos com cepas deficientes em pili (KLAUSEN,
2003; BURROWS, 2012).

Contudo, alguns estudos usando cepas com pili incapazes de contragédo e
retracdo demonstraram o papel de twitching como fator de viruléncia. Por exemplo,
ZOFAGHAR et al. (2003), demonstraram que a deficiéncia de twitching reduz a
capacidade de P. aeruginosa de colonizar corneas de camundongos,

independentemente de ser deficiente em pili ou n&ao.

3.2- Geénero Klebsiella
3.2.1- Klebsiella pneumoniae
As bactérias gram-negativas mais importantes no ambiente hospitalar incluem

membros da familia Enterobacteriaceae, como Klebsiella pneumoniae, Escherichia
coli e Enterobacter spp. além de bacilos gram-negativos ndo fermentadores como
Pseudomonas aeruginosa e Acinetobacter baumanii, os quais contribuem com 27 %
dos agentes e 70% de todos os bacilos gram-negativos responsaveis por infecgdes
hospitalares nos Estados Unidos (FALAGAS et al., 2014; NORDMANN et al., 2014,
GUH et al., 2015).
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As bactérias Klebsiella pneumoniae sédo consideradas importantes agentes
etiolégicos causadores de infeccdes no meio ambiente hospitalar e o0 uso
indiscriminado de antimicrobianos de amplo espectro, induz pressao seletiva que
favorece a proliferacdo de cepas multirresistentes. (CANDAN; AKSOZ, 2015). As
enzimas do tipo KPC séo frequentemente encontradas em Klebsiella pneumoniae e
estdo associadas com infec¢gdes nosocomiais, tais como infecgdes do trato urinério,
sepse, pneumonia e infecc¢des intra-abdominais, entretanto ndo € comum sua
ocorréncia em infeccfes adquiridas na comunidade (CHEN et al., 2014). Observa-
se, que em outras regides do mundo, um aumento consideravel de bacilos gram-
negativos multirresistentes como causa de infecgbes hospitalares (WANG et al,
2015; BARAN; AKSU, 2016).

Para a realizacdo da identificacdo das enterobactérias de importancia clinica
se utiliza provas, as principais sao: fermentacao de glicose e/ou lactose, motilidade,
utilizacdo de citrato, descarboxilacdo da lisina, oxidase, producdo de sulfeto de
hidrogénio (H2S), gas (C0O2), indol, urease, fenilalanina desaminase ou triptofanase,
de gelatinase ou DNAse. Contudo também séo utilizadas provas complementares de
identificagcdo como a fermentagdo de outros carboidratos, como sacarose, maltose,
arabinose, salicina, dulcitol, manitol, etc; utilizacdo de aminoacidos: arginina e
ornitina; hidrélise da esculina; ONPG; utilizacdo de acetato; vermelho de metila;
teste de Voges-Proskauer; crescimento em KCN; Agar Tartarato de Jordan e lipase
(BROOKS et al., 2014).

Quando semeadas no agar MacConkey as colonias de K. pneumoniae
apresentam-se elevadas e de consisténcia mucoide, cor rosea brilhante e com
aspecto viscoso, devido a capsula polissacaridica (antigeno K) a qual também tem
funcdo de proteger a célula bacteriana contra fagocitose e auxilia-las na
adesividade. O meio de CHROMagar KPC (CHROM ¢é uma técnica de triagem para
descoberta de producéo de KPC elevadamente sensivel e especifico, outra forma de
deteccdo definitiva de cepas de KPC pode ser através do teste de reacdo em cadeia
da polimerase PCR esse teste busca pelo gene da bactéria , € especifico e sensivel,
porém nao é acessivel em muitos laboratorios pelo seu alto custo (RIBEIRO, 2013;
LIMA et al., 2014).

O género Klebsiella foi assim denominado pela primeira vez em 1885 pelo

escritor brasileiro Dalton Trevisan, em homenagem ao microbiologista alemao Edwin
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Klebs. Trevisan, também foi o responsavel pela descricdo da espécie da K.
pneumoniae (BRISSE; et al., 2006).

A K. pneumoniae é uma bactéria que expressa resisténcia a até 95% dos
antimicrobianos existentes no mercado farmacéutico (MOREIRA et al., 2013). As
principais enzimas B-lactamases de interesse clinico sdo a 3-lactamase de espectro
estendido (ESBL), a metalo-B3-lactamase (MBL), a B-lactamase classe C (AmpC) e a
Klebsiella pneumoniae produtora de carbapenemase (KPC) (MEYER, PICOLI,
2011). Membros da familia Enterobacteriaceae vem apresentando multiplos e
sofisticados mecanismos de resisténcia aos antimicrobianos destacando-se: a)
superexpressdo de bombas de efluxo, facilitando a eliminagcédo dos antibiéticos para
o exterior da célula; b) alteracdo de porinas da membrana externa, com reducao na
sua permeabilidade ao antibidtico no interior; e, ¢) producdo de enzimas, como
AmpC, ESBL e carbapenemases, que hidrolisam o anel B-lactamico (CHEN et al.,
2014).

De acordo com dados da Anvisa, ha relatos de infeccbes no Brasil desde
2005, na Argentina e nos Estados Unidos quase todas as cidades apresentam casos
de infeccdo (ANVISA, 2011).

Geralmente a transmissao ocorre por contato com secre¢cdo ou excrecao de
pacientes infectados ou colonizados (COTRIM, et al., 2012).

De acordo com Oliveira (2011), a patogenicidade da Klebsiella spp. pode ser
destinada a producédo de enterotoxina estavel ao calor; a destreza de metabolizar a
lactose; a presenca de adesinas com ou sem fimbrias que auxilia sua fixacdo as
mucosas das células epiteliais do trato urogenital, respiratério e intestinal para
causar o processo infeccioso, e proteger a bactéria dos fatores bactericidas do soro
acompanhado pela interrupcdo da ativacdo dos componentes do complemento.
Embora as cdpsulas bacterianas ajudam a defender o micro-organismo da morte no
soro, outros fatores evitam a ligacdo do complemento a bactéria e, por conseguinte,
a eliminacdo da bactéria mediada pelo complemento.

Os sinais e sintomas mais caracteristicos de uma infeccdo pela KPC séo:
febre ou hipotermia, taquicardia, agravamento do quadro respiratério e nos casos
mais sérios, hipotensado, inchago e até faléncia de multiplos orgdos (OLIVEIRA,
2011). Em relacdo ao local de infeccdo, a bactéria produtora de KPC pode causar
pneumonia que consequentemente envolve a destruicdo necrética dos espacos

alveolares associada a ventilagdo mecanica, infeccdo do trato urinario, infeccéo de



26

corrente sanguinea, infeccdo de partes moles e outros tipos de infeccdo (MURRAY,
et al, 2014).

Através de exames de comparacdo bioquimica é possivel identificar as
atividades metabolicas dos dados isolados por género e espécies analisados da
bactéria (MURRAY, 2010). Os sistemas de testes bioquimicos atualmente
constituem os mais precisos na identificagdo da familia Enterobacteriaceae em
menos de 24 horas (MURRAY et al.; 2014).

Com isso, medidas profilaticas sdo necessarias, uma vez que o tratamento
ainda € um desafio. Sabe-se que a bactéria KPC causa um maior risco em infec¢des
hospitalares, onde € utilizado grandes quantidades de antibiéticos por tempo
prolongado e em pacientes nosocomiais por longo periodo. Nesta perspectiva é
essencial a antissepsia eficiente do ambiente, dos instrumentos cirirgicos e das
maos com o uso de alcool a 70%, sdo ac¢des fundamentais para contencéo do surto.
Além disso, os pacientes infectados permanecem isolados, até o controle da

infeccédo, a fim de evitar novos contagios (COTRIM, et al, 2012).

3.3- Género Candida

O género Candida foi descrito pela primeira vez em 1923 por Berkhout e
alguns anos depois ja foram relatadas espécies de importancia clinica tais como, C.
albicans, C. krusei, C. tropicalis, C. kefyr e C. parapsilosis. Candida pertence ao
Reino Fungi, divisdo Fungi Imperfecta, classe dos Blastomicetos, familia
Cryptococcaceae. As espécies do género Candida podem ser consideradas
comensais, pois fazem parte da microbiota normal de individuos sadios e sua
presenca € um importante fator predisponente para a candidiase. Normalmente sao
encontrados na cavidade bucal, trato digestivo e genito-urinario. Entretanto, quando
ocorrem alteragcbes nos mecanismos de defesa do hospedeiro ou nas barreiras
anatdbmicas secundariamente a queimaduras ou procedimentos médicos invasivos
ocorre uma transicdo da fase comensal para a patogénica, ocasionando, na maior
parte dos casos, um processo infeccioso (SAMARANAYAKE, et al., 2001,
BARNETT, 2008).

Com isso, o primeiro passo para a colonizacao e surgimento de infeccao é a
aderéncia dos micro-organismos em células e tecidos do hospedeiro, sendo que a
formacdo de biofilmes estd fortemente associada a candidiase (KUMAMOTO,;
VINCES, 2005; PFALLER; DIEKEMA, 2007).
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Além do mais, as infec¢cbes ocasionadas por essas leveduras possuem
grande importancia pela alta frequéncia com que infectam e colonizam o hospedeiro,
representando uma ameaca crescente para a saude humana. A incidéncia de
infeccbes por estes micro-organismos aumentou expressivamente durante o0s
altimos 20 anos, principalmente ap6és o aparecimento da Sindrome da
Imunodeficiéncia Adquirida (SIDA). Existem ainda outros fatores que pré-
determinam a infeccdo por Candida como uso de proteses, cateteres, tubos
endotragqueais e marcapassos. Apresentam a maior taxa bruta de mortalidade dentre
as infecgbes relacionadas ao cateter vascular, pois esses dispositivos facilitam a
colonizacdo desses micro-organismos permitindo a formacéo de biofilmes (BECK-
SAGUE E JARVIS, 1993; WINGETER et al, 2007).

3.3.1- Candida albicans

C. albicans é uma levedura comensal encontrada normalmente em pequenas
guantidades na pele, cavidade oral, intestino ou microbiota vaginal, cerca de 15% -
60% da populacdo apresenta estes micro-organismos em alguma regido. Além
disso, as aftas encontradas em mucosas da boca ou da vagina estéo relacionadas a
candidiase, que normalmente sdo faceis de tratar (KIM; SUDBERY, 2011). Esse
micro-organismo € considerado um fungo dimérfico que pode se apresentar como
leveduras esféricas ou na forma alongada denominadas hifas. Nos estagios iniciais
da infeccdo, a formacdo de hifas pode promover a aderéncia e a penetracdo do
fungo nos tecidos do hospedeiro. A capacidade de adesado € a primeira etapa que
evidencia o desenvolvimento do processo infeccioso provocado pelo fungo. Quando
colonizam superficies epiteliais, a C. albicans encontra-se na forma leveduriforme
(SWEET, 1997; JARVENSIVU et al, 2004).

Em geral, o tratamento de infeccbes ocasionadas por Candida e, em
particular, por C. albicans esta restrito a quatro principais classes de antifiingicos,
dentre eles estdo os azéis, polienos, fluoropirimidinas e as equinocandinas. Este
altimo é utilizado como uma alternativa na presencga de resisténcia aos primeiros
farmacos antifungicos (LEAW et al., 2006.; BASMA et al., 2009), contudo devido a
alta toxicidade e custos, devem ser sempre utilizados com cautela. Em 2011, a
principal causa de infec¢des fungicas pulmonares foi ocasionada por C. albicans e a
taxa de resisténcia aos antimicrobianos teve uma tendéncia de aumento com o
passar dos anos (CHEN, 2013).
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A C. albicans € a espécie de maior prevaléncia em infeccdes, representando
mais de 80% dos isolados. A capacidade desse patdgeno em causar infec¢des esta
correlacionada como o0s niveis de imunossupressdo do hospedeiro e devido a
expressdo de fatores de viruléncia pelo fungo, como aderéncia as células do
hospedeiro, hidrofobicidade celular, a formagao de tubos germinativos e hifas,
secrecdo de proteinases e fosfolipases, além da capacidade de formacdo de
biofilmes. Esses aspectos em conjunto, ttm como consequéncia um grande impacto
clinico e econémico (ELLEPOLA, SAMARANAYAKE, 2000; AKPAN e MORGAN,
2002; POMARICO et al, 2009).

Atualmente outras espécies do género Candida também estdo sendo
relatadas frequentemente tais como a C. guilliermondii, C. tropicalis, C. krusei, C.
parapsilosis, C. glabrata, C. dubliniensis e C. kefyr. O aumento na prevaléncia de
infeccbes causadas por espécies de Candida nado-albicans € preocupante, na
medida em que essas espécies sdo mais resistentes aos agentes antifungicos
comumente utilizados (MENEZES et al, 2004, LI et al, 2007).

3.3.2- Candida glabrata

Cerca de um tergo das candidemias que ocorrem nos Estados Unidos tem
como principal responsavel Candida glabrata (CLEVELAND et al., 2012; PFALLER
et al.,, 2014). Uma vez que C. glabrata evidéncia resisténcia aos antifingicos azéis,
as equinocandinas sdo o tratamento mais indicado (KANAFANI e PERFECT, 2008;
PAPPAS et al., 2009). As equinocandinas comecaram a ser empregadas no inicio
dos anos 2000 (PFALLER et al.,, 2008). O Centro de Controle e Prevencao de
Doencas (CDC) entre outros, nos ultimos anos, tém relatado um aumento de
infeccbes na corrente sanguinea causadas por cepas resistentes a equinocandinas
e espécies multirresistentes de Candida, sendo em sua maioria C. glabrata
(FARMAKIOTIS, et al., 2014; CLEVELAND et al., 2015).

Contudo, esta resisténcia adquirida a partir da exposi¢cao a equinocandinas e
intercedidas através de mutacdes nos genes FKS é um problema, visto que ha
poucas opc¢des terapéuticas para o tratamento de C. glabrata. Uma alternativa seria
a utilizacdo de Anfotericina B, porém apresenta alto grau de toxicidade (KAGAN et
al., 2012; BEYDA et al., 2014). Com isso, temos que as infec¢Oes associadas a C.

glabrata sdo naturalmente mais resistentes aos antifungicos, estando fortemente
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relacionadas com infecgdes sistémicas que resultam em altas taxas de mortalidade
(LI, et al., 2007; PFALLER; DIEKEMA, 2007).

Além disso, cerca de 45% dos portadores de proteses de acrilico
desenvolvem uma doenca denominada estomatite, tendo a C. albicans como a
principal responséavel por esta infeccdo. No entanto, C. glabrata frequentemente tem
sido isolada na superficie do acrilico e no palato, representando o segundo agente
patogénico fungico prevalente na cavidade oral (FIGUEIRAL et al., 2007).

3.4- Biofilmes

Sabe-se que as bactérias sdo 0s seres mais antigos da terra e nenhuma outra
forma de vida tem tanta importancia na sustentacdo e manutencdo da vida no
planeta como estas. Ubiquas na natureza, elas estdo presentes no solo, no ar e na
agua, colonizam a pele, as mucosas e o trato intestinal dos homens e de outros
animais, estando intrinsecamente ligadas a vida dos organismos e aos diversos
ambientes em que habitam (SANTOS, 2004).

Por muito tempo se teve a certeza que as bactérias viviam apenas de forma
isolada, planctonica. Entretanto, estudos tém revelado que a maioria das bactérias
ndo cresce apenas como seres individuais, mas também em comunidades
estruturadas, fixadas a um substrato. (MENOITA et al,. 2012).

O conceito de biofilmes é algo que vem sendo discutido em muitos sistemas
desde Antonie van Leeuwenhoek, em 1675, mas a teoria geral da existéncia dos
mesmos so foi publicada em 1978, através de um estudo realizado por Costerton,
Geesey e Cheng. A partir dessa publicagéo, foi observado que varias bactérias ndo
se desenvolvem igualmente quando comparadas como células individuais, mas sim
em comunidades estruturadas, denominadas de biofilmes, onde estariam presentes
em todos o0s ecossistemas naturais e também patogénicos (COSTERTON et al.,
1981; LOPEZ et al., 2010).

Embora tenha mais de 70 anos do primeiro relato sobre biofilmes (ZOBELL,
1943), eles ainda representam uma grande preocupacao, principalmente, nas areas
de alimentos, ambiental e biomédica (FLINT et al., 1997; SIHORKAR; VYAS, 2001;
MAUKONEN et al., 2003; SIMOES et al., 2010). A partir de entdo, o conceito de
biofiilme tem evoluido e impulsionado varias pesquisas nas mais diversas areas
relacionadas a ecologia microbiana (DONLAN; COSTERTON, 2002).
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Os micro-organismos presentes em biofilmes apresentam caracteristicas
fundamentais como: a capacidade de adaptacdo em ambientes diferentes e
variabilidade metabdlica. As bactérias apresentam dois estados basicos de vida: as
células planctbnicas, que sdo caracterizadas como células de vida livre, com
metabolismo mais ativo, e as células sésseis, que sdo constituintes dos biofilmes e
que apresentam um metabolismo mais compensado. As células plancténicas séo
essenciais para garantir rapida proliferacdo e disseminacdo dos micro-organismos
para outros locais, contudo, as células sésseis tém a caracteristica de cronicidade
(CONSTERTON et al., 1981).

O termo biofilme pode ser definido como um ecossistema ou comunidade
microbiolégica complexa, que tem a sua caracterizagcdo por apresentar ceélulas
irreversiveis que possuem adesdo a um substrato ou podendo estar aderidas entre
si e colocadas em uma matriz formada por polissacarideos extracelulares de
producdo propria. As bactérias presentes em biofilmes encontram-se protegidas do
sistema imunoldgico e da exposicdo a antimicrobianos, potencializando a dificuldade
de seu tratamento (CAIXETA, 2008; SALDANHA, 2013).

Considerada uma estrutura muito porosa e adsorvente, o biofilme € composto
fundamentalmente por agua, representando 97% de seu conteudo total. Os micro-
organismos constituem apenas uma pequena parte, de 2 a 5%, contudo excretam
substancias poliméricas extracelulares, polissacarideos, glicoproteinas, fosfolipidios
e acidos nucleicos, que juntos compde a massa seca do biofilme. Tais substancias
sdo responsaveis pela morfologia, estrutura e integridade funcional, que reunidas
formam uma espécie de “rede”, na qual se acumulam agua e nutrientes essenciais
para a sobrevivéncia bacteriana (DAVEY; TOOLE, 2000).

Como exemplo classico de biofilme, pode-se citar a camada de lodo que se
forma nas pedras em riachos, do mesmo modo que o tartaro formado nos dentes. E
estima-se que mais de 90% dos micro-organismos vivam sob a forma de biofilmes e
gue estes estdo presentes em praticamente todos os ecossistemas (COSTERTON
et al., 1987; HALL-STOODLEY et al., 2004).

Com isso, eles representam a parte majoritaria de toda a vida microbiana,
tanto em quantidade como em termos de atividade (XAVIER et al., 2003).

Sendo assim, a maior parte da atividade bacteriana na natureza ocorre nao
com células individualizadas crescendo de maneira plancténica (livres, em

suspensao), mas sim como comunidades sésseis (c€lulas microbianas associadas a
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diversos tipos de superficies), ou biofilmes (WATNICK; KOLTER, 2000; WEBB et al.,
2003).

Os biofilmes microbianos ocorrem naturalmente nos mais diversos tipos de
ambientes, sejam eles bidticos como tecidos vegetais e animais, ou abidticos, como
rochas, metais e polimeros diversos. A op¢ao por sua constituicdo esta no fato de
que estes, por meio da formulacdo de micro-hdbitats, proporcionam protecdo aos
individuos que dele fazem parte contra as intempéries e estresses do meio ambiente
(COSTERTON et al., 1999; MADDULA et al., 2006; JOHNSON, 2007).

E importante salientar que alguns biofiimes bacterianos podem ser
considerados benéficos para a satde humana.

Com isso, a existéncia de algumas cepas de bactérias que evoluiram para
formar biofilmes e que persistem em nichos humanos especificos foi extremamente
importante para estabelecer um grupo diversificado de bactérias simbioticas que sao
referidas como microbioma humano. Um exemplo a ser citado, é a microbiota
intestinal que contribui para a sintese de vitaminas, absorcdo de nutrientes e
producdo de energia, além de contribuir para a maturacdo do sistema imunolégico.
Entretanto, um biofilme bacteriano também pode ser prejudicial para a saude
humana, um exemplo € a bioincrustacdo bacteriana de implantes cirargicos,
cateteres e lentes de contato, que além de interferir na funcdo destes sistemas,
ainda fornece um mecanismo para a introducdo de bactérias patogénicas no corpo
humano, incentivando o aparecimento de infec¢cdes sistémicas graves (WEINEL,
RENNER, 2011).

A matriz de substancias poliméricas extracelulares (EPS), também conhecida
como glicocalix, é responsavel pela morfologia, estrutura, coesdo e integridade
funcional do biofilme. Sua composicdo quimica, heterogénea e complexa, determina
a maioria das propriedades fisico-quimicas e biolégicas do biofiime (FLEMMING;
WINGENDER, 2010). Ainda que a predominancia seja de polissacarideos, ela
também pode ser constituida por proteinas, como glicoproteinas, acidos nucleicos
(acido desoxirribonucleico, acido ribonucleico) e fosfolipidos (WATNICK; KOLTER,
2000; GUIBAUD et al., 2008).

A formacédo do biofilme (Figura 2) tem inicio com a adesdo primaria das
bactérias em sua forma planctbnica a uma determinada superficie, este processo é
considerado complexo, pois ocorre através de interagbes fisico-quimicas nao

especificas entre a bactéria e a superficie abiotica. Tal interacdo ocorre
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aleatoriamente através de forgca gravitacional, movimento browniano ou de forma
ordenada, através de mecanismos de cada patdgeno como quimiotaxia e motilidade
por meio de flagelos e pili. Este estado € considerado reversivel e caracterizado por
interacOes fisico-quimicas ndo especificas de longo alcance entre 0s mesmos,
incluindo forgas hidrodindmicas, hidrofobicas, eletrostaticas, forca de van Walls e
forca de atracdo e repulsdo, que sera o fator primordial para determinacdo desta
fase de adesdo. (MORAES, et al.,, 2013; TRENTI et al, 2013). J& a adesdo em
superficies bidticas, € observada através de interagcdes moleculares mediadas por
ligacbes especificas (ligante-receptor). Apdés se aderirem, ocorre a proliferacdo
destes micro-organismos levando a um acumulo dos mesmos, com isso, Sdo
produzidas substancias que tem a funcéo de atrair outros micro-organismos e fazer
com que as células bacterianas produzem uma matriz de exopolissacarideo (EPS),
que se comporta como uma membrana protetora que recobre totalmente a
comunidade bacteriana, tornando o ambiente interno a ele diferenciado, podendo
ocorrer alteracbes de pH, temperatura, umidade, producdo de toxinas, expressao
dos fatores de viruléncia e até mesmo troca plasmidial (DONLAN, et al, 2001;
CAIXETA, 2008). As substancias produzidas fazem com que a densidade bacteriana
aumenta através da presenca de moléculas auto indutoras que ao se acumular
induzem a transcricdo de genes especificos, regulando varias fun¢cdes bacterianas,
como motilidade, viruléncia e a capacidade de producédo de EPS. Este processo de
comunicacdo pode ser encontrado em diversos micro-organismos, muitas vezes
associado a bactérias patogénicas e € referido como Quorum sensing (sistema de
comunicagcdo intra e interespécies de micro-organismos) (RUTHERFORD;
BASSLER, 2012, TRENTI et al., 2013).

A segunda etapa é conhecida como adesdo secundaria ou adesado
irreversivel. As bactérias que se aderem a superficie (colonizadores primarios)
passam a se multiplicar, formando macro col6nias, as quais comegcam a sintetizar
EPS e estabelecem o processo de adesdo. No decorrer desta fase, os patdbgenos
sdo capazes de se ligar a células da mesma ou de diferentes espécies
(colonizadores secundarios), que podem utilizar o EPS como substrato, formando
agregados com 0s micro-organismos ja aderidos a superficie (STOODLEY et al.,
2002, MENOITA, 2012).

Uma vez estruturada a formacéo inicial do biofilme, ocorre o processo de

troca de substancias entre o meio interno e o externo. Esta troca acontece através
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do gradiente de concentracdo, e pelos sinalizadores produzidos pelos micro-
organismos, fazendo com que o EPS seja mais seletivo, e as bactérias mais
proximas a extremidades do mesmo tenham o metabolismo mais ativo do que as
qgue foram aderidas inicialmente (MENOITA, 2012).

Na etapa seguinte, ocorre o0 processo de dispersdo/deslocamento ou
desprendimento de porgdes de biofilme, conhecido como erosao, ou, “sloughing off”,
em determinadas situacdes, 0 ambiente pode ndo se encontrar mais favoravel, por
alteracdes ambientais, ou devido a programacao celular exercidas pelas préprias
bactérias. Podem ocorrer no intuito de “crescimento” da area acometida pelo
biofilme, incidindo o desprendimento de células mais externas a matriz, ou pelo
processo de abrasao, devido a constantes colisbes que ocorrem entre a superficie
em que o biofilme estd aderido e 0 meio em que se encontra (XAVIER, 2005;
MENOITA, 2012; TRENTI, et al., 2013).
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Figura 2: Etapas de formacgao do biofilme bacteriano.
Fonte: Adaptado de STOODLEY et al., 2002.

Os micro-organismos, em um ambiente natural, ndo se aderem diretamente a
um substrato por si, sendo necessaria a formacao de uma pelicula “condicionante”
nesta superficie. Varios micro-organismos nao possuem mecanismos que lhe
permitam aderir direta ou fortemente a superficies, na auséncia de filme
condicionante. A instauracdo deste filme ocorre rapidamente e sua velocidade de
formacao esta diretamente ligada a concentracao de substancias organicas no meio
e sua afinidade pelo suporte sélido. A presenca do filme condicionante pode alterar
consideravelmente as caracteristicas fisico-quimicas da superficie do suporte sélido,
favorecendo ou em alguns casos inibindo a adeséo inicial de micro-organismos
(PERCIVAL et al., 2011).
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Sendo assim, o fendbmeno de ades&o ocorre naturalmente em meios aquosos
e tanto as propriedades estruturais da superficie, quanto as caracteristicas fisico-
quimicas da membrana celular bacteriana sédo fatores determinantes neste
processo. Conhecer o ambiente, as caracteristicas da superficie e 0 comportamento
bacteriano sdo pré-requisitos basicos para compreensdo do mecanismo de adeséo
(ARAUJO et al, 2010).

De acordo com Donlan (2002), as caracteristicas do meio, tal como o pH,
niveis de nutrientes, forca idnica, temperatura, concentracdo de bactérias e tempo
de exposicdo podem desempenhar um papel fundamental na taxa de adesao
microbiana em um substrato, assim como a presenca de agentes antimicrobianos,
gue podem dificultar a adesao de micro-organismos sensiveis.

Além das forcas eletrostaticas, as caracteristicas do material como
rugosidade, composi¢cdo quimica e hidrofobicidade podem facilitar a adesao inicial
do micro-organismo (WEINEL, RENNER, 2011). As superficies asperas sdo mais
suscetiveis a formacao de biofilme, provavelmente devido a reducdo das forcas de
cisalhamento e do aumento da superficie de contato. Estudos indicam que 0s
biofilmes também tendem a se formar mais prontamente em materiais hidrofébicos,
como teflon e outros plasticos, do que em vidro e metal (APARMA; YADAV, 2008).

Existem diversas infec¢cdes que sdo proporcionadas por patégenos que se
tornaram multirresistentes a antimicrobianos, sendo um dos grandes desafios
presentes na saude publica atualmente, impactando no aumento de morbidade e
mortalidade e consequentemente no aumento do tempo de internagdo e nos gastos
do sistema de saude (NEIDELL et al., 2012).

Com isso, o 6rgdo norte-americano “National Institute of Health” (NIH) afirma
gue os biofilmes tém relacdo em torno de 80% de todas as infeccdes médicas no
mundo, sendo as principais: endocardites, otites, prostatites, periodontites,
conjuntivites, vaginites, infeccbes que tém relacdo com a fibrose cistica e
colonizadores de implantes biomédicos, como: cateteres venosos, arteriais e
urinarios, dispositivos intrauterinos, lentes de contato e proteses (DONLAN;
COSTERTON, 2002; HOIBY et al., 2011).

Sendo assim, a maioria das infec¢coes causadas por biofilmes estao
associadas a utilizacdo de implantes médicos invasivos (cateteres intravenosos e

urinarios, préteses ortopédicas, dentre outros).
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O desenvolvimento do biofilme depende do tipo e do nimero de células que
aderem ao dispositivo, do tipo de superficie que constitui 0 mesmo e do meio ou
fluidos a que os micro-organismos estdo expostos (DONLAN, 2001). Um grande
namero de cateteres € inserido em pacientes todos 0s anos, e destes, mais de 60%
acabam relacionados com a formacdo de biofilmes. Nestes casos, o periodo de
hospitalizagdo pode aumentar de 2 a 3 dias onerando em 1 bilh&o de ddlares, todos
0S anos, 0s custos associados ao manejo do paciente (DAVEY e O'TOOLE, 2000).

Sendo assim, a problematica da formacédo do biofilme ocorre devido ao fato
de que estas estruturas podem ser 10 a 100 vezes mais resistentes aos agentes
antimicrobianos do que as células plancténicas (ndo fixas). Essa resisténcia pode
estar relacionada a dificuldade de penetragcdo dos antimicrobianos na matriz
composta por substancias poliméricas extracelulares (como o EPS), com as
alteracOes fenotipicas dos micro-organismos no biofilme, com o desenvolvimento de
mecanismos de resisténcia e ainda devido ao seu modo de crescimento estar
associado a natureza crbnica das infec¢cdes posteriores. Isso significa que
apresentam um papel expressivo no aparecimento de doencas infecciosas
(TOMIHAMA et al, 2007).

Quando estas células apresentam resisténcia aos farmacos, torna-se
prejudicial para o paciente, utilizar um antimicrobiano com o intuito de acabar com a
infecdo, obtém-se como resultado uma reinfeccéo. Isso se da pelo fato de nem todos
0S micro-organismos responderem a acdo do antimicrobiano. Os patégenos que
apresentam esta caracteristica sdo chamados de dormentes ou persistentes, pois,
tém baixas taxas metabdlicas e sdo comuns de serem encontrados na estrutura dos
biofilmes, onde h& pouca oferta de oxigénio. O baixo metabolismo dessas células
persistentes faz com que estas venham a se tornar mais seletivas, tornando-as
resistentes aos antimicrobianos. Sabe-se que o antimicrobiano normalmente tem o
seu mecanismo de acdo no periodo de crescimento da bactéria, como na sintese
protéica, sintese de acidos nucléicos e de parede celular, portanto o antimicrobiano
vai ser eficaz na maior parte da populacdo de bactérias em biofilme, exceto nas
persistentes, o que pode proporcionar reinfeccdo, quando a terapia nao propicia
outro subterfugio na eliminacao destes patégenos (STEWART, 2002; LEWIS, 2012).

Com isso, é possivel de analisar que a presenca dos biofilmes & multifatorial e
essa resisténcia foi desenvolvida como uma resposta de estresse do micro-

organismo ao meio em que se encontra, visto que a vida em biofilmes permite que



36

as ceélulas produzam respostas diferenciadas as alteracdes ambientais (MAH, 2012,
TRENTI et al., 2013).

Varias espécies do género Pseudomonas sdo usadas na area da
biotecnologia ambiental como em processos de biorremediacdo (KABENGE et al.,
2017). Porém, no que concerne a capacidade de formacdo de biofilmes, P.
aeruginosa apresenta maior relevancia, devido a morbimortalidade causada pela
infeccdo por este patégeno oportunista em muitas doencas recorrentes e
persistentes que, frequentemente, acometem pacientes debilitados ou
imunocomprometidos (MASAK et al., 2014; MULCAHY et al., 2014). Diversas
infecgbes nosocomiais estdo associadas a formacdo do biofilme em sistema de
ventilacdo, abastecimento de agua, feridas cronicas e instrumentos médicos como
superficies de cateteres, bisturis, marca-passos, valvulas cardiacas (MULCAHY et
al. 2014). Os biofilmes também podem se formar rapidamente nas industrias de
alimentos e provocar infeccbes ou intoxicacdes relacionadas as substancias
produzidas pelas matrizes do biofilme. Isso ocorre devido a capacidade de fixacéo
em superficies abidticas como luvas, materiais de embalagens, superficies de
distribuicdo e armazenamento de alimentos, equipamentos industriais e a fixagdo em
superficies bibdticas como carnes, vegetais, 0ssos, dentre outros o que possibilita
maior risco de contaminacdo bacteriana (SPERANZA, 2017; GALIE et al., 2018).

A formacao de biofilmes de K. pneumoniae foi associada como sendo uma
etapa importante na patogénese dessas bactérias, particularmente associado ao uso
de cateteres. A matriz dos biofilmes fornece condi¢cBes necessarias para atenuar a
atividade dos farmacos. Trata-se de uma matriz densa de proteinas e
polissacarideos, que impede a difusédo eficiente de antibibticos, resultando em uma
exposicao significativamente reduzida de bactérias o que aumenta a persisténcia e o
estabelecimento de infec¢des crbnicas no trato urinario (CLEGG, MURPHY, 2016;
PACZOSA, MECSAS, 2016; SANTAJIT, INDRAWATTANA, 2016).

O biofilme formado por fungos, especialmente por C. albicans, é a causa de
infec¢Bes associadas a dispositivos médicos, como os catéteres (MUKHERJEE et al,
2005). Este micro-organismo € o principal patégeno encontrado em casos de
infeccbes hospitalares, sendo que a remocao do cateter colonizado é quase sempre
necesséria. O biofilme formado nessas condi¢des pode acarretar uma disseminagao
de patégenos na corrente sanguinea, o que implica alta morbidade e mortalidade

dos pacientes hospitalizados. O crescente numero de  pacientes
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imunocomprometidos, sobretudo transplantados, eleva o grau de atencdo a
infeccbes causadas por leveduras patogénicas oportunistas. Em sua maioria, estes
patégenos sdo do género Candida spp. Dados revelam que 60% das espécies de
leveduras isoladas de pacientes com infec¢bes por fungos, sdo da espécie C.
albicans, o que torna a infeccéo por este micro-organismo a mais prevalente dentre
os fungos (FREYDIERE et al., 2001). Estas infec¢bes sdo particularmente sérias,
pois as células organizadas em biofilme séo resistentes a antifiungicos (KUHN et al.,
2002; MUKHERJEE et al, 2005; BLANKENSHIP et al., 2006). A resisténcia a
antifangicos € adquirida no inicio da formacéo do biofilme, e aparentemente é regida
por diferentes mecanismos em biofilme novo e maduro (MUKHERJEE et al, 2005).

3.4.1- Biofilme em material médico hospitalar

A sonda é um recurso importante no amparo a saude e tem sido amplamente
empregado nos cuidados aos pacientes criticos desde a década de 1930. O uso é
frequente e demonstrado em estudos que apontam sua insercdo em 25% dos
pacientes hospitalizados e em 70% quando internados em UTI (LEUCK et al., 2012;
DUDECK et al., 2013). Apesar de auxiliar no tratamento de pacientes gravemente
enfermos, a sonda vesical é o principal fator de risco para a ocorréncia de infec¢des
do trato urindrio, e praticamente todas essas infec¢des estdo associadas a sua
utilizacdo (NATIONAL HEALTHCARE SAFETY NETWORK, 2016).

A sonda urinaria nada mais é que um tubo de drenagem que € inserido na
bexiga através da uretra, a fim de formar um sistema de drenagem temporario,
permanente ou intermitente, dependendo da indicacdo e da condi¢do clinica do
paciente, como exposto a seguir (OLIVEIRA, 2005):

e Sondagem de alivio: insercdo da sonda estéril pelo canal uretral até a
bexiga, para drenagem imediata da urina. Ap6s a drenagem, a sonda é
retirada.

e Sondagem de demora: inser¢cdo da sonda estéril pelo canal uretral até
a bexiga para drenagem continua da urina por um determinado
periodo.

e Sondagem intermitente: realizacdo de sondagens de alivio em
intervalos de tempo predefinidos. Essa técnica visa evitar o cateterismo

de demora.
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e Sondagem suprapubico: introducdo de uma agulha fina e estéril na
pele da regido suprapubica ao nivel da bexiga para drenagem da urina.

As sondas urinarias consistem em varios tipos, tamanhos e materiais. O tipo
mais comum é o de Foley, o qual pode ter dois ou trés [imens. Cada tipo de limen é
empregado para diferentes fungées — normalmente insuflar o balonete, drenar a
urina e irrigar a bexiga —, em situagcbes especificas, como cirurgia uroldgica ou
guando a bexiga deve ser lavada continuamente ou intermitentemente, para remover
coagulos sanguineos ou sedimentos (VAHR et al., 2012; JAHN et al., 2012).

Quanto a conformacdo estrutural e composicdo do material que sédo
fabricados, as sondas podem ser de silicone, latex, politetrafluoretileno (PTFE) ou
revestidos com silicone, hidrogel e antimicrobianos (VAHR et al., 2012; JAHN et al.,
2012), conforme descrito a seguir:

Silicone: apresentam melhor biocompatibilidade e é um material considerado
hipoalergénico. Uma vez que ndo possui revestimento, tem Iimen relativamente
grande e tendéncia reduzida para incrustacdo (depodsito de sais na superficie da
sonda). Enquanto o silicone pode causar menos irritagdo dos tecidos, seu balonete
tende a perder fluido, fato que aumenta o risco de deslocamento (VAHR et al.,
2012). Nao héa evidéncias suficientes para determinar o melhor tipo de sonda vesical
de demora em adultos. No entanto, o de silicone pode ser preferivel a outros
materiais, para diminuir a inflamacdo wuretral e, consequentemente, o0
desenvolvimento de ITU-AC nos pacientes cateterizados por longos periodos (JAHN
etal., 2012; VAHR et al., 2012; RAMANATHAN et al., 2014);

Latex: feito de borracha natural, considerado um material flexivel, mas com
alguns inconvenientes. O uso de sondas de latex é limitado a curto prazo.

7

Normalmente, € evitado sempre que possivel, devido a sua baixa
biocompatibilidade, a associacdo com inflamacdo uretral e a sensibilidade a
formacao de incrustagdes por minerais na urina (VAHR et al., 2012; RAMANATHAN
et al., 2014). O uso por longos periodos pode causar estenose uretral (GOULD et al.,
2009). Alem disso, as sondas de latex exibem alta propensdo para a formacéo de
biofilme, devido a combinagcédo favoravel de regibes hidrofobicas e hidrofilicas na
superficie, que permitem a fixacdo e a colonizacdo por ampla variedade de micro-
organismos (RAMANATHAN et al., 2014);

PTFE: sonda de latex revestido com PTFE, também conhecido como teflon.

Essa sonda foi desenvolvido para proteger a uretra do latex. E mais suave do que o
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latex puro, o que ajuda a prevenir a incrustacio e a irritacdo. E contraindicado para
pacientes sensiveis ao latex (JAHN et al., 2012; VAHR et al., 2012);

Latex revestidos com silicone: sdo sondas revestidas com silicone por dentro
e por fora. O dispositivo permanece com a forca e a flexibilidade do latex, e com a
durabilidade e a reducéo de incrustacdo caracteristicas da sonda de silicone (JAHN
etal., 2012; VAHR et al., 2012);

Revestidos com hidrogel: suaves e altamente biocompativel. Por ser
hidrofilico, absorvem fluidos, formando uma protecdo em torno da sonda, e reduzem
o atrito uretral e irritagbes (JAHN et al.,, 2012). A superficie de hidrogel foi
desenvolvida para evitar a formacao de biofilme, alterando a superficie da sonda e
diminuindo a afinidade bacteriana. Entretanto, estudos ndo apontaram reducdes
consistentes na ocorréncia de ITU-AC com o uso desse dispositivo (NICOLLE, 2012;
PICKARD et al., 2012);

Revestidos com prata: a sonda € combinada a uma fina camada de liga de
prata com hidrogel. Sondas revestidas com prata-hidrogel estdo disponiveis no latex
e silicone, e podem reduzir significativamente a incidéncia de bacteriaria
assintomatica, mas somente quando permanecem por menos de 7 dias. Nao séo
rotineiramente recomendados, pois a relacdo entre 0 custo e o beneficio ndo é
favoravel, e a possivel associagdo com toxicidade e resisténcia microbiana nédo é
bem conhecida (TENKE et al., 2012; JAHN et al., 2012; BONFILL et al., 2017).

Alguns critérios devem ser analisados ao escolher uma sonda, como
facilidade de utilizacdo, compatibilidade com os tecidos, tendéncia para incrustacao,
e formac&o de biofilme e conforto para o paciente (VAHR et al., 2012). E importante
ressaltar que ndo ha evidéncias suficientes para determinar qual é o melhor tipo de
sonda em relacdo a prevencédo de infeccdo (TENKE et al., 2012; JAHN et al., 2012,
VAHR et al., 2012; VERMA et al., 2016).

Outro aspecto a ser considerado na sonda é o diametro. Ele € calibrado de
acordo com a escala Charriére (Fr), que indica o diametro externo e progride um
terco de milimetro por numero. Assim, uma sonda com calibre 18Fr significa que tem
6mm de diametro. A escolha do calibre a ser utilizado deve ser o menor possivel,
apropriado para a drenagem adequada, a fim de minimizar o trauma uretral que
causa inflamacao e, consequentemente, a infeccdo (GOULD et al., 2009; VAHR et
al., 2012).
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A conformacdo estrutural da sonda pode influenciar na ocorréncia e na
gravidade da ITU-AC quando favorece, por exemplo, a formacdo de biofilme, que
sera discutida posteriormente.

A infeccdo do trato urinario associada a sonda vesical de demora (ITU-CVD)
representa cerca de 40,0% das infec¢des relacionadas a assisténcia a saude (IRAS)
e praticamente todos os casos de ITU hospitalar estdo relacionados com o uso da
sonda vesical (CV) (TERNAVASIO-DE LA et al., 2016).

A incidéncia de bacteritria, presenca de bactérias na urina, em pacientes
sondados é proporcional ao tempo de cateterizagdo, sendo o risco diario de 3,0 a
10,0% chegando a 100,0% em periodo de 30 dias (VAHR et al., 2012; CARDOSO et
al., 2015).

O micro-organismo mais frequentemente associado as ITU-AC € Escherichia
coli, uma enterobactéria Gram-negativa, que coloniza o intestino. A alta prevaléncia
dessa bactéria se da por sua motilidade, favorecendo o movimento contra uma
corrente liquida, com fluxo de 25mL/hora, facilitando a ascensédo por via intra ou
extraluminal do CV (NICOLLE, 2014). A presenca de fimbrias, que sdo apéndices
filamentosos que se fixam na parede do trato urinario, tem papel menor na
patogénese, e apenas 10% das enterobactérias identificadas nas ITU-AC sao
portadoras de fimbrias (PIGRAU, 2013).

Além de E. coli, foram encontrados outros micro-organismos fortemente
associados a infeccbes em estudos internacionais, como Candida spp.,
Enterococcus spp., Pseudomonas aeruginosa, Proteus mirabilis, Klebsiella
pneumoniae e Enterobacter spp. Outros Gram-negativos e Staphylococcus sp.
coagulase negativo contribuiram com menores percentuais (GOULD et al., 2009;
NICOLLE, 2012).

Os biofilmes nas sondas urinarias séo formados por bactérias Gram-positivas
e/ou Gram-negativas e fungos atraves da fixacdo que se inicia pela deposicdo de
urina na superficie da sonda (DJERIBI et al.,, 2011). Além disso, a motilidade e
presenca de flagelos nos uropatdgenos facilitam a aderéncia necesséria para a
formacdo do biofiime (TENKE et al., 2012). Estudos identificaram producéo
significativa de biofilme nas ITU-CVD em amostras de E. coli (60,0-80,0%),
Klebsiella sp (16,0-21,0%), Staphylococcus coagulase negativo (3,0-6,0%), P.
mirabilis (6,0%), P. aeruginosa (2,0-4,0%), Acinetobacter spp (1,0-2,0%) e
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Enterococcus (2,0%) (BROOMFIELD et al., 2009; NIVEDITHA et al., 2012; ALVES et
al., 2014).

Um fator importante sobre a etiologia das infeccbes esta associado a
resisténcia bacteriana. Pacientes internados nas UTI possuem alto risco para
infeccbes do trato urindrio causada por bactérias resistentes, pois muitos
apresentam alteragdes no sistema imunolégico e recebem antimicrobianos de amplo
espectro, além de a sonda ser importante reservatorio de micro-organismos
multirresistentes, ocasionando infec¢cdes graves, hospitalizacbes prolongadas, altos
custos e maior mortalidade (BARROS et al.,, 2013; PIGRAU, 2013; CARRARO-
EDUARDO et al., 2015).

Outro aspecto na resisténcia microbiana e no tratamento das infeccbes se
refere a formacdo do biofilme, um complexo de material organico, constituido por
micro-organismos que crescem em coldnias organizadas de células envoltas por
uma matriz, composta, principalmente, de exopolissacarideos (EPS) de origem
microbiana, formada por macromoléculas, incluindo acidos nucleicos, proteinas,
polissacarideos e lipidios. O biofilme propicia a adesdo do micro-organismo a
superficie da sonda, de maneira a dificultar sua remocao e o inverso também pode
ocorrer, a superficie da sonda favorece a adesdo da bactéria e a partir dai a
formacao do biofilme, ocasionando a infecgcédo (DONLAN et al., 2002; TERNAVASIO-
DE LA VEJA et al., 2016).

O biofilme constitui o principal fator de risco para as infeccfes e estima-se
que cerca de 65,0 a 80,0% das infec¢cdes relacionadas a dispositivos invasivos
estejam associadas a sua presenca. O tempo necessario para se formar um biofilme
em uma sonda vesical depende da associacdo microbiana no dispositivo e do tipo
de material (TENKE et al., 2012; SUBRAMANIAN et al., 2012; STICKLER, 2014).
Especificamente relacionados as sondas urinarias, o biofilme é considerado como
um importante fator, que conduz a tratamentos prolongados, elevados custos de
salde e taxas de mortalidade (DOHNT et al., 2011).

Outro aspecto importante é a capacidade de produgéo de uréase pelos micro-
organismos, que contribui para a formacédo do biofilme cristalino e consequente
obstrucdo do SVD (STICKLER, 2014). P. mirabilis, patogeno mais prevalente nos
cateterismos crénicos, é responséavel pela maioria das obstru¢des (STICKLER, 2014;
NICOLLE, 2014). A urease produzida por esse micro-organismo hidrolisa ureia seis

a dez vezes mais rapidamente em comparacdo com outras espécies (TENKE et al.,
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2012; STICKLER, 2014; NICOLLE, 2014) e a amonia liberada eleva o pH da urina e
precipita cristais de célcio e fosfatos de magnésio na superficie do cateter. Essas
incrustacfes bloqueiam o lumen do cateter favorecendo o refluxo urinario com
possibilidade de evolucdo para pielonefrite aguda, bacteremia, prostatite crbnica,
infeccéo renal crbnica, sepse e, em alguns casos, a morte (BROOMFIELD et al.,
2009; TENKE et al., 2012; ALVES et al., 2014).

Além disso, as sondas de latex apresentam alta propensédo a formacao de
biofiimes devido a composicdo favoravel de superficies irregulares hidrofobicas e
hidrofilicas que permitem a fixacdo e colonizagdo por varios micro-organismos
(STICKLER, 2014; RAMANATHAN et al., 2014).

Uma variedade de alternativas de sondas de latex tem sido investigada para
evitar a formacdo de biofiime e, consequentemente, a infeccdo. As alternativas
incluem sondas de silicone ou revestidos de silicone, impregnados com
antimicrobianos, revestido com prata ou hidrogel. O uso do silicone foi pensado para
diminuir a inflamacé&o uretral e fixacdo bacteriana. Estudo demonstrou vantagem da
sonda de silicone puro comparado com o de latex revestido de silicone em termos
de incidéncia de colonizag&o bacteriana, bem como a formagé&o de biofilme (VERMA
et al., 2016). Em relacdo as sondas impregnadas com antimicrobianos e revestidos
com prata, esses foram desenvolvidos para retardar a proliferagcdo bacteriana e a
superficie com hidrogel é teorizada para evitar a formacao de biofilme por alteracao
da afinidade superficial bacteriana (PIGRAU, 2013; RAMANATHAN et al., 2014,
VERMA et al., 2016).

Por outro lado, estudo multicéntrico sugeriu que o uso de sondas
impregnadas com antimicrobianos reduziu o risco de ITU-SVD quando comparado
com a sonda de latex revestido. Entretanto, esses resultados foram limitados ao
curto prazo de sondagem e sua recomendacdo € incerta quanto a prevencdo de
biofilme e ITU-SVD em periodos acima de sete dias além de uma relagédo custo-
beneficio desfavoravel (GOULD et al., 2009; PICKARD et al., 2012).

Assim, a indicacdo para utilizacdo de sondas impregnados com
antimicrobianos é restrita para situacdes de insucesso no controle das taxas de ITU-
SVD quando ja implementadas as recomendac¢des globais para prevengdao como o
uso restrito, técnica asséptica na insercdo e avaliacdo da necessidade de
manutencdo da sonda (BROOMFIELD et al., 2009; GOULD et al, 2009;
RAMANATHAN et al.,, 2014). Todos os tipos de sondas atualmente disponiveis
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podem ser vulneraveis a formacao de biofilme e, além da retirada da sonda, nao
existem evidéncias de métodos eficazes para sua prevencao ou controle (GOULD et
al., 2009; PICKARD et al., 2012; PIGRAU, 2013; STICKLER, 2014; RAMANATHAN
et al., 2014; VERMA et al., 2016).

Outra questéo critica é o tempo de permanéncia do SVD, que é proporcional
ao risco de formagé&o do biofilme. Os biofilmes se desenvolvem de forma dinamica,
com alteracbes nas populacdes microbianas e viruléncia ao longo do tempo e
estimulam o crescimento microbiano e a ascensdo no sistema urinario (TENKE et
al., 2012; NICOLLE, 2014).

Deste modo, a conduta frente a utilizacdo do SV deve ser criteriosa, desde a
avaliacdo da indicacdo, insercdo, manutencdo e a sua remocao 0 mais breve
possivel (GOULD et al., 2009).

3.5- Resisténcia a antimicrobianos

Ao longo de toda sua historia, o homem foi vitima de muitas doencas
infecciosas, que por alguns periodos foram a principal causa de mortalidade.
Infeccbes hoje facilmente trataveis frequentemente resultavam em Obitos ou
deixavam sequelas importantes. Este quadro permaneceu inalterado até a
industrializagdo da penicilina na década de 40. A partir de entdo, varios outros
antimicrobianos foram descobertos e passaram a ser comercializados, possibilitando
muitos avancos na medicina e o consequente aumento da qualidade e expectativa
de vida da populagéo (PIDDOCK, 2012).

O que ficou conhecido como era de ouro da descoberta dos antimicrobianos,
entre os anos 40 e comec¢o dos anos 70, criou uma percepcao equivocada de que
doencas infecciosas ja ndo representavam um grande problema de saude. Assim, o
foco das pesquisas de medicamentos mudou para doencas nao-infecciosas, e a
descoberta de novos antimicrobianos despencou (O'NEILL, 2016). Paralelamente a
isso, a resisténcia a antimicrobianos comegou a aumentar, e hoje chega a niveis
assustadores, como os 80% de resisténcia a oxacilina em cepas de Staphylococcus
aureus, ou 50% de resisténcia a carbapenémicos em cepas de Klebsiella
pneumoniae encontradas em alguns estudos. Em 2007, micro-organismos
multirresistentes foram responsaveis por 400.000 infeccBes e 25.000 mortes na
Europa (BUSH, 2011) e se estima que em 2050 causarédo 10 milhées de mortes por

ano (O'NEILL, 2016). O impacto financeiro dessas infecgcbes também é enorme.
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Pacientes que apresentam infeccdes por micro-organismos multirresistentes
frequentemente sdo colocados em isolamento nos hospitais para evitar a
disseminacdo do micro-organismo para outros pacientes. Além disso, o tratamento
exige medicacbes mais caras e que muitas vezes apresentam efeitos colaterais
importantes, levando a um aumento no tempo de internacdo (MARMITT, 2015).

Dessa forma, o tratamento, que ja representa de 30 a 50% dos custos com
medicamentos em hospitais (TOSCANO, 2015), se torna ainda mais oneroso.
O'NEILL (2016) estima que se nada for feito, as perdas econdmicas chegardo a
U$100 trilhdes até 2050. Embora a escalada da resisténcia esteja inegavelmente
relacionada ao intenso uso de antimicrobianos pela humanidade, micro-organismos
resistentes ja existiam muito antes da descoberta da penicilina. O primeiro isolado
da National Collection of Type Cultures (NCTC) do reino Unido € uma cepa de
Shigella flexnerii isolada de um soldado na primeira guerra e estudos recentes
demonstraram que era ja resistente a penicilina e eritromicina (MATHER, 2014). A
presenca de genes de resisténcia a varios antimicrobianos em amostras obtidas na
camada de Permafrost, na regido do artico, que estiveram congeladas por milhares
de anos e modelos computacionais estimam que genes de resisténcia se originaram
h& milhdes de anos (PERRY, 2016). Em seu relatério, encomendado pelo governo
britdnico, O'NEILL (2016) sugeriu algumas agdes para combater a ascensao da
multirresisténcia e suas graves consequéncias, entre as quais o estimulo a pesquisa
de novos antimicrobianos.

Entretanto, a compreensao de que o desenvolvimento de resisténcia € um
mecanismo natural inevitavel e acelerado pela forte presséo evolutiva imposta pelo
uso de antimicrobianos, levou estudiosos a propor formas de controle de infec¢éo
que dificultem o desenvolvimento de resisténcia, como a utilizacdo de vacinas
(KENNEDY, 2017), terapia antimicrobiana combinada (REX CONSORTIUM, 2013) e
interferéncia em mecanismos de viruléncia (ALLEN, 2014) bem como sua regulacéo

e relagdo com biofilmes.

3.6- Oleos Essenciais
Além do metabolismo primario, responséavel pela sintese de celulose, lignina,
proteinas, lipideos, aclUcares e outras substancias importantes para a realizacao das
funcbes vitais, as plantas apresentam o chamado metabolismo secundario. Os

vegetais produzem uma ampla variedade de compostos organicos, que nao tém
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acdo direta conhecida em seus processos vitais, como fotossintese, respiracao,
transporte de solutos, translocacdo, assimilagdo de nutrientes, diferenciagdo ou
sintese de carboidratos, proteinas e lipideos. Estas substancias sdo conhecidas
como metabolitos secundarios (TAIZ; ZEIGER, 2004).

Dentre os metabdlitos secundarios estdo os Oleos essenciais, que vém
ganhando espaco devido a sua utilizacdo crescente nas areas de alimentos,
cosmeéticos, no controle de micro-organismos, agindo como bactericidas, fungicidas
e virucidas, e no controle de nematoides, insetos e parasitos (ALTOE, 2012).

Existem relatos de que o0s egipcios ja conheciam suas propriedades
medicinais, a aproximadamente seis mil anos, mas somente a partir da Idade Média,
com a descoberta das propriedades antimicrobianas, os 6leos essenciais passaram
a ser extraidos e comercializados pelos Arabes, que teriam sido os primeiros a
desenvolverem métodos como o arraste a vapor e a hidrodestilacéo, para obtencao
destes compostos. Aproximadamente 3.000 Oleos essenciais sao conhecidos,
desses 300 sdo comercialmente importantes, especialmente para as inddstrias
farmacéutica, agrondmica, de alimentos, sanitaria, de cosméticos e perfumaria
(BAKKALI et al., 2008).

Com isso, os 6leos essenciais sdo compostos liquidos, complexos, bioativos,
volateis, com odor e cor caracteristicos, estdo presentes em todos os 6rgaos das
plantas, como brotos, flores, folhas, caules, galhos, sementes, frutas e cascas. Sao
formados principalmente por classes de ésteres de acidos graxos, mono e
sesquiterpenos, terpenos, fenilpropandides e alcoois aldeidados. De acordo com
Simdes et al. (2004), esses constituintes variam desde hidrocarbonetos terpénicos,
alcoois simples e terpénicos, aldeidos, cetonas, fendis, ésteres, éteres, oOxidos,
peréxidos, furanos, acidos organicos, lactonas e cumarinas, até compostos com
enxofre. Tais compostos apresentam-se em diferentes concentragdes; normalmente,
um deles é o composto majoritario, existindo outros em menores teores e alguns em
baixissimas quantidades (tragos).

Segundo Simdes et al. (2007) os 6leos essenciais sdo misturas de
substancias organicas volateis, de consisténcia semelhante ao 6leo, definida por um
conjunto de propriedades, entre as quais se destacam volatilidade, aroma agradavel
e solubilidade em solventes organicos apolares, entre outras. Assim, diferem dos
Oleos fixos, que sdo misturas de triacilglicerideos, obtidos geralmente de sementes.

Séo, também, denominados de esséncias, Oleos etéreos ou Oleos volateis. Quando
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recentemente extraidos, sdo incolores ou ligeiramente amarelados, alguns podem
apresentar coloracéo intensa, como o 6leo de camomila, que é azul intenso, devido
a presenca dos derivados do azuleno.

No processo de extracdo de 6leo essencial, podem ser aplicados diversos
métodos, como hidrodestilacdo, maceracao, extracdo por solvente, enfleurage, CO2
supercritico e microondas. Dentre esses, o método de maior aplicacdo é o de
hidrodestilacdo, que se divide em duas técnicas, arraste com vapor de agua e
coobacdo, que é a destilacdo repetida, a fim de se obter maior concentracdo dos
principios ativos (SANTOS, 2004).

Na natureza, os Oleos essenciais tém a funcdo de proteger a planta contra
ataques de predadores, como insetos e micro-organismos, além de atrair
polinizadores para dispersdo de pdlens e sementes. Seus constituintes conferem
caracteristicas de aroma, cor e fun¢fes antissépticas e sdo armazenados em células
secretoras, epidérmicas, cavidades, canais ou tricomas glandulares presentes em
todos os 6rgdos das plantas. Juntamente com 0s extratos, 0s 6leos essenciais se
enquadram como aromatizantes naturais permitidos para aplicacdo em alimentos,

obtidos por métodos fisicos, microbiolégicos ou enzimaticos (BAKALLI et al., 2008).

3.6.1- Acdo antimicrobiana dos 6leos essenciais

De acordo com aumento da resisténcia de micro-organismos patogénicos a
multiplas drogas e a susceptibilidade de atuarem sobre numerosos tipos de
substratos, com diferentes temperaturas, pH e condi¢cdes do meio ambiente, surge a
busca por novas alternativas terapéuticas, o que incentiva a procura por antibiéticos
naturais (SARTO; JUNIOR, 2014).

A interacdo inicial entre os elementos dos Oleos essenciais e a célula
microbiana se da por difusdo passiva da molécula, componente da parede celular de
bactérias Gram-positivas e fungos ou membrana externa de bactérias Gram-
negativas (HAMMER; CARSON, 2011). Contudo, também pode ocorrer interacéo de
constituintes dos 6leos essenciais com a membrana externa de bactérias Gram-
negativas, conforme demonstrado recentemente por La Storia et al. (2001), em
estudos utilizando o carvacrol contra diferentes espécies bacterianas.

Os Oleos essenciais sdo compostos tipicamente lipofilos e, por isso, séo
capazes de passar pela parede celular e se acumular na membrana citoplasmatica

bacteriana, causando aumento da permeabilidade por danificar a estrutura de
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diferentes camadas de polissacarideos, acidos graxos e fosfolipideos (BAKKALI et
al., 2008). Sendo assim, o aumento da fluidez da membrana parece estar entre os
primeiros efeitos antimicrobianos causados pelo tratamento com 6leos essenciais. A
expansdo e também o aumento da fluidez da membrana citoplasméatica podem
causar a quebra da integridade com consequente perda de pequenos componentes
intracelulares, como hidrogénio, potassio e soOdio. A perda destes ions esta
associada ao decréscimo do potencial de membrana, pH intracelular e pool de ATP,
causado pelo dano ao gradiente de ions que ocorre entre o interior e exterior da
célula. Concentracdes elevadas de O0leos essenciais ou longos periodos de
exposicdo podem ocasionar danos maiores a membrana citoplasmatica, acarretando
perda de macromoléculas, como DNA e proteinas, fator estritamente relacionado a
morte celular (HAMMER; CARSON, 2011).

De acordo com Ayala-Zavala et al., (2009) e Burt (2004), o mecanismo de
acdo dos d6leos essenciais, pode incluir também, a destruicdo da parede celular e
membrana citoplasmatica, danificacdo de proteinas de membrana, liberacdo de
conteudo celular, coagulacdo do citoplasma, deplecdo da forca proton motiva,
inativagcdo de enzimas essenciais e perturbacdo da funcionalidade do material
genético.

Além dos recentes estudos da manipulagdo de O6leos com acgéo
antimicrobiana, tém-se avaliado diferentes misturas de oOleos essenciais, a fim de
comprovar 0s seus niveis de sinergismo ou antagonismo, visto que nao se pode
afirmar que o componente majoritario € o que realiza a atividade bioldgica, podendo
haver a interacdo entre os diferentes componentes do 6leo. Além disso, o estudo
dessas misturas de Oleos tem a finalidade de maximizar a atividade e minimizar as
concentracfes para nao haver interferéncia diante das caracteristicas sensoriais dos
alimentos, bem como se podem constituir bases para a producédo de conservantes
de alimentos naturais (NGUEFACK et al., 2012).

Sendo assim, a atividade antibacteriana dos Oleos essenciais € uma
caracteristica importante destes compostos que ja foi relatada in vitro inUmeras
vezes (OUSSALAH et al.,, 2007; TRAJANO et al., 2009; OLIVEIRA et al., 2011).
Assim, devido ao chamado “consumismo verde”, caracterizado pelo apelo por parte
dos consumidores para reducdo da utilizacdo de conservantes quimicos, e a
necessidade de desenvolvimento de novos antimicrobianos visando sanar o

problema de resisténcia as alternativas convencionais, estudos vém sendo



48

realizados sobre o emprego de Oleos essenciais no controle microbiano
(SOLOMAKOS et al., 2008; SOUZA et al., 2009). Emprego ainda mais recente, que
também corrobora com a necessidade do desenvolvimento de antimicrobianos
naturais, é a utilizacdo de 6leos essenciais no controle de biofilmes.

Com isso, varios autores enfatizam essa acdo antimicrobiana, podendo
destacar o 6leo essencial do alecrim-pimenta (Lippia sidoides Cham.) que levou a
inibicdo completa dos micro-organismos Salmonella tryphymurium, Staphylococcus
aureus, Listeria monocytogenes e Yersinia enterocolitica. Isto pode ser atribuido ao
alto teor de timol e carvacrol presentes no Oleo essencial desta planta (BARA;
VANETTI, 1998). O Croton zehntneri (“‘canela de cunhd”, “canelinha” ou “canela-
brava”), possui constituintes quimicos mono e sesquiterpenos e como componente
majoritario o estragol, representando 76,8% do teor do 6leo essencial. Quando
avaliado sobre culturas de Salmonella typhimurium, Escherichia coli,
Sthaphylococcus aureus e Streptococus [-haemolyticus o 6leo essencial
demonstrou potencial biolégico contra bactérias patogénicas e toxicidade ativa,
incentivando assim novas pesquisas com substancias isoladas dessa espécie, na
busca de alternativas terapéuticas que possam servir de subsidio para novas fontes
racionais a partir de produtos naturais (COSTA et al. 2008).

3.6.2- Thymus vulgaris L. (Tomilho)

T. vulgaris L., conhecido popularmente no Brasil por tomilho (thyme, em
inglés), trata-se de uma planta aromética perene originaria da regido Mediterranea,
pertencente também a familia Lamiaceae (ISMAILI et al., 2004). O tomilho vem
sendo utilizado pela populacdo mundial como planta aromética, 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
inimeras atividades farmacoldgicas. Foi verificado que o 6leo 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 beneficios foram descrito na literatura, com apresentacéo de atividades
antibacteriana (AL LAHAM, AL FADEL, 2014; de LAS MERCEDES et al., 2015),
antiviral (SANCHEZ, AZNAR, 2015), antifingica (MAISSA, WALID, 2015;
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KOHIYAMA et al., 2015; KHALEDI et al., 2015), anti-inflamatéria (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), pro6-
apoptotica em célula tumoral (ESMAEILI et al., 2014), anti-proliferativa (ESMAEILI et
al., 2014), anti-nematddeo (GIARRATANA et al., 2014).

3.6.3- Timol

Metabolitos secundarios sdo compostos bioativos extremamente comuns nas
plantas, como exemplo, temos os compostos fendlicos. Os fendis séo substancias
que podem ser volateis ou ndo. Dentre os compostos ndo volateis temos o0s
flavondides, os &cidos fendis e os taninos. E em relacdo aos compostos volateis,
podemos citar o timol. O timol (5-metil-2-isopropilfenol), representado na (Figura 3),
€ o principal monoterpeno encontrado nos 6leos essenciais de espécies, como
Thymbra spicata, Thymus vulgaris, Thymus ciliates, Monarda fistulosa (Lamiaceae),
Lippia sidoides (Verbenaceae), Nigella sativa (Ranunculaceae) e Trachyspermum
ammi (Apiaceae) (MARCHESE et al., 2016; JAFARI et al., 2017). Esse composto
apresenta-se na forma de cristais grandes translucidos incolores ou brancos e odor
aromatico, caracteristico do tomilho. Seu ponto de fusédo é 52°C e ebulicdo 233°C
(ZHU et al., 2015).

H;
TIMOL

Figura 3: Formula quimica do timol.
Fonte: https://www.oleosessenciais.org/timol/

Esse composto apresenta importante atividade antimicrobiana, no entanto seu
mecanismo de acdo ndo é totalmente conhecido. Mas acredita-se de uma forma
geral que o timol cause danos estruturais e funcionais na membrana citoplasmatica
(SIKKEMA et al, 1995) e liberacdo de LPS (SHAPIRA, MIMRAN, 2007). Além de
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interagcdo com proteinas de membrana e alvos intracelulares. Podendo afetar
processos de geracdo de energia reduzindo a capacidade de recuperacdo das
células (DI PASQUA, 2010).

A anfipaticidade dos compostos fendlicos pode explicar as suas interacfes
com biomembranas e, portanto, a atividade antimicrobiana. A parte hidrofilica da
molécula interage com a parte polar da membrana, enquanto que o anel de benzeno
hidrofébico e as cadeias laterais alifaticas estdo inseridos na parte hidrofébica da
membrana bacteriana. O envolvimento do grupo hidroxila na formacéo de pontes de
hidrogénio e a acidez deste composto fendlico podem justificar sua atividade
antimicrobiana (BRAGA et al, 2011).

Este fenol possui mdltiplas atividades biolégicas, algumas delas séo a
antibacteriana, antifUngica, anti-inflamatoria, anti-mutagénica, analgésica,
anticonvulsivante, antiepiléptica, anti-hemolitica, radioprotetora, hipocolesterolémica,
imunossupressora, cicatrizante e antioxidante (JAFARI et al., 2017; BELATO, 2018).

Uma das principais atividades do timol, presente em 6leos essenciais de
diversas plantas, é a sua atividade antimicrobiana contra bactérias gram-positivas,
gram-negativas e leveduras. O seu mecanismo compreende na ruptura da
membrana citoplasmatica dos micro-organismos, aumentando a permeabilidade
celular, causando extravasamento do material celular e a desregulacdo da sua
funcdo (MICHALSKA-SIONKOWSKA et al,. 2017; LI et al., 2017). Segundo Chauhan
e Kang, 2014, a ruptura da integridade da membrana foi confirmada como o principal
mecanismo de acédo do timol contra Salmonella enterica sp.

E considerado um antimicrobiano de amplo espectro, atuando sobre espécies
de Streptococcus mutans, Lactobacillus plantarum, Candida spp, virus e
protozoarios. Outro efeito relatado € a inibicdo de biofilme de Staphilococcus aureus
e a prevencao contra caries dentarias (BELATO et al., 2018).

As propriedades antimicrobianas e os mecanismos de agao do timol, que se
da devido ao seu grupo hidroxil, demonstraram ser eficientes contra uma ampla
gama de bactérias (OUSSALAH et al.2007), inibindo o crescimento de diversas
espécies, como Staphylococcus aureus, Esherichia coli, Salmonella enterica sp.,
Listeria monocytogenes e Shigella sonnei (TROMBETTA et al.2005; OUSSALAH et
al.2007; KHAN et al.2017). Oussalah, et al., 2007 relataram que concentracoes
abaixo da concentracao inibitéria minima (CIM) podem reduzir a taxa de crescimento

das espécies bacterianas, como Pseudomonas aeruginosa.
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Outros fatores que determinam a eficacia antibacteriana do timol e outros
fendis incluem a carga liqguida da superficie da membrana, bem como sua
composicao lipidica e a presenca e concentracdo de LPS (TROMBETTA et al.2005).
Além da alteracdo na membrana celular da bactéria, outros mecanismos de acéao do
timol foram descritos, como a inibicdo da formacédo de biofilme bacteriano; da
motilidade, através de seu efeito no flagelo do micro-organismo; e da bomba de
efluxo. Os autores constataram também, os efeitos sinérgicos do timol com
antibioticos convencionais, podendo fornecer métodos alternativos para superar o
problema de resisténcia a bactérias. (MILADI, ZMANTAR et al.2017).

3.6.4- Eugenol
O Eugenol (Figura 4), (4-alil-2-metoxifenol), € um hidroxifenilpropeno,
principal composto identificado no 6leo essencial de Syzygium aromaticum (cravo) e
também esta presente em Cinnamomum zeylanicum (canela), Ocimum gratissimum
L. (manjericdo), Pimenta dioica (pimenta jamaicana), e em outras plantas e
condimentos (KONG et al., 2014).
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Figura 4: Formula quimica do eugenol.
Fonte: https://www.oleosessenciais.org/eugenol/

Tanto a Organizacao para Alimentacao e Agricultura (FAO) e a Organizacao
Mundial da Saude (OMS) tém permitido uma dose diaria aceitavel de eugenol de 2,5
mg/kg de peso corporal para os seres humanos. Além disso, a Food and Drug
Administration (FDA) reportou o eugenol como substancia segura e considerada nao
carcinogénica e ndo mutagénica (KONG et al., 2014).

O eugenol foi isolado pela primeira vez em 1929 e sua produgdao comercial

teve inicio nos Estados Unidos em 1940. Pode ser produzido sinteticamente, no
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entanto é predominantemente extraido a partir de Oleos essenciais de varias
espécies vegetais. Essa substancia é classificada como um fenilpropanoide do tipo
alilfenol e possui aspecto de um 6leo amarelo claro com um odor caracteristico de
cravo e um sabor picante. E uma substancia com inimeras aplicacdes nas indistrias
farmacéutica, alimenticia, agricola e cosmética (KAUFMAN, 2015).

Ele encontra amplas aplicagbes que vao desde perfumarias, aromatizantes e
em medicamentos. O eugenol é usado em combinacdo com oOxido de zinco como
curativo cirdrgico, agente de capsulagem, revestimento de cavidade, cimento
temporario em lavagens bucais e terapia endoddntica, no estudo de secrecdes
mucosas e em citologia gastrica (BANSODE, 2017). Na industria ele € empregado
para acentuar o paladar de doces de bebidas, sendo ainda empregado na
manufatura de cosméticos (LEAL-CARDOSO, 1994).

A atividade antimicrobiana do eugenol pode ser atribuida a presenca de um
grupo hidroxila livre na molécula (NAZZARO et al., 2013) que apresenta acdo nas
células bacterianas através de diversos mecanismos. Um deles é a perturbacao da
membrana citoplasmatica que aumenta a permeabilidade inespecifica da membrana
e afeta o transporte de ions e ATP (DEVI et al., 2010).

Em 2015, Biasi-Garbin, et al. estudaram as alteracbes morfologicas e
estruturais em células de Streptococcus agalactiae e observaram que apés 5 horas
de incubacdo com uma concentracao inibitéria de eugenol, as células apresentaram
varias alteracbes na morfologia celular e rompimento da parede. Devi, et al., 2010
avaliaram a atividade antibacteriana do eugenol e seu mecanismo de acao contra
Salmonella typhi. Esses autores mostraram que este composto apresenta acédo na
membrana celular bacteriana, alterando sua permeabilidade e ocasionando o
vazamento de ions e perda de outros conteudos celulares.

Estudos evidenciaram o mecanismo de acdo do eugenol contra varios
isolados de S. aureus, incluindo cepas resistente a vancomicina, e demonstraram
que o eugenol foi capaz de desencadear a citotoxicidade celular devido a producéo
intracelular de espécies reativas de oxigénio (EROS) que induzem a inibicdo do
crescimento celular, rompimento da membrana celular e danos ao DNA, resultando
em decomposicao celular e morte bacteriana. (HYLDGAARD et al., 2012). Varios
relatos na literatura mostram a atividade antimicrobiana do eugenol frente a diversas
bactérias como Stenotrophomonas maltophilia, S. pneumoniae e Haemophilus

influenzae.
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3.6.5- Cymbopogon martinii (Palmarosa)

Os oleos essenciais extraidos das ervas aromaticas como o Cymbopogon
martinii (palmarosa), Cymbopogon winterianus e Cymbopogon citratus tem um
enorme valor comercial para aplicagbes tanto ambientais como agricolas,
alimentares e médicas, além de perfumaria e aromaterapia (SINHA et al,2014)

Oleo essencial de importancia comercial, o 6leo de palmarosa tem acdo
antibacteriana e antifingica atribuida principalmente ao seu componente majoritario,
0 geraniol. Este Oleo é altamente valorizado na industria de perfumaria como fonte
de geraniol de alta qualidade (PRASHAR et al.,2003). Ele também ¢é muito
valorizado pelas industrias de cosméticos por seu odor doce de rosas (THAKKER et
al.,2016)

A Palmarosa é uma planta alta, aspera, perene e aromatica, da familia dos
capins (Poaceae) (SMITH E RANA, 2015). O odor de seu 0leo essencial traz um
cheiro suave de rosa floral com nota herbal. E extraido de folhas e floracdo da
planta. Seu composto majoritario € responsavel por todas suas caracteristicas
antimicrobianas e organolépticas € o geraniol (70-80%). Abaixo do geraniol, o
segundo composto mais abundante é o acetato de geranil. Em menores quantidades
0 Oleo € constituido também pelo linalol, (E)-B-ocimeno e [-cariofileno
(MALLAVARAPU et al., 1998). O dleo essencial da Palmarosa € geralmente utilizado
como matéria-prima de perfumaria em sabbes e perfumes de odor de rosa
(BURDOCK, 2010) e preparacdo de produtos cosméticos e de higiene (DUBEY et
al., 2000). Além disso, também ¢é usado para aromatizar produtos de tabaco,
alimentos e bebidas nao alcodlicas (RAO et al., 1985).

Na medicina popular é usado para os tratamentos de lombalgia, articulacdes
rigidas, doencas de pele e para irritacdes cutdneas. Além de seu uso cosmético, é
um anti-helmintico eficaz (KUMARAN et al., 2003) e repelente de insetos a base de
plantas (KUMAR et al., 2007; BARNARD e XUE, 2004). O 6leo comprovou sua
eficacia contra as larvas do Aedes aegypti, vetor responsavel pela dengue
(TENNYSON et al., 2013). Além disso, o 6leo essencial extraido do Cymbopogon
martinii € tradicionalmente utilizado para o tratamento de epilepsia em criancas e em
casos de febre na india (BHATT et al.,2012).

Frente as inumeras propriedades promissoras, a Palmarosa pode se inserir

dentro das novas tendéncias de mercado, incluindo o de cosmético e alimenticio,
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que buscam minimizar a concentracdo de aditivos sintéticos ou substitui-los por
substancias naturais e na indastria farmacéutica com o objetivo de ajudar a resolver
guestdes de resisténcia bacteriana. (ODRIOZOLA-SERRANO et al.,2014).

3.6.6- Geraniol

O geraniol (figura 5), representado por (3,7-dimetil-2,6-octadien-1-ol), € um
monoterpeno de aspecto oleoso e translicido podendo apresentar coloracédo palida
amarelada, possui aroma semelhante ao de rosas e é um grande componente de
Oleos vegetais, sendo encontrado em espécies como Cymbopogon martinii,
Cymbopogon winterianus e Rosa damascena, entre outras (DEVAKI, 2015).

Muito apreciado no mercado de fragrancias, o geraniol esta presente em 76%
dos desodorantes e perfumes no mercado europeu e em 33% de formulacbes
cosméticas (LAPCZYNSKI et al, 2008). Além disso, possui importantes
propriedades farmacologicas e bioquimicas como ac¢do anti-inflamatéria, anti
depressiva e até mesmo antitumoral através da supressdo de angiogénese, ja foi
demonstrado no geraniol a eficacia como repelente de insetos e sua atividade
antimicrobiana tem sido destacada em diversos estudos (WITTIG et al., 2015; DENG
et al., 2015; JAYACHANDRAN et al., 2015).

Hs

Geraniol

Figura 5: Formula quimica do geraniol.
Fonte: https://www.oleosessenciais.org/geraniol/

Ja foi relatada atividade antifingica do geraniol contra cepas de Trycophyton,
cuja investigagdo do mecanismo de acdo propunha ligacdo ao ergosterol e
subsequente desestabilizacdo da membrana celular provocando a morte do micro-
organismo (PEREIRA et al.,, 2015). Esses dados corroboraram com resultados
encontrados anteriormente, quando foram observadas menor espessura da

membrana celular, descontinuidades em sua superficie, assim como sua destruigdo
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em maiores concentracdes, além da ocorréncia de anormalidades na estrutura
mitocondrial fungica (MIRON et al., 2014).
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Abstract

Biofilms are sessile microbial life forms recognized for their surface adherence and
the formation of extracellular polymeric substances consisting of a gluey network that
surrounds the cells. Biofilms can be produced by bacteria such as Klebsiella
pneumonia. Several studies investigate strategies, including the use of essential oils
to detain, reduce or even eliminate their formation, especially in hospital medical
supplies. The present study performed a systematic review among different
databases about the use of essential oils in the control of K. pneumoniae biofilm
formation. Because of this bacteria's proclivity for acquiring resistance, the selected
research shows that this is a good model. The search for alternative techniques to
manage these diseases is extremely important because a large proportion of bacteria
do not react to traditional therapies, making control impossible. The current study
focuses on high-impact published studies and show that essential oils are efficient
against K. pneumoniae, mainly because of their resistant nature. Because certain

bacterial strains do not respond to standard therapies, the hunt for new approaches
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to control this infection is critical. After an extensive search in the literature, a high
number of studies related to this topic were found, from which we selected 120

among all.

Keywords: Biofilms, essential oils, hospital medical supplies, Klebsiella pneumoniae.

1. Introduction

Klebsiella pneumoniae is a gram-negative bacteria, considered an opportunistic
pathogen because it can grow in a wide range of hosts and environments. Over in
the past years, there has been an increase in infections caused by resistant K.
pneumonia strains, leading to serious consequences, especially in hospital areas,
such as longer hospitalization time, the absence of therapeutic options, and also an
increase in morbidity and mortality numbers (1). Normally, the infections caused by
K. pneumonia are asymptomatic and can reach the gastrointestinal tract, the skin,
the nose, and the throat of healthy individuals (2). The transmission occurs mainly
through hand contact. Nevertheless, when there is a homeostatic imbalance, this
microorganism can cause a variety of infections depending on the site, generating
urinary and respiratory infections but also more severe complications in the blood as
well as hepatic abscess, meningitis, and sepsis (3). The infection can be transmitted
mostly through direct or indirect contact between patients, health professionals,
contaminated objects, visitors, or travelers (4). In hospitals, for example, the high
number of people circulating in an enclosed area leads to possible bacterial
resistance. In addition, the absence of hand sanitization from professionals and
visitors contributes to the dissemination of these resistant strains in different places,
such as public transport, supermarkets, beaches, and parks (5). In this sense, there
are several factors involved in the dissemination of K. pneumonia in a hospital
environment. Considering that this bacteria is an opportunistic microorganism, and it
possesses a great ability to produce biofilms, and it has been the subject of extensive
studies in the development of nosocomial infections (6). Among these, catheters use,
time of stay in these environments, long hospitalization time in the Intensive Care
Unit (ICU), prolonged antimicrobial therapy, reutilized instruments in surgeries and
implants, and/or devices can all provide open access to K. pneumonia infections (7,

8). Susceptible individuals such as diabetics, transplanted patients, and people with
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compromised hepatic function and dialysis patients are among the group at risk
considering their immunodeficiency, which results in a defect in the immune system
that can no longer work properly against the infection. This immunodeficiency is a
side effect of the therapies as a consequence of their treatment, considering that in
these conditions, the immune system does not work properly (4, 9). Biofilms are
classified as a microbial community that sits in a thin layer of either biotic or abiotic
surfaces, established through the extracellular polymeric substances that originate
from the biofilm itself. K. pneumoniae biofilm formation has been linked to an
important pathogenic feature of this bacteria, particularly in the use of medical
catheters. Biofilm matrix provides the necessary conditions to mitigate drug delivery
regarding its dense polysaccharide and protein layer in which the antibiotic can't
diffuse properly, resulting in significant exposure to bacteria and, therefore, the
establishment of chronic infections in the urinary tract (4, 10, 11). Alternative
methods are being studied to minimize the consequences caused by biofilm
formation. Among these methods is the research on the activity of antibiofilm
formation of essential oils (EOs) derived from plants. EOs are a viable therapy option
for contaminated patients who have been infected with resistant strains. There has
been a tremendous surge in research on aromatic and medicinal plants in recente
years (12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22). However, to obtain an adequate
and commercial formula, there are a few factors to consider, such as geographical
morphology, climate, and cultural conditions (13). The primary purpose of this study
is to conduct a systematic review of the usage of essential oils in the administration

of K. pneumoniae biofilms using scientific databases.

2. Materials and methods

The current study was undertaken using a bibliographic search of PUBMED,
MEDLINE, Scientific Electronic Library Online (SCIELO), Academic Google, and
other relevant websites, from 2012 to 2022. "Biofilm,” "K. pneumoniae and biofilm,"
"biofilm and medical catheters,” "biofilm and essential oils,” and "K. pneumoniae and
essential oils" were the top search terms because they addressed the study's major
goal. The initial search was undertaken by reading the titles and abstracts and only
full and published papers were chosen to participate in this review follows the careful

reading.
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3. Results and discussion

The keyword "biofilm" was the most comprehensive among all others regarding
the present study in our search. From the period selected, there were 100,951
published papers, whilst for the term "Klebsiella pneumoniae and biofilm," 10,979
studies were found. 7.387 publications were found for the term biofilm and medical
catheters, and for the term "biofilm and essential oils," there were 42 studies. As for
the term "Klebsiella pneumonia and essential oils,"” only 20 publications were found.
These results are presented in Table 1 and suggest that the majority of the studies

are not focusing on the main goal of this review.

Table 1: Number of published papers in the last 10 years according to the search

term.
Search term Number of published papers
between 2012 and 2022

Biofilm 100,951

K. pneumoniae and biofilm 10,979

biofilm and medical catheters 7,387

biofilm and essential oils 42

K. pneumoniae and essential oils 20

This review included the main studies discovered through the selected
databases. The relevance of biofilm formation was stated in the work of (23), in which
the author observed a significant increase in the number of publications since 1983.
These data showed that biofilms had been a relevant subject over the years for the
scientific community and the need for further studies to identify the causes and

possible solutions for this matter.

3.1 Use of essential oils in K. pneumoniae strains
Total number of studies found correlating the use of EOs in K. pneumonia
strains was 20. As of today, K. pneumonia is the most nosocomial pathogen that

carries the carbapenemase gene (KPC) that gives resistance to carbapenem, a
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classic beta-lactam antibiotic that is used for the treatment of bacterial infections. As
a result, the search for novel antimicrobials is necessary. Natural products, such as
EOs, are a promising source due to their complex composition. These products are
demonstrated to be effective against resistant strains, as shown in Figure 1, but the

mechanisms underlying their actions are not fully understood.
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Figure 1: EO action sites and mechanisms in a bacterial cell.

Eugenol promotes disruption of the cytoplasmic membrane, increasing its
nonspecific permeability, causing ion leakage and excessive loss of other cellular
components, including intracellular proteins, leading to cell death. Geraniol, linalool
act on the wall, changing permeability and modifying membrane proteins and
periplasmic enzymes, as well as altering the membrane, ion transport, and energy
production. Palmarosa oil penetrates the lipophilic part of the cell membrane
generating na imbalance in the membrane potential and losing its selective
permeability. The compounds methyl carvacrol, menthol, citronellol, and thymol also
cause a widening of the cell membrane that leads to the passive diffusion of ions
between the phospholipids. They also act on the cell wall of bacterial cells, causing
rupture and extravasation of the extracelular contents. Carvacrol induces leakage
and loss of ATP from bacterial cells. Cinnamaldehyde inhibits ATPase enzymes and

disrupts the outer cell membrane (78, 79, 80).
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A better understanding of the molecular mechanisms of EOs when used as an
antibacterial agent against KPC-K. pneumoniae could lead to improved clinical
efficacy. According to (16), the proteomic perspective was investigated toward KPC-
K. pneumonia cells when comparing the untreated cells with cells treated with
cinnamon essential oil (Cinnamomum verum J. Presl) (CBO). The authors reported
that cells exposed to CBO express a higher level of oxidative stress tht eventually
tears the bacterial membrane, possibly by interacting with the lipid bilayer.

Interestingly, different repair membrane pathways were affected by oxidative
stress and hence contributed to cell viability loss. (19) investigated the antibacterial
activity of Cinnamomum cassia L. (CCeo) isolated and in combination with polymyxin
B (a comercial antibiotic) against carbapenemase-producing Klebsiella pneumonia
and Serratia marcenscens. The association between CCeo and polymyxin B showed
a reduced number of viable cells in a 4-hour treatment. When associated with
polymyxin B, a synergistic effect was displayed, and the bacterial growth was rapidly
inhibited, demonstrating that the CCeo is a promising candidate in the development
of an alternative method for carbapenem-producing strains. Cinnamomum verum
essential oil has been used as an alternative treatment for different diseases. (24)
showed the antibacterial and antibiofilm properties of essential oil leaves from
Cinnamomum verum against, K. pneumoniae, P. aeruginosa and S. aureus. All
tested strains displayed sensitivity towards cinnamon oil steamer. Cinnamaldehyde
are one of the major compounds in cinnamon EO, and its concentration ranges
between 60 and 80% when obtained from the bark of the Cinnamomum genus (25).
Different studies demonstrate the antimicrobial activity of cinnamaldehyde against
different bacteria, including K. pneumoniae, L. monocytogenes, P. aeruginosa, E.
coli, E. faecalis, S. aureus, S. epidermis, V. parahemolyticus and Salmonella spp.
(25).

(26) tested the cinnamaldehyde and eugenol antibacterial activity against
Enterobacteriaceae ESBL quinolone-resistant (QR) strains along with their in vivo
toxicity in a murine pharmacological model. In this study, the authors observed the
high efficiency of cinnamaldehyde and eugenol as promising antibacterials with no
considerable toxicological and behavioral effects. (27) add that wound infection is a
great site for pathogenic microorganisms. Cinnamon and clove oil are effective
antibacterial agents due to their ability to reduce virulence and pathogenicity in a

wound healing in vivo model against K. pneumoniae, P. aeruginosa, and E. coli.
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The ethanolic extract (CEE, 0,01-1 mg/plate), essential oil (CNO, 0.125-1
mg/plate) from cinnamon bark, and cinnamaldehyde (CLD, 0,125-1 mg/plate) were
eficiente against different pathogens, such as K. pneumoniae, E. coli, S. aureus,
Proteus vulgaris, and S. typhimurium (S. typhimurium) in an agar diffusion protocol.
CEE and CLD showed promising antimutagenic and antimicrobial properties,
respectively. Therefore, their properties should be explored in depth in an in vivo
condition.

Aromatic herbs such as oregano (Origanum vulgare), sage (Salvia officinalis),
and thyme (Thymus vulgaris) is used for ornamental, culinary, and phytotherapy
purposes all over the world. The antibacterial activity of these plants has attracted the
scientific community's interest as a potential alternative to conventional antibiotics in
addressing microorganism resistance. There has been a tremendous increase in the
growth of several aromatic and therapeutic plants in recent years. (13) showed that
K. pneumonia displayed a higher sensitivity towards thyme oil, followed by oregano,
whilst sage oil did not present any antibacterial activity.

(28) tested the hybrid Lavandula essential oil against K. pneumonia strains, in
which the authors observed a moderate antibacterial activity along with a
bacteriostatic property. These results were in agreement with (15), which confirmed
the strong antibacterial activity of oregano (Origanum vulgare), sage (Salvia
officinalis), thyme (Thymus vulgaris), arbovitae (Thuja plicata), Cassia (Cinnamomum
cassia), lemongrass (Cymbopogon flexuosus) against P. aeruginosa, P. vulgaris, C.
koseri and K. pneumoniae. The enzyme extended-spectrum beta-lactamase (ESBL)
is synthesized by the Enterobacteriaceae family, which includes K. pneumonia and
E. coli. Penicillin, cephalosporin, cephamycin, and carbapenem are among the beta-
lactam antibiotics that the ESBL can hydrolyze. The bacteria that produce ESBLS
spread predominantly from ranches to slaughterhouses and human meals derived
from animals.

(21) discovered that Syzygium aromaticum (clove) and Cinnamomum verum
(cinnamon) have effective antibacterial action against resistant K. pneumonia and E.
coli ESBL-strains. (18) analyzed the antibacterial effects of four different EOs,
Melaleuca alternifolia, Eucalyptus globulus, Mentha piperita, and Thymus vulgari as
an alternate method to prevent the progress and dissemination of K. pneumonia and
E. coli ESBL-strains, Metallo beta-lactamase (MBL)-producing P. aeruginosa and

KPC-producing K. pneumoniae. M. alternifolia and T. vulgaris EOs presented the
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most effective antibacterial activity in all tested strains, with M. alternifolia as the best
candidate even at low concentrations.

The antibacterial activity of oregano (Origanum syriacum L.), thyme (Thymus
syriacus Boiss.), cinnamon (Cinnamomum zeylanicum L), and clove (Syzygium
aromaticum) EOs were the most effective among 28 different EOs in a study
performed by (29) against four different Gram negative strains, K. pneumoniae, E.
coli 0O157:H7, Yersinia enterocolitic O9 (Y. enterocolitica O9) and Proteus spp.

The authors compared their efficiency with that of cephalosporin and
ciprofloxacin, two well-established antibiotics that were effective. The discussed
studies demonstrate promising antibacterial activity against K. pneumoniae,
especially for its resistance to conventional treatments. As a result, it is necessary to
discover new alternative methods to control the spread of antimicrobial-resistant

strains.

3.2 Elements of biofilm formation in a hospital environment

One of the causes for researching bacterial biofilm formation in medical
devices, as evidenced by the papers chosen for this study, is that they are
responsible for a high infection rate, accounting for roughly 80% of human illnesses.

Bacterial resistance has been a major factor in the high rate of hospital
infections worldwide (30, 31). There has been an increase in the mortality rate,
demonstrating the seriousness of biofilm formation and the need for a clean hospital
environment, contributing to the reduction of health costs and also patient quality of
life.

This the investigation is essential considering that the microorganism's ability to
develop a biofilm is directly proportional to its aptitude to cause na infection.
Research conducted by (30) showed the risk of infection in catheters in hemodialysis
patients in Brazil. Several other studies also demonstrated a high number of
infections in patients with catheters and prosthetic devices (31, 32, 33, 34, 35, 36,
37).

Biofilm formation is a prokaryotic adaptation used by several microorganisms,
called resistant microorganisms, that have developed a growth strategy to overcome
antibiotics and vaccines. These evolutionary steps allow the survival of organisms in
hostile environments and the colonization of new sites through dispersion

mechanisms (23). As a result, these microorganisms acquire strong intercellular
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communication and can rapidly respond to subtle changes in their surroundings
through a signaling mechanism called quérum sensing (38).

Among the several microorganisms that can produce biofiim are K.
pneumoniae, P. aeruginosa, E. coli, S. aureus, S. epidermidis, and C. albicans. K.
pneumonia is a gram-negative bacteria and an important opportunistic pathogen that
can cause several health problems, including tract infections, bacteremia,
pneumonia, and hepatic abscesses. There is an alarming situation regarding multi-
resistant (MDR) and hypervirulent (hvKP) K. pneumonia strains, whose mechanisms
are not yet fully understood. Therefore, it is necessary to elucidate the pathogenic
and resistance pathways of this microorganism (39).

(23) discussed that microorganism resistance is related to poor penetration from
antimicrobial agents to the polysaccharide membrane in which the bacteria develop
the biofilm. Assays that can evaluate both the action and properties of antimicrobials
against biofilms are of great value the minimizing infection rates. Several other
factors can influence biofilm formation, such as altered bacterial growth and gene
expression (41, 42, 43).

The well-ordained tridimensional biofilm structure is a result of different
molecular associations compared to Other non-sessile microorganisms. Among the
molecules expressed on the biofilm surface that allow substrate adhesion and,
consequently, an elaborated structure are fibrinogen-binding proteins, fibronectin,
capsular polysaccharide-adhesion factors, autolysin, and teichoic acid. This explains
the antibiotic selectivity towards bacterial strains and the lack of capacity to eliminate
biofilm formation from resistant microorganisms. In addition, virulence factors and
nutrient optimization contribute to higher antibiotic resistance. (41).

During biofilm formation, the microorganisms can be found in a progressive
accumulation phase of virulence factors, increasing the risk of infection in patients.
As a result, research on biofilm formation in a medical environment must be kept up

to date for academic and scientific communities. (38, 40).

3.3 Biofilm formation in hospital catheters
Biofilm formation in hospital catheters is a serious worldwide health problem
because it is responsible for triggering several infectious diseases (44). Figure 2

shows different catheters and probes used in hospitals daily.
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Figura 2: Catheters and probes that are used daily in hospitals.

Contamination of urinary catheters, for example, can result in urinary infections
(44). Likewise, a central venous catheter can also present an infection. This
demonstrates the subject's relevance to ensuring a high-quality service from
hospitals and providing a better quality of life for patients (44, 45, 46).

(47) highlights that catheter-associated urinary infections are common in
patients with long urinary catheterization periods. The factors related to biofilm
formation are crucial for choosing the best intervention strategy to minimize the risk
of infection. Furthermore, contamination of a central venous cateter is very
concerning because microorganisms can circulate throughout the entire organism,
exacerbating an already severe infection (44, 45, 46).

Central venous catheters are widely used in hospitals because they provide
conveniente access to a patient's vascular system. As a result, it allows for the
administration of drugs and other vital components, particularly in hospital
circumstances (48).

On the contrary, urinary infections are responsible for high morbidity and
mortality rates (40). One of the main causes of infections in hemodialysis patients is
material manipulation by health professionals (30, 49). The use of urinary catheters is
essential in patients where access to the arteriovenous fistulae is not possible and, or
access to the blood needs to be fast (49).

The use of urinary catheters is associated with a high infection rate as a result
of biofilm formation (Figure 3), restricting the benefits that they could provide for
patients (49, 50). On catheter surfaces, the most reported microorganisms are S.

aureus, S. epidermidis, P. aeruginosa, K. pneumoniae, and C. albicans (49, 51).
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Figure 3: Biofilm formation in hospital medical equipment.

3.4 Use of essential oils in biofilms

Bacterial biofiims are associated with high resistance against several
antimicrobial agents, contributing to persistent microbial infection and, consequently,
therapy failure. (12) tested the efficiency of vanilla (Vanilla planifolia), patchouli
(Pogostemon cablin syn. P. patchouli, P. heineanus), and ylang-ylang (Cananga
odorata subsp. Genuine) EOs stabilized by Iron Oxide-C14 nanostructures against K.
pneumonia and S. aureus biofilms.

The vanilla nanoparticles created a thin coating layer on the catheter's surface
that strongly inhibited both the initial 24h-adherence from S. aureus and the 48h-
development. Patchouli and ylang-ylang EOs nanoparticles primarily inhibited the
initial adhesion. All nanostructures showed similar efficiency toward K.
pneumoniae biofilm, presenting a new antibiofilm and anti-adherent coating-surface
design.

(14) studied the effects of Thymus vulgaris against the planktonic form of six
clinical isolates of pathogenic bacteria and their biofilm structures, S. aureus, B.
cereus,, S. pneumoniae, P. aeruginosa, E. coli, and K. pneumoniae. According to
MIC and MBC concentration results, Thymus vulgaris extracts were efficient at
inhibiting bactéria in their planktonic form. In addition, antibiofilm formation behavior
displayed a concentration-dependent behavior.

Thymol and piperine are two bioactive compounds with several pharmacological
activities, such as. (22), evaluated their antibiofiim capacity, isolated or in

combination with three aminoglycoside antibiotics (streptomycin, amikacin, and
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kanamycin) against K. pneumonia biofilm. The results showed that thymol, in
combination with antibiotics had a synergistic effect in both biofilm formation and
biofilm destruction, implying a possible alternative therapy for K. pneumonia biofilm-
related infections.

Recently, (20) performed a comparative study between the antimicrobial activity
of liquid and volatile fractions from five EOs, Syzygium aromaticum L., Boswelia
serrate Roxb., Juniperus virginiana L., Pelargonium graveolens L., and Melaleuca
alternifolia Cheel., against six planktonic and biofilms from S. aureus, E. faecalis, K.
pneumoniae, P. aeruginosa, E. coli, and C. albicans. The results contribute to EOs
benefits, demonstrating the ability to fight biofilm-forming pathogens.

A preliminary study demonstrated eugenol's antibacterial activity against K.
pneumoniae. However, its mechanism of action remains unexplored, (52)
investigated the antimicrobial activity of eugenol against carbapenem-resistant K.
pneumonia strains. Eugenol was able to inhibit biofilm formation and inactivate the
carbapenem-resistant K. pneumonia (CRKP) cells. Moreover, eugenol displayed
strong inhibitory effects on biofilm formation and gene expression associated with it.
These findings suggest that eugenol possesses a strong antimicrobial effect and can
potentially be used to control CRPK-related infections.

Cinnamomum verum EO has been used as a therapeutic alternative for several
diseases, (53) studied the antibacterial and antibiofilm properties of this EO against
K. pneumoniae, P. aeruginosa, and S. aureus. The results were promising,
considering the Cinnamomum verum EO did not display cytotoxicity in HaCat cells for
any tested concentrations. Furthermore, according to phytochemical analysis,
eugenol was the most abundant component in the EO.

(54) performed a study to evaluate the antibacterial and antibiofilm activities of
selected constituents from EOs against NDM-1-producing uropathogenic K.
pneumonia strains. The results provide a more detailed analysis of the
phytochemicals in their application against K. pneumoniae.

Pimpinella anisum L., Cinnamomum zeylanicum, Syzygium aromaticum, and
Cuminum cyminum L. EOs have antibacterial action against planktonic and biofilms
of K. pneumoniae, S. aureus, S. epidermidis, E. faecalis, S. pyogenes, E. coli, P.
aeruginosa, A. hydrophila, P. mirabilis, and C. albicans. Cinnamon and clove

displayed the best results among all tested EOs. When analyzing biofilms,
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Cinnamomum zeylanicum appears to be the best EO to inflict a disturbance on gram-
negative bacteria biofilms (55).

These studies demonstrate the efficacy of EOs toward microbial biofilms and
resistant bacteria. Besides, it is important to mention that all selected publications
showed promising results and can be important tools as alternative methods to

control these microorganisms.

3.5 K. pneumoniae gene influence in biofilm formation
(56) demonstrates that bacterial fixation in catheters is initiated by adhesins,

such as fimbriae, presented on the bacterial surface. K. pneumoniae produces
mainly two types of fimbriae: type 1 and type 3 (57).

These two fimbriae are mechanically different because of their functions (58).
These fimbriae are made up mostly of protein primary structure monomers, with an
average molecular weight of 20 kDa and adhesin subunits.

The main monomeric structures in type 1 and type 3 fimbriae are FimA and
mrkA, respectively. The main adhesin subunits, fimH or mrkD, can be coded by
chromosomic and plasmodial genes (58, 59). Type 1 fimbriae are mannose-specific
and are expressed in several enterobacteria, whereas type 3 fimbriae are specific for
collagen IV and V (6, 60).

Type 1 fimbriae promotes adhesion and bacterial invasion along with biofilm
formation, which is characteristic of bacterial virulence (61). As seen in Figure 4,
both type 1 and type 3 fimbriae are expressed during biofilm formation. However,
according to some authors, type 3 fimbriae contribute to biofilm formation (62), but
type 1 doesn't (63).

Fimbrias tipO le |||, «——— Thyme essential oil
LPS, OMPs, AG43

No attatchment to
surface
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Figure 4. Structural representation and possible genes involved in biofilm formation
and adhesion of K. pneumoniae.

The fimbriae relation to K. pneumonia biofilm formation has already been
confirmed, but more studies are necessary because it has not been clarified which
genes are involved in this process. There are a few examples regarding other
microorganisms that can help to understand, including P. aeruginosa, C. albicans, E.
coli, and S. aureus.

The initial phase (0-11h) of C. albicans biofilm formation occurs initially with
yeast adherence to the substrate, followed by cell coaggregation and colonization (O-
11 h) (42, 65). The presence of yeast is critical for surface anchoring. Then, growth
and proliferation occur, with the development of the basal layer, cell anchoring, and
production of the extracellular matrix material, as the intermediate phase (12-30 h).
The maturation phase occurs between 31 and 72 h, in which the pseudohyphae grow
and mature, followed by hyphae extension from germinative tubes and dissemination
of cells (42, 65, 66).

Molecular mechanisms of biofilm regulation have already been described by a
few authors (42, 67, 68). The first step is adherence, which occurs through the ALS
gene family, expressed by yeasts and hyphae, and responsible for adherence and
aggregation to other microorganisms. The HWP1 gene encodes a hyphae-adhesin
only, whereas the EAP1 gene grants adherence to polystyrene and the CSH1 gene
confers superficial hydrophobicity adherence, along with other lesser-known
adhesins (42,69) Figura 5.
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EAPTP,ALS1-SP, ALS-TP,

ALS3, HWP1, HWP2, HYRTP thyme essential oil

No attatchment to
surface

Figure 5: Structural representation and possible genes involved in biofilm formation
and adhesion of C. albicans.

Adherence is followed by maturation, with hyphae formation, and the EFG1
gene is involved in morphological transition regulation and can produce an adherent
structure to polystyrene, polyurethane, and glass. Other genes are also required for
morphological differentiation, such as CPH1, TEC1, SUV3, NUP85, UMEG, MDS3,
and KEM3 (66). Extracellular matrix production is mediated through the expression.
of ADH1, GCAL, and GCA2 genes (70).

When the biofilm is established, it allows invasion and cell damage through
gene expression from the main histolytic enzymes, secretory aspartic proteases
(SAPs), and phospholipases (PLBs) (71). The last process is cell dispersion to create
new communities that are down-regulated by UME6 and SUR7 genes and up-
regulated by PES1 and NRG1 genes (72). Changes in expression of these genes
during biofilm maturation are controlled by molecule accumulation of quorum sensing
(70, 73). Genes related to filamentation and adherence are mainly regulated by
EFG1, BCR2, and TYEL transcription factors (74, 75).

(76) evaluated 165 transcriptional regulators in C. albicans biofilm, in which 6
mutants were selected for the transcriptional network controls, bcr1A/A, tec1A/A,
efg1A/A, ndt80A/A, rob1A/A, and brg1A/A. The authors showed that 1061 genes
were regulated by at least one of the 6 biofilm regulators, and they bind to promoting
regions of de BCR1, TEC1, EFGland BRG1. Moreover, they demonstrated that
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Tecl, Efgl, Ndt80 e Robl bind to ROB1, Efgl e Ndt80 bind to NDT8, and this
regulation is positive. Bcrl, Efgl, Ndt80, Robl, and Brgl are activators and
repressors of their target genes, whilst Tecl acts only as a positive regulator. The
biofilm network-target genes of these 6 regulators comprehend around 15% of the C.
albicans genome.

Although C. albicans is a model for the study and representation of biofilm
formation and its related genes, more studies should be performed with other biofilm-
forming microorganisms to understand the adherence and formation mechanisms, for

more specific control and treatment.

4 Conclusions

This study, through a systematic review of high-impact publications and
scientific relevance, pointed to the alarming situation of biofilm formation in hospital
catheters as a worldwide health problem. Microbial resistance and failure to properly
clean and sterilize materials that allow proliferation are among the factors that
contribute to biofilm formation in a hospital environment. Virulence factors related to
each microorganism are also critical for the gravity of a possible infection in patients.

Biofilm formation in a hospital environment is characterized as one of the main
causes of hospital infections, increasing the cost of public health by increasing
hospitalization time and possible death. Furthermore, cleaning methods and
disinfection comprehend promising alternatives that can destroy the biofilm-forming
microorganism, increasing patients' quality of life and minimizing unnecessary
expenses from public health.

However, EOs-plant-derived antimicrobial activity has drawn the attention of
scientists because it can be used as an alternative to antibiotic resistance from
pathogens. As a result, in the last few years, there has been an increase inthe growth
of several aromatic and medicinal plants due to their eficiente antimicrobial
properties. In this sense, it is important to provide a review that compiles all the

results.
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Essential oils and major constituents activity against biofilm formed by
multidrug-resistant bacteria in hospital medical material

Abstract

Pseudomonas aeruginosa as well as Klebsiella pneumoniae are Gram-
negative bacteria commonly found in the hospital environment and also cause
infections in immunocompromised patients. They are prominent in growing in biofilms
and increasing resistance to factors such as protection against antimicrobials,
disinfectants, the innate immune system, and various negative environmental
influences. The use of essential oils has been gaining ground in the control of biofilm
and resistant microorganisms. The objective of this work was to test the antibacterial
activity of thyme and palmarosa oils and their major constituents eugenol, thymol and
geraniol against biofilm formed in hospital medical material. MIC and CFM were
evaluated by the plate microdilution method using P. aeruginosa, K. pneumoniae
strains. The antibiofilm activity after treatment with EO and CM was evaluated
through the crystal violet assay, determination of total proteins, synergism, growth
curve, atomic force microscopy, inhibition of exopolysaccharide production, and for
P. aeruginosa it was also performed the pyocyanin production inhibition tests and the
motility test. From the results of the present study, it was evidenced in all tests that
there was a significant decrease in biofilm formation and that EO and their MC are
promising in controlling biofilm formation.

Keywords: Biofilm; Essential oils; Antimicrobian activity; Multidrug resistant

bacteria
1. Introduction

Biofilms are responsible for up to 80% of antimicrobial-resistant nosocomial
infections. The vast majority of microorganisms are associated with infections related
to medical devices, such as catheters and urinary catheters [1]. Along these lines,
catheter-associated urinary tract infections account for more than 1 million cases in
the US and nearly 80% of nosocomial infections worldwide. Annual treatment costs
exceed $350 million per year, which shows the urgency of the situation [2].

Of the varied species within the genus Klebsiella, K. pneumoniae is
considered the most medically important species, accounting for 75% to 86% of
clinical infections caused by bacteria of this genus [3].

The genus Pseudomonas, more specifically P. aeruginosa is a pathogen
responsible for acute and chronic respiratory infections, associated with high
mortality rates ranging from 42 to 87% of cases [4].

P. aeruginosa and K. pneumoniae stand out in growing in biofilms. These

species are able to take advantage of biofilm formation and increase resistance to
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factors such as protection against antimicrobials, disinfectants, the innate immune
system and various negative environmental influences, thus allowing them to cover
various environmental niches and colonize diverse tissue matrices. , Soil and plant, a
fact that is not necessarily observed in the same bacteria when it develops in the
planktonic form [5].

In this sense, the components found in medicinal plants play an important role
in traditional and modern medicine, since microbial resistance is an increasingly
worrying threat to global public health, requiring the search for new antimicrobial
agents. The WHO encourages the use of medicinal plants in the traditional medical
system, and in the last decade there has been an increase in research on these
plants, for a possible solution in the fight against infectious diseases [6].

Over the years, the search for therapeutic alternatives from medicinal plants
has gradually increased and, with this, several studies using essential oils extracted
from aromatic and medicinal plants have shown their antimicrobial activities, as is the
case of thyme essential oils. (Thymus vulgaris L) and palmarosa (Cymbopogon
martini) [7].

Thymes’s major constituent in its essential oil is Thymol and their antimicrobial
activity is attributed to its action on the bacterial cell wall. Eugenol according to
literature reports, has significant antibacterial and antifungal properties. Palmarosa
essential oil is rich in Geraniol, a compound that also has antimicrobial,
immunomodulatory and antitumor activity [8].

A study that evaluates the antimicrobial activity of essential oils and their major
constituents would bring a crucial contribution in the medical-care field, considering
that antimicrobial resistance is a problem of significant impact on public health and
that the therapeutic options for multidrug-resistant strains are quite restricted.

This study aimed to evaluate the antimicrobial and antibiofilm activity and the
synergism of Palmarosa and Thyme essential oils and their major constituents
Geraniol, Eugenol and Thymol against Klebsiella pneumoniae (strains 31 and 36)
biofilm and Pseudomonas aeruginosa strain PAOL in hospital probe material.

2. Material and methods
2.1Sample collection, culture and bacterial identification
The samples of K. pneumoniae used correspond to different biological

materials from patients hospitalized at the Hospital Escola da Universidade Federal
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de Pelotas (HE- UFPel). P. aeruginosa is ATCC and belongs to library of the
Research Laboratory in Biochemistry and Molecular Biology of Microorganisms
(LaPeBBioM), Federal University of Pelotas (UFPel).

From these samples, bacterial isolates were obtained by cultivation on blood
agar and MacConkey culture media and incubated in a microbiological oven at 37°C
for 24 hours. After colony growth, they were introduced into identification panels, as
well as antibiogram panels, at a concentration of 1.5x10® CFU/mL, standardized by
the McFarland turbidity scale and introduced into the BD Phoenix 100 Automated
Microbiology equipment, to microorganism identification (ID) and antimicrobial
susceptibility profile (TSA).

2.2Characterization of essential oils

The essential oils of Cymbopogon martini (palmarosa) and Thymus vulgaris L.
(thyme) were purchased commercially from FERQUIMA Ltda. The major constituents
geraniol, thymol, and eugenol were purchased from Sigma-Aldrich (Brazil). The
characterization of the essential oils was carried out at the Federal University of
Pelotas (UFPel), in the Chemistry course. The compounds were prepared and
analyzed by GC, Varian 3800 Gas Chromatograph equipped with a closed capillary
tube silica column (25m x 0.25mm) coated with SE-54. For the analysis the following
media were used: He (1mL/min) was used as the carrier gas, in the column injector
at 200°C, FID 250°C, and column temperature from 60°C to 325°C with 4°C/min. The
analyses were performed on an HP 5973-6890, GC/MSD operating system in El
mode at 70 eV, equipped with an HP-5 (30m X 0.25mm) cross-linked capillary
column. The column and injector temperatures were the same as for GC.

The identification of essential oils of palmarosa , cinnamon and thyme was
based on the retention index (Retention Index, RI), determined with reference to the
homologous series of n- alkanes, C7-C30, under similar experimental conditions,
comparing with the similar mass of the mass spectra with NBS Library [9] and as
described by Adams [10]. The relative amounts of the individual components were

calculated based on the GC peak area (FID response).

2.3Minimum Inhibitory Concentration and Minimum Bactericidal

Concentration
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The determination of the CIM was performed using the microdilution
technique, according to the M7-A6 method of CLSI [11]. The compounds were
prepared in a 1:2 dilution in DMSO 50% in a sterile tube, so that the concentrations
of the mother solutions of thymol, eugenol, geraniol, thyme, and palmarosa were
150pg/mL, 533,500pg/mL, 439.00pg/mL, 473.00pg/mL  and  437,500pg/mL,
respectively. The compounds were stored at 4°C to minimize volatilization. The
assays were performed in 96-well plates, in which 100uL of Mueller Hinton broth with
100pL of the compounds were added to the first well. From the first well, serial
dilution followed until the tenth well of the plate. After serial microdilution, 10uL of the
0.5 McFarland scale inoculum (1.5x10® CFU/mL) was added to all wells and
incubated for 24 hours at 37°C. A negative control containing only the culture
medium and a positive control for microbial growth containing the culture medium
and 10uL of the inoculum were performed. The CIM was defined as the lowest
concentration of the compound that inhibited microbial growth and was observed by
the turbidity of the culture medium in the wells of the plate. This test was performed
in duplicate and the CIM was determined after seeding 1uL of the contents of the
wells corresponding to 0.25x CIM, 0.50x CIM, and 1x CIM in BHI agar and incubated
for 24 hours at 37°C for subsequent quantification of colonies.

2.4Synergism

The determination of synergism was performed using the microdilution
technique in 96-well plates, with one plate for each bacterium. The two essential oils
and the three major compounds were cross-linked by serial dilution up to 1:256.
100uL of Mueller Hinton broth was added to all wells of the plate, with 100uL of
compound A in the first well, following serial dilution to 1:256. Next, 100uL of
compound B was added, and cross-linking of the different concentrations of the
compounds was performed. Finally, 10uL of the microbial inoculum on the 0.5
McFarland scale (1.5x10°® CFU/mL) was added to all wells of the plate and incubated
for 24 hours at 37°C. A negative control containing only the culture medium and a
positive control for bacterial growth containing the culture medium and 10uL of the
inoculum were performed. The CIM was defined as the lowest concentration of the
compound that inhibited microbial growth and was observed by the turbidity of the
culture medium in the wells of the plate. This test was performed in duplicate in two

independent experiments.
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For the analysis of the results, the following mathematical formula was used:
> FIC (sum of the fraction of the inhibitory concentration) = FICA + FICB, where, FICA
(fraction of the inhibitory concentration of compound A) = CIMA (combined with
compound B) / CIMA (alone) and FICB (fractional inhibitory concentration of
compound B) = CIMB (combined with compound A) / CIMB (alone). Considering
synergistic effect when  FIC <_0.5; additive when YFIC > 5 and <_1; indifferent if
YFIC > 1 and < 2 and antagonism if Y FIC > 2 [12].

2.5Preparation of hospital medical supplies
The most commonly used materials in the composition of the probes are
polytetrafluoroethylene (PTFE), polyurethane, silicone, polyamide, and polyester,
with the most flexible and kink-resistant probes being the least associated with
infectious events. For the experimental trials, hospital probes were used. This
material was cut into a length of two centimeters and arranged two per test tube with

a screw cap. This material was sterilized for later use.

2.6 Antibiofilm assay on hospital medical material

Strains of P. aeruginosa (PAO1), K. pneumoniae (strains 31 and 36) belonging
to the library of the Research Laboratory in Biochemistry and Molecular Biology of
Microorganisms (LaPeBBioM), Federal University of Pelotas (UFPel). The samples
were inoculated in BHI agar without glucose (0%) and BHI supplemented with 0.5, 1,
1.5, 2, 2.5, and 3% glucose, incubated at 37°C for 24 hours, and transferred to BHI
broth. Then, aliquots of the cultures were added to the BHI broth with the same
glucose concentration until reaching MacFarland's 0.5 scales. Subsequently, in each
tube containing the hospital medical material, 3mL of BHI broth was added, along
with 150uL of inoculum of each microorganism suspension, and the majority of oils
and/or constituents were added at concentrations corresponding to 0.25x CIM, 0.50x
CIM, and 1x CIM, to test their efficacy in inhibiting biofilm formation. The negative
controls were tubes with uninoculated BHI broth. The positive controls, on the other
hand, contained only inoculum and BHI broth. The tubes were incubated at 37°C for
48 hours [13 with adaptations].

2.7Quantification of biofilm formation by crystal violet staining
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After the time had elapsed, the microorganism suspension was aspirated and
a probe was removed from each tube, which was reserved for later protein
quantification and colony counting. The probe that remained in the tube was washed
3 times with 2mL of sterile 0.9% saline solution and then transferred to another sterile
tube. The biofilm was then fixed in an oven at 60°C for 60 minutes. The tubes were
stained with 2mL of 1% Hucker's crystal violet solution for 15 minutes, washed 5
times with sterile 0.9% saline solution, and then 2mL of 95% ethanol was added for
10 minutes. Then 200uL of each tube was transferred in triplicate to 96-well plates
and absorbance was read in a microplate reader (Rosys Anthos 2010) at a
wavelength of 492 nm [14 with adaptations].

2.8Count of viable biofilm colonies

These assays were performed from the antibiofilm technique (2.6). After the
incubation time (48 hours) at 37°C, the tubes containing two probes were removed
from the incubator and one probe from each tube was washed 3 times with 2mL of
sterile 0.9% saline solution. Then, using a needle with a syringe containing 1mL of
saline solution, the probes were scraped. With the help of a 1uL calibrated loop, this
liquid with the scrape was seeded in BHI agar and incubated for 24 hours at 37°C for
the quantification of colonies. For the validation of the assay, a negative control
(culture medium only) and a positive control (culture medium and microorganism)
were used [15].

After incubation, colonies were manually counted and the numbers obtained
were multiplied by 1,000,000 to find the number of CFU/mL. These values were
transformed into a logarithmic scale to create time-of-death graphs. A reduction in

CFU number from baseline by = 3 log10 was defined as an antimicrobial effect.

2.9Determination of biofilm proteins
The protein concentration of the samples was determined through the method
initially described by Bradford [16] with an adaptation of the technique [17].
Commercially purchased Bradford reagent was used for this assay and a standard
curve with bovine albumin (BSA) (Sigma) was performed at concentrations from zero
to 74 pg/mL. All samples were analyzed by COBAS. The concentration of the

samples was determined by comparison with the standard curve of BSA, plotted and
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analyzed by linear regression in a GraphPad curve analysis program. Prism Version
6.0.

2.10 Atomic Force Microscopy (AFM)

Atomic force microscopy (AFM) was performed at the Federal University of
Pampa (UNIPAMPA), Bagé campus, under the supervision of Professor Dr. André
Gundel. For visualization of the biofilm by AFM, the substrates were fixed with
absolute methanol for 1 minute. Images were obtained using an Agilent Technologies

5500 microscope [18].

2.11 Inhibition of bacterial motility
P. aeruginosa strain PAO1 was used to evaluate the ability to inhibit swimming,
swarming, and twitching motility types. Appropriate media for the evaluation of each
of the motility types were prepared according to [19]. A 0.5 McFarland inoculum was
seeded by mincing on plates with and without the addition of oils and major
constituents at concentrations 0.25x CIM, 0.50x CIM, and 1x CIM, and after

incubation at 37°C for 48 hours growth was evaluated by reading colony diameter.

2.12 Pyocyanin quantification

The quantification of pyocyanin was performed after the formation and
treatment of biofilms. Each probe was scraped with the aid of a syringe containing
sterile 0.9% saline solution, this material was centrifuged at 12000 rpm for 15
minutes and the supernatant was reserved. To each 5mL of supernatant, 2.5mL of
chloroform was added. The samples were shaken vigorously on the vortex for about
30 seconds and then centrifuged at 4000rpm for 10 minutes for phase separation.
The aqueous phase was discarded and to the organic phase was added 1mL of a
0.2M HCI solution. Again this solution was shaken vigorously for 30 seconds for
extraction and then centrifuged for phase separation. The agueous phase was
collected and set aside to be read at 520nm later. The concentration of pyocyanin in
Mg/mL was calculated according to its molar extinction coefficient [20 and 21 with
modifications]. The experiment was carried out in technical triplicates from two

biological replicas.

2.13 Determination of biofilm exopolysaccharide levels
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The exopolysaccharide present in the biofilm were measured by the phenol-
sulfuric acid method [22, with modifications]. After biofilm formation and treatment,
the probes were scraped using a syringe containing sterile 0.9% saline solution, this
material was centrifuged at 12000rpm for 15 minutes and the supernatant was
discarded. The pellet was pipetted and added to 40uL of deionized water, 40uL of
5% phenol solution, and 200uL of 95-97% sulfuric acid. The plate was incubated for
30 minutes at room temperature. The absorbance was read at 490 nm with a
microplate reader. Different concentrations of glucose were used as standard values

for the absorbance conversion of the exopolysaccharide.

2.14 Statistical analysis
For the trials the analyses were performed by 1-way ANOVA, followed by
Dunnett's test. The significance level was set at 5%. The graphs were performed in
GraphPad Prism software (Graphpad Software, INC).

3. Results and discussion
3.1 Characterization of essential oils
The results of the chemical analyses of thyme and palmarosa oil are shown in
Table 1. The following major compounds were identified for palmarosa oil: geraniol
(35.27%), neral (13.09%), and geranyl acetate (9.68%). Thyme oil presented as
major compounds: thymol (49.27%), p-cyme (20.18%), and carvacrol (11.86%).

3.2 Minimum Inhibitory Concentration and Minimum Bactericidal/
Fungicide Concentration

The CIM of the essential oils, as well as their major constituents, are shown in
Tables 2 and 3. The CIM of thyme and palmarosa oils against P. aeruginosa (PAO1),
K. pneumoniae (strain 31), and K. pneumoniae (strain 36) can be evidenced in Table
2, where P. aeruginosa (PAO1) results were 29.01pg/mL, 22.06ug/mL. The CIMs for
K. pneumoniae (strain 31) were 104.1ug/mL, 16.0pg/mL, and for K. pneumoniae
(strain 36) were 349.0pg/mL, 11.20ug/mL respectively.

The CIM of thymol, eugenol, and geraniol against P. aeruginosa (PA01), K.
pneumoniae (strain31), and K. pneumoniae (strain 36) were shown in Table 3. For P.
aeruginosa (PAO1) the results were 29.01pg/mL, 27.7pg/mL, and 25.3pg/mL. The
CIMs for K. pneumoniae (strain 31) were 104.1pg/mL, 5.74pg/mL, 16.5ug/mL, and
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for K. pneumoniae (strain 36) were 349.0pg/mL, 9.37ug/mL, 11.60ug/mL
respectively.

From these results, we observed that higher concentrations of thymol oil were
necessary to inhibit the growth of Klebsiella pneumoniae strains. This is because
these strains are multidrug-resistant, showing resistance to several conventional
drugs, while other strains are ATCC. While the other oils and main constituents

behave as potential antimicrobial agents.

3.3Synergism

The checkboard results for thyme and palmarosa essential oils are described
in Table 4, and it is evident that there was synergism in all tested combinations
against P. aeruginosa (PAOl), K. pneumoniae (strain 31), except for the
thyme/palmarosa associations that were antagonistic against K. pneumoniae (strain
36).

Essential oils have antibacterial activity and can act alone or synergistically
with other compounds present. In addition, antimicrobial activity resulting from
synergistic effects between essential oils and some antibiotics has been reported.
Uzair et al. [23] showed synergistic activity between essential oils and amoxicillin
against methicillin -resistant Staphylococcus aureus infections (MRSA). The
synergism between thyme and ciprofloxacins showed maximum inhibition of bacterial
growth [24]. In 2011, Lv et al. [25] observed synergistic activity using ten essential
oils (among them: oregano, sage and bergamot) against S. aureus

For the major constituents thymol, eugenol and geraniol, the checkboard
results are described in Table 5, and it is evident that there was synergism in all
combinations tested against the microorganisms P. aeruginosa (PAOl), K.
pneumoniae (strain 31), however, for K. pneumoniae (strain 36) in the combinations
thymol/eugenol and thymol/geraniol, there was the antagonism of the compounds
tested.

Compounds in essential oils can interact with each other, resulting in
synergies of additive, indifferent or antagonistic effects [26]. In recent years, many
studies have investigated combinations of essential oils and their components.
Eugenol and thymol were tested to show synergistic activity against L.
Monocytogenes, E. coli, and P. aeruginosa, while at the same time demonstrating an

indifferent effect against E. aerogenes. These synergistic effects are related to the
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mechanism of action of each compound, such as the disruption and disintegration of
the outer membrane of gram-negative bacteria by thymol, allowing eugenol to access
the cytoplasm and destroy bacterial enzymes. Gallucci et al. [27] also evaluated the
associated effect of eugenol with geraniol, showing only partial synergism against

Bacillus cereus, and indifference against E. coli and S. aureus.

3.4Quantification of biofilm formation by crystal violet staining

The anti-biofilm activity for the different species tested showed that all were
sensitive to the compounds used in their concentrations (0.25x CIM, 0.50x CIM, and
1x CIM), except for K. pneumoniae (strain 36), which did not show very significant
results against thyme and thymol. In a previous study, Iseppi et al.,, [28],
demonstrated significant antibiofilm activity of P < 0.01 for thyme essential oil against
biofilm formed by K. pneumoniae. These findings are not in agreement with ours, it is
believed that it may be because it is a multidrug-resistant K. pneumoniae (strain 36).
However, for the other microorganisms, thyme and thymol showed significant results
in reducing biofilm formation (Figures 1, 2, and 3).

It is noted that for K. pneumoniae (strain 31) the oil that best showed
antibiofilm activity was 1x CIM palmarosa at a concentration of 16ug/mL reduced by
86%. Of the major constituents that best demonstrated inhibition of biofilm formation
was 1x CIM eugenol which at a concentration of 5.74ug/mL reduced 79.8% (Figure
1). In contrast, thyme and thymol were the compounds that showed the least
antibiofilm effect at all concentrations tested.

For K. pneumoniae (strain 36) (Figure 2), it was evidenced that thyme and
thymol were not as efficient in inhibiting biofilm formation regardless of the
concentration tested. Whereas palmarosa oil followed by geraniol were the ones that
best demonstrated an antibiofilm effect, both at 1x CIM concentrations 11.20ug/ml
and 11.60upg/ml, and resulted in a reduction of 86.2% and 85.8% respectively.

In the case of P. aeruginosa (PA01) (Figure 3), all oils and their major
constituents, in all concentrations, showed a reduction in biofilm formation. However,
the ones with the best results were palmarosa and geraniol, both at 1x CIM
concentrations, 22.06pg/ml and 25.3ug/ml, and resulted in a reduction of 85.5% and
83.9% respectively.

In previous studies, Kozics and collaborators [29], evidenced the antimicrobial

activity of some essential oils, including oregano, thyme, clove, arborvitae, cassia,
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lemongrass, melaleuca, eucalyptus, lavender, and sage, against resistant
microorganisms (Pseudomonas aeruginosa, Proteus vulgaris, Citrobacter koseri, and
Klebsiella pneumoniae). The results show that these essential oils can be effective in
preventing the growth of resistant microorganisms.

From the results of the antibiofilm activity of the oils and their major
constituents, we observed that for all microorganisms tested there were no significant
differences between these groups, showing the same biofilm reduction profile. For K.
pneumoniae (strain 36), we observed that thyme oil, as well as thymol, did not show
such a considerable reduction compared to the control group.

Mohsenipour et al., [30], also examined the effect of thyme extracts on the
planktonic form and biofilm structures of six pathogenic bacteria (Staphylococcus
aureus, Bacillus cereus, Streptococcus pneumoniae, Pseudomonas aeruginosa,
pathogenic serotype of Escherichia coli and Klebsiella pneumoniae). The results
found by the authors suggest that thyme extracts can be applied as antimicrobial
agents against pathogenic bacteria, particularly in biofilm forms.

The studies carried out by Sakkas et al., [31] investigated the antimicrobial
activity of five plant essential oils against multidrug-resistant Gram-negative bacteria.
Among the oils used are basil, chamomile blue, origanum, thyme, and tea tree oil .
The bacteria used were Acinetobacter baumannii, Escherichia coli, Klebsiella
pneumoniae and Pseudomonas aeruginosa. Our studies are similar to those of
Mohsenipour et al., [30] and Sakkas et al.,, [31], since for P. aeruginosa the
percentage of biofilm reduction was quite significant as shown in Figure 3. Both
thyme essential oil and its major constituent thymol showed promising results.

In the present study, as mentioned above, we obtained palmarosa essential oil
as being one of the oils that best showed antibiofilm activity as shown in the figures
above. A preliminary study found that eugenol expressed an antibacterial activity
against K. pneumoniae. However, the mechanism of action of eugenol against K.
pneumoniae remains unexplored. Qian et al. [32], developed a study to obtain more
information about the antibacterial effect of eugenol against carbapenem-resistant K.
pneumoniae (CRKP) and possible modes of action. The results found were very
promising, eugenol showed strong inhibitory effects on biofilm formation and
inactivated CRKP cells growing in biofilms. These findings suggest that eugenol

exhibits an antimicrobial effect against CRKP strains and can potentially be used to
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control CRKP-related infections. In our studies, overall, eugenol also showed
promising results in all antibiofilm treatments.

The antimicrobial activities of essential oils (EOs) and their major constituents
from plants have drawn the attention of researchers, as they can be used as
alternatives for the control of resistant microorganisms. Such resistance is associated
mainly with two important virulence factors, which are: adhesion and biofilm
formation. Thus, in recent years, there has been significant interest in the cultivation
of various aromatic and medicinal plants aiming at an alternative to minimize

resistance [33; 34].

3.5Count of viable Biofilm colonies

In growth curve assays, we evaluated the antimicrobial activity of the oils and
their major constituents against the growth of the microorganisms tested at
concentrations of 0.25x CIM, 0.50x CIM, and 1x CIM for K. pneumoniae (strain 31)
for 48 hours (Figure 4).

For K. pneumoniae (strain 36) in the 48-hour period is evidenced in Figure 5
the antimicrobial activity of the oils and their major constituents tested at
concentrations of 0.25x CIM, 0.50x CIM, and 1x CIM.

In Figure 6 we evaluate the antimicrobial activity of the oils and their major
constituents against the growth of the microorganisms tested at concentrations of
0.25x CIM, 0.50x CIM, and 1x CIM for P. aeruginosa (PAO1) at 48 hours.

The results evidenced in this study prove the reduction in the growth of viable

colonies, corroborating the findings in the crystal violet quantification tests.

3.6Determination of biofilm proteins

The present study determined the number of proteins present in the biofilm
after exposure to different concentrations (0.25x CIM, 0.50x CIM, 1x CIM) of the oils
and major constituents. As can be seen in Figures 7, 8, and 9 the number of
proteins was reduced in the presence of the oils and the major constituents at the
concentrations tested. This was an expected result because through the crystal violet
technique it was already possible to visualize a decrease in the amplitude of the
biofilm.

Biofilms are not only composed of microorganisms. The matrix of these

microbial communities consists of water, cells, proteins, products resulting from cell
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lysis, and EPS [35]. Proteins are components of all living cells and have been

successfully used as a measure of cell biomass in biofilms.

3.7Atomic Force Microscopy (AFM)

In the present study, a highly sensitive technique was used to visualize the
reduction of biofilms of K. pneumoniae and P. aeruginosa species after treatment
with essential oils and their major constituents as shown in the figures below. The
substrates were submitted to Atomic Force Microscopy, which is one of the most
effective tools to analyze the structures and properties present in biological samples,
being one of the few techniques that allow the observation of these samples in
agueous solutions with a nanometric resolution [36; 37].

Figures 10, 11, and 12 show the presence of biofilm formed by K.
pneumoniae (strain 31), K. pneumoniae (strain 36), and P. aeruginosa (PA01), as
well as the activity of essential oils and their major constituents. When comparing the
positive control with the other groups, an evident decrease in the biofilm can be
observed.

With the AFM technique, it was possible to evaluate in a truer way the
antibiofilm activity of the different groups tested, confirming the essential oils and
their major constituents have activity against the microorganisms tested. Several

works evidence the activity of essential oils using AFM [38; 39; 40; 41,42].

3.8Inhibition of bacterial motility

According to the increasingly common development of multidrug resistance by
various microorganisms, some authors have postulated that inhibition of virulence
factors may be a way to decrease the morbidity and mortality of these pathogens
without stimulating the development of resistance. This strategy is called bacterial
interference. Among bacterial interference is the inhibition of motility.

In the present study, it was possible to demonstrate that after treatment with
thyme and palmarosa oils, as well as their major constituents at concentrations of
0.25x CIM, 0.50x CIM, and 1x CIM, there was a considerable reduction in bacterial
motility in the three media used compared to the control group. This can be seen in
Figures 13, 14, and 15.

3.9Pyocyanin quantification
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In the present study, a reduction in pyocyanin production was evidenced after
treatment with essential oils and their major constituents at concentrations of 0.25x
CIM, 0.50x CIM and 1x CIM (Figure 16).

Pyocyanin is a bluish pigment, belonging to the phenazine class, and is
produced by most P. aeruginosa strains. Due to its prominent antibiotic and redox
activity, it plays an important role both for virulence and for the cell's own physiology
[43; 44].

3.10 Determination of biofilm exopolysaccharide levels

The exopolysaccharide of the biofilms were treated with thyme and palmarosa
oil and the constituents thymol, eugenol, and geraniol at concentrations of 0.25x CIM,
0.50x CIM, and 1x CIM. The assay demonstrated a reduction of exopolysaccharide
significantly compared to the control. The results are shown in Figures 17, 18, and
19.

Figure 19 shows the number of exopolysaccharide in the P. aeruginosa
biofilm. And we can see that compared to the control group, the results are very

promising.

4. Conclusion
After treatment with thyme and palmarosa essential oils, as well as their
majority constituents thymol, eugenol, and geraniol, within 48 hours there was
significant inhibition of biofilm formation. These results suggest that the tested
compounds have potential as antimicrobial agents, mainly because they present
activity against multiresistant strains, producing enzymes of clinical importance, little

described in the existing literature.
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List tables
Table 1 — Composition of palmarosa oil and thyme oil.

Cymbopogon Thymus
Martini (OP) vulgaris (OT)

Compounds IR RI® (%) (%)
a - thujene 932 931 0.75
a - pinene 937 939 1.62
a -camphene 953 953 1.23
B -pinene 980 980 0.57
B -Myrcene 991 989 1.71 0.34
a- terpinene 1018 1019 1.27
p - Cimene 1026 1027 5.82 20.18
1.8 cineole 1037 1033 0.95
y- terpinene 1062 1061 1.45
linalool 1098 1099 2.09 1.11
Camphenol 1109 1112 0.65

camphor 1142 1143 0.18
Borneol 1161 1166 0.71
terpin-4-ol 1179 1177 1.09
a-terpineol 1185 1189 2.43
nerol 1228 1228 1.83

neral 1240 1141 09.13

Geraniol 1255 1253 35.27

thymol 1291 1292 49.27
carvacrol 1298 1296 0.45 11.86
E- Citral 1341 1341 3.17

thymol acetate 1356 1355 0.09
Geranyl acetate 1383 1380 9.68

B- Elemene 1391 1388 4.35

B- Caryophyllene 1418 1419 5.92 2.57
a- humelene 1451 1454 0.39

neryl propanate 1454 1459 1.69
aromandrene 1461 1460 0.81

Geranil
propionate

germacrene D 1483 1480 0.25

1476 1475 0.08
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valencene 1491 1489 0.36
(2)- Nerolidol 1534 1533 1.57
a -cadidene 1540 1538 0.17
Elemol 1549 1550 0.29
Geranyl butyrate 1562 1561 1.63
gi%’gphy"e”e 1581 1580 2.79 0.41
globulin 1583 1585 0.91
viridiflorol 1590 1593 1.13
(E, E)- Farnesol 1722 1725 4.52
Total identified 99.73 99 97

(%)

Table 2: Minimum inhibitory concentration and Minimum bactericidal
concentration of thyme and palmarosa oils pg/mL.

Thyme Palmarosa
Microorganisms
CIM (ng/mL) CBM (ug/mL) CIM (pg/mL) CBM (ug/mL)
P. aeruginosa (PA01) 29.01 29.01 22.06 22.06
K. pneumoniae (strain 31) 104.1 104.1 16.0 16.0
K. pneumoniae (strain 36) 349.0 349.0 11.20 11.20
Table 3: Minimum inhibitory concentration and Minimum bactericidal
concentration of thymol, eugenol and geraniol oils pg/mL.
Majority Constituents
Thymol Eugenol Geraniol
Microorganisms
CIM (ug/mL. CBM (pg/mL) CIM (pg/mL) CBM (ug/mL) CIM (ug/mL) CBM (pg/mL)
P. aeruginosa (PAO1) 29.01 29.01 27.7 27.7 25.3 25.3
K. pneumoniae (strain 31) 104.1 104.1 5.74 5.74 16.5 16.5
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K. pneumoniae (strain 36) 349.0 349.0 9.37 9.37 11.60 11.60

Table 4- In vitro combinations of essential oils against P. aeruginosa (PAO01), K.
pneumoniae (strain 31) and K. pneumoniae (strain 36).

Strains Thyme / Palmarosa

CIM FICI (X)
P. aeruginosa (PA01) 29.01/22.06 0.8 (S)
K. pneumoniae (strain 31) 104.1/16.0 0.7 (S)
K. pneumoniae (strain 36) 349.0/11.20 3.49 (A)

Thyme; Palmarosa; minimal inhibitory concentration (ug/ mL ™ ): FICI, fractional
inhibitory concentration index; X, FICI interpretation; S, synergism; I, indifferent; Ah,
antagonism.

Table 5- In vitro combinations of major constituents against P. aeruginosa (PA01), K.
pneumoniae (strain 31) and K. pneumoniae (strain 36).

Combinations

Strains Thymol / Eugenol Thymol / Geraniol Eugenol / Geraniol
CIM FICI (X) CIM FICI (X) CIM FICI (X)

P. aeruginosa 29.01/27.7 0.9 (S) 29.01/25.3 0.9(S) 27.7/25.3 0.8(S)

(PA0O1)

K. 104.1/5.74 0.9 (S) 104.1/16.5 0.8(S) 5.74/16.5 0.6 (S)

pneumoniae

(strain 31)
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Combinations

Strains Thymol / Eugenol Thymol / Geraniol Eugenol / Geraniol
CIM FICI (X) CIM FICI (X) CIM FICI (X)

K. 349.0/8.62 5.0 (A) 349.0/11.20 4.29 (A) 8.62/11.20 0.7 (S)

pneumoniae

(strain 36)

Thymol; Eugenol ; Geraniol ; minimal inhibitory concentration (ug/ mL™ ); FICI,
fractional inhibitory concentration index; X, FICI interpretation; S, synergism; I,
indifferent; Ah, antagonism.
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Figure 1: Klebsiella pneumoniae (strain 31) biofilm formation indices, after treatment
with thyme and palmarosa oils and their constituents thymol, eugenol and geraniol at
concentrations of 0.25x CIM, 0.50x CIM and 1x CIM. The 5% significance level. ** P <
0.01.

0.7+
0.6+
0.5+
0.4+

Absorbance

D S, S g N T Y, S Sy S i Y,
7 o & RO P P P P

Tomilho Palmarosa Timol Eugenol Geraniol




103

Figure 2: Klebsiella pneumoniae (strain 36) biofilm formation indices, after
treatment with thyme and palmarosa oils and their constituents thymol, eugenol and
geraniol at concentrations of 0.25x CIM, 0.50x CIM and 1x CIM. The 5% significance
level. ** P < 0.01.
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Figure 3: Pseudomonas aeruginosa (strain PAO1) biofilm formation indices,
after treatment with thyme and palmarosa oils and their constituents thymol, eugenol
and geraniol at concentrations of 0.25x CIM, 0.50x CIM and 1x CIM. The 5%
significance level. * P < 0.01.
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Figure 4. Growth inhibition in K. pneumoniae (strain 31) tested against
essential oils (thyme and palmarosa) and their major constituents (thymol, eugenol
and geraniol) at concentrations of 0.25x CIM, 0.50x CIM and 1x CIM. The 5%
significance level. ** P < 0.01.
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Figure 5. Growth inhibition in K. pneumoniae (strain 36) tested against
essential oils (thyme and palmarosa ) and their major constituents (thymol, eugenol
and geraniol ) at concentrations of 0.25x CIM, 0.50x CIM and 1x CIM. The 5%
significance level. ** P < 0.01.
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Figure 6: Growth inhibition in P. aeruginosa (PAO1) tested against essential
oils (thyme and palmarosa ) and their major constituents (thymol, eugenol and
geraniol ) at concentrations of 0.25x CIM, 0.50x CIM and 1x CIM. The 5%
significance level. ** P < 0.01.
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Figure 7: Protein quantification was determined using the technique
proposed by Bradford, (1976) in biofilms formed from K. pneumoniae (strain 31)
after treatment with thyme and palmarosa oils and their constituents thymol,
eugenol and geraniol at concentrations of 0.25x CIM, 0.50x CIM and 1x CIM. The
5% significance level. ** P < 0.01. Results are expressed in pg / mL of protein.
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Figure 8: Protein quantification was determined using the technique proposed
by Bradford, (1976) in biofilms formed from K. pneumoniae (strain 36) after treatment
with thyme, palmarosa oils and their constituents thymol, eugenol and geraniol at
concentrations of 0.25x CIM, 0.50x CIM and 1x CIM. The 5% significance level. ** P
< 0.01. Results are expressed in ug / mL of protein.
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Figure 9: Protein quantification was determined using the technique proposed
by Bradford (1976) in biofilms formed from P. aeruginosa (PAO1) after treatment with
thyme and palmarosa oils and their constituents thymol , eugenol and geraniol at
concentrations of 0.25x CIM, 0.50x CIM and 1x CIM. The 5% significance level. ** P
< 0.01. Results are expressed in ug / mL of protein.
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Figure 10: Image obtained through AFM demonstrating the presence of the
biofilm formed by K. pneumoniae (strain 31) after treatment with essential oils
and major constituents at a concentration of 1x CIM. (A) thyme, (B) thymol, (C)
palmarosa, (D) geraniol, (E) eugenol and (F) control.



108

24um
1.1um

08yum
0.8 pm

04ym
A,1pm

Figure 11: Image obtained through AFA demonstrating the presence of the
biofilm formed by K. pneumoniae (strain 36) after treatment with essential oils
and major constituents at a concentration of 1x CIM. (A) thyme, (B) thymol, (C)
palmarosa (D) geraniol, (E) eugenol and (F) control.
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Figure 12: Image obtained through AFM demonstrating the presence of the
biofilm formed by P. aeruginosa (PAO1) after treatment with essential oils and
major constituents at a concentration of 1x CIM. (A) thyme, (B) thymol, (C)
palmarosa, (D) geraniol, (E) eugenol and (F) control.
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Figure 13: Activity of thyme and palmarosa essential oils and their major
constituents thymol eugenol and geraniol at concentrations of 0.25x CIM, 0.50x CIM

and 1x CIM in Swimming of P. aeruginosa (PA01). Colony diameter in mm. The 5%
significance level. ** P < 0.01.
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Figure 14: Activity of thyme and palmarosa essential oils and their major
constituents thymol eugenol and geraniol at concentrations of 0.25x CIM, 0.50x CIM

and 1x CIM in P. aeruginosa (PAOl) Swarming. Colony diameter in mm. The 5%
significance level. ** P < 0.01.
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Figure 15: Activity of thyme and palmarosa essential oils and their major
constituents thymol eugenol and geraniol at concentrations of 0.25x CIM, 0.50x CIM
and 1x CIM in P. aeruginosa (PA01) Twitching. Colony diameter in mm. The 5%
significance level. ** P < 0.01.
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Figure 16: Pyocyanin levels measured in P. aeruginosa (PAO1) cultures after
treatment with thyme and palmarosa essential oils and their major constituents
thymol eugenol and geraniol, at concentrations of 0.25x CIM, 0.50x CIM and 1x CIM.
The 5% significance level. ** P < 0.01.
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Figure 17: Amount of exopolysaccharidein the K. pneumoniae biofilm (strain
31) after treatment with thyme and palmarosa essential oils and their major
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constituents thymol eugenol and geraniol, at concentrations of 0.25x CIM, 0.50x CIM
and 1x CIM. The 5% significance level. ** P < 0.01.
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Figure 18: Amount of exopolysaccharide in the K. pneumoniae biofilm (strain
36) after treatment with thyme and palmarosa essential oils and their major
constituents thymol eugenol and geraniol, at concentrations of 0.25x CIM, 0.50x CIM
and 1x CIM. The 5% significance level. ** P < 0.01.

U
& 8

G b N G ot aF G or N G ob ab
¥ P oV P o P o P

Tomilho Palmarosa Timol Eugenol Geraniol

Figure 19: Amount of exopolysaccharide in the P. aeruginosa (PAO1) biofilm
after treatment with thyme and palmarosa essential oils and their major constituents
thymol eugenol and geraniol , at concentrations of 0.25x CIM, 0.50x CIM and 1x CIM.
The 5% significance level. ** P < 0.01.
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Abstract

Biofilm formed by the genus Candida is the most frequent cause of catheter-
associated infections, possessing a proven resistance to antifungal agents. The use
of essential oils has proven to be very effective in controlling biofilm and resistant
microorganisms. The objective of this work was to test the antifungal activity of thyme
and palmarosa oils and their majority constituents eugenol, thymol, and geraniol
against biofilm formed in hospital medical material. The CIM and CIM were evaluated
by the microdilution plague method using strains of C. albicans, and C. glabrata. The
antibiofilm activity after treatment with EO and CMs was evaluated by crystal violet
assay, total protein determination, synergism, growth curve, atomic force microscopy,
inhibition of germ tube and pseudohyphae formation, and calcofluor staining. From
the results of the present study, it was evidenced in all tests that there was a
significant decrease in biofilm formation and that EOs and their CMs are promising in
controlling biofilm formation.

1. Introduction

The genus Candida comprises a group of commensal and opportunistic fungi that
can be found in the microbiota of the skin and mucosa of humans. These microorganisms
are responsible for a large proportion of opportunistic infections, especially in
immunosuppressed individuals. The mortality rate in these situations can reach up to 40%
of affected people, with a high influence on human health and the economy (NOBILE;
JOHNSON, 2015). Among the factors involved in the pathogenicity of the genus, the high
capacity of biofilm formation deserves to be highlighted (MATHE; DIJCK, 2013).

Biofiims are life forms composed of sessile populations surrounded by an
extracellular polymeric matrix and exhibit characteristics distinct from free-living planktonic
growth. Microorganisms associated with biofilm formation exhibit high resistance to
antimicrobial agents and host defenses. Strictly speaking, this ability increases up to 1000
times the resistance of microorganisms when compared to their survival in planktonic
configuration (COSTERTON et al., 1995).

Biofilm formed by fungi, especially by microorganisms belonging to the genus
Candida, is the cause of infections associated with medical devices such as probes and
catheters. These pathogens are considered the main cause of hospital-acquired infections,
and removal of the colonized catheter or catheter is almost always necessary. The biofilm
formed under these conditions may lead to the dissemination of pathogens in the
bloodstream, which implies in high morbidity and mortality of hospitalized patients
(MUKHERJEE et al, 2005).
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The increasing number of immunocompromised patients, especially transplanted,
raises the level of attention to infections caused by opportunistic pathogenic yeasts. Most
of these pathogens are from the genus Candida spp. Data indicate that 60% of the yeast
species isolated from patients with fungal infections are from the species C. albicans,
which makes the infection by this microorganism the most prevalent among fungi
(FREYDIERE et al., 2001). These infections are particularly serious because the cells
organized in biofilm are resistant to antifungal drugs (KUHN et al., 2002; MUKHERJEE et
al, 2005; BLANKENSHIP et al., 2006). Antifungal resistance is acquired early in biofilm
formation and is controlled by different mechanisms in new and mature biofilms.
(MUKHERJEE et al, 2005).

It has been reported that microbial resistance is an increasingly worrisome threat to
global public health, necessitating the search for new antimicrobial agents (SILVA et al.,
2020). The WHO encourages the use of medicinal plants in traditional medical systems,
and research on these plants has increased in the last decade to find possible solutions to
combat infectious diseases. (MICKYMARAY et al., 2016).

Over the years, the search for therapeutic alternatives from medicinal plants has
been gradually increasing and, therefore, several studies using essential oils extracted
from aromatic and medicinal plants have shown their antimicrobial activities, such as the
essential oils of thyme (Thymus vwvulgaris L.) and palmarosa (Cymbopogon martini)
(SANCHEZ et al., 2010; SCHELZ et al, 2010).

Considering antimicrobial resistance as a problem of great impact on public health,
especially in hospitals, a study is necessary to evaluate the antimicrobial and antibiofilm
activity of essential oils and their major constituents, since the therapeutic option for
multidrug-resistant strains is quite restricted.

With this, this study aimed to evaluate the antifungal and synergistic activity of
thyme and palmarosa essential oils and their major constituents, and their antibiofilm
activity on hospital medical material.

2. Materials and Methods
2.1 Sample Collection, Culture, and Fungal Identification
C. albicans and C.glabrata samples are ATCC and belong to the mycoteca of the
Research Laboratory of Biochemistry and Molecular Biology of Microorganisms
(LaPeBBioM), Federal University of Pelotas (UFPel).
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From these samples, the fungal isolates were obtained through cultivation in blood
agar and MacConkey culture media and incubated in a microbiological oven at 37° C for
24 hours. After the growth of the colonies, they were introduced into identification as well
as antibiogram panels at a concentration of 1.5 x 10® CFU/mL, standardized by
McFarland's turbidity scale and introduced into the BD Phoenix 100 Automated
Microbiology equipment for microorganism identification (ID) and antimicrobial

susceptibility profile (TSA).

2.2 Characterization of essential oils

The essential oils of palmarosa (Cymbopogon martini) and thyme (Thymus vulgaris
L.) were purchased commercially from FERQUIMA Ltda. The major constituents geraniol,
eugenol, and thymol were purchased from Sigma-Aldrich (Brazil). The characterization of
the essential oils was carried out at the Federal University of Pelotas (UFPel), in the
Chemistry course. The compounds were prepared and analyzed by GC, Varian 3800 Gas
Chromatograph equipped with a closed capillary tube silica column (25m x 0.25mm)
coated with SE-54. For the analysis the following media were used: He (1mL/min) was
used as carrier gas, in the column injector at 200°C, FID 250°C, and column temperature
from 60°C to 325°C with 4°C/min. The analyses were performed on an HP 5973-6890,
GC/MSD operating system in El mode at 70 eV, equipped with an HP-5 (30m X 0.25mm)
cross-linked capillary column. The column and injector temperatures were the same as for
GC.

Identification of the constituents of the essential oils of palmarosa and thyme was
based on the retention index (RI), determined regarding the homologous series of n-
alkanes, C7-C30, under similar experimental conditions, by comparison with the similar
mass from the mass spectra with NBS Library (MASADA, 1976) and by that described by
Adams (1995). The relative amounts of the individual components were calculated based
on the GC peak area (FID response).

2.3 Minimum Inhibitory Concentration and Minimum Fungicidal

Concentration

The determination of the MIC was performed using the microdilution technique,
according to CLSI method M44-A2 (2008). The compounds were prepared at a 1:2 dilution
in DMSO 50% in a sterile tube, so that the concentrations of the stock solutions of thymol,

eugenol, geraniol, thyme, and palmarosa were 150ug/mL, 533,500ug/mL, 439.00pg/mL,
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473.00pg/mL and 437,500pg/mL, respectively. The compounds were stored at 4°C to
minimize volatilization. The assays were performed in 96-well plates, in which 100uL of
Mueller Hinton broth with 100uL of the compounds were added to the first well. From the
first well, serial dilution followed until the tenth well of the plate. After serial microdilution,
10pL of the 0.5 McFarland scale inoculum (1.5 x 102 CFU/mL) was added to all wells and
incubated for 24 hours at 37°C. A negative control containing only the culture medium and
a positive control for fungal growth containing the culture medium and 10uL of the
inoculum were performed. The CIM was defined as the lowest concentration of the
compound that inhibited microbial growth and was observed by the turbidity of the culture
medium in the wells of the plate. This test was performed in duplicate and the MIC was
determined after seeding 1uL of the contents of the wells corresponding to 0.25x CIM,
0.50x CIM, and 1x CIM on Sabouraud agar and incubated for 24 hours at 37°C for
subsequent quantification of the fungal colonies.

2.4 Synergism

The determination of synergism was performed using the microdilution technique in
96-well plates, with one plate for each fungus. The two essential oils and the three major
compounds were cross-linked by serial dilution up to 1:256. 100uL of Mueller Hinton broth
was added to all wells of the plate, with 100uL of compound A in the first well, following
serial dilution to 1:256. Next, 100uL of compound B was added, and cross-linking of the
different concentrations of the compounds was performed. Finally, 10uL of the fungal
inoculum on the 0.5 McFarland scale (1.5 x 102 CFU/mL) was added to all wells of the
plate and incubated for 24 hours at 37°C. A negative control containing only the culture
medium and a positive control for bacterial growth containing the culture medium and 10uL
of the inoculum, was performed. The CIM was defined as the lowest concentration of the
compound that inhibited fungal growth and was observed by turbidity of the culture
medium in the wells of the plate. This test was performed in duplicate in two independent
experiments.

The following mathematical formula was used to analyze the results: Y FIC (sum of
inhibitory concentration fraction) = FICa + FICg, where, FICa (fraction of inhibitory
concentration of compound A) = CIMa (combined with compound B) / CIMa (alone) and
FICg (fraction of inhibitory concentration of compound B) = CIMg (combined with

compound A) / CIMg (alone). Considering synergistic effect when >FIC <_0.5; additive
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when FIC > 5 and <_1; indifferent if }FIC > 1 and < 2 and antagonism if }FIC > 2
(RONDEVALDOVA et al., 2015).

2.5 Preparation of hospital medical material

The most commonly used materials in the composition of the probes are
polytetrafluoroethylene (PTFE), polyurethane, silicone, polyamide, and polyester, and the
most flexible and kink-resistant catheters are the least associated with infectious events.
For the experimental trials, hospital urethral catheters were used. This material was cut
into a length of two centimeters and arranged two per test tube with a screw cap. This

material was sterilized for later use.

2.6 Antibiofilm testing on medical hospital supplies

C. albicans and C. glabrata strain from the mycoteca of the Research Laboratory of
Biochemistry and Molecular Biology of Microorganisms (LaPeBBioM), Federal University
of Pelotas (UFPel) were used. The samples were inoculated on Saboraud agar without
glucose (0%) and incubated at 37°C for 24 hours and transferred to BHI broth. Then,
aliquots of the cultures were added to the BHI broth with the same glucose concentration
until reaching MacFarland's 0.5 scales. Subsequently, 3 mL of BHI broth was added to
each everything containing the hospital medical material, along with 150uL of inoculum of
each microorganism suspension, and the majority of oils and/or constituents were added
at concentrations corresponding to 0.25x CIM, 0.50x CIM, and 1x CIM, to test their
effectiveness in inhibiting biofilm formation. The negative controls were tubes with
uninoculated BHI broth. The positive controls, on the other hand, contained only inoculum
and BHI broth. The tubes were incubated at 37°C for 48 hours (SANDBERG et al., 2008

with adaptations).

2.7Quantification of biofilm formation through crystal violet staining

After the time had elapsed, the microorganism suspension was aspirated and a
probe was removed from each tube, which was reserved for later protein quantification
and colony counting. The probe that remained in the tube was washed 3 times with 2mL of
sterile 0.9% saline solution and then transferred to another sterile tube. The biofilm was
then fixed in an oven at 60°C for 60 minutes. The tubes were stained with 2mL of 1%
Hucker's crystal violet solution for 15 minutes, washed 5 times with sterile 0.9% saline

solution, and then 2mL of 95% ethanol was added for 10 minutes. Then 200uL of each



119

tube was transferred in triplicate to 96-well plates and the absorbance was read in a
microplate reader (Rosys Anthos 2010) at a wavelength of 492nm (TOMARAS et al., 2003

with adaptations).

2.8Counting viable colonies in the biofilm

These assays were performed from the antibiofilm technique (2.6). After the
incubation time (48 hours) at 37°C, the tubes containing two probes were removed from
the incubator and one probe of each was washed 3 times with 2mL of sterile 0.9% saline
solution. Then, with the help of a needle with a syringe containing 1 mL of saline solution
the probes were scraped. With the help of a 1L calibrated loop, this liquid was sowed with
the scraped in Sabouraud agar and incubated for 24 hours at 37°C for colony
guantification. For the validation of the assay, a negative control (culture medium only) and
a positive control (culture medium and microorganism) were used (BALOUIRI, SADIKI,
and IBNSOUDA, 2016).

After incubation, the colonies were counted manually and the numbers obtained
were multiplied by 1,000,000 to find the number of CFU/mL. These values were
transformed into a logarithmic scale for the creation of time-to-death graphs. A reduction in
the number of CFU from the initial count by = 3 logio was defined as a fungicidal effect.

2.9 Determination of biofilm proteins

The protein concentration of the samples was determined using the method first
described by Bradford (1976) with an adaptation of the technique (ZOR and SELINGER,
1996). For this assay, the commercially purchased Bradford reagent was used and a
standard curve with bovine albumin (BSA) (Sigma) was performed at concentrations from
zero to 74ug/mL. All samples were analyzed by COBAS. The concentration of the samples
was determined by comparison with the BSA standard curve, plotted and analyzed by

linear regression in a GraphPad Prism Version 6.0 curve analysis program.

2.10 Atomic force microscopy

Atomic force microscopy (AFM) was performed at the Universidade Federal do
Pampa (UNIPAMPA), Bagé campus, under the supervision of Professor Dr. André Giindel.
For visualization of the biofilm by AFM, the substrates were fixed with absolute methanol
for 1 minute. Images were obtained using an Agilent Technologies 5500 microscope
(CHATTERJEE et al., 2014).
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2.11 Calcofluor white assay

This technique was performed according to Chandra and collaborators (2001), with
modifications. After the biofilm inhibition test, the probes were washed 3 times with 2mL of
sterile 0.9% saline solution and then immersed in calcofluor for 30 minutes. After this time,
using a syringe with a needle, the probes were scraped and washed with 500uL of sterile
0.9% saline solution. This material was transferred in duplicate to a white 96-well
luminescence plate to be read in an inflorescence reader with excitation and emission

wavelengths of 360/440nm, respectively.

2.12 Inhibition of germ tubes and pseudohyphae

The germ tube test is currently accepted as reliable for the identification of Candida
albicans. It is a test that quickly and presumptively characterizes yeasts of the genus
Candida. The presence of the germ tube in two or even three hours is important for the
identification of the species albicans, and the other species can also form, but after this
period of time. The germ tube should not be confused with pseudohyphae, because the
tubes do not form constriction at the point of attachment to the daughter cell, while
pseudohyphae can be septate and have constriction.

The technique was performed using a platinum loop, seeding a small amount of
fresh, pure culture of the yeast in an eppendorf with 0.5mL of human serum and incubating
at 37°C for a maximum of 3 hours. After 2 hours, 10uL of the serum was collected and
analyzed under a microscope between the slide and coverslip. Candida albicans are able
to form the germ tube within 3 hours. To test the inhibitory activity of the majority of oils
and constituents on germ tube and pseudohyphae formation, concentrations equivalent to
0.25x CIM, 0.50x CIM, and 1x CIM of each compound were added to the serum. Positive
control was performed using only serum to visualize these structures (TASCHDJIAN et al.,
1959).

2.13 Statistical Analysis

For the trials the analyses were performed by 1-way ANOVA, followed by Dunnett's
test. The significance level was set at 5%. The graphs were performed in GraphPad Prism
software (Graphpad Software, INC).
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3 Results and discussion

3.1Characterization of essential oils
The results of the chemical analyzes of PO and TO are presented in (Table 1). The
following major compounds for palmarosa were identified: geraniol (35.27%), neral
(13.09%) and geranyl acetate (9.68%). Thyme presented as major compounds: thymol
(49.27%), p- cyme (20.18%) and carvacrol (11.86%).

3.2 Minimum inhibitory concentration and minimum fungicidal concentration

The CIM of the essential oils as well as their major constituents are shown in Tables
2 and 3. The CIMs of thyme and palmarosa oils against C. albicans and C. glabrata were
25.7 pg/mL and 39.8 pg/mL, respectively (Table 2).

The CIM of the major constituents thymol, eugenol, and geraniol against C. albicans
was 27.1 pg/mL, 34.4 pg/mL, and 41.2 pg/mL. For C. glabrata it was 25.7 pg/mL, 34.4
pg/mL and 41.2 pg/mL (Table 3).

3.3Synergism

The checkboard results for thyme and palmarosa essential oils are described in
Table 4, and it is evident that there was synergism in all tested combinations against C.
albicans and C. glabrata.

The checkboard results for the major constituents described in (Table 5) show that
there was synergism in all combinations tested against C. albicans and C. glabrata.

The study of the interaction of essential oils and their major constituents isolated or
associated with each other or with antimicrobial drugs has been studied by several
researchers, presenting many satisfactory results.

Antibiotics have been studied by several researchers and have a number of
satisfactory Results. In a study conducted by Silva et al. (2011) showed that A
combination of coriander essential oils, of which geraniol is one of its constituents,
Shows strong synergy with amphotericin B against two strains of C. albicans (ATCC
90028 and ATCC 24433) with Fractional Inhibitory Concentration Index (FVI) are equal
to 0.375 and 0.185, respectively. Considering that amphotericin B is very Nephrotoxic,
and some Candida species have shown resistance to this antifungal, These results show
the importance of using associations, because combining Possibly reducing the

concentration of amphotericin B inhibits both growths Candida albicans strains.
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Pyun & Shin (2006) combined Allium essential oil with ketoconazole against
Trichophyton species and found strong synergistic activity against Trichophyton rubrum,
T. erinacei, T. soudanense species with ICIF equal to 0.12, 0.09, 0.09, respectively.
When combined with intravenous amphotericin B, geranium essential oil showed
synergistic activity against Candida (ROSATO et al., 2008).

Sade et al. (2010) reported synergistic activity when Thymus maroccanus and
Thymus broussonetii essential oils were combined with amphotericin B and fluconazole
against C. albicans strains.

In another study demonstrating synergistic activity between the combined
substances, Amber et al. (2010) found a synergistic effect when basil 37 essential oll
was associated with fluconazole and ketoconazole against strains of different Candida

species.

3.2Quantification of biofilm formation by crystal violet staining

The anti-biofilm activity for the different species tested showed that all were
sensitive to the compounds used at their concentrations (0.25x CIM, 0.50x CIM, and 1x
CIM).

For Candida albicans (Figure 1), all oils, as well as their majority constituents,
showed a reduction in biofilm formation at all concentrations. However, the ones with the
best results were palmarosa and eugenol, both at 1x CIM concentrations (39.8ug/mL and
34.4ug/mL) and resulted in a reduction of 84.6% and 85.2% respectively.

For Candida glabrata (Figure 2), all oils, as well as their majority constituents, also
showed a reduction in biofilm formation at all concentrations. However, the ones with the
best results were palmarosa and eugenol, both at 1x CIM concentrations (39.8ug/mL and
34.4ug/mL) and resulted in a reduction of 85% and 84.6% respectively.

Previous studies by Kozics and colleagues (2019), demonstrated the antimicrobial
activity of ten essential oils - oregano, thyme, clove, arborvitae, cassia, lemongrass,
melaleuca, eucalyptus, lavender, and sage - against resistant microorganisms
(Pseudomonas aeruginosa, Proteus vulgaris, Citrobacter koseri, and Klebsiella
pneumoniae) and two resistant yeasts (Candida albicans and Candida parapsilosis). The
results showed that these essential oils are effective in preventing the growth of resistant
microorganisms. And it emphasizes that thyme oil showed good results for all strains

tested, including C. albicans.
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Mohsenipour et al., (2015), also tested the effect of thyme extracts on the planktonic
form and biofilm structures of Candida albicans. The results found by the authors suggest
that thyme extracts can be applied as antimicrobial agents against the fungus, particularly
on the biofilms formed.

With this, in the present study, we obtained results that corroborate the findings of
Kozics and colleagues (2019) and Mohsenipour et al., (2015). However, although thyme
oil showed a very good antibiofilm effect, the oil that showed the best reduction in biofilm

was palmarosa oil, followed by the majority constituent eugenol.

3.3Count of viable colonies in the biofilm
In the growth curve assays, we evaluated the antimicrobial activity of the oils
and their majority constituents against the growth of the microorganisms tested at
concentrations of 0.25x CIM, 0.50x CIM, and 1x CIM for C. albicans and C.glabrata
for 48 hours, and once again the decrease in the number of viable colonies after the

treatments is evident (Figure 3 and 4).

3.4Determination of biofilm proteins

The present study determined the number of proteins present in the biofilm after
exposure to different concentrations (0.25x CIM, 0.50x CIM, 1x CIM) of the oils and major
constituents. As can be seen in Figures 5 and 6 the number of proteins was reduced in
the presence of the oils and the major constituents at the concentrations tested. For C.
albicans the oil that stood out was palmarosa followed by its major constituent geraniol,
with a reduction of 61.7% and 60.4% respectively. For C. glabrata, palmarosa oil and
geraniol were also the compounds that stood out with 79.0% and 71.3% reduction,
respectively.

This was an expected result because through the crystal violet technique it was
already possible to visualize a decrease in the amplitude of the biofilm, as well as in the

count of viable colonies.

3.5Atomic Force Microscopy (AFM)
In the present study, a highly sensitive technique was used to visualize the
reduction of biofiims of Candida species after treatment with the essential oils and their

major constituents as shown in Figures 7 and 8.
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The substrates were submitted to Atomic Force Microscopy, which is one of the
most effective tools to analyze the structures and properties present in biological samples,
being one of the few techniques that allow the observation of these samples in aqueous
solutions with a nanometric resolution (BINNING; QUATE; GERBER, 1986; VERBELEN et
al., 2006).

Figures 7 and 8 show the presence of the biofilm formed by C. albicans and C.
glabrata, as well as the activity of the essential oils and their major constituents. When
comparing the positive control with the other groups, an evident decrease in the biofilm
can be observed, corroborating once again the efficacy of the oils and the majority of
constituents tested.

With the AFM technique, it was possible to more truly evaluate the antibiofilm
activity of the different groups tested, confirming the essential oils and their major
constituents have activity for both C. albicans and C. glabrata. Several works evidence the
activity of essential oils using AFM (DONSI et al., 2011; LIANG et al., 2012; ZIANI et al.,
2011; SALVIA-TRUJILLO et al., 2014; GIONGO et al., 2016).

3.6 Staining by calcofluor

Calcofluor is a substance that fluoresces the extracellular matrix with a
polysaccharide component. To perform the absorbance quantification an inflorescence
reader was used with excitation and emission wavelengths of 360/440 nm respectively.
This dye is used as an adjuvant to crystal violet dyeing. From this staining, Figures 9 and
10 were generated. These figures corroborate the results obtained by quantifying the
biofilm formed by the crystal violet technique, where the reduction of biofilm formation in
the presence of essential oils (thyme and palmarosa) and their major constituents (thymol,
eugenol, and geraniol) at concentrations of 0.25x CIM, 0.50x CIM, and 1x CIM are
demonstrated.

Using this technique, we can observe biofilm formation in the controls for both
Candida species. We observed a reduction of these biofilms when treated with the
essential oils and major constituents compared to the control, confirming the antibiofilm
activity. Kuhn et al. in (2002) used this same staining technique with calcofluor white to
visualize biofilms of different Candida species, but with blue staining. The results obtained
in this study showed dense biofilms, similar to what we observed in our work, and
confirmed that C. albicans produced more biofilms compared to other species such as C.

glabrata and C. tropicalis.
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3.7Inhibition of the germ tube and pseudohyphae

The results of the action of essential oils and majority constituents in the formation
of germ tubes and pseudohyphae of C. albicans are shown in Figures 11 and 12,
respectively. As can be observed, the essential oils and majority constituents showed
significant inhibition in the formation of germ tubes and pseudohyphae at the tested
concentrations of 0.25x CIM, 0.50x CIM, and 1x CIM.

The results showed that as the concentration of AMB increased, it was possible to
observe a reduction in the formation of the germ tube, as well as the pseudohyphae.

Many studies have been conducted to evaluate the inhibition of germ tube
formation. Bernardes et al. (2011) demonstrated that the 10% crude extract (equivalent to
100,000 pg/mL) of Aloe vera leaves reduces the formation of germ tube C. albicans cells
by about 95%. On the other hand, Gauch et al. (2014) show that with 4% (equivalent to
40,000 pg/mL) of R. officinalis essential oil, germ tube formation was entirely inhibited.
HSU and colleagues (2013) investigated the effects of linalool on germ tube formation of
C. albicans, which was inhibited by at least 50% compared to the control at a
concentration of 1/8 of the CIM and the inhibitory effect was dose-dependent. Antifungal
agents that target the yeast cell wall are of great importance in the treatment of candidiasis
because they have reduced toxicity to the host (NAICKER; PATEL, 2013).

4 Conclusion

The inhibition of biofilm formation after treatments using thyme and palmarosa
essential oils, as well as their major constituents thymol, eugenol, and geraniol was
significantly evidenced in all tests performed. These results suggest that the tested

oils and their main constituents have the potential as promising antifungal agents.
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List tables

Table 1 — Composition of palmarosa oil and thyme oil.

Cymbopogon Thymus
Martini (OP) vulgaris (OT)

Compounds IR® RI° (%) (%)
a - thujene 932 931 0.75
a - pinene 937 939 1.62
a -camphene 953 953 1.23
B -pinene 980 980 0.57
B -Myrcene 991 989 1.71 0.34
a- terpinene 1018 1019 1.27
p - Cimene 1026 1027 5.82 20.18
1.8 cineole 1037 1033 0.95
y- terpinene 1062 1061 1.45
linalool 1098 1099 2.09 1.11
Camphenol 1109 1112 0.65

camphor 1142 1143 0.18
Borneol 1161 1166 0.71
terpin-4-ol 1179 1177 1.09
a-terpineol 1185 1189 2.43
nerol 1228 1228 1.83

neral 1240 1141 09.13

Geraniol 1255 1253 35.27

thymol 1291 1292 49.27
carvacrol 1298 1296 0.45 11.86
E- Citral 1341 1341 3.17

thymol acetate 1356 1355 0.09
Geranyl acetate 1383 1380 9.68

B- Elemene 1391 1388 4.35

B- Caryophyllene 1418 1419 5.92 2.57
a- humelene 1451 1454 0.39

neryl propanate 1454 1459 1.69
aromandrene 1461 1460 0.81
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Srim:ate 1476 1475 0.08
germacrene D 1483 1480 0.25
valencene 1491 1489 0.36
(2)- Nerolidol 1534 1533 1.57
a -cadidene 1540 1538 0.17
Elemol 1549 1550 0.29

Geranyl butyrate 1562 1561 1.63

caryophyllene

. 1581 1580 2.79 0.41
oxide
globulin 1583 1585 0.91
viridiflorol 1590 1593 1.13

(E, E)- Farnesol 1722 1725 4.52

Total identified

(%) 99.73 99.97

Table 2: Minimum inhibitory concentration and Minimum fungicidal
concentration of thyme and palmarosa oils pg/mL.

Thyme Palmarosa
Fungus

CIM (ug/ml)  CFM (ug/ml) CIM (ug/ml)  CFM (ug/ml)
C. albicans 25.7 25.7 39.8 39.8
C. glabrata 25.7 25.7 39.8 39.8

Table 3: Minimum inhibitory concentration and Minimum fungicidal concentration of
the major constituents thymol, eugenol and geraniol pg /mL.

Majority Constituents

Thymol Eugenol Geraniol
Fungus

CIM (ug/ml)  CFM (ug/ml) CIM (ug/ml)  CFM (ug/ml)  CIM (ug/ml)  CFM (ug/ml)
C. albicans 27.1 27.1 344 34.4 41.2 41.2

C.glabrata 25.7 25.7 34.4 34.4 41.2, 41.2
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Table 4 - In vitro combinations of essential oils against Candida albicans and
Candida glabrata.

Fungi Thyme / Palmarosa

CIM FICI (X)

C. albicans 25.7/39.8 0.5(S)

C. glabrata 25.7/39.8 0.6 (S)

Thyme; Palmarosa ; minimal inhibitory concentration (ug/ mL ™); FICI, fractional
inhibitory concentration index; X, FICI interpretation; S, synergism; I, indifferent; A,
antagonism.

Table 5 - In vitro combinations of the major constituents against Candida albicans
and Candida glabrata.

Combinations

Fungi Thymol / Eugenol Thymol / Geraniol Eugenol / Geraniol

CIM FICI(X) CIM FICI(X) CIM FICI (X)

C.albicans  27.1/34.4 0.9(S)  27.1/41.2 0.7 (S) 27.1/41.2  06(S)

C.glabrata  25.7/34.4 0.9 (S) 25.7/41.2 0.7 (S) 34.4/41.2 0.6 (S)

Thymol; Eugenol : Geraniol ; minimal inhibitory concentration (ug/ mL ™); FICI,
fractional inhibitory concentration index; X, FICI interpretation; S, synergism; I,
indifferent; A, antagonism.
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Figure 1: Candida albicans biofilm formation indices, after treatment with thyme
and palmarosa oils and their constituents thymol, eugenol and geraniol at concentrations
of 0.25x CIM, 0.50x CIM and 1x CIM. The 5% significance level. ** P < 0.01.
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Figure 2: Candida glabrata biofilm formation indices, after treatment with thyme and
palmarosa oils and their constituents thymol, eugenol and geraniol at concentrations of
0.25x CIM, 0.50x CIM and 1x CIM. The 5% significance level. ** P < 0.01.
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Figure 3: Growth inhibition in C. albicans tested against essential oils (thyme
and palmarosa) and their major constituents (thymol, eugenol and geraniol ) at
concentrations of 0.25x CIM, 0.50x CIM and 1x CIM. The 5% significance level. ** P
<0.01.
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Figure 4. Growth inhibition in C. glabrata tested against essential oils (thyme
and palmarosa) and their major constituents (thymol, eugenol and geraniol) at
concentrations of 0.25x CIM, 0.50x CIM and 1x CIM. The 5% significance level. ** P
<0.01.
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Figure 5: Protein quantification was determined using the technique proposed
by Bradford (1976) in biofilms formed from C. albicans after treatment with thyme and
palmarosa oils and their constituents thymol , eugenol and geraniol at concentrations
of 0.25x CIM, 0.50x CIM and 1x CIM. The 5% significance level. ** P < 0.01. Results
are expressed in yg / mL of protein.
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Figure 6: Protein quantification was determined using the technique proposed by
Bradford (1976) in biofilms formed from C. glabrata after treatment with thyme and
palmarosa oils and their constituents thymol , eugenol and geraniol at concentrations
of 0.25x CIM, 0.50x CIM and 1x CIM. The 5% significance level. ** P < 0.01. Results
are expressed in yg / mL of protein.
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Figure 7: Image obtained through AFM demonstrating the presence of the biofilm
formed by C. albicans after treatment with essential oils and major constituents at a

concentration of 1x CIM. (A) thyme, (B) thymol, (C) palmarosa , (D) geraniol , (E) eugenol
and(F) control.
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Figure 8- Image obtained through AFM demonstrating the presence of the biofilm formed
by C. glabrata after treatment with essential oils and major constituents at a concentration
of 1x CIM. (A) thyme, (B) thymol, (C) palmarosa, (D) geraniol, (E) eugenol and (F) control.
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Figure 9: Analysis of the Biofilm of C. albicans formed by the Calcofluor
technique after treatment with thyme and palmarosa oils and their constituents
thymol, eugenol and geraniol at concentrations of 0.25x CIM, 0.50x CIM and 1x CIM.
The 5% significance level. ** P < 0.01.
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Figure 10 : Analysis of the Biofilm of C. glabrata formed using the Calcofluor
technique after treatment with thyme and palmarosa oils and their constituents
thymol, eugenol and geraniol at concentrations of 0.25x CIM, 0.50x CIM and 1x CIM.
The 5% significance level. ** P < 0.01.
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Figure 11: Effect of different concentrations (0.25x CIM, 0.50x CIM and 1x CIM) of
thyme and palmarosa, as well as thymol, eugenol and geraniol on C. albicans germ
tube formation . The 5% significance level. ** P < 0.01.
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Figure 12: Effect of different concentrations (0.25x CIM, 0.50x CIM and 1x
CIM) of thyme and palmarosa, as well as thymol, eugenol and geraniol on C.
albicans pseudohyphae formation. The 5% significance level. ** P < 0.01.



Conclusodes finais

A capacidade dos micro-organismos em formar biofilmes em sondas uretrais
€ um preocupante problema de saude publica, pois as bactérias assim como 0s
fungos do género Candida na forma séssil tornaram-se muito mais resistentes aos
farmacos. Com isso ocorre 0 aumento da morbidade e mortalidade de pacientes
acometidos por esse tipo de infeccdo. Além disso, muitos micro-organismos
desenvolvem fatores de patogenicidade que torna ainda mais dificil o tratamento de
pacientes acometidos por esses micro-organismos. Por esta razdo, torna-se de
extrema importancia a busca por novas alternativas efetivas de tratamento.

Para a revisdo de literatura realizada, podemos concluir que a formacédo de
biofilme em cateteres e sondas hospitalares constitui um grave problema de saude
publica mundial. Além disso, a utilizacdo de 6leos essenciais vem ganhando espaco
pois podem ser usadas como alternativas. Desse modo, estudos de revisdo que
direcionem e facam a compilacéo de resultados de estudos se fazem necessario.

Tendo em vista que a utilizacdo de 6leos essenciais bem como seus
constituintes majoritarios estdo sendo amplamente difundidos na tentativa de
minimizar os efeitos dessa problemética.

Para os ensaios de coloracdo com cristal violeta, os melhores resultados
foram do Oleo de palmarosa e o constituinte majoritario geraniol, que apresentaram
até 86% de reducdo na formacéo de biofilme para as bactérias na concentracdo de
1x CIM. Ja para Candida a palmarosa e o eugenol apesentaram reducédo de 85% na
concentracdo de 1x CIM. Na determinacdo das proteinas o 6leo que mais se
destacou também foi a palmarosa e o eugenol com reducdo de 84,4% na
concentacdo de 1x CIM para bactérias. Ja& para Candida a palmarosa e o geraniol
gue apesentaram maiores reducdes chegando a 79% na concentracao de 1x CIM.

Para P. aeruginosa PAO1, nos testes de motilidade os 6leos que melhor se
destacaram foram palmarosa e o tomilho que chegaram a apresentar 100% de
reducdo de motilidade.

Os testes de inibicdo da formagéo de tubo germinativo em Candida albicans,
os melhores resultados foram tomilho, palmarosa e geraniol que apresentaram
100% de inibicdo em todas as concentracdes testadas. Para inibicdo da formagéo de
pseudohifas todos os compostos apresentaram reducéo significativa na formacéo de

pseudohifas.
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Considerando-se os resultados encontrados no presente estudos, evidenciou-
se que em todos os testes aqui realizados 0s 0leos essenciais assim como seus
constituintes majoritarios demonstraram eficientes frente aos micro-organismos e 0s
biofilmes formados pelos mesmos. Com isso, podemos perceber que os achados no
presente trabalho vdo de encontro com outros autores que também utilizaram os
Oleos essenciais e/ou constituintes majoritarios frente aos mesmos micro-

organismos e encontraram resultados semelhantes aos nossos.

Sendo assim, podemos concluir que os 6leos de tomilho e palmarosa bem
como 0s constituintes majoritarios timol, geraniol e eugenol s@o potenciais
antimicrobianos e foram eficientes frente a P. aeruginosa (PAO1l), Klebsiella
pneumoniae (cepas 31 e 36), Candida albicans e Candida glabrata pois ficou
evidenciado a atividade antibiofiime em material médico hospitalar, mostrando-se
excelentes promissores no controle da formacdo de biofiilme e como alternativa

terapéutica eficaz contra resisténcia microbiana.
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