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RESUMO

Introducao. Cymbopogon citratus € conhecida por suas atividades antifingica,
repelente de mosquitos, inseticida, antidiabética, anti-séptica, anti-mutagénica e
anticancerigena, bem como anti-inflamatéria. Objetivo. Avaliar a atividade do extrato
e do 6leo de Cymbopogon citratus sobre biofilmes de Candida albicans em superficies
abioticas. Metodologia. O extrato hidroalcéolico da Cymbopogon citratus foi
preparado seguindo o processo de Ramos et al. (2012) com algumas modificagdes. A
extracao do 6leo essencial foi realizada a partir do material vegetal fresco pelo método
de hidrodestilacao, utilizando-se o sistema Clevenger. Fragmentos de cateter venoso
central, sonda urinaria e agulha foram submetidos a suspensao de C.albicans a 0,5
da escala de McFarland, no tempo de 24 e 48 horas para a formagao de biofilme. Para
avaliar a atividade antibiofilme e removedora de biofilmes de C. albicans utilizou-se a
concentracao de 500 ug do extrato e de 125 g 6leo de C. citratus. Resultados. C.
albicans formou biofilmes de intensidade forte nas trés superficies abiodticas, em 48
horas, em solucao salina. Na atividade antibiofilme, o 6leo e o extrato agiram de forma
semelhante na superficie de sonda e agulha, no cateter venoso central o éleo teve
uma inibicdo estaticamente significante comparado ao extrato. Na atividade
removedora de biofilme nas superficies abidticas, o extrato obteve agcdo semelhante
ao controle positivo, entretanto, o 6leo nao apresentou acao removedora significante.
Conclusao. Candida albicans colonizou os fragmentos de sonda urinaria, cateter
venoso central e agulha formando biofilmes na presenca de solucéao salina 0,85%
estéril. O béleo e extrato de C. citratus apresentou atividade antibiofilme e o extrato de
C. citratus foi mais efetivo na remocao de biofilme.

Palavras-chave: Candida albicans. Biofilme. Cymbopogon citratus. Oleo. Extrato



ABSTRACT

Introduction. Cymbopogon citratus is known for its antifungal, mosquito repellent,
insecticide, antidiabetic, antiseptic, anti-mutagenic, anticancer and anti-inflammatory
activities. Aim. To evaluate the activity of Cymbopogon citratus extract and oil on
Candida albicans’ biofilms on abiotic surfaces. Methodology. The hydroalcoholic
extract of Cymbopogon citratus was prepared according to Ramos et al. (2012) with
some modifications. Extraction of the essential oil was performed from fresh plant
material by the hydrodistillation method, using the Clevenger system. Fragments of
central venous catheter, urinary tube and needle were subjected to suspension of
C.albicans at 0.5 McFarland scale, at 24 and 48 hours for biofilm formation. To
evaluate the antifungal and biofilm removal activity of C. albicans we used the
concentration of 500 ug of extract and 125 ug of C. citratus’ oil. Results. C. albicans
formed strong intensity biofilms on the three abiotic surfaces in 48 hours in saline
solution. In the antibiofilm activity, the oil and extract acted similarly on the probe and
needle surface, while in central venous catheter the oil had a statistically significant
inhibition compared to the extract. In the biofilm-removal activity of biofilm on abiotic
surfaces, the extract acted similarly to the positive control; however, the oil did not
show significant biofilm-removal action. Conclusion. Candida albicans ATCC colonized
the vesical probe, central venous catheter and needle fragments, forming biofilms. C.
citratus’ oil and extract showed antibiofilm activity and C. citratus’ extract was more
effective in biofilm removal.

Keywords: Candida albicans. Biofilm. Cymbopogon citratus. Oil. Extract.
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1 INTRODUGCAO

A Candidiase é uma doencga causada pela Candida, € uma levedura que coloniza
a microbiota normal da pele humana, do intestino e do trato urogenital. Entretanto,
quando o sistema imunologico esta debilitado devido a antibioticoterapia, diabetes
mellitus, idade avancada, HIV/SIDA, uso de corticoides sistémicos ou devido a fatores
locais como o uso de préteses e a terapéutica corticoide inalada, a Candida pode
tornar-se patogénica e ocasionar infecgdes cutaneas e invasivas, sendo a candidiase
invasiva ou hematogénica a mais temida no ambiente nosocomial (SANDAI et al,
2016; JESUS, 2016; PINHATI, 2015).

Candida albicans € a principal responsavel por infeccbes nosocomiais da
corrente sanguinea na maioria dos estudos, em seguida estdo Candida glabrata,
Candida parapsilosis, Candida tropicalis e Candida krusei que sao as responsaveis
pelos demais casos (FULLER et al., 2019)

A candidiase invasiva € uma complicacao infecciosa de dificil diagnéstico,
acarreta no prolongamento do tempo de hospitalizacdo, aumento dos custos

hospitalares, além de possuir alto indice de mortalidade, de até 50% (PINHATI, 2015).

A Candida albicans possui uma grande capacidade de formar biofilmes em
cateteres e diferentes implantes médicos permanentes, como sondas, proteses, entre
outros (TSUI et al.,, 2016). Esses dispositivos representam fatores de risco
significativos de candidiase invasiva, pois com a colonizac¢ao por biofilmes, tornam-se

uma fonte de infec¢do continua ou recorrente da levedura. (KRETZER, 2015).

O biofilme é um conjunto de microrganismos sésseis incorporados em uma
matriz extracelular polimérica, o qual possibilita aos microrganismos proteger-se da
imunidade do hospedeiro, dos estresses do ambiente e do esgotamento nutricional,
tornando-se assim um grave problema de saude, pois sao inerentemente resistentes
a maioria dos tratamentos antifungicos e também constituem um reservatério para
infeccdo continua (TOUIL; BOUCHERIT-OTMANI; BOUCHERIT, 2018; JESUS,
2016).
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Mesmo com abordagens clinicas recentemente melhoradas, a infec¢cao pelo
biofilme ocorre em mais de 50% dos cateteres, e como conduta para sua erradicagéao
é removido o dispositivo médico e administradas altas doses de antifungicos (NOBILE
et al., 2015).

Entretanto, os biofilmes fungicos sdo em grande parte resistentes aos
antifungicos de amplo espectro. Em estudo realizado por Zarei et al. (2014) os
biofilmes foram considerados tolerantes a anfotericina B e ao fluconazol, os

antifangicos mais utilizados para tratar e prevenir a candidiase sistémica.

Devido a resisténcia aos antifungicos disponiveis, nos ultimos anos houve
muitas pesquisas em busca de novos agentes para combater as infec¢des fungicas,
e 0s produtos naturais tem sido estudado como possivel alternativa para eliminagéo
dos biofilmes (Whaley et a., 2017; RAMAGE et al., 2012).

Cymbopogon citratus pertence a familia Poacea, é originaria da India, é
popularmente conhecida no Brasil como capim-lim&o. Suas folhas s&o utilizadas pela
populacao na forma de cha para alivio de pequenas célicas uterinas e intestinais, ma
digestao, flatuléncia, insénia, nervosismo, como antitérmico, antiespasmédico e
diurético. Seu efeito antifungico esta relacionado ao éleo essencial, contido em suas
folhas. (SILVA, 2009).

O estudo realizado por Silva et al. (2009) utilizando o éleo de Cymbopogon
citratus nas cepas de Candida albicans isoladas de infeccdes nosocomiais mostrou
bons resultados, todas as cepas foram inibidas, confirmando a acdo antifungica do
6leo. Outro estudo realizado por Madeira (2015) verificou o efeito in vitro do extrato de
capim limao em biofilmes de Candida albicans, os resultados mostraram que os

biofilmes formados pelo fungo foram reduzidos.

Neste estudo foi selecionada a pesquisa da formacao de biofilme por Candida
albicans em cateter venoso central, sonda urinaria e agulha metalica (representando
uma prétese) em virtude dessas superficies abidticas serem frequentemente utilizadas
em procedimentos terapéuticos tanto em pacientes imucomponentes, quanto em
pacientes imunocomprometidos. Assim objetivou-se avaliar a atividade antibiofilme e

removedora de biofilmes de C. albicans do extrato e do 6leo de Cymbopogon citratus.
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Justifica-se esta pesquisa como uma busca de novas alternativas terapéuticas
com produtos naturais que possam viabilizar a inibicdo das infec¢ées nosocomiais
micoldgicas, principalmente aquelas causadas pela produgéo de biofilme por Candida
albicans, em virtude da sua alta incidéncia e do aumento significativo da resisténcia

aos antifungicos disponiveis no mercado.
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2 FUNDAMENTACAO TEORICA

2.1 O género Candida

O género Candida é composto por leveduras que existem
predominantemente na forma unicelular e se reproduzem assexuadamente
e sexuadamente. Existem mais de 150 espécies, contundo menos de 10%
delas apresentam patogenicidade para os humanos. Algumas dessas
espécies fazem parte da microbiota do homem, habitando as mucosas, a
pele, os tratos respiratério e gastrointestinal. A conversdao de levedura
comensal para agente causador de infec¢cdes acontece frequentemente em
ambiente hospitalar e quando o sistema imunolégico do individuo esta
comprometido, ocasionando desde infecgbes com lesdes irritativas de
mucosas até invasdo sistémica de 6rgaos e tecidos com disseminagao na
corrente sanguinea (JABRA-RIZK, 2016; KRETEZER, 2015; TSUI; KONG;
CLEVELAND et al., 2015).

Pacientes imunocomprometidos e pacientes com dispositivos médicos
implantados (cateteres, valvulas cardiacas, marca passos cardiacos, tubos
endotraqueais, proteses articulares) sao altamente suscetiveis a infec¢des por
Candida (HAQUE et al., 2016; CHANDRA; MUKHERJEE; GHANNOUM, 2012).

As espécies de Candida, sobretudo a C. albicans, tém surgido como perigosos
patdgenos, estando associados a quase 80% de todas as infeccbes fungicas
nosocomiais. C. albicans é a espécie mais relacionada a maioria das infecgcdes em
humanos, porém as espécies “ndo albicans”, como C. tropicalis, C. parapsilosis, C.
glabrata, C. krusei, C. guilliermondii e C. lusitaniae, tém sido frequentemente
identificadas como agentes oportunistas em pacientes hospitalizados (PURISCO,
2010; MARESCA et al., 2013).
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2.1.1 Candida albicans

Candida albicans pertence ao reino Fungi, filo Ascomycota e classe
Saccharomycetes é um dos agentes patogénicos que ocasionam a candidiase no
homem, € a espécie mais estudada e constantemente isolada, em funcdo de sua
elevada prevaléncia. Este fungo dimoérfico pode ser comensal ou oportunista,
ocasionando infecgcbes superficiais ou sistémicas (NETT; ANDES, 2006; SEABRA,
2011). Apresenta duas formas de crescimento, células ovais individuais (células de
levedura ou blastésporos) ou longas células filamentosas ligadas de ponta a ponta
(pseudo-hifas ou hifas) (DESAI; MITCHELL, 2015) (Figura 1).

& == L

Figura 1: Representacdao esquematica da morfologia de C. albicans. Adaptado de Thompson et al.,
2011

As pseudo-hifas sdo morfologicamente distinguiveis das hifas porque as
pseudo-hifas tém constricbes nos locais de septacao e sdo mais largas que as hifas.
Em contrapartida, as hifas formam filamentos longos, semelhantes a tubos, com lados
completamente paralelos e sem constricées no local da septacdo (SUDBERY, 2011).
A transformacéo de levedura para hifas € um reconhecido fator de viruléncia de C.
albicans, visto que esta associada a formacdo do biofiime (TOUIL; BOUCHERIT-
OTMANI; BOUCHERIT, 2018).

Nas infecgbes da mucosa, as formas de hifas invadem as células epiteliais e
endoteliais e causam lesdes, pois liberam enzimas hidroliticas. Para ocasionar a
candidemia, que € a infec¢ao de corrente sanguinea por Candida, as hifas precisam
penetrar as barreiras da mucosa e a infeccdo dos 6rgaos internos requer invasao dos
endotélios (SUDBERY, 2011).

C. albicans é uma das principais causas de infecgdes hospitalares, sendo
responsavel por 15% de todos os casos de sepse e € a causa de 40% das infeccoes
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da corrente sanguinea em contextos clinicos. Embora C. albicans possa infectar
individuos imunocompetentes e imunocomprometidos, estes tendem a ter infec¢des
mais graves, nesse grupo estdo incluidos pacientes com sindrome da
imunodeficiéncia adquirida (SIDA), pacientes submetidos a quimioterapia ou terapias
de imunossupressao, bem como individuos com dispositivos médicos implantados
(GULATI; NOBILE, 2016).

2.2 Formacao e desenvolvimento de biofilmes

Biofilmes sao comunidades de organismos sésseis irreversivelmente
associados a uma superficie, envoltos por uma matriz extracelular rica em
polissacarideos (CHANDRA; MUKHERJEE, 2015). Este ambiente propicia muitos
beneficios aos microrganismos, como a protecdo das defesas do sistema imunoldgico,
disponibilidade de nutrientes, resisténcia ao estresse quimico e aos medicamentos
existentes (TOUIL; BOUCHERIT-OTMANI; BOUCHERIT, 2018; VIPULANANDAN et
al., 2018). O desenvolvimento do biofilme é influenciado pelo tipo e 0 numero de
células que aderem ao dispositivo, o tipo de superficie que o constitui e 0 meio ou
fluido em que os microrganismos sao expostos (GIONGO et al., 2016).

O uso de dispositivos médicos, como cateteres, marca-passos, préteses
valvulares cardiacas e proéteses articulares, aumentou substancialmente nos ultimos
anos. Esses dispositivos podem ser colonizados por microrganismos que formam
biofilmes. As infeccdes relacionadas a implantes sao dificeis de resolver, porque os
microrganismos de biofilme sdo resistentes tanto aos mecanismos de defesa do
hospedeiro quanto ao uso de diferentes classes de medicamentos (MANOHARAN et
al., 2017).

C. albicans produz biofilmes bem estruturados constituido por células em forma
de levedura redondas (brotamento); células ovais (pseudo-hifas) e células cilindricas
alongadas (hifas) encobertas por uma matriz extracelular (NOBILE; JOHNSON, 2015).
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O processo de desenvolvimento de biofilme de C. albicans pode ser dividido
em quatro etapas principais: aderéncia, proliferagdo, maturacao e disperséo. A etapa
de aderéncia consiste na adesédo de células de leveduras a superficie do material
formando uma camada basal que ira ancorar o biofilme a superficie. Em seguida ha
uma proliferagéo de células em toda a superficie e filamentagdo em que as células
formam proje¢cdes alongadas que continuam a crescer nas formas de hifas
filamentosas (etapa de proliferacdo). O arcabouco de hifas fica envolto em um manto
de substancias exopoliméricas autopropulsoras, matriz extracelular, que atuam como
uma cola adesiva que mantém toda a estrutura do biofilme em conjunto (etapa de
maturacéo). Na ultima etapa (disperséo), células de leveduras que nao conseguiram
aderir sao liberadas do biofilme para o entorno, onde podem colonizar outras
superficies (WALL et al., 2019; MANOHARAN et al, 2017;TSUI, C; KONG; JABRA-

RIZK, 2016) (Figura 2).
/ Pelicula adquirida
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Figura 2: Formacao de biofilme por C. albicans. Adaptado de Douglas, 2003

A formacao de biofilmes contribui para a candidiase superficial e sistémica e
para a dificuldade na terapia antifungica atual (CHANDRA; MUKHERJEE;
GHANNOUM, 2012). De fato, os biofiimes de Candida sao resistentes a muitos
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agentes antifungicos (RAMAGE et al., 2012). Nos ultimos anos, tem havido um grande
esforgo na busca de novos agentes para combater esse tipo de infecgdo fungica, e os
produtos naturais surgem como alternativas (GIONGO et al., 2016; MANOHARAN et
al., 2017; KHAN et al., 2012; LEE et al., 2018).

2.3 Antifangicos

Antifungicos sdo medicamentos utilizadas no tratamento das
infeccdes fungicas, estas frequentemente sdo tratadas com antifungicos
pertencentes as categorias dos azédis (clotrimazol, fluconazol, itraconazol,
cetoconazol), polienos (anfotericina B, nistatina) e equinocandinas

(caspofungina, anidulafungina, micafungina) (WILLIAMS et al., 2011).

Os polienos atuam interagindo com o ergosterol presente na membrana celular
do fungo, para formar canais pelos quais os componentes citoplasmaticos vitais irdo
escapar do interior da célula fungica para o exterior, levando a morte do organismo.
As equinocandinas interrompem a biossintese de 1,3-B-D-glucana, um componente
chave da parede celular fungica, a partir da inibicao da 1,3-p D-glucan sintase. Isto
promove a formagao celular com defeitos associada a instabilidade celular e a lise da
levedura (ZIDA et al., 2016).

Os azdlicos atuam inibindo a enzima fungica lanosina-14a-desmetilase, que é
responsavel pela conversdo de lanosterol em ergosterol, afetando diretamente a
fluidez da membrana e nas enzimas ligadas a ela (CHUDZIK et al., 2015).

A resisténcia antifungica € um processo evolutivo baseado na sele¢do natural
de organismos que produzem diversas estratégias para combater a agao de drogas e
representa um grande obstaculo para os clinicos que buscam tratar efetivamente as
infeccdes por Candida (VIPULANANDAN et al., 2018; CAMPQY; ADRIO, 2017).

Os microrganismos para neutralizar a acao de todas as classes de antifungicos

criaram trés mecanismos principais de resisténcia. O primeiro refere-se a diminuicao
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da concentragéo efetiva do farmaco, o segundo alterando o alvo do farmaco e o
terceiro modificando o metabolismo no intuito de desviar os efeitos toxicos de alguns
antifungicos (SANGLARD, 2016; VANDEPUTTE; FERRARI; COSTE, 2012).

Para reduzir a concentracao intracelular do farmaco é aumentado o seu efluxo.
Nos fungos, dois sistemas de efluxo do farmaco estao envolvidos: a Superfamilia dos
Cassetes Ligantes ao ATP e a Superfamilia Facilitadora Principal (TOBUDIC;
KRATZER; PRESTERL, 2012).

CDR1 e CDR2 séo os principais transportadores da Superfamilia dos Cassetes
Ligantes ao ATP envolvidos na resisténcia a azbis em C. albicans (SARDI; ALMEIDA;
MENDES GIANNINI, 2011; MISHRA et al., 2007). O MDR1 é o transportador da
Superfamilia Facilitadora Principal envolvido no desenvolvimento da resisténcia a
azois em isolados clinicos de C. albicans e C. dubliniensis. E a FLU1 da C. albicans é
o transportador envolvido na resisténcia ao fluconazol (MOGAVERO et al., 2011).

Outra maneira de diminuir a concentracdo efetiva do farmaco € a
superexpressdao do ERG11 (gene que codifica a lanosterol 14a-desmetilase) e / ou
outros genes da biossintese do esterol, como ERG1, ERG3, ERG7, ERG9 ou ERG25
que codificam enzimas Cl14oa-desmetilase, a regulacdo positiva desses genes
ocasiona a resisténcia a azois. A presenca de biofilme, também é um mecanismo de
reducdo da concentracao efetiva do farmaco, pois este restringe a penetracdo do
farmaco na célula fungica (CAMPQOY; ADRIO, 2017).

Alteracdo no alvo de drogas & outro mecanismo pelo qual os fungos sao
capazes de desenvolver resisténcia, este mecanismo é relatado nos azdis e
equinocandinas. Em C.albicans, mutacées no ERG11 diminuem a afinidade pelos
azoOis ocasionando a resisténcia. A resisténcia a equinocandina é associada a
mutacdes pontuais nos genes FSK1 ou FSK2 (SANGLARD, 2016; VANDEPUTTE;
FERRARI; COSTE, 2012).

O terceiro mecanismo de resisténcia dos fungos é por meio da modificacao de
vias metabdlicas que promovem a perda ou a forte reducao de sua funcao especifica.
Modificacao das etapas finais da biossintese do ergosterol por meio da inativacdo do



23

gene ERGS, resulta na auséncia de producéao de esterois metilados téxicos que levam
a resisténcia cruzada a todos os farmacos azois (SANGLARD, 2016).

O biofilme é um fator que contribui para a resisténcia a antifungicos, pois torna
0S microrganismos menos suscetivel aos mecanismos de defesas do hospedeiro e a
acao dos antifungicos, dificultando o tratamento e contribuindo para altas taxas de
mortalidade e morbidade (COSTA-ORLANDI et al., 2014; GRISHING; KARYAGINA,
2019).

Os antifungicos comumente prescritos, fluconazol e anfotericina B séo
ineficazes contra certos biofilmes de C. albicans ou devem ser usados em altas
concentracbes 0 que ocasiona efeitos adversos graves (hepatoxicidade,
nefrotoxicidade) (MANOHARAN et al, 2017). Nao hd no mercado nenhum
medicamento especifico para atuar sobre biofilmes de C. albicans (ou qualquer outro
microrganismo), tornando o tratamento de infecgbes baseadas em biofilme um grave
problema de saude publica (NOBILE; JOHNSON, 2015). Por isso, € de suma
importadncia a busca de novos agentes antifungicos que atuem na inibicdo da

formagéo de biofilmes.

2.4 Produtos naturais

Nas ultimas décadas, o interesse por produtos naturais expandiu e as
plantas medicinais, seus extratos e 6leos foram pesquisados quanto as suas
propriedades antifUngicas e como possiveis novos agentes antifungicos
(KAOMONGKOLGIT, JAMDEE, 2016; CASTILLO, ASCURRA,
SOTOMAYOR, 2019).

Uma das plantas medicinais mais cultivadas e consumidas em medicina
tradicional € o Cymbopogon citratus (Figura 3). Esta planta pertence a familia Poacea,
é originaria da india,e é popularmente conhecida no Brasil como capim-liméo, capim-
cidreira, capim-santo, entre outros (VASQUEZ; MENDONGCA; NODA, 2014; ZUCCHI
et al., 2013; SILVA et al, 2009). C. citratus é conhecida por suas atividades
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antifingica, repelente de mosquitos, inseticida, antidiabética, anti-séptica, anti-
mutagénica e anticancerigena, bem como anti-inflamatéria (COSTA et al., 2016).

O 6leo obtido das folhas frescas da planta € utilizado nas mais diversas areas,
como na industria farmacéutica, alimenticia e de cosméticos. Para a industria
farmacéutica sua importancia esta nos seus varios efeitos farmacoldgicos e clinicos
nas infeccées bacterianas, fungicas, como sedativo, anti-inflamatério e oxidante
(ALDAWSARI et al., 2015).

As atividades antifungicas do 6leo de C. citratus podem ser atribuidas a
presenga de varios constituintes, incluindo citral, B-mirceno, linalol e geraniol
(EKPENYONG, AKPAN, NYOH, 2015).

A atividade antifungica do Cymbopogon citratus nas mais variadas
formulacbes, como 6éleo essencial, extratos hidro-alcbolicos, citral, esta bem
determinada e os presentes resultados corroboram a literatura (MADEIRA et al., 2016;
ARMORNVIT, CHOONHARUANGDEJ, SRITHAVAJ, 2014; KORENBLUM et al.,
2013; Khan et al., 2012;SILVA et al., 2009).

Figura 3: Cymbopogon citratus.

Fonte: autora
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3 OBJETIVOS

3.1 Objetivo Geral

Avaliar a atividade do extrato e 6leo de Cymbopogon citratus (capim-limao) sobre

biofilmes de C. albicans em superficies abidticas.

3.20bjetivos especificos

v Obter extrato hidroalcéolico e 6leo das folhas de Cymbopogon citratus;

v'Induzir in vitro a formacao de biofilme por Candida albicans em superficies
abidticas (sonda vesical de demora, cateter venoso central e agulha metalica);

v'Estudar in vitro o feito antibiofiime e removedor de biofilme do extrato
hidroalcoolico e éleo de Cymbopogon citratus em sonda vesical de demora,

cateter venoso central e agulha metalica.
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INTRODUCTION

The use of natural products for medicinal purposes remains a promising area
for new drugs. Cymbopogon citratus, popularly known in Brazil as lemongrass, is rich
in antifungal, antibacterial, insecticide, antidiabetic, antiseptic, anti-mutagenic and
anticancer properties [1,2].

Cymbopogon citratus is native of India and belongs to the Poacea family. It
contains a variety of compounds such as terpenes, flavonoids and alkaloids,
depending on the habitat. The properties of oil, better known than those of the extract,
have broad medicinal activity being used to cure various diseases such as cough, cold,
rheumatism, digestive problems, bladder problems and is also used as antiseptic agent
[3]. The biofilm removal properties of C. citratus are poorly studied. The antibiofilm oil
properties are better understood and it contains a high antifungal value [4].

Candida albicans is present in the normal microbiota, colonizing
asymptomatically the gastrointestinal tract, reproductive tract, oral cavity and skin of
most part of healthy humans. However, alterations in the immune response of the host,
in the host’s microbiota or variations in the local microenvironment may propitiate the
proliferation and consequent infection by C. albicans [5,6,7]. Infections vary from
superficial to hematogenously disseminated, having high morbidity rates, approaching
40% in some cases [8].

Biofilms represent one of the main virulence factors of a microorganism and it
is a protective factor to them. It is composed of sessile cells and extracellular matrix,
both providing pathogenicity to these pathogens. In addition, it prevents antifungal
action and increases resistance to chemical stress and nutrient availability [9,10,11].

Candida albicans has a great ability to form biofilms in catheters and different
permanent medical implants, such as probes, prostheses, among others [12]. These
devices represent significant risk factors for invasive candidiasis, because with biofilm

colonization they become a source of continuous or recurrent yeast infection [13].



28

Nosocomial infections can usually be triggered by biofilms formed in medical
devices such as urinary catheters, central venous catheters (CVC) and orthopedic
prostheses, contributing to the high mortality rate associated with these infections [14].
Candida biofilms are extremely tolerant to common antifungals and the immune
system. More than ten million patients annually receive devices (venous catheters,
urinary catheters, artificial joints) and when infected, surgical removal is the only

therapeutic option [15]

Therefore, this study aimed to evaluate the formation of Candida albicans
biofilms in urinary tube, central venous catheter and metallic needle and the action of

Cymbopogon citratus extract and oil on these biofilms.

Materials & methods

Cymbopogon citratus leaves were collected in the Herbarium of Federal
University of Maranhao (latitude: 02° 33 221’ S, longitude: 44° 18 340’ W), located in
Sao Luis- Maranhao, under the registration number 1216.

Candida albicans ATCC 443802-02 strain used in this research was obtained
from the Collection of Fungi of Federal University of Maranh&o.

Preparation of hydroalcoholic extract

The hydroalcoholic extract of Cymbopogon citratus was prepared following the
process of Ramos et al. [16] with some modifications.

The leaves were weighed and resulted in 621.9 g of C. citratus. They were then
grounded and mixed in an amber flask with 1 liter of 90% ethyl alcohol. This mixture
was stored in an amber flask in a dark place for twelve days and stirred 1x daily. After
this time, the mixture was filtered and concentrated on rotary evaporator. The yield of
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the extract was expressed as a percentage in the mass/mass ratio, by the weighted
measure of the plant and the measure of the obtained mass of the extract.

Preparation of Essential Oil

Extraction of the essential oil was performed from fresh plant material by the
hydrodistillation method, using the Clevenger system. Approximately 500 g of C.
citratus leaves were used in this process and the mass was then transferred to a round
bottom flask (6000 mL) and distilled water 1:10 added.

The extraction was carried out over a period of four hours and then the obtained
essential oil was separated from the hydrolate by the addition of anhydrous sodium
sulfate, followed by storage in an amber glass bottle under refrigeration at - 4 ° C to
avoid possible loss of constituents.

After oil and extract were prepared, 0.10 g of both were weighed separately and
diluted with 100 uL of 1% dimethylsufoxide resulting in a concentration of 100.000 ug
/ mL. From this concentration, concentrations of 1000 ug, 500 ug, 250 pg, 125 ug, 62.5
ug, 31.25 ug, 15.6 ug, 7.8 ug were prepared.

Chemical composition analysis of Cymbopogon citratus extract and oil.

The constituent analysis of the essential oil of Cymbopogon citratus was
performed at the Analytical Instrumentation Center of the University of Sdo Paulo by

gas chromatography coupled to mass spectrometry (GC / MS).

The spectrophotometric determination of phenolic compounds was performed
according to the methodology described by Waterhouse [17], using the Folin-Ciocalteu
reagent. The calibration curve was obtained by using six tannic acid dilutions (10-120
Hg/L). The samples under analysis were submitted to the same procedure. Absorbance
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measurements as a function of concentration were made on a UVVIS Quimis

spectrophotometer at 760 nm in triplicate.

Assay of biofilm formation

Biofilm assays and their intensity classification were performed according to

Borges et al., Ramage et al. and Silva et al. [18,19, 20] with adaptations.

Fragments of urine probe,
central venous cateter and ey Of 0,85% saline

needle (1 cm) = I Ae®

i

100 pL  of

suspension de C. |. |A‘ L I
albicans (0.5 Mc ™% | | |

Farland scale)

Incubated at 37° C for 24

and 48h in

bacteriological incubator

From each adherent cell suspension were performed a) biofilm-
forming yeasts counting: 10 pL of the suspension was added to the
Neubauer chamber and counted under a NIKON Eclipse E100
microscope; b) Colony Forming Unit (CFU) Counting: 100 uL of the
suspension was seeded in Petri dishes (in triplicate) containing
Sabouraud dextrose agar and after 24 hours the counting of UFCs
was performed; c) the biofilm was classified as: weak when was
observed the growth of 01 to 199 CFUs, moderate when it was
observed growth of 200 to 499 CFUs, strong when the growth was
of 500 to 1000 CFUs and very strong when the growth was greater
than 1000 CFUs.

Figure 1. Fluxogram of Assay of biofilme formation
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Antibiofilm action of Cymbopogon citratus oil and extract in abiotic surfaces
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the Neubauer chamber and counted under a NIKON Eclipse
E100 microscope; b) Colony Forming Unit (CFU) Counting: 100
uL of the suspension was seeded in Petri dishes (in triplicate)
containing Sabouraud dextrose agar and after 24 hours the
counting of UFCs was performed; c) the biofilm was classified as:
weak when was observed the growth of 01 to 199 CFUs,
moderate when it was observed growth of 200 to 499 CFUs,
strong when the growth was of 500 to 1000 CFUs and very strong
when the growth was greater than 1000 CFUs.

l

After  these  steps, the
concentration that best inhibited
biofilm formation was
determined, corresponding to
500 pg for the extract and 125
pg for the oil. These two
concentrations were used in the
tests for biofilm removal activity.

Figure 2. Antibiofilm action of Cymbopogon citratus oil and extract in abiotic surfaces
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Biofilm removal action of Cymbopogon citratus oil and hydroalcoholic extract in
abiotic surfaces

This assay was performed after 48-hour biofilm formation on abiotic surfaces
following the procedures cited to form biofilm. Subsequently, the fragments were
washed, fixed and stained, then placed in tubes containing 3 ml extract at a
concentration of 500 pg/mL and 3 mL of oil at a concentration of 125 pug/mL, leaving
them incubated for 24 hours at room temperature 29° C. As a positive control for
removing action the 33% acetic acid solution.

After 24 hours of product action, the number of cells that were detached from
abiotic surfaces was counted by placing 10 pl aliquot of each tube in a Neubauer
chamber and 100 pL seeded in Petri dishes (in triplicate) containing Sabouraud
dextrose agar and incubated 24 hours at 37 ° C in a bacteriological incubator for
counting of CFUs.

Statistical analysis

The data were evaluated by Stata and Prism 7 Programs. The utilized tests were
Shapiro-Wilk and ANOVA one-way with post-hoc of Tukey. The adopted level of
significance in all tests was 5%, in other words, the values were considered significant

when p<0.05.

Results

Mass spectrometric analysis revealed that Cymbopogon citratus oil had the
major constituents of 43.96% Epoxy-Linalooloxide, 35.71% p-citral, 8.6% Geranyl
acetate and lower compositions ranging from 1 to, 24 to 0.31% VerbenolMycene, L-
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linalool, Neral, Nerolic Acid, Isobutyl Acetate, Geralnial, Isoamyl Nerolate and

Cyclopropanemethanol (Table 1).

Peak'’ Tr? Compounds %A3
1 4,293 Verbenol 1,24
2 4,350 Mycene 2,71
3 4,469 L-linalool 0,31
4 6,000 0,23
5 6,043 Neral 0,90
6 6,743 Nerolic Acid 0,83
7 7,262 Isobutyl acetate 0,42
8 8,367 B-citral 35,71
9 8,562 Geranial 1,28

10 8,875 Epoxy- Linalooloxide 43,96
11 9,100 Geranyl Acetate 8,61
12 10,174 -- 0,56
13 11,774 - 0,41
14 19,053 - 0,77,
15 19,135 -- 0,55
16 19,275 Isoamyl Nerolate 0,54
17 19,657 -- 0,24
18 19,717 Cyclopropanemethanol 0,44
19 20,090 - 0,31

Table 1. Chemical composition of C. citratus essential oil based on the chromatogram.

C. citratus’ extract showed yield of 3.45% and contents of phenolic compounds
of 152.82 mg EAT.g™".

Biofilm in abiotic surfaces

The data reveal that Candida albicans was able to form biofilm on urinary probe,

needle and central venous catheter surfaces. These data show the affinity C. albicans

has for abiotic surfaces such as silicon latex (urinary tube material), metal (needle
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material) and polystyrene (central venous catheter material) being able to colonize on
such surfaces within 48 hours (Figure 3, 4A). In the studied surfaces, it was possible
to observe, at 24hs, the weak intensity in the needle, moderate in urinary tube and
central venous catheter, while in 48hs, the biofilm intensity evolved to strong in all

materials (Figure 4B)

Figure 3. Microscopy of 24 hours-biofilm. (A) In venous central catheter (B) in urinary probe (C) in
needle, under 40x objective.

Antibiofilm action of C. citratus oil and hydroalcoholic on abiotic surfaces

Concentrations of 7.5 to 1000 pug/mL of extract and oil were evaluated on biofilm
formation. After data analysis it was observed that the best concentration of the extract
that prevented biofilm formation was 500 ug/mL and for the oil was 125 pug / mL .

The action of the extract on the 24h-biofilm was statistically significant on the
three abiotic surfaces. In the counting of yeasts that make up the control biofilm,
statistic shows that when the number of yeasts of the standard biofilm formed on the
abiotic surfaces was compared to the number of yeasts of the biofilm formed in the
presence of the extract at a concentration of 500 uL/mL, there was an inhibition on the
biofilm formation. In the urinary probe there was an inhibition in the development of
biofilm of 67.27% with p = <0.05, in the needle, 51.17% with p = 0.1 and in central
venous catheter 34.8% of inhibition on the formation of biofilm with p <0.05. The oil at
125 pl/ mL was able to reduce the number of yeasts on the probe surface by 68.6%
with p<0.05, the needle was able to inhibit 67.5% with p <0.05 and central venous
catheter inhibited 81.5% of the biofilm with p<0.05 (Figure 4C).
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Figure 4. (A) Biofilm maturing of C. albicans between 24 and 48 hours; (B) Intensity of biofilm between 24 and 48 hours; (C)
Influence of extract and oil on C. albicans’ biofilme formation on abiotic surfaces about adhered yeasts; (D) Influence of extract
and oil on C. albicans’ biofilme formation on abiotic surfaces about CFU; (E) Compartive analysis of antibiofilme activity between
extract and oil about CFU; (F) Biofilm-removal activity of the extract and oil on C.albicans’ biofilme on abiotic surfaces about
removed yeasts; (G) Biofilm-removal activity of the extract and oil on C.albicans’ biofilme on abiotic surfaces about CFU
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When comparing CFU, within 24 hours, in the absence and presence of the
extract, a statistically significant difference is evident. In the presence of the extract
biofilm formation was inhibited by 89.1% in the urinary tube (p <0.05), in central venous
catheter 59.8% with p <0.05 and in the needle prevented 66.23% (p <0.05). By
analyzing the influence of the oil it was observed that the inhibition of biofilm formation
in the probe was 84% (p <0.05), in the metallic needle the inhibition was 96% (p <0.05),
while in central venous catheter the inhibition was 59.8% with p <0.05 (Figure 4D).

When comparing the extract and oil antibiofilm activity by CFU, it is clear that
the oil and extract had antibiofilm activity. In the probe and needle there was no
statistically significant difference between extract and oil (p=0.99), demonstrating that
both acted similarly, and in central venous catheter the oil was more effective than the
extract (p <0.05) (Figure 4E).

Removal action of Cymbopogon citratus oil and hydroalcoholic extract on
abiotic surfaces

The figure 5 shows the difference between extract and oil regarding the biofilm-
removal capacity. It is possible to observe the yeasts detaching (arrow) from the
fragments in both, but visually it is observed that the extract removes more yeasts than
the oil.

Cymbopogon citratus extract showed good removal activity. When comparing
the removal activity of the extract with the positive control (acetic acid 33%) in relation
to the detached biofilm yeasts, in the three abiotic materials the extract acted similarly
to the acetic acid with p = 0.07 in the needle, p = 1.00 central venous catheter and p =
0.4 in the urinary probe (Figure 4F).

Regarding the oil, a low removal capacity of biofilm yeasts with p <0.05 was
observed in all three materials compared to acetic acid 33%. Therefore, the oil did not
show satisfactory biofilm-removal activity (Figure 4F).
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In relation to the CFU, the extract also showed a biofilm removing action on the
three abiotic surfaces compared with acetic acid (p <0.05) (Figure 4G).

Extrato
500ng/mL

Oleo
125ug/mL

Figure 5. Biofilm-removal activity of C. citratus extract and oil on C. albicans’ biofilm on abiotic surfaces of needle,
urinary probe and central venous catheter. The action of the extract: a) needle; b) central venous catheter; ¢) urinary probe.
Oil action: d) needle; e) central venous catheter; f) urinary probe.

Discussion

This in vitro study demonstrated the ability of C. albicans to form biofilms on
abiotic surfaces of central venous catheter, urinary probe and needle, materials often
used in patients undergoing invasive treatments. Studies addressing biofilm formation
by C. albicans in the literature are generally performed in 96-well microplates with
fungal mass absorbance reading, unlike the present study that used medical materials
commonly used in patients [21,22, 23, 24, 25]. Another aim of this work was to
demonstrate the action of C. citratus’ extract and oil against C. albicans’ biofilms. In
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most of the scientific researches this action is demonstrated individually, without a
comparison between the two products.

This study revealed the antibiofilm activity of C. citratus’ extract and oil in
medical devices, corroborating research by Kahn and Ahmad [23] and
Taweechaisupapong et al. [23] who used abiotic 96-well microplate surfaces and found
that C. citratus had inhibitory biofilm formation activity.

At 125 g, our C. citratus oil inhibited 84.3% of biofilm formation in the urinary
probe; 86.22% in the needle and 90.63% in the central venous catheter, revealing its
antibiofilm action. Studies by Kahn and Ahmad [23] evaluated the action of oil at 90 ug
and 45 pg concentrations in Candida albicans ATCC strains in 96-well microplates,
and the results demonstrated inhibition of biofilm growth in 82,.2% and 75.33%
respectively, similar results to those found in this work.

In the case of C. citratus extract, at a concentration of 500 pug/mL, this study
reduced 59.89% of biofilm cells in the central venous catheter, 89.11% in the urinary
tube and 66.23% in the needle. Madeira et al. [26] demonstrated that C. citratus extract
at a concentration of 625 pg/mL reduced approximately 90% of biofilm cells formed by
C. albicans in acrylic resin. Our extract similarly reduced biofilm formation at a lower

concentration.

There are still few studies with natural products that study the biofilm removal
activity, most of them address the antibiofilm activity of extracts, oils and antifungals.
This study evaluated the C. citratus extract and oil removal activity in C.albicans
biofilms on abiotic surfaces. C. citratus extract at a concentration of 500 ug / mL was
able to remove the biofilm formed in probe, catheter and needle.

Comparing the extract with the 33% acetic acid (positive control), on the three
abiotic surfaces, the extract showed similar removal activity to acetic acid. However,
C. citratus oil showed no significant biofilm removal capacity.

The antifungal activity of C. citratus in the most varied formulations, such as
essential oil, hydroalcoholic extracts, citral, is well determined and the present results
corroborate the literature [26,27,28, 29].



39

The B-citral substance in this study was found in the percentage of 35.71%
among the other substances present in Cymbopogon citratus oil. Study by Silva et al.
[30] demonstrated the significant antifungal activity of citral in vitro against C. albicans,
C. glabrata, C. krusei, C. parapsilosis and C. tropicalis. Zore et al. [31] also revealed
that citral was one of the most effective against C. albicans isolates, leading us to
suppose that the antibiofilm action of Cymbopogon citratus oil may be related to this

compound.

The presence of aldehydes (phenolic compound) in the extract, which are
known for their antibacterial and fungitoxic activities [23, 32], may explain the results
observed in this study.

Given the high adherence and biofilm formation by Candida albicans in medical
devices and the antifungal resistance related to biofilm formation documented in the
literature, the search for natural products that possess activity on this cellular structure
so harmful to public health is relevant. Therefore, this research contributed to highlight
the activity of Cymbopogon citratus in the inhibition of biofilm formation and removal of
biofilm formed in the abiotic surfaces studied, and may be a possible natural product
used alone or in conjunction with some antifungal, potentiating the effect, possibly
being used to prevent and remove C. albicans biofilms on abiotic surfaces.

CONCLUSION

Candida albicans colonized the urinary probe, central venous catheter and
needle fragments, forming 24-hour biofilms of low intensity in the needle, moderate in
urinary tube and central venous catheter; 48-hour biofilms with strong intensity in all
three medical-hospital materials. Demonstrating that this species has strong affinity for
all these materials studied. The oil and extract of C. citratus showed antibiofilm activity
against C. albicans, and in the central venous catheter the oil showed a better
antibiofilm activity compared to the extract. C. citratus extract showed removal activity
of C. albicans biofilms from abiotic surfaces.
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Further studies regarding the action of C. citratus’ oil and extract on C. albicans

biofilms are needed, as we focus only on their in vitro activities.
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CONCLUSAO

Candida albicans colonizou os fragmentos de sonda urinaria, cateter venoso
central e agulha, formando biofilmes de 24 hs de intensidade fraca na agulha e
moderada em sonda urindria e cateter venoso central; biofiimes de 48 hs com
intensidade forte em todos os trés materiais meédicos-hospitalares. Demonstrando que
esta espécie tem forte afinidade por todos esses materiais estudados.

O extrato e 6leo de Cymbopogon citratus foram produzidos a partir do C.

citratus in natura obtido do Herbario da Universidade Federal do Maranh&o.

O ébleo e extrato de C. citratus apresentaram atividade antibiofilme contra C.
albicans, sendo que no cateter venoso central o éleo apresentou a melhor atividade

antibiofilme comparado ao extrato.

O extrato de C. citratus apresentou atividade removedora de biofilmes de C.

albicans de superficies abibticas.

E necessario fazer mais estudos sobre a agdo do 6leo e extrato de C. citratus
em biofilmes de Candida albicans, pois neste trabalho abordamos apenas a suas

atividades in vitro.
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