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RESUMO

O estudo teve como objetivo avaliar a atividade bioldgica do 6leo essencial de
Cymbopogon nardus e do fitoconstituinte citronelal sobre cepas de Candida,
verificando a possivel inibicdo da aderéncia aos implantes dentarios e cover
screws. Inicialmente, foi realizado uma triagem por meio da técnica de disco-
difusdo em Agar Sabouraud Dextrose (ASD), para os Oleos essenciais de
Cinnamomum camphora (Cénfora Branca), Melissa officinalis (Erva Cidreira),
Ocimum basilicum (Manjericdo) e Cymbopogon nardus (Citronela), bem como dos
fitoconstituintes alfa pineno, citral, citronelal e carvacrol. Apés a triagem, o Oleo
essencial de C. nardus e o citronelal foram selecionados por terem apresentado
expressiva atividade antifangica. Em seguida, o 6leo essencial foi analisado por
cromatografia gasosa acoplada ao espectro de massa (GC-MS). Posteriormente,
foram determinadas a CIM e CFM do 6leo essencial e citronelal frente a 12 cepas
de Candida e realizados testes de inibicdo da aderéncia aos implantes dentérios e
cover screws, utilizando-se a CIM das substancias avaliadas, seguida de analise
em Microscépio Eletrénico de Varredura (MEV). Os ensaios foram realizados em
triplicata e a nistatina e clorexidina foram utilizadas como controle positivo. Os
dados foram analisados no software GraphPad Prism 4. Foi realizada uma analise
de variancia (ANOVA) com pés-teste de Tukey ao nivel de confianca de 95%. A
analise por GC-MS do 6leo essencial permitiu a identificacdo do terpenoide
citronelal como substancia majoritaria. A CIM do 6leo essencial, citronelal,
clorexidina e nistatina capaz de inibir 100% das cepas foi 64 pg/mL; 512 pg/mL;
64 ug/mL; 32 pg/mL, respectivamente. O 6leo essencial inibiu a aderéncia de C.
albicans nos implantes dentarios e cover screws (p<0,001). O citronelal inibiu
apenas 0 crescimento da cepa nos implantes dentarios (p<0,001), nao
apresentando resultados significantes nos cover screws (p>0,05) em relacdo ao
controle de crescimento. Conclui-se que o 6leo essencial de C. nardus e citronelal
possuem atividade antifungica e sdo capazes de inibir a aderéncia in vitro de C.

abicans.

Palavras-chave: Cymbopogon, citronela, Candida, implante dentario, cover screw
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ABSTRACT

The study aimed to evaluate the biological activity of the essential oil of
Cymbopogon nardus and citronellal phytochemical on Candida strains, checking
the possible inhibition of adhesion to dental implants and cover screws. Initially, a
screening was performed by the disk diffusion technique in Sabouraud Dextrose
Agar (SDA) for the essential oils of Cinnamomum camphora (White Camphor),
Melissa officinalis (Lemon Balm), Ocimum basilicum (Basil) and Cymbopogon
nardus (citronella), as well as phytochemicals alpha pinene, citral, citronellal and
carvacrol. After screening, the essential oil of C. nardus and citronellal were
selected because they displayed significant antifungal activity. Then, essential olil
was analyzed by Gas chromatography mass spectrometry (GC-MS).
Subsequently, were determined MIC and MFC of essential oil and citronellal
against 12 strains of Candida and tests of inhibition of adhesion to dental implants
and cover screws, using the MIC of substances evaluated, followed by analysis on
a Scanning Electron Microscope (SEM). Assays were performed in triplicate and
chlorhexidine and nystatin were used as positive control. The data were analyzed
on the software GraphPad Prism 4. Analysis of variance (ANOVA) with Tukey’s
post-test was carried out, with a confidence interval of 95%. The GC-MS analysis
of the essential oil identified the major substance as citronellal terpenoid. The
essential oil, citronellal, chlorhexidine and nystatin able to inhibit 100% of the
strains was 64 pg/mL, 512 pg/mL, 64 pg/mL, 32 ug/mL, respectively. The essential
oil inhibited the adhesion of C. albicans in the dental implants and cover screws (p
<0.001). Citronellal only inhibited the growth of the strain in dental implants (p
<0.001) with no significant results in the cover screws (p> 0.05) compared to the
growth control. We conclude that the essential oil of C. nardus and citronellal have
antifungal activity and are able to inhibit the in vitro adherence of C. abicans.

Keywords: Cymbopogon, citronellal, Candida, dental implant
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LISTA DE ABREVIATURAS E SIGLAS

ASD — Agar Sabouraud Dextrose

CFM - Concentracao Fungicida Minima
CIM — Concentracao Inibitéria Minima
CSD - Caldo Sabouraud Dextrose

eV — Elétron-volt

GC-MS — Gas chromatography—mass spectrometry (Cromatografia gasosa

acoplada ao espectro de massa)
HE — Hexagono externo

Kv — Quilovolt

m — metro

MEV — Microscopio eletrénico de varredura
min. — minuto

mL — mililitro

mm — milimetro

NaCl — Cloreto de sodio

pH — Potencial de hidrogénio
ppm — Particulas por milh&do

SLA - Sandblasted; Large grit; Acid etching (jateada; particulas grandes; ataque

acido)
u.m.a — Unidade de massa atbmica
UFC — Unidade formadora de colénia

UFPB — Universidade Federal da Paraiba



% - Porcento
°C — Grau Celsius
Hg — micrograma
pL — microlitro

UM — micrometro
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1. INTRODUCAO

Implantes dentérios tém sido amplamente utilizados como suporte de
préteses fixas e removiveis apresentando boa previsibilidade e alta taxa de
sucesso na reabilitacdo oral de pacientes edentados [1-3]. Entretanto, falhas
tardias pode ocorrer apds a reabilitacdo protética, como resultado de doenca peri-
implantar ou sobrecarga biomecanica [4-6]. As causas desse insucesso podem
estar relacionadas a fatores enddgenos e exdgenos. Os fatores enddgenos
relacionam-se ao estado geral de salude do paciente e aos habitos de higiene
oral, os quais podem desencadear infeccbes peri-implantares conhecidas como
peri-implantites. Em relacdo aos fatores exdgenos pode-se apontar o tipo de
material utilizado na fabricacdo dos implantes, sua biocompatibilidade,
caracteristicas superficiais e desenho do implante [7,8].

A peri-implantite € definida como uma inflamacdo da mucosa com a
presenca de supuracdo, sangramento e continua perda 6ssea ao redor dos
implantes [9]. Fatores de risco para peri-implantites incluem exposicéo precoce
dos implantes e pobre higiene oral, resultando em acumulo de biofilme [10] que
pode se iniciar na superficie do implante tdo logo ele é exposto na cavidade bucal
[11,12]. A microbiota encontrada na doenca peri-implantar € semelhante a
encontrada na gengivite e em sitios com periodontite avancada [13], porém micro-
organismos nao usualmente associados com periodontites ou abscessos
dentarios como Staphylococcus e Candida spp. sdo comumente isolados de
lesGes peri-implantares [14].

Candida spp. tem como sitio preferencial a cavidade bucal para o
desenvolvimento de infecgbes [15-18], estando relacionadas com seus fatores de
viruléncia e capacidade de formacao de biofilmes [18,19]. A saliva, fluido gengival,
pH e os nutrientes sdo favoraveis aos processos de co-agregacdo e co-adesdo
entre Candida e outros micro-organismos, em especial as bactérias, estando
associadas as principais patologias da cavidade oral, bem como a carie dentaria e
a doenca periodontal [19]. Outras espécies ndo albicans, como C. tropicalis, C.
krusei, C. parapsilosise, C. guilliermondii tém sido relacionadas a patologias como

a candidose oral, no curso da infeccéo [20].

12



C. albicans é um patdgeno comensal e oportunista que causa infeccoes
normalmente em consequéncia de uma alteragcdo na resposta imunoldgica do
hospedeiro. Sua viruléncia esta relacionada a plasticidade morfolégica e
capacidade de formacdo de biofilmes [21]. A fase inicial e essencial na
patogénese da candidiase oral implica na fixacado da C. albicans a uma superficie
de acolhimento ou um dispositivo implantado, tal como as proteses e implantes
dentarios [22,23].

As células de levedura possuem elevado potencial de aderéncia aos
materiais artificiais, quase da mesma maneira que para 0s tecidos orais [18]. Em
geral, os biofilmes (bacterianos e/ou flngicos) possuem maior resisténcia as
defesas do hospedeiro e a terapia antimicrobiana convencional, resultando em
infeccbes graves e persistentes [22,23]. As superficies dos implantes
proporcionam o substrato necesséario para formacdo de biofilmes fangicos e,
portanto, pode servir como reservatorio para infeccao/reinfeccédo por C. albicans
[24].

Para que o controle mecanico do biofilme seja bem sucedido, alguns
fatores sédo essenciais como frequéncia, técnica utilizada e tempo de escovacéo,
além da motivacao e habilidade do paciente. Alguns estudos [12-14,25] afirmam
gque o uso de antimicrobianos (sistémico, local ou combinado) é benéfico no
tratamento de infecgcbes peri-implantares. Entretanto, ndo existe até o momento
um protocolo especifico, apenas propostas de tratamento antimicrobiano para
peri-implantite, bem como ainda existe pouca informagdo na literatura sobre a
aderéncia e inibicdo de fungos em superficies de implantes dentarios.

A utilizagdo de terapia antibidtica de amplo espectro e 0 uso de proteses
dentarias mal higienizadas, associadas a hipossalivacdo, pode ser observada
como fatores que predispdem ao aparecimento da candidose oral [26,27]. Os
farmacos disponiveis para tratamento de infec¢des fungicas sdo representados
pelos poliénicos (anfotericina B e nistatina) e azdlicos (fluconazol, itraconazol,
miconazol, cetoconazol), sendo estes Ultimos os de primeira escolha para
tratamento dessas doencas e sao geralmente fungistaticos [28].

A clorexidina possui acdo comprovada no combate a formacao de biofilmes
e apresenta um amplo espectro antimicrobiano tanto sobre bactérias quanto sobre
fungos [29] e possui indicacdo como método quimico adjuvante no tratamento da

peri-implantite [30-32]. Entretanto, efeitos adversos da clorexidina, tais como:
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gosto desagradavel, alteracbes do paladar, pigmentacdo nos dentes e
descamacdo oral séo fatores limitantes do seu uso prolongado [33,34].

Novos agentes tém sido propostos para minimizar reacdes indesejadas
apresentadas pelos usuarios ao uso de antimicrobianos, bem como o aumento da
resisténcia pelos micro-organismos. Essa resisténcia tem aumentado em funcéo
do uso indiscriminado de antimicrobianos, impulsionando investigadores a
estudarem novas substancias antimicrobianas de varias fontes, incluindo as
plantas medicinais [35]. As plantas medicinais tém um importante papel na saude
mundial e apesar dos grandes avancos observados na medicina moderna,
continuam sendo utilizadas e, estima-se que 25 a 30% de todos os farmacos
avaliados como agentes terapéuticos sédo derivados de produtos naturais [36].

Dentre as substancias obtidas a partir das plantas, destacam-se os 6leos
essenciais, compostos naturais e complexos, caracterizados pelo forte odor e
volatilidade. S&o formados pelos metabdlitos secundérios de plantas aromaticas e
apresentam cerca de dois ou trés componentes principais em concentracées
relativamente elevadas (20-70%) [37].

O género Cymbopogon é constituido de oitenta e cinco espécies. A espécie
Cymbopogon nardus L. Rendle é uma planta originada do Ceildo e da india e
pertence a familia Poaceae, subfamilia Panicoideae [38]. O 6leo essencial de C.
nardus é conhecido por apresentar caracteristicas repelentes de insetos [39],
antiespasmadicas, rubefacientes, estimulantes, carminativos, diaforéticos [40],
antimicrobianas [41] e antifingicas [42-44] sendo composto principalmente por
monoterpenos (£ 80%), o que inclui, principalmente, citronelal, citronelol, e
geraniol [39]. Poucos estudos demonstram a atividade antifingica do o6leo
essencial de C. nardus e citronelal sobre cepas de Candida, especialmente em
relacdo a inibicAo da aderéncia desses micro-organismos em superficies de
materiais. Espécies de Candida possuem capacidade de formacdo de biofilmes,
condicdo que as tornam mais resistentes a terapia antimicrobiana convencional.

O presente estudo teve como objetivo avaliar a atividade biolégica do 6leo
essencial de C. nardus e do citronelal, verificando a possivel inibicdo da aderéncia
aos implantes dentéarios e cover screws, sobre cepas de Candida envolvidas com
infec¢Bes peri-implantares. Para tanto, o estudo foi dividido em dois capitulos,
dando origem a dois artigos cientificos.

14



No capitulo 1 foi investigado a possivel atividade antifingica dos 6leos
essenciais de Cinnamomum camphora, Melissa officinalis, Ocimum basilicum e
Cymbopogon nardus, bem como dos fitoconstituintes alfa pineno, citral, citronelal
e carvacrol frente & Candida albicans e Candida tropicalis a fim de se buscar um
Oleo essencial e fitoconstituinte com melhor atividade. Dessa forma, o 6leo
essencial de C. nardus e o citronelal foram selecionados para dar continuidade a
pesquisa por apresentarem expressiva atividade frente as cepas testadas, bem
como pelo citronelal ser relatado na literatura como componente majoritario do
0leo essencial de C. nardus, o que poderia sugerir que sua atividade antifingica
seria independente do sinergismo com 0s outros compostos do 6leo essencial.
Além disso, existem poucos estudos relatando a atividade antifiungica do 6leo
essencial de C. nardus e citronelal sobre espécies de Candida.

No capitulo 2 foi realizada a cromatografia gasosa acoplada ao espectro de
massa (GC-MS) permitindo a caracterizagdo e identificagdo dos compostos
presentes no o6leo essencial de C. nardus, apresentando o citronelal como
componente majoritario. Posteriormente, foram determinadas a CIM e CFM do
Oleo essencial e citronelal frente a 12 cepas de Candida e realizados testes de
inibicdo da aderéncia aos implantes dentérios e cover screws, utilizando-se a CIM
das substancias avaliadas, seguida de analise em Microscépio Eletrénico de
Varredura (MEV).
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2. CAPITULO 1

O manuscrito a seguir serd submetido para publicagao no periédico “Revista
Brasileira de Plantas Medicinais”

Screening da atividade antifUngica de 6leos essenciais e fitoconstituintes
sobre cepas de Candida

TRINDADE, L.A."'; CASTRO, R.D.}; OLIVEIRA, E.O.?

Programa em P6s Graduacéo em Odontologia, Universidade Federal da Paraiba®,
Programa de Pos Graduacdo em Produtos Naturais e Sintéticos Bioativos,
Universidade Federal da Paraiba?

*Email: lat363@gmail.com

RESUMO: O presente estudo investigou a atividade antifungica dos Oleos
essenciais de Cinnamomum camphora, Melissa officinalis, Ocimum basilicum e
Cymbopogon nardus, bem como dos fitoconstituintes alfa pineno, citral, citronelal
e carvacrol frente & Candida albicans e Candida tropicalis. A avaliacdo antifingica
dos produtos testados foi determinada por meio da técnica de disco-difusdo em
Agar Sabouraud Dextrose. Assim, 0s resultados da susceptibilidade aos produtos
foram expressos em termos de tamanho de didametro do halo de inibicdo do
crescimento microbiano, padronizado e considerado na maior concentracao
utilizada como: menor que 9 mm, ndo ativo (NA); 9-14 mm, parcialmente ativo
(PA); maior que 14 a 17 mm, ativo (A) e maior que 17 mm, muito ativo (MA). Os
Oleos essenciais e fitoconstituintes, frente as cepas de C. albicans e C. tropicalis,
produziram os seguintes halos de inibicdo, respectivamente: Cinnamomum
camphora (11mm; 14mm), Melissa officinalis (32mm; 30mm), Ocimum basilicum
(32mm; 30mm), Cymbopogon nardus (15mm; 30mm), alfa pineno (35mm; 30mm),
citral (32mm; 25mm), citronelal (30mm; 30mm) e carvacrol (30mm; 30mm).
Conclui-se que todos o0s Oleos essenciais e fitoconstituintes apresentaram

atividade antifingica frente as cepas testadas.

Palavras-chave: Candida, susceptibilidade, produtos naturais.
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ABSTRACT: The present study investigated the antifungal activity of essential oils
of Cinnamomum camphora, Melissa officinalis, Ocimum basilicum and
Cymbopogon nardus as well as phytochemicals alpha pinene, citral, citronellal and
carvacrol against Candida albicans and Candida tropicalis. The evaluation of the
antifungal product tested was determined using the disk diffusion technique in
Sabouraud Dextrose Agar. Thus, the results of the susceptibility of the products
were expressed in terms of diameter size of inhibition zone of microbial, and
patterned seen at the highest concentration used as growth: less than 9 mm, non-
active (NA); 9-14 mm, partially active (PA), greater than 14-17 mm, active (A) and
greater than 17 mm very active (VA) . The essential oils and phytochemicals,
against the strains of C. albicans and C. tropicalis, produced the following
inhibition zones, respectively: Cinnamomum camphora (11mm; 14mm), Melissa
officinalis (32mm; 30mm), Ocimum basilicum (32mm; 30mm), Cymbopogon
nardus (15mm; 30mm), alpha pinene (35mm; 30mm), citral (32mm; 25mm),
citronellal (30mm; 30mm) and carvacrol (30mm; 30mm). We conclude that all
essential oils and phytochemicals showed antifungal activity against all tested

strains.

keywords: Candida, susceptibility, natural products

INTRODUCAO

Candida spp. tem como sitio preferencial a cavidade bucal para o
desenvolvimento de infec¢bes, (APPLETON, 2000; SAMARANAYAKE et al.,
2001; SERRANO-GRANGER et al., 2005) estando relacionadas com seus fatores
de viruléncia e capacidade de formacdo de biofilmes (BLANKENSHIP,
MITCHELL, 2006; THEIN; SAMARANAYAKE; SAMARANAYAKE, 2006). A
saliva, fluido gengival, pH e os nutrientes sédo favoraveis aos processos de co-
agregacao e co-adesao entre Candida e outros micro-organismos, em especial as
bactérias, estando associadas as principais patologias da cavidade oral: (1) carie
dentéria; (2) doenca periodontal (THEIN; SAMARANAVAKE; SAMARANAVAKE,
2006).
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Outras espécies de Candida, como C. tropicalis, C. krusei, C. parapsilosise,
C. guilliermondii tém sido relacionadas a patologias como a candidose oral, no
curso da infeccdo (CROCCO et al.,, 2004). O aumento na resisténcia aos
farmacos antifungicos, as defesas imunolégicas do hospedeiro, bem como a
capacidade de causar infec¢des estao intimamente relacionadas na habilidade de
formacao de biofilmes (HENRIQUES; AZEREDO; OLIVEIRA, 2004; RAMAGE et
al., 2005).

A colonizacao por C. albicans, em individuos sadios, ocorre em 10 a 50%,
sendo geralmente controlada por competi¢des nutritivas, antagonismo competitivo
da microbiota comensal e pela producdo de substancias toxicas as quais podem
interferir no mecanismo de aderéncia dessas leveduras as células epiteliais. A
producdo de acido latico por essas células ou a manutencdo do pH salivar
também sdo fatores limitantes da colonizacdo dessas leveduras (LORENZO,
2004).

A utilizacdo de terapia antibiética de amplo espectro e 0 uso de proteses
dentarias mal higienizadas, associadas a hipossalivacdo, pode ser observada
como fatores que predispdem ao aparecimento da candidose oral (KURIYAMA et
al., 2005; TORRES et al., 2007).

Os farmacos disponiveis para tratamento de infeccBes fungicas sao
representados pelos poliénicos (anfotericina B e nistatina) e azdlicos (fluconazol,
itraconazol, miconazol, cetoconazol), sendo estes Ultimos os de primeira escolha
para tratamento dessas doencas e sédo geralmente fungistaticos (WINGETER et
al., 2007). Novos agentes tém sido propostos para minimizar as reacgles
indesejadas associadas ao uso de antimicrobianos, bem como ao aumento da
resisténcia pelos micro-organismos. Essa resisténcia vem aumentando em funcao
do uso indiscriminado desses agentes utilizados no tratamento de doencas
infecciosas, impulsionado novos estudos em busca de substancias
antimicrobianas de varias fontes, incluindo as plantas medicinais (BANSOD; RAI,
2008), as quais tém um importante papel na sautde mundial e apesar dos grandes
avancos observados na medicina moderna, continuam sendo utilizadas
(CALIXTO, 2005).

Estima-se que 25 a 30% de todas as drogas avaliadas como agentes
terapéuticos sao derivadas de produtos naturais (CALIXTO, 2005). Dentre as

substancias obtidas a partir das plantas, destacam-se o0s Oleos essenciais,
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compostos naturais e complexos, caracterizados pelo forte odor e volatilidade.
Sao formados pelos metabdlitos secundarios de plantas aromaticas e apresentam
cerca de dois ou trés componentes principais em concentracdes relativamente
elevadas (20-70%) (BAKKALI et al., 2008). Os fitoconstituintes, pequenas
biomoléculas organicas, sdo compostos quimicos oriundos dos 6leos essenciais e
podem apresentar atividades biolégicas se utilizados de forma isolada ou em
associacdo a outras substancias. Seu estudo representa uma importante
possibilidade de obtencdo de novos farmacos, especialmente se consideramos a
possibilidade de sintese dos mesmos em laboratorio, 0 que garante producédo em
larga escala (LIMA et al., 2005).

Dessa forma, objetivou-se avaliar a atividade antifungica dos oleos
essenciais de Cinnamomum camphora (canfora branca), Melissa officinalis (erva
cidreira), Ocimum basilicum (manjericdo) e Cymbopogon nardus (citronela), bem
como dos fitoconstituintes alfa pineno, citral, citronelal e carvacrol frente a cepas
de Candida.

MATERIAL E METODOS

Os oleos essenciais foram obtidos comercialmente na Quinari Fragrancias
e Cosméticos Ltda.®, Ponta Grossa — PR e os fitoconstituintes na Sigma-Aldrich®,
Brasil (Tabela 1). Foram utilizadas as cepas de Candida albicans (ATCC 76645) e
Candida tropicalis (ATCC 13803) cedidas pelo Laboratério de Micologia do Centro
de Ciéncias da Saude da Universidade Federal da Paraiba. As amostras foram
repicadas em Agar Sabouraud Dextrose (ASD) (DIFCO®) e incubadas em estufa a
35°C por 24-48 horas. Em seguida, foram feitas suspensdes fungicas em solugéo
salina estéril a 0,9%, conforme suspensao de sulfato de bario do tubo n° 0,5 da
escala Mc Farland e ajustada para 90% de transmitancia no espectrofotbmetro
(Leitz-photometer 340-800), para conter cerca de 10° UFC/mL (CLEELAND;
SQUIRES, 1991; HADACEK; GREGER, 2000).
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TABELA 1. Oleos essenciais e fitoconstituintes (Fabricantes e nimero do lote)

Oleos Essenciais e fitoconstituintes Fabricantes Namero do lote

C. camphora QUINARI® 05209/F
M. officinalis QUINARI® 05209/F
O. basilicum QUINARI® 022186
C. nardus QUINARI® 519/520

Alfa pineno SIGMA-ALDRICH® 58296DK-389
Citral SIGMA-ALDRICH® S85776

Citronelal SIGMA-ALDRICH® 11196PH-349
Carvacrol SIGMA-ALDRICH® S40656V

A avaliacdo antifingica dos produtos testados foi determinada por meio da
técnica de disco-difusdo em ASD (BAUER et al., 1966). Placas de Petri contendo
ASD foram semeadas por meio da técnica do esgotamento. Logo apés, discos de
papel de filtro com 6,0mm de diametro contendo 20 puL dos 6leos essenciais e
fitoconstituintes foram inseridos sob o0 meio de cultura e as placas incubadas em
estufa a 35°C por 24-48 horas.

Os resultados da susceptibilidade aos produtos foram expressos pelo
didmetro do halo de inibicdo do crescimento fungico, sendo considerados os
seguintes parametros: menor que 9 mm, nao ativo (NA); 9-14 mm, parcialmente
ativo (PA); maior que 14 a 17 mm, ativo (A) e maior que 17 mm, muito ativo (MA)
(AYRES, et al., 2008).

RESULTADO E DISCUSSAO

O presente estudo realizou uma triagem da atividade antifingica dos 6leos
essenciais e fitoconstituintes, a fim de avaliar a presencga ou auséncia de atividade
antifangica. Ostrosky et al., (2008) verificaram que o método de diluicdo em agar
€ 0 mais utilizado para “screening”, devido a simplicidade de execucgao e ao baixo

custo, entretanto, outros métodos como o da microdiluicdo, tem sido muito
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utilizado, devido a sua sensibilidade e quantidade minima de reagentes, o que
possibilita um maior nimero de réplicas, aumentando a confiabilidade dos
resultados.

Os micro-organismos selecionados para o0 estudo sédo considerados
agentes etiologicos de relevancia clinica, o que torna importante o seu controle.
Os valores dos halos de inibicdo dos 6leos essenciais e fitoconstituintes frente as
cepas de C. albicans e C. tropicalis estao apresentados na Tabela 2.

TABELA 2. Valores dos halos de inibicdo (mm), dos 6leos essenciais e fitoconstituintes frente as
cepas de C. albicans e C. tropicalis.

Oleos Essenciais e fitoconstituintes C. albicans C. tropicalis
Cinnamomum camphora 11 14
Melissa officinalis 32 30
Ocimum basilicum 32 30
Cymbopogon nardus 15 30
Alfa pineno 35 30
Citral 32 25
Citronelal 30 30
Carvacrol 30 30

Os 6leos essenciais e fitoconstituintes apresentaram atividade antifangica
sobre as espécies de Candida e foram classificados segundo Ayres et al. (2008).
Frente a cepa de C. albicans, os 6leos essenciais M. officinalis, O. basilicum, bem
como os fitoconstituintes alfa pineno, citral, citronelal e carvacrol foram
considerados muito ativos. Ja os 6leos essenciais de C. nardus e C. camphora
foram considerados como ativo e parcialmente ativo, respectivamente. Com
relacdo a C. tropicalis 0os Oleos essenciais de M. officinalis, O. basilicum e C.
nardus, bem como os fitoconstituintes alfa pineno, citronelal, carvacrol e citral
foram muito ativos. Entretanto, o 0leo essencial de C. camphora foi parcialmente
ativo.

A atividade antifingica de varios 6leos essenciais tem sido testada in vitro

e in vivo apresentando resultados significativos. Dutta et al., (2007) avaliaram a
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atividade antifungica do 6leo essencial de C. camphora frente a C. albicans e o
mesmo apresentou halo de inibicdo de 10.67 mm. Da mesma forma, Barbaro e
Stelato, (2009), Almeida et al., (2010) e Cavalcanti et al., (2011) avaliaram a
atividade antifungica do O. basilicum apresentando valores de halos de inibicdo
que variaram de 27 a 35 mm para cepas de C. albicans. Em outro estudo, Keskin,
Oskay e Oskay, (2010) analisaram atividade antifungica da M. officinalis e
apresentaram halo de inibicAdo de 16 mm. O 6leo essencial de C. nardus
apresenta atividade antifungica, (ZORE et al., 2011; LI et al., 2013) porém suas
atividades bioldgicas frente a espécies de Candida ainda sao pouco estudadas.

Os resultados supracitados estdo de acordo com os achados do presente
estudo indicando a expressiva atividade antifungica dessas espécies que pode
estar relacionado ao sinergismo existente entre os compostos do 6leo essencial,
proporcionando uma melhor atividade biolégica (WILLIAMSON, 2001). Os
mecanismos de acao dos Oleos essenciais parecem ser predominantemente na
membrana celular fangica, interrompendo sua estrutura e ocasionando a morte
celular; bloqueando a sintese da membrana; inibicdo da germinacdo de esporos,
proliferacdo de fungos e respiracdo celular (HARRIS, 2002). Devido a elevada
volatilidade e lipofilidade dos 6leos essenciais, eles penetram prontamente na
membrana celular e exercem seu efeito biolégico (INOUYE, 2003).

O presente estudo demonstrou que os fitoconstituintes alfa-pineno, citral,
citronelal e carvacrol apresentaram atividade antifungica frente as cepas de
Candida, estando de acordo com os estudos relatados na literatura (LIMA et al.,
2005; BOTELHO et al., 2007; SILVA et al., 2008; ZORE et al., 2011; LI et al.,
2013). Esses fitoconstituintes sdo pequenas biomoléculas organicas, geralmente
hidrofébicas, designadas como antibidticos naturais, que exercem sua acao
antimicrobiana possivelmente pela ruptura da membrana citoplasmatica
(HELANDER; ALAKOMI; LATVA-KALA, 1998; BRULL, COOTE, 1999).

Com o surgimento de micro-organismos resistentes a terapia convencional,
torna-se importante o estudo de novos agentes antimicrobianos (PENNA et al.,
2001). Diante disso, os Oleos essenciais e fitoconstituintes estdo em constante
investigacdo e tem demonstrado potencial atividade antimicrobiana (BAKKALI et
al., 2008; BURT, 2004). Novos testes in vitro e in vivo devem ser realizados a fim
de investigar os possiveis efeitos toxicologicos e mecanismos de a¢do dos Oleos

essenciais relacionando a estrutura-atividade dos fitoconstituintes presentes 6leo
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a fim de se obter formulacdes de um produto fitoterapico como alternativa de
tratamento de infecgbes orais causadas por fungos. Diante dos resultados,
conclui-se que todos os Oleos essenciais e fitoconstituintes apresentaram

atividade antifungica frente as cepas testadas.
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ABSTRACT

Objective: This study investigated the biological activity of the essential oil from
Cymbopogon nardus and of the phytoconstituent citronellal on Candida strains as
to the inhibition of adherence to dental implants and cover screws. Material and
Methods: The essential oil was analyzed by gas chromatography coupled to mass
spectrometry (GC-MS), and had its MIC and MFC determined against 12 strains of
Candida. Then, tests of inhibition of adherence to the dental implants and cover
screws were carried out using the MIC of the substances, followed by scanning
electron microscopy analysis. Nystatin and chlorhexidine were used as positive
controls, and experiments were performed in triplicate. Results: The analysis by
GC-MS of the essential oil identified citronellal as the major compound. The MICs
of the essential oil, citronellal, chlorhexidine and nystatin — able to inhibit 100% of
the strains —was found to be 64 pg/ml, 512 pg/ml, 64 pg/ml, and 32 pg/ml,
respectively. The essential oil significantly inhibited the adherence of C. albicans
to the dental implants and cover screws (p<0.001). Citronellal inhibited the yeast
growth on the dental implants (p<0.001), but no significant results were found for
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the cover screws (p>0.05) compared to the growth control. Conclusion: The
essential oil and citronellal have proven antifungal activity and are able to inhibit
the in vitro adherence of C. albicans. Clinical Relevance: There has been a
search for alternative natural products-containing formulations that should be
effective in inhibiting adherence of yeasts to the surfaces of materials and also
able to treat oral fungal infections.

Key-words: Cymbopogon, citronellal, Candida, dental implant, cover screw

INTRODUCTION

The use of dental implants has become an alternative in the rehabilitation of
edentulous patients, with a success rate of approximately 96%. In spite of that, a
considerable number of implant failures occurs throughout the years [1]. The
causes of the failures may be related to endogenous and exogenous factors.
Endogenous factors include those affecting the patient’s general health and oral
hygiene habits, which can trigger peri-implant infections known as peri-implantitis.
Exogenous factors, in turn, are related to the type of material used in the
manufacture of implants, biocompatibility, surface features and implant design
[2,3].

Peri-implantitis is defined as an inflammation of the mucosa with the
presence of suppuration, bleeding and continuous bone loss around the implants
[4]. Risk factors for peri-implantitis include early exposure of implants and poor
oral hygiene, resulting in accumulation of biofilm [5] that can be initiated on the
surface of the implant as soon as it is exposed in the oral cavity [6,7]. The
microbiota found in the peri-implant disease is similar to that found in sites with
gingivitis and advanced periodontitis [8]. Despite this, microorganisms not usually
associated with periodontitis or dental abscesses, such as Staphylococcus and
Candida spp., are commonly isolated from peri-implant lesions [9].

In general, bacterial and/or fungal biofilms have greater resistance to host
defenses and to conventional antimicrobial therapy, resulting in serious and

persistent infections [10,11]. There is little information in the literature about the
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adherence and inhibition of yeasts on the surfaces of dental implants and cover
screws. As the surfaces of the implants provide the substrate necessary for
formation of fungal biofilms, they can serve as a reservoir for infection/reinfection
by C. albicans [12].

C. albicans is a commensal and opportunistic pathogen that causes
infections usually as a result of a change in the host immune response. Its
virulence is attributed to morphological plasticity and ability to form biofilms [13].
The early and essential step in the pathogenesis of oral candidiasis involves the
attachment of C. albicans to a receiving surface or implanted device, such as
prostheses and dental implants [10,11]. In general, yeast cells have a high
potential for adherence to artificial materials, in much the same way as to the oral
tissues [14].

Certain factors are essential to make the mechanical control of biofilm
successful, for instance, frequency, technique and brushing time, in addition to
patient’s motivation and performance. Some studies [7-9,15] point out that the use
of antimicrobials (systemic, local or combined) is beneficial in the treatment of peri-
implant infections; however, there is not a specific protocol so far, but only
proposals addressing the antimicrobial treatment of peri-implantitis.

Chlorhexidine is proven to act upon biofilm formation with a broad
antimicrobial spectrum against both bacteria and fungi [16]. As such, it is indicated
as adjunctive chemical method for the treatment of peri-implantitis [17-19].
However, adverse effects of chlorhexidine, such as unpleasant taste, taste
changes, pigmentation of teeth and oral desquamation, are factors limiting its
prolonged use [20,21].

New agents have been proposed in order to minimize unwanted reactions
presented by users with the use of antimicrobials, as well as increased resistance
by microorganisms. Microbial resistance levels have been increasing due to the
indiscriminate use of antimicrobials, which is driving researchers to study new
antimicrobial substances from various sources, including medicinal plants [22].
Medicinal plants play an important role in global health and continue to be used
despite the great advances observed in modern medicine. It is estimated that 25-
30% of all drugs considered as therapeutic agents are derived from natural
products [23].
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Among the substances obtained from plants, the essential oils stand out as
natural, complex compounds characterized by strong odor and volatility. They are
produced by aromatic plants as secondary metabolites and have about two or
three major compounds at relatively high concentrations (20-70%) [24]. Thus, the
present study aimed to evaluate the inhibition of adherence of C. albicans to
dental implants and cover screws by Cymbopogon nardus essential oil and

citronellal.

MATERIALS AND METHODS

Microbiological tests were performed in the Mycology Laboratory of the
Department of Pharmaceutical Sciences, Center for Health Sciences, and
Scanning Electron Microscopy analysis was performed at the Technology Center,
Federal University of Paraiba (UFPB).

The dental implants DSP BIOMEDICAL® OSTEOFIT HE 4.1 x 11.5mm SLA
ZIRCON® and the cover screws DSP BIOMEDICAL® were used in this study, as
well as C. nardus essential oil (QUINARI®) and the phytoconstituent citronellal
(SIGMA-ALDRICHT®). In order to investigate the biological activity of the products,
the following clinical and collection strains were used: C. albicans (ATCC 76485);
C. albicans (ATCC 76645); C. albicans (LM P20); C. albicans (LM 62); C. albicans
(LM 122); C. albicans (LM 108); C. albicans (LM 86); C. albicans (LM 111); C.
tropicalis (LM 45); C. tropicalis (ATCC 13803); C. tropicalis (LM 14); and C.
tropicalis (LM 20).

Nystatin (SIGMA-ALDRICHT®) and chlorhexidine (RIOQUIMICA®) were
used as positive controls in the tests of antimicrobial susceptibility. The culture
media used were RPMI-1640 (HIMEDIA®), Sabouraud Dextrose Broth (SDB) and
Sabouraud Dextrose Agar (SDA) (DIFCO®), which were prepared according to the
manufacturers’ recommendation.

For the preparation of the inoculum, the selected strain was maintained in
SDA for 24-48 hours at 35 °C and subsequently standardized in sterile saline
solution using a suspension of barium sulfate n. 0.5 of the McFarland scale. After
being stirred with the aid of a Vortex device (FANEM) for 2 minutes, the
suspension was adjusted to 90 % transmittance on a spectrophotometer (LEITZ-
PHOTOMETER 340-800) to contain approximately 10° CFU/ml [25-27].
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Chromatography and mass spectrometry

The compounds were identified using a gas chromatograph coupled to a
mass spectrometer (SHIMADZU GC-MS-QP5050A) with capillary column (J & W
SCIENTIFIC®) and a stationary phase of 5% phenyl and 95% dimethylpolysiloxane
measuring 30 m length, 0.25 mm inner diameter and 0.25 mm film thick. The initial
temperature program was 60 °C to 240 °C (3°C/min). The programming time of the
run was 60 minutes and the injector oven temperature was 250 °C. Helium was
used as carrier gas (mobile phase) at a flow rate of 1.0 ml/min with a 1:20 split
ratio and injection volume of 1 pl.

The ionization of the components was performed by electron impact at 70
eV, using a 1.25 kV detector. The spectrometer was operated in SCAN mode,
scanning a range of masses from 40 to 500 a.m.u (atomic mass unit). The ion
source temperature was 250 °C, and the compounds were identified by comparing
their mass spectra with those existing in the equipment database (MIST library,
2008).

The essential oil sample was injected at a concentration of 2 ppm, and
hexane was used as solvent. Analyses of the chromatogram and mass spectra
were performed using the equipment library, and the integration parameters used

were width: 3 and slope: 2000.

Minimum Inhibitory Concentration (MIC)

The determination of MIC of the essential oil, phytoconstituent, nystatin and
chlorhexidine was performed by the microdilution technique [25,26]. Initially, 100
ML of RPMI-1640 culture medium were added to the wells of the plate. Then 100
ML of the experimental substances were also added to the wells at the
concentration of 1,024 ug/ml, and both the medium and the sample were
homogenized. Subsequently, the sample was serially diluted by transferring an
aliquot of 100 uL from the first well to the following ones. The concentrations
ranged from 1024 to 8 pg/ml. Aliquots of 10 pl of the inoculum were dispensed into
the wells of each column. In parallel, controls of strain viability and susceptibility to
nystatin and chlorhexidine were also carried out using the same technique. Tests

were performed in triplicate and plates were incubated at 35 °C for 24-48 hours.
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The reading for MIC determination was performed by the visual method, taking
into consideration whether or not there was formation of cell clusters at the bottom
of the wells. As such, MIC was considered as the lowest concentration of the test
product capable of producing visible growth inhibition of yeast strains used in

microbiological assays [28].

Minimum Fungicidal Concentration (MFC)

After determining the MIC, the content of the wells corresponding to the
inhibitory and two higher concentrations (MIC, MICx2 and MICx4) as well as that
of the positive controls, was subcultured on SDA plates. The reading of MFC was
based on the growth of the controls after 24-48 hours of incubation at 35 °C. MFC
was considered as the lowest concentration of the test product that hampered
visible growth in the subculture. Tests were performed in triplicate [29].

Inhibition of fungal adherence to dental implants and cover screws

The strain of C. albicans (ATCC 76645) was used in the test of inhibition of
adherence. The strain was maintained in SDA, incubated at 35°C for 24-48 hours.
Tests were performed in triplicate. The implants and cover screws were placed
individually in glass vials containing 1 ml of SDB, 100 pl of yeast suspension (10°
CFU/ml) and 1 ml of the test product at MIC. Then, the vials were incubated at
35°C for 24-48 hours.

Both the implants (n=3) and cover screws (n=3) were randomly allocated
into five groups: (A) growth control; (B) Cymbopogon nardus; (C) citronellal; (D)
nystatin; and (E) chlorhexidine, totalizing 15 dental implants and 15 cover screws.
After the incubation period (24-48 hours), the materials were washed with 1 ml of
sterile distilled water and placed in sterile vials containing 5 ml of saline solution
(0.85 % NaCl). Then the vials were stirred in a Vortex apparatus for 60 seconds.
After this procedure, 10 ul of the solution were seeded on Petri dishes containing
SDA, which were incubated at 35°C for 24-48 hours. Ultimately, the counting of
CFU/ml was made [30].

33



Scanning Electron Microscopy (SEM) Analysis

In order to conduct the SEM analysis, baseline micrographs of the surfaces
of one dental implant and one cover screw were taken prior to incubation of the
microorganisms. To allow the adherence, 5 dental implants and 5 cover screws
were individually placed in sterile vials containing 1 ml of SDB, 0.1 ml of yeast
suspension (10° CFU/mI), and 1.0 ml of the test products at MIC (groups B, C, D
and E). Then, the vials were incubated at 35 °C for 24-48 hours. In group (A), the
vials contained only 1.0 ml of SDB and 0.1 ml of yeast suspension (10° CFU/ml).

After the incubation period, the materials were removed from the vials and
underwent metallization with gold plasma (Emitech K550x®). Posteriorly, microbial

adherence was visualized under a scanning electron microscope (LEO 1430®).
Statistical analysis

The data were analyzed on the software GraphPad Prism 4. Analysis of
variance (ANOVA) with Tukey’s post-test was carried out, with a confidence
interval of 95 %.
RESULTS
Chromatographic profile and identification of compounds
The analysis by gas chromatography couple to mass spectrometry (GC-MS)
allowed the characterization of C. nardus essential oil and identification of
compounds based on information of the retention time and molecular weight.

Additionally, the compounds were quantified according to the peak areas (Tablel).

The data were compared to the library available in the chromatographer.
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Table 1 Characterization of C. nardus essential oil by GC-MS.

Peak# R.Time | I.Time | F.Time | Area Area% | Name Base m/z
1 8.892 |8.830 |8.990 | 349264 3.17 Limonene 68.10
2 9.226 | 9.160 | 9.395 | 856389 7.78 Piperidine <1-methyl-> 99.10
3 11.581 | 11.515 | 11.640 | 52458 0.48 Linalool 71.10
4 13.554 | 13.490 | 13.655 | 95429 0.87 Isoisopulegol 41.10
5 13.889 | 13.765 | 13.995 | 4157403 | 37.75 | Citronellal 41.10
6 17.183 | 17.085 | 17.285 | 1572018 | 14.27 | Citronellol 41.10
7 18.380 | 18.250 | 18.495 | 2075063 | 18.84 | Geraniol 69.10
8 19.082 | 19.015 | 19.135 | 45593 0.41 Geranial 69.10
9 22.698 | 22.615 | 22.815 | 365114 3.31 Citronellyl acetate 81.10
10 22.973 | 22.900 | 23.070 | 70762 0.64 Eugenol 164.10
11 24.047 | 23.960 | 24.125 | 270668 2.46 Neryl acetate 69.10
12 24.468 | 24.385 | 24.545 | 212422 1.93 Elemene <beta-> 93.10
13 28.311 | 28.220 | 28.390 | 114515 1.04 Cadinene <gamma-> 161.15
14 29.111 | 29.030 | 29.190 | 52993 0.48 Muurolene <alpha-> 105.10
15 29.690 | 29.610 | 29.765 | 59400 0.54 Cadinene <gamma-> 161.20
16 30.065 | 29.975 | 30.165 | 188826 1.71 Cadinene <delta-> 161.20
17 31.107 | 31.020 | 31.210 | 285007 2.59 Elemol <alpha-> 93.10
18 32.194 | 32.115 | 32.305 | 121511 1.10 Muurolene <gamma-> 161.20
19 35.328 | 35.245 | 35.405 | 69435 0.63 Cadin-4-em-10-ol 161.20
11014270 | 100.00

followed by geraniol (18.84%) and citronellol (14.27%).

Minimum

Concentration (MFC)

Inhibitory Concentration

(MIC)

The terpenoid citronellal was found to be the major compound (37.75%),

and Minimum Fungicidal

chlorhexidine and nystatin, expressed as pg/ml, are shown in Table 2.

The results of MIC and MFC of C. nardus essential oil, citronellal,
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Table 2 MIC and MFC of the products tested against strains of C. albicans and C. tropicalis. Values

are expressed as pg/ml.

Strains C. nardus Citronellal Chlorhexidine Nystatin
MIC MFC MIC MFC MIC MFC MIC MFC
C. albicans 64 128 256 512 64 128 32 128
ATCC 76485
C. albicans 32 32 16 16 32 32 8 8
ATCC 76645
C. albicans 32 32 256 256 32 32 8 8
LM P20
C. albicans 32 32 512 1024 64 64 8 8
LM 122
C. albicans 64 64 512 512 64 64 8 8
LM 108
C. albicans 64 64 512 1024 64 128 8 8
LM 86
C. albicans 32 32 256 256 64 128 8 8
LM 111
C. albicans 32 128 16 64 64 256 8 32
LM 62
C. tropicalis 32 32 128 128 8 8 8 8
ATCC 13803
C. tropicalis 32 32 256 256 64 64 8 16
LM 45
C. tropicalis 32 32 256 256 64 128 16 64
LM 14
C. tropicalis 32 32 256 512 64 64 16 16
LM 20

Inhibition of fungal adherence to the dental implants and cover screws

The test of inhibition of adherence to the dental implants (Figure 1)
indicated that the experimental substances evaluated, as well as nystatin and
chlorhexidine, were able to inhibit fungal growth, with a reduction in the number of
colony-forming units. All substances showed statistically significant results
compared to the growth control (p <0.001), but with no statistical difference when
compared between each other (p> 0.05). As to the inhibition of adherence to the
cover screws (Figure 2), C. nardus essential oil, nystatin and chlorhexidine also
showed statistically significant results when compared to the growth control (p

<0.001), with no significant difference when compared between each other (p>
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0.05). Citronellal was not effective in inhibiting adherence to the cover screws, with
results similar to those of the growth control.
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Fig. 1 In vitro evaluation of the inhibition of adherence to dental implants: (a) —
Growth control; (b) — C. nardus; (c) — Citronellal; (d) — Nystatin; (e) —
Chlorhexidine. (***p<0.001)
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Fig. 2 In vitro evaluation of the inhibition of adherence to cover screws: (a) —
Growth control; (b) — C. nardus; (c) — Citronellal; (d) — Nystatin; (e) —
Chlorhexidine. (***p<0.001)
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Scanning Electron Microscopy (SEM) Analysis

The SEM analysis was performed in order to obtain images of the surfaces
of the dental implants and cover screws after treatment with the experimental
substances at MIC. Micrographs of the surfaces of the implants (Fig. 3a) and
cover screws (Fig. 4a) were firstly taken to allow the visualization of the surfaces
with no microorganisms. Then, micrographs of the dental implants and cover
screws were taken after the incubation period, according to the following groups:
(A) — Growth control (Fig. 3b and 4b); (B) — Cymbopogon nardus; (C) — citronellal,
(D) — Nystatin; (E) — Chlorhexidine (Fig. 5 and 6 - a, b, c and d).

e - - —— - 5/ )
10pm EHT=1500kV Mag= 300KX IProbe= 108pA  PhotoNo.=5491 10pm EHT=1500kV Mag= 300KX IProbe= 108pA  Photo No. = 5483
1 Signal A=SE1 WD= 21 mm Aperture Size =30.00 ym Date :13 Nov 2013 A f Signal A=SE1 WD= 21mm Aperture Size =30.00 ym Date :13 Nov 2013 B

Fig. 3 (a) Surface of the dental implant - SLA Zircon®; (b) Growth control — C.
albicans adhered to the surface of the implant (above the thread) (3000x).

10pm EHT=2000kV Mag= 300KX IProbe= 77pA  PhotoNo.=5271 10pm EHT=1500kV Mag= 300KX |Probe= 108pA  PhotoNo. = 5485

7 SignalA=SE1 WD= 20mm Aperture Size =30.00 pym Date :24 Oct 2013 A f SignalA=SE1 WD= 19mm Aperture Size =30.00um Date 13Nov2013 B

Fig. 4 (a) Surface of the cover screw; (b) Growth control — C. albicans adhered to
the surface (3000x).
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Fig. 5 Surfaces of the dental implants treated with the following substances at
MIC: (a) Cymbopogon nardus; (b) Citronellal; (c) Nystatin; (d) Chlorhexidine. Note

the lack of adherence of the yeasts to the surface of the implants (3000x).
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Fig. 6 Surfaces of the cover screws treated with the following substances at MIC:
(&) Cymbopogon nardus; (b) Citronellal; (c) Nystatin; (d) Chlorhexidine. Note the

lack of adherence of the yeasts to the surface of the cover screws (3000x).
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DISCUSSION

The analysis of C. nardus essential oil by GC-MS identified the terpenoid
citronellal as the major compound (37.75 %). This finding is in agreement with
other studies in the literature [31-34], in which citronellal was quantified ranging
from 29.6 % to 35.9 %. A number of factors may influence the chemical
composition of the essential oil. The most important ones include: the plant part
used for obtaining the oil, its origin, development stage and climatic conditions
[35].

The results of this study showed that C. nardus essential oil had lower
values of MIC and MFC in 83.3 % of the tested strains when compared to
citronellal. This fact may be due to the existing synergism between the compounds
of the essential oil, which makes it to display a better biological activity [36].

Even though some studies have shown that C. nardus essential oil as well
as its major constituent citronellal have antifungal properties [37,38], their
biological activity against Candida species remains poorly studied. The present
study demonstrated that the essential oil and the phytoconstituent citronellal were
able to inhibit 100 % of the strains at the concentrations of 64 pg/ml and 512
pg/ml, respectively. Investigating the antifungal activity of C. nardus essential oil
on C. albicans, another study [39] found MIC of 450 pug/ml. These differences in
the MIC values can be attributed to the chemical composition of the essential oll
and to the different strains of microorganisms, although belonging to the same
species.

The essential oil also had lower MIC and MFC values in relation to
chlorhexidine against most of the strains studied. Chlorhexidine has proven
antimicrobial action upon biofilm formation. However, adverse effects such as
unpleasant taste, taste changes, pigmentation of teeth and oral desquamation are
limiting factors for its prolonged use [20,21].

Although nystatin had the lowest MIC and MFC values against most of the
strains tested, some authors [40,41] showed that Candida species may exhibit
resistance to this standard antifungal. This resistance can be caused by the
indiscriminate use of antimicrobials, which makes it interesting to search for new
substances, mainly of natural origin. Therefore, further in vitro and in vivo studies

of C. nardus essential oil and citronellal should be carried out.
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In general, essential oils act by breaking or disrupting membranes due to
their lipophilic compounds, which leads to loss of several enzymes and nutrients
through the cell membrane [42,43]. In the test of inhibition of adherence to the
dental implants, C. nardus essential oil and the phytoconstituent citronellal were
able to inhibit fungal growth and showed statistically significant results compared
to the growth control (p <0.001), with no statistical difference when compared to
nystatin and chlorhexidine (p> 0.05) though. As to the inhibition of adherence to
the cover screws, C. nardus essential oil, nystatin and chlorhexidine inhibited the
growth of C. albicans with statistically significant results compared to the growth
control (p <0.001). However, no significant difference was found when these
groups were compared between each other (p> 0.05). Citronellal was not effective
in inhibiting fungal adherence, displaying results similar to those of the growth
control. C. nardus essential oil showed better results compared to citronellal likely
due to the synergism between the compounds present in the oil, leading to a
better biological activity.

In the qualitative analysis by SEM, C. nardus essential oil and citronellal
were able to inhibit the adherence of the tested strains to the surface of the dental
implants and cover screws. This study demonstrated by SEM analysis that C.
albicans was able to adhere to the surfaces of dental implants and cover screws,
corroborating other reports [11,44-46] on the ability of this species in adhering to
surfaces and forming biofilms thereon. The dental implants used in this study had
undergone surface treatment, which favors cell adherence and accelerates the
process of osseointegration in the rehabilitation of edentulous patients. On the
other hand, bacterial and fungal colonization is facilitated in treated-surface
implants [47]. In addition, morphological alterations of the titanium surface

influence the antifungal resistance of Candida biofilms [11].

CONCLUSION

The essential oil from C. nardus showed antifungal activity and was able to
inhibit the adherence of C. albicans to the surfaces of the materials assayed,
similarly to nystatin and chlorhexidine (standard drugs). Nevertheless, further in
vitro and in vivo research should be undertaken to investigate the possible

mechanisms of action and toxicological effects, with the purpose of developing an
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effective natural product-containing formulation able to inhibit fungal adherence

and infections.
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4. CONSIDERACOES GERAIS

Com o surgimento de micro-organismos resistentes a terapia convencional,
torna-se importante o estudo de novos agentes antimicrobianos com a finalidade
de se obter um produto fitoterapico como alternativa de tratamento [45]. Diante
disso, os Oleos essenciais e fitoconstituintes estdo em constante investigagéo e
tem demonstrado potencial atividade antimicrobiana [37,46]. No presente estudo,
realizou-se uma triagem de Oleos essenciais e fitoconstituintes por meio da
técnica de disco-difusdo em Agar Sabouraud Dextrose. A escolha desse método
foi devido a sua simplicidade de execucao e baixo custo, além de ser aceito pelo
Food and Drug Administration (FDA) e estabelecido como padrdo pelo National
Committe for Clinical Laboratory Standards (NCCLS).

Todos os produtos naturais analisados apresentaram expressiva atividade
antifangica frente as cepas de Candida, porém foram escolhidos o 6leo essencial
de C. nardus e o fitoconstituinte citronelal por existirem poucos relatos na
literatura sobre seus efeitos em cepas de Candida, especialmente em relacdo a
inibicdo da aderéncia desses micro-organismos em superficies de materiais, visto
gue, as espécies de Candida tém importancia na formacéo de biofilmes, condicdo
em que se tornam mais resistentes a terapia antimicrobiana convencional. Além
disso, o citronelal apresentou resultados superiores na triagem em relacdo ao
Oleo essencial de C. nardus, o que poderia sugerir que esse fitoconstituinte
apresentaria melhores resultados de CIM, CFM e de inibicdo de aderéncia a
superficie dos materiais quando comparado ao 6leo essencial, o que nao foi
demonstrado pelos resultados do estudo em questdo, supondo que o sinergismo
entre 0s compostos presentes no O6leo teria importdncia na sua atividade
bioldgica.

A atividade biologica esta intimamente relacionada aos metabolitos
secundarios produzidos pelas plantas e conhecer os constituintes quimicos que
compde o 6leo essencial permite apontar seus principais componentes, afim de
melhor investigar os efeitos farmacoldgicos e seu papel no mecanismo de acao.
Diante disso, foi realizada a analise em GC-MS do 6leo essencial de C. nardus
permitindo identificar o citronelal como componente majoritario.

Para melhor avaliagéo dos resultados da triagem, foram realizadas a CIM e
CFM do oleo essencial de C. nardus e citronelal. O teste de microdiluicdo foi o
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método utilizado para determinar a CIM devido & sua maior sensibilidade,
aumentando a confiabilidade dos resultados [47]. A CFM foi realizada para
determinar em que concentracdo os produtos eram capazes de eliminar a cepa
(fungicida), diferentemente da CIM, que apenas inibem seu crescimento
(fungistatico).

A viruléncia da C. albicans esta relacionada a plasticidade morfolégica e
capacidade de formacdo de biofilmes [21]. A fase inicial e essencial na
patogénese da candidiase oral implica na fixacdo da C. albicans a uma superficie
de acolhimento ou um dispositivo implantado, tal como as proteses e implantes
dentarios [22,23]. Diante disso, realizou-se o teste de inibicdo da aderéncia as
superficies dos implantes dentarios e cover screws com posterior analise em
MEV. Os resultados demonstraram que a C. albicans foi capaz de se aderir as
superficies dos materiais e os produtos naturais foram capazes de inibir a sua
aderéncia.

A nistatina apresenta atividade antifUngica comprovada e € utilizada em
infeccbes fungicas superficiais. JA a clorexidina possui acdo comprovada no
combate a formacédo de biofilmes e apresenta um amplo espectro antimicrobiano
tanto sobre bactérias quanto sobre fungos [29] e possui indicagdo como método
quimico adjuvante no tratamento da peri-implantite [30-32]. Dessa forma, foram
utilizados como controles positivos nos ensaios microbiolégicos.

Estudos futuros devem ser realizados a fim de investigar os possiveis
mecanismos de acdo e efeitos toxicoldgicos do 6leo essencial de C. nardus e
fitoconstituinte citronelal, buscando a possiblidade de formulagdes de um produto
natural eficaz na inibicdo da aderéncia em superficies de materiais e de infeccbes

causadas por fungos envolvidos com infec¢des bucais.
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5. CONCLUSAO

Diante da analise dos resultados obtidos no presente estudo, conclui-se que:

e Os Oleos essenciais de C. camphora (canfora branca), M. officinalis (erva

cidreira), O. basilicum (manjericdo) e C. nardus (citronela), bem como os

fitoconstituintes alfa pineno, citral, citronelal e carvacrol apresentaram

atividade antifungica frente &s cepas de Candida.

e A cromatografia gasosa acoplada a espectrometria de massa do 6leo

essencial de C. nardus demonstrou que o terpenoide citronelal foi o

componente majoritario

e O oOleo essencial de C. nardus e o fitoconstituinte citronelal apresentaram

CIM1go de 64 pg/mL e 512 pug/mL, respectivamente.

e A CFM capaz de eliminar 100% das cepas foi de 128 pg/mL e 1024 pug/mL

para o 6leo essencial de C. nardus e citronelal, respectivamente.

e O oOleo essencial inibiu a aderéncia de C. albicans nos implantes dentarios

e cover screws, acdes semelhantes a nistatina e clorexidina, substancias

de referéncia utilizadas nesse estudo.

e O citronelal inibiu apenas o crescimento da cepa nos implantes dentarios,

nao apresentando resultados significantes nos cover screws em relacao ao

controle de crescimento.

e O MEV demonstrou que a C. albicans se aderiu a superficie dos implantes

dentarios e cover screws.
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