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Abstract

Dental prosthesis supports Candida species growth and may predispose the oral cav-

ity to lesions. C. tropicalis has emerged as a colonizer of prosthesis and has shown

resistance to clinically used antifungal agents, which has increased the search for new

antifungals. This work describes the effectiveness of fifteen essential oils (EOs) against

C. tropicalis. The EOs were obtained by hydrodistillation and were chemically charac-

terized by gas chromatography-mass spectrometry. The antifungal activities of the EOs

were evaluated by the microdilution method and showed that Pelargonium graveolens

(Geraniaceae) (PG-EO) was the most effective oil. Geraniol and linalool were the major

constituents of PG-EO. The 2,3-Bis-(2-Methoxy-4-Nitro-5-Sulfophenyl)-2H-Tetrazolium-5-

Carboxanilide (XTT) assay showed that all the clinical C. tropicalis strains formed viable

biofilms. Scanning electron microscopy examination of the biofilms revealed a com-

plex architecture with basal layer of yeast cells and an upper layer of filamentous cells.

Treatments with PG-EO, linalool, and geraniol significantly reduced the number of viable

biofilm cells and inhibited biofilm formation after exposure for 48 h. PG-EO, geraniol,

and linalool were not toxic to normal human lung fibroblasts (GM07492A) at the con-

centrations they were active against C. tropicalis. Together, our results indicated that
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C. tropicalis is susceptible to treatment with PG-EO, geraniol, and linalool, which could

become options to prevent or treat this infection.

Key words: C. tropicalis, essential oils, P. graveolens, biofilms.

Introduction

Denture stomatitis is a common disorder affecting denture

wearers. C. albicans is usually isolated from both the fitting

surface of the denture and the denture-bearing mucosa of

the affected patients.1,2 Other Candida species are often re-

coverable from dentures and underlying mucosal tissues.3,4

Recently, accurate fungal identification by advanced

technologies has revealed that C. tropicalis is a potential

opportunistic fungus that affects an increasing number of

patients susceptible to opportunistic parasites, such as im-

munosuppressed patients.5,6 In addition, C. tropicalis has

been isolated from denture stomatitis.2,7

Currently, infections caused by Candida spp. are associ-

ated with biofilm formation on the surface of medical de-

vices or the host’s epithelium. By definition, biofilms consist

of a microbial community characterized by cells that form

microcolonies. These microcolonies are irreversibly adhered

to a substrate or to each other and are embedded in a ma-

trix of extracellular substances. Consequently, they exhibit

an altered phenotype with respect to growth rate and gene

transcription.8 Previous reports of C. tropicalis biofilms iso-

lated from denture stomatitis7 and of C. tropicalis mixed

bacterial biofilms9 have demonstrated that this species can

adhere to dentures. These findings have made investigation

into the biofilm-forming properties of this organism a mat-

ter of utmost importance.

From a medical viewpoint, the most critical feature of

biofilm growth is the development of antimicrobial resis-

tance by the microorganisms that constitute the biofilm.10

Studies have demonstrated that biofilms formed by Can-

dida species are resistant to the antifungal agents used in

routine clinical practice; for example, amphotericin B, flu-

conazole, itraconazole, and ketoconazole.10 Additionally,

some patients infected by Candida species have experienced

microorganism resistance to many existing antifungals and

have had to cope with undesirable side effects like hemolysis

and nephrotoxicity.11 All these issues have created a press-

ing need for novel efficient and pathogen-specific antifungal

agents.

Natural products of plant origin and their analogs are

an important source of antimicrobial agents. Among these

products, essential oils (EOs), which are a mixture of

volatile and low-polarity secondary metabolites, are note-

worthy. Although EOs have been tested against C. albicans

biofilms12,13 very few studies have been conducted on the

activity of EOs against Candida non-albicans biofilms, es-

pecially C. tropicalis.

This study describes the susceptibility of C. tropicalis to

15 different EOs, the ability of this Candida species to form

biofilms on polystyrene microtiter plates in vitro, and the

susceptibility of candidal biofilms to the most active of the

15 investigated EOs and its major components.

Materials and methods

Plant material and essential oil (EO) extraction

The EOs of 15 plant species were investigated. The

plant species codes and voucher specimen numbers were

as follows: Artemisia absinthium L. (Asteraceae) (AA,

SPFR 12417); Artemisia camphorata L. (Asteraceae) (ACa,

SPFR 10006); Ageratum conyzoides L. (Asteraceae) (ACo,

SPFR 12324); Bidens sulphurea (Cav.) Sch. Bip (Aster-

aceae) (BS, SPFR 12020); Chenopodium ambrosioides L.

(Chenopodiaceae) (CA, SPFR 13163); Coreopsis lanceo-

lata L. (Asteraceae) (CL, SPFR 10007); Citrus reticulata

Blanco (Rutaceae) (CR, UFMT 4562); Foeniculum vul-

gare Mill. (Apiaceae) (FV, SPFR 12024); Lavandula offic-

inalis L. (Lamiaceae) (LO, SPFR 13163); Ocimum gratis-

simum L. (Lamiaceae) (OG, SPFR 12420); Pelargonium

graveolens Schl. (Geraniaceae) (PG, SPFR 12023); Syzigium

aromaticum (L.) Merr. & L.M.Perry (SA, SPFR 12418);

Tagetes erecta L. (Asteraceae) (TE, SPFR 10009); and

Tetradenia riparia (Hochst.) Codd (TR, SPFR 12421). C.

reticulata Blanco (Rutaceae) was collected near the city

of Catalão (18◦10′47′′S 46◦56′36′′W G), State of Goiás,

Brazil; it was identified by Prof. Dr. José Realino de Paula

(Departamento de Tecnologia Farmacêutica, Faculdade de

Farmácia, UFMT), and a voucher specimen was deposited

at the Herbarium of Universidade Federal do Mato Grosso

(UFMT). The other plant species were collected at “May

13th Farm” (20◦26′S 47◦27′W 977 m) near Franca, state

of São Paulo, Brazil; they were identified by Prof. Dr.

Milton Groppo (Departamento de Botânica, Faculdade de

Filosofia, Ciências e Letras de Ribeirão Preto, Universidade

de São Paulo), and one voucher of each specimen was de-

posited at the Herbarium of the Department of Biology

(Herbarium SPFR).

Fresh leaves of each plant were subjected to hydrodistil-

lation in a Clevenger-type apparatus for 4 h. Briefly, 450 g

of the plant material was divided into three samples of 150 g
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each, and 500 ml of distilled water was added to each sam-

ple. After manual collection of the EOs, anhydrous sodium

sulfate was used to remove traces of water, and the EOs

were filtered. Then, the EOs were stored in an amber bottle

and kept in the refrigerator at 4◦C until analysis. The EO

yield was calculated from the weight of fresh leaves and

expressed as the average of triplicate analysis. The EO that

showed the best antimicrobial activity (MIC < 250 µg/ml)

was used for further analysis. The major components of the

most active EO were also submitted to the antimicrobial

assay.

Gas chromatography (GC) and gas

chromatography/mass spectrometry (GC-MS)

The essential oil of P. graveolens (PG-EO) was analyzed by

gas chromatography (GC) on a Hewlett-Packard G1530A

6890 gas chromatograph fitted with a flame ionization

detector (FID) and a data-handling processor. An HP-5

(Hewlett-Packard, Palo Alto, CA, USA) fused-silica capil-

lary column (length = 30 m, i.d. = 0.25 mm, film thickness

= 0.33 µm) was used during the analysis. The operation

conditions were as follows: column temperature = from 60

to 240◦C at 3◦C/min, followed by 5 min at 240◦C; carrier

gas = N2 at a flow rate of 1.0 ml/min; chromatograph op-

eration mode = injection mode; injection volume = 0.1 µl

(split ratio of 1:10); injector and detector temperatures =

240 and 280◦C, respectively. The concentrations of the EO

components were obtained by relative peak area normal-

ization (%); the relative areas were the average of tripli-

cate GC-FID analyses. GC-MS analyses were carried out

on a Shimadzu QP2010 Plus (Shimadzu Corporation, Ky-

oto, Japan) system equipped with an AOC-20i autosam-

pler. The column consisted of Rtx-5MS (Restek Co., Belle-

fonte, PA, USA) fused silica capillary (length = 30 m, i.d.

= 0.25 mm, film thickness = 0.25 µm. The equipment was

set to operate in the electron ionization mode at 70 eV. He-

lium (99.999%) at a constant flow of 1.0 ml/min was the

carrier gas. The injection volume was 0.1 µl (split ratio of

1:10). The injector and the ion-source temperatures were

set at 240 and 280◦C, respectively. The oven temperature

program was the same as the one used for GC. The mass

spectra were taken with a scan interval of 0.5 s, from 40

to 600 Da. The PG-EO components were identified based

on their retention indices on an Rtx-5MS capillary column

under the same operating conditions as in the case of GC;

peaks were identified relative to a homologous series of n-

alkanes (C8-C24). Structures were computer-matched with

the Wiley 7, NIST 08, and FFNSC 1.2 spectra libraries, and

their fragmentation patterns were compared with literature

data.14 The standard compounds geraniol and linalool were

purchased from Sigma (Sigma Chemical Co., St. Louis,

MO) and co-eluted with PG-EO to confirm their identity as

major components of this essential oil.

Yeast strain and growth conditions

In this study, eight clinical isolates of C. tropicalis belong-

ing to the mycology collection of the University of Franca,

state of São Paulo, Brazil, were used. The isolates (9b;

20a; 26b; 29; 30; 31; 38; 39a) had been previously re-

covered from the fitting surface of complete or partial den-

tal prostheses of outpatients assisted at the clinics of the

Dentistry School of the University of Franca. The strain

C. tropicalis ATCC 13803 was also included. All the sub-

jects provided an informed consent according to the proto-

cols (84/10) approved by the Human Subjects Committee

of the University of Franca. All the Candida strains were

subcultured from thawed suspensions of pure clinical iso-

lates and ATCC stock cultures. Before each experiment,

yeasts were inoculated into Sabouraud dextrose agar (SDA;

Difco, Detroit, MI, USA) and incubated at 30◦C for 48 h,

and a single colony was isolated. Use of API ID 32 CTM

(bio-Merieux, Marcy-l’Etoile, France) and Vitek Yeast Bio-

chemical CardTM (bio-Merieux), following the manufac-

turer’s instruction, confirmed that the Candida strains were

C. tropicalis.

Antifungal effect of compounds against

planktonic cells

The individual susceptibility profile of planktonic cells was

obtained by the broth microdilution15 method conducted

in 96-well microtiter plates (TPP, Biogen, Europe). Two

percent (v/v) DMSO (Sigma Chemical Co., St. Louis, MO)

was added to the EO stock suspensions, and dilutions of

each EO (ranging from 15.6 to 8000 µg/ml) were pre-

pared in Roswell Park Memorial Institute (RPMI) 1640

medium (Sigma) buffered to pH 7.0 with 0.165 M mor-

pholinepropanesulfonic acid buffer (MOPS - Sigma). Yeasts

from the Sabouraud Dextrose Agar (SDA - Difco, Detroit,

MI, USA) plates were incubated at 30◦C overnight, resus-

pended in RPMI, and adjusted to 0.5–1.5 × 103 cells/ ml.

A total of 100 µl of each EO dilution was added to the

wells containing 100 µl of Candida suspension, and in-

cubated at 35oC 24 h. Controls containing antimicrobial

agent in broth and broth with inoculum were also included.

The Minimal Inhibitory Concentration (MIC) was deter-

mined visually and defined as the lowest concentration of

EO that caused 50% inhibition of fungal growth relative

to the growth detected in control well. The antimicrobial

activity of 2% (v/v) DMSO (Sigma) was also studied on a
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separate microtiter plate alongside the assay. Tests on the

CLSI-recommended strains C. krusei ATCC 6258 and C.

parapsilosis ATCC 22019 ensured quality control. Flucona-

zole (Pfizer, Inc., New York, NY, at concentrations ranging

from 0.12 to 128 µg/ml) was used as standard antifungal

drug. Because there is no consensus regarding the acceptable

inhibition level for natural products, this study considered

the definition proposed by Duarte et al.,16 which consid-

ers MIC up to 500 µg/ml, between 510 and 1000 µg/ml,

and above 1100 µg/ml as denoting strong, moderate, and

weak activity, respectively. Each compound was tested in

duplicate at least twice, on two separate dates.

Biofilm formation

Candida biofilms were grown according to a previously

published protocol.17 The biofilms were induced in 96-

well microtiter plates (TPP) and incubated at 37◦C for

48 h. Controls for medium sterility were also included in

each plate. The viability of the biofilms was assessed by

the XTT [2,3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H-

tetrazolium-5-carboxanilide, Sigma] assay at 492 nm (Asys,

Eugendorf, Salzburg, Austria). C. albicans SC5314 was

used as the control strain. Strains with maximal OD lower

than or equal to 0.120 (three standard deviations (0.023)

above the mean OD (0.050) of a clean tissue culture plate)

were not considered to form a biofilm. Experiments were

performed in duplicate on two separate occasions for each

strain with inoculated controls.

Effects of compounds on pre-formed biofilms

The essential oil of P. graveolens (PG-EO) and its major

constituents (geraniol and linalool) were evaluated against

preformed C. tropicalis biofilms (24 h). The compounds

were serially diluted in RPMI medium (Sigma) at concentra-

tions ranging from 8000 µg/ml to 15.6 µg/ml. The best C.

tropicalis biofilm-forming strains were used in these assays.

Biofilms were formed as described above and exposed to

the target compounds at 35◦C for 48 h. A negative control

(well with RPMI medium) and 100% growth control (well

with standard cell suspension without compounds) were

prepared for each plate. After treatment, the C. tropicalis

biofilms were scraped from the wells and serially diluted.

Then, 100 µl of the diluted suspension was plated on SDA

(Difco) plates. The percentage of survival was determined

by the formula: S = n/N × 100, where S = survival (%), n

= number of colonies in one experimental plate, and N =

number of colonies in the growth control plate. Fluconazole

(Pfizer) at concentrations ranging from 2 to 1024 µg/ml was

used as standard antifungal drug. C. albicans SC5314 was

the reference strain. Experiments were performed in dupli-

cate on two separate occasions. The mean of the replicates

were calculated, and results are expressed as a percentage

of survival.

Effect of antifungal drugs on C. tropicalis biofilm

growth

For the assays on biofilm growth inhibition, the best C.

tropicalis biofilm-forming strains were used. The wells of

the microtiter plate (TPP, 96 wells) were filled with 100 µl

of fungal standardized inoculum. Then, 100 µl of the sam-

ples (PG-EO or pure compounds) diluted in RPMI medium

(Sigma), at concentrations ranging from 0 µg/ml (untreated

control) to 8000 µg/ml, was added to the wells. Plates were

incubated at 37◦C for 48 h, and biofilm growth was quan-

tified by using the XTT (Sigma) reduction assay at 492 nm

(Asys). The mean of the replicates was calculated, and re-

sults are expressed as a percentage of optical density (OD)

reduction in relation to the OD of the untreated control.

Each assay was carried out twice in duplicate.

Scanning electron microscopy analysis

Biofilms were formed on 24-well cell culture plates by dis-

pensing cell suspensions containing 5.0 × 106 cells/ml in

RPMI 1640 (Sigma) at 37oC for 48 h; the supernatant

was aspirated. The biofilms were fixed [4% formaldehyde

(Sigma, v/v), 1% glutaraldehyde (Sigma - v/v)], buffered

with phosphate potassium (1 M, Sigma), added with 1%

(w/v) osmium tetroxide (Sigma)], and dehydrated with a

series of ethanol (Sigma) solutions (30% (v/v) to 100%).

Samples were cut from the microtiter plates, dried to critical

point by using a critical-point drier (Balzers, Oberkochen,

Germany), coated with gold (Denton Vacum, model Desk

II, Freehold, NJ, USA), and viewed under a JEOL scanning

electron microscope (model JSM 5410, Japan).

XTT-based cytotoxicity assay

Cytotoxicity was measured with the in vitro Toxicology

Colorimetric Assay Kit (XTT; Roche Diagnóstica Brasil

Ltda., São Paulo, SP) according to the manufacturer´s in-

structions. To evaluate cytotoxicity, normal human lung

fibroblasts (GM07492A cells, Banco de Células do Rio

de Janeiro (BCRJ), Rio de Janeiro, RJ) were used. The

cell line was cultured in HAM-F10 (Sigma) and DMEM

(Sigma) (1:1) culture medium supplemented with 10%

fetal bovine serum (Nutricell, Campinas, SP), antibiotics

(0.01 mg/ml streptomycin and 0.005 mg/ml penicillin,

Sigma), and 2.38 mg/ml Hepes (Sigma) at 37oC with 5%
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Table 1. In vitro antifungal activity of the fifteen essential oils against Candida tropicalis planktonic cells.

Essential oils MIC of C. tropicalis strains (µg/ml)

DA9b DA20a DA26b DA29 DA30 DA31 DA38 DA39a ATCC 13803

AA-EO 500 500 500 500 500 500 1000 1000 500

Aco-EO 1000 1000 1000 1000 1000 1000 1000 1000 1000

ACa-EO 1000 1000 1000 1000 1000 1000 1000 1000 1000

BS-EO 500 500 500 500 500 500 500 500 500

CA-EO 500 500 500 500 500 500 500 500 500

CL-EO 1000 1000 1000 1000 1000 1000 1000 500 500

CR-EO 500 500 1000 500 500 500 1000 1000 500

FV-EO 500 500 500 500 500 500 500 500 500

LO-EO 500 500 500 500 500 500 500 500 500

OG-EO 500 500 500 500 500 500 500 500 500

PG-EO 125 125 125 125 125 125 125 125 125

PN-EO 1000 1000 1000 1000 1000 1000 1000 1000 1000

SA-EO 500 500 500 500 500 500 500 500 500

TE-EO 500 500 500 500 500 500 500 500 500

TR-EO 250 250 500 250 250 250 500 250 250

Notes: MIC: Minimum Inhibitory concentration; AA-EO: Artemisia absinthum L.; ACo-EO Artemisia camphorata L.; ACa-EO: Ageratum conyzoides L.; BS-EO:

Bidens sulphurea (Cav.) Sch.Bip.; CA-EO: Chenopodium ambrosioides L.; CL-EO: Coreopsis lanceolata L.; CR-EO: Citrus reticulata Blanco; FV-EO: Foeniculum

vulgare Mill.; LO-EO: Lavandula officinalis L.; OG-EO: Ocimum gratissimum L.; PG-EO: Pelargonium graveolens L´Hér.; PN-EO: Plectranthus neochilus Schl.;

SA-EO: Syzigium aromaticum; TE-EO: Tagetes erecta L.; TR-EO: Tetradenia riparia (Hochst.) Codd.

CO2. For these experiments, cells (103 cells/well) were

plated in 96-well microplates; each well received 100 µl of

culture medium. Twenty-four hours after seeding, culture

medium containing the desired concentrations of PG-EO,

geraniol, or linalool dissolved in 0.02% DMSO (Sigma)

was added to the cells. Concentrations ranging from 2.5 to

5000 µg/ml were tested. The negative (without treatment),

solvent (0.02% DMSO), and positive (25% DMSO) con-

trols were included. After incubation at 37oC for 24 h, the

medium was removed; the cells were washed with 100 µl

of phosphate buffered-saline (PBS) and exposed to 100 µl

of HAM-F10 medium without phenol red. Then, 20 µl of

XTT was added to each well. The microplates were cov-

ered and incubated at 37oC for 17 h. The absorbance of

the sample was determined by a multiplate reader (Asys –

UVM 340 / Microwin 2000) at a test wavelength of 450 nm

and at a reference wavelength of 620 nm. Cell viability was

expressed as a percentage of untreated cells, which served

as the negative control group and was designated as 100%.

Assessment of the antiproliferative activity was based on

the parameter 50% inhibition of cell line (IC50) growth.18

The experiments were performed in triplicate.

Statistical analysis

All the statistical analyses were performed with Graph Pad

Prism 5.0 for Windows (GraphPad Software, San Diego,

CA, USA). Significance of the difference (P < .05) was as-

sessed by means of one-way ANOVA. The Bonferroni test

was carried out for post-hoc multiple comparisons.

Results

The minimal inhibitory concentration (MIC) of the essential

oils (EOs) against C. tropicalis planktonic cells is shown in

Table 1. In general, the EOs were active against planktonic

C. tropicalis ATCC 13803 and clinical isolates; however,

the essential oil of P. graveolens (PG-EO) inhibited all the

tested strains at MIC values of 125 µg/ml. The MIC values

of fluconazole for the control strains C. krusei ATCC 6258

and C. parapsilosis ATCC 22019 were within the CLSI-

acceptable range.

PG-EO was obtained in 0.45 ± 0.12% yield (w/w).

Table 2 shows the chemical composition of PG-EO as

determined by GC and GC-MS. A total of thirteen com-

pounds were identified in PG-EO; monoterpenes (90.2%)

predominated in this oil. The major constituents of PG-EO

(Fig. 1) were the oxygenated monoterpenes geraniol (1,

42.3%), linalool (2, 20.1%), citronellol (3, 11.1%), and

menthone (4, 8.0%).

Biofilm formation is an additional tool to measure mi-

croorganism pathogenicity. All the strains investigated in

this study were evaluated for their ability to form biofilms.

All the clinical isolates (100%) formed a biofilm after
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Table 2. Chemical composition of the essential oil of P. graveolens.

Compound RTa RI exp
b RI lit

c % RAd Identificatione

Limonene 8.76 1028 1031 1.0 RI, MS

Linalool 11.25 1110 1098 20.1 RI, MS

Menthone 13.31 1161 1154 8.0 RI, MS

α-terpineol 14.78 1195 1189 1.3 RI, MS

Citronellol 16.26 1229 1228 11.1 RI, MS

Geraniol 17.34 1253 1255 42.3 RI, MS

Aristolene 24.61 1437 1428 4.2 RI, MS

Neryl propanoate 25.79 1464 1454 2.6 RI, MS

Germacrene D 26.03 1477 1480 2.4 RI, MS

α-Calacorene 29.25 1553 1548 2.0 RI, MS

Phenylethyl tiglate 29.87 1583 1590b 0.7 RI, MS

Unknown 32.49 1617 —– 0.5

Torreyol 33.35 1638 1640c 0.8 RI, MS

Geranyl tiglate 35.40 1697 1700 3.0 RI, MS

Total 100.0

Monoterpenes: 89.4% (hydrocarbons, 1.0%; oxygenated, 88.4%)

Sesquiterpenes; 9.4% (hydrocarbons, 8.6%; oxygenated: 0.8%)

Others: 0.7%; not identified: 0.5%.

aRT: retention time (min); bRI exp: retention index determined relative to n-alkanes (C8–C20) on the Rtx-5MS column. cRI lit: Retention index from the litera-

ture.(Adams 2007) dCalculated from the peak area relative to the total peak area of the GC-FID chromatogram. eCompound identification: RI, comparison of

the RI with literature values(Adams 2007); MS, comparison of the mass spectra with those of the Wiley 7, NIST 08, and FFNSC 1.2 spectral libraries as well as

literature data (Adams 2007).

Figure 1. Chemical structures of geraniol (1), linalool (2), citronellol (3),

and menthone (4).

48 h at 37oC, except for C. tropicalis ATCC 13803.

Compared with the reference strain C. albicans SC 5314,

C. tropicalis 38 was the best biofilm-forming strain, fol-

lowed by C. tropicalis 9b, 26b, 38, and 39a strains

(P > .05).

SEM provided useful information about the different cel-

lular morphologies that were present in the biofilm struc-

ture. Images of representative biofilms of C. tropicalis 38

strains showed that the biofilms consisted of the yeast form,

pseudohyphal cells, and certain amounts of the matrix ma-

terial (Fig. 2).

Geraniol and linalool, the major chemical constituents

of PG-EO, were also tested against preformed C. tropi-

calis biofilms (24 h). The percentage of cell survival in the

biofilm was determined by counting the number of CFU

in wells treated with the compounds and by comparing

this number to the number of colonies obtained from un-

treated wells. Treatment with PG-EO and monoterpenes

1 and 2 at concentrations of 4000 µg/ml, approximately

500 µg/ml, and 1000 µg/ml, respectively, reduced yeast

survival within the biofilm by approximately 50% after

48 h (Fig. 3). Compounds 1 and 2 were significantly more

active (P < .001) than PG-EO against C. tropicalis biofilms

(Fig. 3). The biofilm generated by reference strain C. al-

bicans SC5314 was not susceptible to fluconazole (99%

survival at 1024 µg/ml).

The effect of co-incubation of PG-EO, geraniol (1), and

linalool (2) with yeast cells on C. tropicalis biofilm forma-

tion was evaluated in vitro by the XTT reduction assay

(Fig. 4). At a concentration of 500 µg/ml, both compounds

1 and 2 inhibited 50% biofilm formation by C. tropicalis.

Although the 50% inhibition values of compounds 1 and

2 were not significantly different, overall compound 1 was

more active (P < .0001) as compared with PG-EO (Fig. 4).

Cytotoxicity to GM07492 cells was assessed by the

XTT assay for 24 h and at concentrations ranging from

2.5 to 5000 µg/ml. The viability of the cultures was

determined by establishing a relation between the ab-

sorbance obtained in the treated and untreated (control)

groups. The IC50 values for PG-EO, geraniol, and linalool

were 2907.50 ± 4.94 µg/ml, 666.36 ± 28.39 µg/ml, and

1253.00 ± 2.83 µg/ml, respectively.
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Figure 2. Representative electron micrograph of C. tropicalis biofilms (strains 38). The biofilms grown in the microtiter plates showed a dense layer

of blastoconidia and pseudohyphae surrounded by an exopolymeric matrix. Bars, A: 20 µm; B: 6.67 µm.

Figure 3. Susceptibility of C. tropicalis biofilms to PG-OE, linalool, and

geraniol. The biofilms were treated with different concentrations of the

tested compounds for 48 h. The number of surviving organisms was

compared to the number of surviving organism in biofilms incubated in

RPMI alone. Analysis of variance followed by the Bonferroni post-test

showed that both geraniol and linalool are significantly [P < .001 (∗)]

more active than PG-EO. The bars are the average of measurements,

and brackets denote standard deviations. These experiments were done

twice, and similar results were obtained each time.

Discussion

Denture stomatitis elicits an inflammatory reaction under

maxillary prosthesis, and Candida species are the etiolog-

ical agent of this condition.7 A wide variety of plant ex-

tracts can inhibit Candida species proliferation.12,19 This

study tested fifteen essential oils (EOs) against C. tropicalis

planktonic cells. The essential oil of Pelargonium grave-

olens (Geraniaceae) (PG-EO) displays the highest antifun-

gal activity among the assayed EOs with MIC at concentra-

tion of 125 µg/ml. In accordance with the criteria adopted

in this study, PG-EO has strong antifungal effects against

clinically C. tropicalis strains. EOs from some Geraniaceae

species also possess antifungal and immunomodulatory

Figure 4. Inhibition of Candida tropicalis biofilm formation by PG-EO

and its major constituents (linalool and geraniol) on microtiter plates

(96 wells). The metabolic activities of C. tropicalis were measured by

the XTT reduction assay. Percent OD reduction represents the decrease

in biofilm formation in the presence of compounds relative to biofilm

formation when no compound was present. Bars represent the stan-

dard deviation of the mean of duplicate experiments conducted on two

different days. Controls with no compound were included in each exper-

iment, on each plate. Asterisks denote P < .0001, calculated by analysis

of variance and adjusted by use of the Bonferroni correction.

activities.20,21 Some beneficial therapeutic effects of PG-EO

have been reported in the treatment of denture stomatitis.22

GC-MS analyses revealed that monoterpenes (90.2%)

are the main constituents of PG-EO; geraniol (42.3%),

linalool (20.1%), citronellol (11.1%), and menthone

(8.0%) are the major constituents of PG-EO, as reported

previously,23–26 but in different proportions. The relative

concentrations of the constituents of an EO depend on fac-

tors such as the plant growth location, the cultivar, the

distillation method, the plant part, the age of the leaves,

and seasonal changes.24,26

Rosato and coworkers27 investigated the antifungal ac-

tivity of the EOs of Melaleuca alternifolia, Origanum
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vulgare, and P. graveolens against 11 Candida strains, in-

cluding C. tropicalis. These authors verified that EO-PG

has anti-Candida activity, with inhibitory concentration

at 700 µg/ml. The inhibitory concentration of EO-PG re-

ported here is lower than this value. These differences can

result from the different methodologies used to test PG-EO.

Rosato and coworkers27 analyzed the activity of PG-EO by

the agar diffusion method, whereas we opted to determine

the inhibitory concentration of this EO by the broth mi-

crodilution because it is more sensitive than other literature

methods.28

C. tropicalis adheres to and forms biofilm in microtiter

microplates. The organization of the various Candida

species biofilms is similar; however, structural details heav-

ily depend on the conditions of biofilm formation, including

growth medium, carbohydrates supplementation, nature of

the colonized surface,29 and Candida species.30 In RPMI

supplemented with 2% glucose, the C. tropicalis biofilm

grows as a three-dimensional structure comprising blasto-

conidia and pseudohyphae linked by the matrix and per-

meated by water channels, as demonstrated by Bizerra and

coworkers.31 Compared with C. albicans SC5314, the C.

tropicalis 26b, 38, and 39a strains form biofilms more effec-

tively, and the MFC values of PG-EO against these strains

differ only slightly (Table 1). Different expression of genes

related to protein synthesis; amino acids, nucleotides, lipids,

carbohydrate metabolism, and control of transcription and

cellular organization in the biofilm-forming strains could

account for these small differences.30,32–34

Crude PG-EO at 4000 µg/ml inhibits 50% of C. tropi-

calis biofilm population. This concentration is much higher

than the concentration needed to elicit the same effect on

planktonic cells (125 µg/ml). This result agrees with data

presented in other reports showing that the biofilm phe-

notype confers resistance to antifungal therapy.10,30 In the

absence of an exopolymeric matrix, PG-EO interacts more

freely with the fungal cell wall of planktonic cells, making

them more susceptible to penetration and disruption.

The cell wall is the structure that mediates cell inter-

action with the environment, and it might be important

for the adhesion of fungi to solid surfaces such as mucosal

surfaces or dentures. The hydrophobicity of EO molecules

allow them to pass through the cell wall and penetrate fatty

acid chains of the phospholipid bilayer, rendering the cell

membrane more permeable and causing intracellular con-

tents to leak. Such loss of cell homeostasis can culminate in

lysis and cell death. In agreement with previous studies, the

EOs22,35 are promising alternatives for prophylaxis against

oral microorganisms.

According to the present research, linalool and geran-

iol have activities against C. tropicalis biofilms. Geraniol

is significantly more active against C. tropicalis biofilms

than PG-EO (P < .001). In line with our observations,

other authors found that primary monoterpenic alcohols

(e.g., geraniol) display more potent anticandidal activity

than tertiary alcohols (e. g., linalool).36,37 Uribe et al.38 de-

scribed that terpenes inhibit Candida respiration, thus dam-

aging the mitochondria. To the best of our knowledge, this

is the first study that has provided data on the antifungal

activity of the PG-EO and its major constituents against C.

tropicalis biofilms.

In conclusion, our results have pointed out the in vitro

potential of PG-EO and its major terpene derivatives as

antifungal and antibiofilm agents against C. tropicalis.

Geraniol is especially interesting: at 500 µg/ml, it inhibits

50% C. tropicalis biofilm formation and kills 50% of

biofilm population. This concentration is smaller than that

which inhibited 50% of viability of human lung fibrob-

lasts (666.36 µg/ml). However, considering that these val-

ues are close, further in vivo studies will be conducted.

Together, our data suggest that the extracts of this aro-

matic plant can be useful alternative antimicrobial agents

in natural medicine for the treatment of oral infectious

diseases.
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