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ABSTRACT

The purpose of this study was to identify the @atirdidaactivity and chemical composition of the essential
(EO) of Cinnamomum zeylanicurcinnamon). For this, tests were conducted tordaitee the Minimum Inhibitory
Concentration (MIC) and Minimum Fungicidal Conceation (MFC) and the action @&. zeylanicunEO on fungal
cell wall of Candida albicans, C. tropicaled C. kruseistrains. The composition of the was analysed &y ¢
chromatography with mass spectrometry. Significamtifungal activity of the EO was observed on thaiss
tested, with 87.5% and 62.5% of them sensitivgpess/ely at a MIC of 312.5 pg/mL and MFC of 25@@npL. In
the presence of sorbitol, the MIC was 625 pg/mLirsiaall the strains, showing a possible actiontltd EO on
fungal cell wall. Eugenol (73.27%) and trafiszaryophyllene (5.38%) were found in higher concaigns. The
results indicated ant€andida ativity of the EO analyzed and suggested thatéuaed due to the action on fungal
cell wall.
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INTRODUCTION as well as to prosthetic devices and catheters
(Donlan et al. 2001; Henriques 2004andida
Candida species are opportunistic pathogens thatlbicans is considered the most pathogenic
inhabit the human body as commensalCandidaspecies. Nevertheless, a variety of other
microorganisms and have been considered thgenus members such @stropicalisandC. krusei
major cause of fungal infections in humanshave been cited as agents responsible for the
Usually, infections caused b@andida spp. are significant increase in the number of infections
developed as a result of changes in immunéGilfillian et al. 1998).
response. The virulence of these fungi is attrithuteOne of the most important virulence factors of
to their morphological plasticity, becauseCandida species is their ability to form the
depending on the growth conditions, they ardiofilm, which has repercussions in the clinical
capable to form hyphae, pseudohyphae angbntext, because it is associated with increased
chlamydospores (Monge et al. 2006). Thesgesistance to antimicrobial agents (Mukherjee and
species are able to colonize skin surfaces arfdhandra 2004, Ramage et al. 2005; Henriques et
mucous membranes, especially genital areag). 2006; Thein et al. 2006). Biofiims can be
intestinal tract and oral cavity whose colonizatiorformed by a single microbial species, or a mixture
is determined by ability to adhere to human tissuegf microorganisms, including fungi and bacteria.
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Fungal species that have the ability to form théCB 12, C. tropicalis ATCC 40042,C. tropicalis
biofilms have been widely studied, especially asM 759, C. kruseiATCC 40147 ancC. kruseiLM
regards the action of antifungal agents (Bachmant20 were used in this study The inoculum was
et al. 2002; Kuhn et al. 2002; El-Azizi et al. 2004 prepared in saline solution. Its turbidity was
Given the evident growth in the number ofadjusted in accordance with McFarland scale (0.5),
pathogens resistant to antibiotics currently used iwhich was equivalent to the absorbance of 0.08-
the clinics, there is a clear and emerging need .10 at 625nm corresponding to 5 ¥ TFU/mL.
introduce novel antimicrobial agents to the
therapeutic arsenal (Khan et al. 2008). Concerningssential Oil
the resistance dfandidastrains to azole synthetic The essential oil of C. zeylanicum, whose
antifungals (fluconazole, miconazole, antifungal activity and chemical composition was
itraconazole), several mechanisms contribute tevaluated, was obtained from Ferquima Ind. and
the phenomenon of resistance, which include th€om. Ltd (Vargem Grande Paulista, Sdo Paulo,
overexpression, or mutation of ERG11 geneBrazil). Its physical and chemical parameters were
which encodes the azole target enzyme, thdescribed by the supplier. The emulsion of
lanosterol 14x-desmetilase (Marichal et al. 1999); essential oil was obtained according to Allegrini e
overexpression of CDR and MDR genes thaal. (1973) by mixing 0.4 mL of essential oil, 0.04
encode efflux pumps (Prasad et al. 1995; White ehL of TWEEN 80 and g.s.quantum suffic)t5.0
al. 1998); changes in ERG-3 gene that encad@s mL of sterile distilled water. This mixture was
sterol desaturase enzyme, important in thgortexed for five minutes.
synthesis of ergosterol (Howell et al. 1990), and
changes in the lipid composition of the fungalDetermination of  Minimum Inhibitory
plasma membrane, which hinders drug influx inConcentration (MIC)
the cell (Loffler et al. 2000). These mechanismhe MIC of the essential oil was determined
can occur simultaneously, contributing, thereforethrough the microdilution technique proposed by
to broaden the phenomenon of resistance. Ellof (1998). For this, 100 puL of Sabouraud
Thus, naturally occurring products, especiallydextrose broth  (SDB)  (Dif€®  doubly
those derived from the plant species, gaitoncentrated was taken into the microdilution
importance due to their availability and populamplate wells. Then, 100 pL of the emulsion of
usage, which often ensures safety with regard tessential oil were distributed at an initial
their toxicity. Among the plant species with concentration of 5,000 pg/mL. From this
therapeutic potentialCinnamomum zeylanicum concentration, serial dilutions were made by
Blume, popularly known as cinnamon is anwithdrawing an aliquot of 100 pL from the most
important one. This species belongs to Lauraceagncentrated well and inserting it into the
family, is native to Indonesia and cultivated infollowing well. In each well of the column,
various regions of the world. Several biologicalaliquots of 10 pL of the inoculum were dispensed
properties ofC. zeylanicumhave been described for each strain tested. In parallel, a control was
such as antiseptic, analgesic, anti-spasmodifpr the viability of the yeast strains under study
astringent, insecticide and parasiticide propertiesnd control of strain sensitivity for the antifuhga
(Moreira et al. 2007). Studies have shown that theffect of nystatin  (Sigma-Aldri¢h and
essential oil obtained from its leaves has broashiconazole (Sigma-Aldrich), both at 1024
antimicrobial activity (Moreira et al. 2007; Khan pg/mL, which have been considered standards in
et al. 2008). Therefore, the purpose of this studylinical use by the microdilution technique.
was to evaluate the ar@iandida activity and to  Tests were performed in triplicate and plates were
identify the chemical composition of essential oilincubated at 35°C for 24-48 h. The readings for
extracted fronC. zeylanicunteaves. the determination of essential oil MIC on the yeast
strains was made by the visual method. The
formation of cells clusters ("button") at the botto

MATERIAL AND METHODS of the well was taken into consideration. The
_ lowest concentration of the product under test
Fungal Strains capable to produce visible inhibition on the growth

Srains ofC. albicansATCC 40277,C. albicans  of yeast strains used in microbiological assays was
ATCC 40006,C. albicansMD 37, C. albicans  considered as MIC. To confirm the presence of
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viable  microorganisms at  non-inhibitory M) also doubly concentrated, 100 pL of sterile
concentrations,10 puL of the dye 2,3,5 triphenyHtistilled water and 10 pL of inoculum of each
tetrazolium chloride in each well was addedspecies. In order to verify the lack of interferenc
which reflected the activity of dehydrogenaseon the results due to the solvent used when
enzymes involved in the process of breathing.  preparing the emulsion (Tween 80, in this case), a
control was performed in which 100 pL of the
Determination  of  Minimum  Fungicidal same SDB and sorbitol (0.8 M) also doubly
Concentration (MFC) concentrated, 100 pL of Tween 80 (10% in sterile
After determining the MIC, the inhibitory and two distilled water) and 10 pL of suspension were
following higher concentrations as well as theadded. A sterility control was also conducted,
positive controls were subcultured on Sabouraudihere 200 pL of SDB were placed in a well
dextrose (Difc8) agar plates in triplicate. After 24 without the fungi suspension. The microplates
h of incubation at 30°C, the readings of MFCswvere sowed and incubated at 37°C for 48 h to
were carried out based on growth controls and th@ccomplish the reading (Frost et al. 1995).
MFC was the lowest drug concentration that
hindered visible growth of the subculture. Chemical Analysis of the Essential Oil
The analysis ofC. zeylanicumessential oil was
Action of C. zeylanicum Essential Oil on the performed by gas chromatography with mass
Fungal Cell Wall spectrometry (CG-EM) using QP-5050A with a
The MIC of C. zeylanicumessential oil in the GC-17A (Shimadzu, Japan); HP-5 capillary
presence of sorbitol (0.8M) was determined ircolumn (25 mm x 0.2 mm x 0.33 mm);
triplicate by microdilution using 96-well U-bottom temperatures: injector (220), detector (280°C),
microtiter plates (ALAMAR ®). In each well, 100 column (66C), 3°C min', 240°C (7 min);
uL of SDB (Difcd”) medium was added, which flow rate of carrier gas (highly dried He) of 1.0
was previously supplemented with sorbitolmL.min® (Adams 1995; McLafferty and Stauffer
presenting molecular weight of 132.17 g (VETEC1996).
Quimica Fina Ltda - Rio de Janeiro/RJ), both
doubly concentrated. Subsequently, 100 pL of the
emulsion of essential oil, also doubly RESULTS AND DISCUSSION
concentrated, were dispensed into the wells in the
first row of the plate. Then through a serialAll the tested strains were sensitive to the essent
dilution at a ratio of two, concentrations rangingoil obtained from the leaves of. zeylanicum
from 10,000 to 10 puL/mL of essential oil and, in(Table 1), with MIC values ranging between 312.5
relation to sorbitol, a final concentration of W8 and 625 pg/mL. A total of 87.5% dEfandida
in each well were obtained. Finally, 10 pL ofstrains were sensitive to the concentration of 312.
inoculum was added into the wells, where eachg/mL. The MFC was 2500 pg/mL for 62.5% of
column of the plate corresponded to a fungal straithe strains tested. The strains@f albicansICB
specifically. 12 andC. tropicalisLM 759 were among the most
A control of microorganism was performed bysensitive (MFC: 625 pg/mL) (Table 1).
placing 100 pL of the same SDB and sorbitol (0.8

Table 1 - Minimum Inhibitory Concentration (MIC) and Miniah Fungicidal Concentration (MFC) of.
zeylanicunessential oil, nystatin and miconazole@andidastrains.

C. zeylanicum Nystatin Miconazole
Strains MIC MFC MIC MFC MIC MFC
(ug/mL) (ug/mL) (ug/mL) (ug/mL) (ug/mL) (ug/mL)

C. albicansATCC 40277 3125 2500 32 64 32 32
C. albicansMD 37 312.5 2500 64 64 8 32
C. albicansCB 12 625 625 64 64 32 32
C. albicansLM 42V 3125 1250 64 64 32 32
C. tropicalisATCC 40042 312.5 2500 64 64 32 32
C. tropicalisLM 759 312.5 625 64 64 32 32
C. kruseiATCC 40147 3125 2500 64 64 16 32
C. kruseiLM 120 312.5 2500 64 64 32 32
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These results were similar to those described bQury (1992) evaluated the susceptibility to the
Klan et al.(2008). Through the test of diffusion in antifungal nystatin of strains df. albicans C.
solid medium, they found halos of growthtropicalis, C. kruseiand found MIC and MFC
inhibition for the strains ofC. albicansisolated values ranging respectively from 0.5 to 8 pg/mL
from the clinical infections larger than 40 mm andand 8 to 64 pg/mL. Wingeter et al. (2007) assessed
MIC of 780 pg/mL. Quale et al. (1996yaluated the sensitivity ofC. albicansstrains andCandida

the antifungal activity of essential oil o€. non-albicans isolated from the patients with
zeylanicum on Candida strains resistant to denture stomatitis. They observed MIC values
fluconazole. They found MIC values o€. between 2 and 64 ug/mL. These findings were
zeylanicum ranging between 50 and 30,000similar to those found in this study, in which for
pag/mL. Hili et al. (1997) showed that 72.2% of thenystatin MIC values ranged from 32 to 64 pg/mL
strains of C. albicans were sensitive to the and MFC of 64 pg/mL.

essential oil ofC. zeylanicumat 500 pg/mL. In relation to miconazole, Batista et al. (1999)
Pozzatti et al. (2008) evaluated the susceptibilitfjound MIC values between 0.8 and 2 pg/mL on 16
to C. zeylanicumessential oil of 138 strains of strains of C. albicans The MFC showed wide
Candida including C. albicans,C. tropicalisand variations (2.51 to 64 pug/mL). This study found
C. krusej and MIC values ranged between 20Qhat miconazole had MFC of 32 pg/mL on all
and 1600 pg / mL. However, most strainsstrains tested.

required 1600 pg/mL. For MFC, variations wereTable 2 shows the MIC values @f. zeynalicum
observed between 800 and 1800 pg/mL. essential oil in the presence and absence of 0.8 M
Nystatin and miconazole, synthetic antifungalkorbitol osmotic protector. As evident, sorbitol
agents used as controls, showed MIC values of Ggotected the cells from the inhibitory effects of
and 32 pg/mL, respectively on 87.5 and 75% oéssential oil, since there were changes in the MIC
Candida strains. These antifungal agents havevalues of the product analyzed against all the
been used as reference for the treatment atrains tested. The control with sorbitol ensured
superficial fungal infections caused I§andida the reliability of the results and methodology sinc
species. Miconazole is a representative for ththe strains were able to grow in the presence of
azole antifungals whose mechanism of actiosorbitol and lack of essential oil evaluated. These
consists in inhibiting the synthesis of ergostésol results suggested that the antifungal activity of
by binding to the enzyme Ilanosterol d4- essential oil ofC. zeylanicumsomehow involved
demethylase, causing changes in the fungals direct interaction with the cell wall of yeasts
cytoplasmic membrane and then hindering fungalnder study.

development (Chen and Sobel 2005). Alves and

Table 2 - Action of the essential oil &. zeylanicunon the fungal cell wall.

Strains MIQ — without MI_C — with Controls
sorbitol (ug/mL) sorbitol (ug/mL) Sorbitol Sterility

C. albicansATCC 40277 312,5 625 + -
C. albicansMD 37 312,5 625 + -
C. albicandCB 12 625 625 + -
C. albicand M 42V 312,5 625 + -
C. tropicalisATCC 40042 312,5 625 + -
C. tropicalisLM 759 312,5 625 + -
C. kruseiATCC 40147 312,5 625 + -
C. kruseiLM 120 312,5 625 + -

+ presence of strain growth
- absence of strain growth

The test with sorbitol performed in this study wasabsence of an osmotic stabilizer. Thus, this test
based on the extent of damage that products witompared the MIC of antifungal products in the
antifungal activity produced on the fungal cell lal absence and presence of 0.8 M sorbitol, an
components. If the product acted somehow on thesmotic protector used to stabilize the fungal
fungal cell wall, it would cause cell lysis in the protoplasts (Pereira 2009). The protection with
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sorbitol is a test that has a broad spectrum ainalyzed previously (Lesage and Bussey 2006).
possibilities, since it allows to detect not onlyThus, the results of this study suggested further
agents that interfere with the synthesis of cell wainvestigation of the action ofC. zeylanicum
polymers and its vicinity, but also the regulatoryessential oil on fungal micromorphology. The
mechanisms involved in these processes thahemical composition of essential oil from the
complement each other as microscopic observatideaves ofC. zeylanicunis hown in Table 3.

of malformations detected in fungal strains

Table 3- Chemical characterization 6f zeylanicunteaf essential oil.

Retention time % in the Molecular Charge/mass
Peaks . Compound : : .
(min) formulation weight Relation

1 5.644 a-pinene 1.31 136 93.15
2 6.017 Camphene 0.45 136 93.10
3 6.218 Benzaldehyde 0.25 106 77.10
4 6.792 B-pinene 0.48 136 93.10
5 7.641 a-phellandrene 1.29 136 93.15
6 8.293 p-cymene 1.24 134 119.15
7 8.471 B-phellandrene 1.57 136 93.10
8 11.164 Linalool 3.31 136 71.10
9 14.217 4-terpineol 0.12 154 71.10
10 19.133 Safron 1.76 162 162.15
11 23.633 Eugenol 73.27 164 164.15
12 25.217 Trang-caryophyllene 5.38 204 41.05
13 26.133 Cinnamic alcohol acetate 2.53 176 43.00
14 26.498 a-humulene 1.01 204 93.10
15 29.511 Eugenol acetate 1.06 206 164.15
16 31.708 Caryophyllene oxide 0.92 177 43.05
17 38.655 Benzyl benzoate 4.04 212 105.10

C. zeylanicumis a plant that has significant which are derived from phenylalanine. These
amount of essential oil in its leaves. This oil iscompounds are also present iByzygium
guoted as having more than 72 substancemomaticum(clove), Pimpinella anisun(aniseed),
(Semanayke et al. 1978). As shown in Table Foeniculum vulgare(fennel) andlllicium verum
GC-MS analysis resulted in identification of 17(star anise-) (Rastogi et al. 2008).

components. Among the phytochemicals, eugendlhis study is the pioneer in investigating a
was presented as the major component, accountipgssible effect of essential oil fro@. zeylanicum
for 73.27% of the constituents, followed by transieaves on cell wall ofCandida strains. From the
B-caryophyllene (5.38%) and benzyl benzoateesults obtained, it was concluded th&l.
(4.04%). These results confirmed those ofeylanicumessential oil could be a promising
previous reports, reporting eugenol as the maiproduct for the treatment of fungal infections
component of C. zeylanicum essential oil caused byCandida spp. Nonetheless, further
(Semanayke et al. 1978; Pozzatti et al. 2008% It imicrobiological tests and pre-clinical studies are
noteworthy that despite all the organs of a plarguggested to effectively elucidate the efficacy of
can accumulate essential oils, their chemicahis product in treating candidiasis.

composition, physico-chemical characteristics and

odor can vary according to the location. Although

genetically controlled, biosynthesis of theCONCLUSION

constituents of a plant is strongly affected by the

environment, harvesting and post harvest, rainfalllhe analysis of antifungal activity ofC.
temperature, light and humidity (Sharmar andzeylanicumessential oil showed that (i) it had
Tripathi 2006). Eugenol belongs to a group ofiction on the strains df. albicans C. tropicalis
essential oil constituents originated from theandC. krusej (i) this activity was probably by the
reduction of the side chain of cinnamic acidsaction of essential oil in the process of fungdl ce
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wall synthesis, and (iii) eugenol was the majoHowell SA, Mallet Al, Noble WC. A comparison of the
phytochemical component. sterol content of multiple isolates of th@andida
albicansDarlington strain with other clinically azole-
sensitive and -resistant straind. Appl Microbiol
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