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Abstract

The purpose of this present work is to study trseesal oils composition of three enderittymusspecies from
southwest of Moroccofhymus satureioidgSoss, Thymus palliduBatt. and Thymus leptobotryslurb., as well
as their antifungal activity towards nineteen sisabf emerging nosocomial Fluconazole-resisi@andida
species. The chemical composition of the esseoilgiwas determined by capillary gas chromatogrephéass
spectrometry analysis. The results reveal qualgadind quantitative variation in compositionTdfymusspecies.
Seventy-three different compounds, 56 Tosatureioidesaccounting for 99.97% of the total essential 5l for
T. pallidus accounting for 98.94% of the total essential aild 40 forT. leptobotrysaccounting for 99.20%,
were determined. The results obtained for the antliial disc-diffusion assay shows that the 19insraf
Candida species tested were inhibited by the MorocTaymusessential oils to a varying degree, with the
diameters of the inhibition zone ranging from 4@l to 85+1.15 mm. There were significant differene<
0.05) in the antifungal activities of the essentid$ on all species tested who showed larger itibib zones
than the positive control fluconazole and amphoteei B. Candida albicansshowed a high sensitivity to
essential oils offhymus pallidusand Thymus leptobotrysompared with essential oil @hymus satureioides
and controls. While noralbicansCandidaspecies showed less sensitivity to essentialadilBhymus pallidus
and Thymus leptobotryand are more sensitive to essential oil§lofymus satureioidethanCandida albicans
InterestinglyC. krusej C. dubliniensisand C. glabratawere found to be resistant to conventional angain
(fluconazole and amphotericine B), while our essémtils tested were able to inhibit the growth@dndida
strains resistant to antifungal agents. The valbieMimmimal inhibitory concentration (MIC) and Mininha
Fungicidal Concentration (MFC) of thehymusessential oils studied ranges from 0.33 mg/mL.81 Gng/mL.
All the essential oils possessed higher antifupgédntial than classical fungicide.

Keywords: Thymusspeciesessential oils, anticandidal activity, Nosocomiatbnazole-resistant strains.

1. Introduction

During the past two decades, we attend a consiiteinatrease in candidiasis, both surface and deepell as
the patient population at risk (organ transplaotgtilong-term antibiotic therapy with broad-spentru
immunosuppressive therapy, AIDS) (Robert 1997; églci et al. 2002; Buitrén Garcia-Figuerazt al. 2009;
Chabasset al. 2009; Garnica and Nucci 2009; Silgaal 2011; Toubas 2013). Systemic candidiasis areHour
among nosocomial infections with a percentage otdd5% (Eggimann & Pittet 2002; Yert al 2001).
Candida albicansis the species most frequently incriminated (60%)owed by Candida glabrata(20%)
whose incidence has increased in recent yearsy tinel@ressure of azole antifungals subsequentigdndida
tropicalis (10%) andCandida parapsilosi$5%) (Eggimann & Pittet 2002; Rimek al 2003; Hanna&t al 2003;
Ananeet al. 2007; Vazquez & Sobel 2011; Bouchoux 2012; TowiHs3). It should also be mentioned that the
emergence ofandida kruseivas attributed to its primary resistance to fluole (Develoux & Bretagne 2005;
Aoufi & Agoumi 2007; Vazquez & Sobel 2011; Danna@0il3; Toubas 2013). A new specieaindidawith
similar phenotypic characteristics to those f albicanswas identified in 1995 and was nam€dndida
dubliniensis(Sullivanet al. 1995; Perfect & Shell 1996; Vazquez and Sobell20The majority of isolates of
C. dubliniensiswere found in the oral cavity of HIV-infected sabjs and at other sites including the lung,
vagina, blood ... as well as in subjects infectéth WIV than subjects not infected with this vir(Botedar &
Hedaithy 2003)C. dubliniensigs less sensitive thab. albicansto azole antifungals especially fluconazole.
Moreover, it has been observed over the past fifiggars, a decrease in the prevalenc€.odlbicansfor the
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benefit of other species, so-called emerging (@ardi Nucci 2009). The new species differ in theithmgenic
profile and antifungal susceptibility profile (Dduex & Bretagne 2005). This change in the distiiutof the
genusCandidais accompanied by an increase in the severit@poélicliasis. However, thessandidaspecies are
opportunistic fungi, which exert their pathogenjcih the presence of predisposing factors. Moreogeme
Candida species are commensal of the digestive tract andeuital tract of humans &3. albicansand C.
glabrata and other species are saprophytes of the skin @&si€h parapsilosiswhich is involved in septicemia
caused by contaminated catheters (Eggimann & PIG6R; Yeraet al 2001; Sendickt al 2003). Emerging
fungal infections are therefore a major challengeHealth professionals. These infections can teaa poor
prognosis (Anane & Khalfallah 2007; Pihet & Mard@13), and resistance to conventional antifungat use
current hospital practice (Develoux & Bretagne 2dD&nnaoui 2013).

Despite therapeutic advances marked by the emergehoew antifungal molecules, together the highkt co
(Toubas 2013), the mortality rate is still aroud®(Eggimann & Pittet 2002; Granier 2000; Misbktal 2010;
Poulain 2000). Fluconazole and amphotericin B aitktee antifungal agents of choice commonly used
infections related t€andidaspecies; however they are known to have sidetsfierd high toxicity, in addition
to emerging resistance among clinical isolate€.adlbicans Therefore, it is necessary to isolate new angjélin
agents, mainly from natural vegetal sources. Iremegears, some researchers have focused on thefuse
components obtained from extracts of plants thhthéixantifungal activityin vitro andin vivo. These plants are
selected according to traditional medicine andrtle@impounds have fewer side effects than convealtion
antifungal drugs and both high tolerance for huinadly and less cost (Agarwet al 2010; Kumaet al. 2012).
The concomitant use of an essential oil and ampicoteB has significantly reduced the Minimum Inhdry
Concentration (MIC) of this latter, leading a retioc of side effects associated with the use of thiug in a
therapeutic protocol (Giordani & Kaloustian 2006).

Therefore the increase of resistance to convertmmigfungal, toxicity and the costs involved ahe tprincipal
reasons to search new therapeutic approaches. Atheag new approaches, essential oils are promisingal
compounds for use in the prevention and treatmeftrmal infections. In this study, we attemptedei@mluate
the antifungal activity of the essential oils egtel from threeThymusof southwest of MoroccoThymus
leptobotrys T. satureioidesand T. pallidus againstCandida species isolated from patients with nosocomial
candidiasis.

2. Materials and methods

2.1. Plant materials

Three fresh plant samples were collected from sgvegions of area of Argan tree in Souss-Massa Malley,
Southwest of Morocco, between March and April 20TBe taxonomic identification of the species of all
samples were confirmed by Pr. Ahmed Ouhammou, atpglxonomist in the Laboratory of Ecology and
Environment of University Cadi Ayyad of Marrakedddrocco), and were deposited in the herbarium ef th
laboratory of Plant Biotechnology, Planta Sud urigculty of Sciences, Ibn Zohr University, Agaditorocco.
Plant samples were cleaned air-dried in the shadbe laboratory at room temperature. The botameahe,
family, and parts used of plant samples are sunazeiin Table 1.

Table 1:The botanical name, family, and parts used of @antples

Scientific . Collection Local Latitude/longitud | Altitud | EO Yield | Medicinal
Family ;
name site name e e (m) (%) use
Anti-
Thymus | Labiata | \gonaiss | Azoukni|  N29°82/wo09°19] 760 | 20000 | infective,
leptobotrys e 1 expectorant
, coughing
Thymus Imouzzer Anti-
o Labiata Tazoukni omo o 2.6240.0 | infective,
?turamde e Idaogtanan t N30°67°/W09°50 1038 5 expectorant
, coughing
Imouzzer Anti-
Thy_mus Labiata Idaoutanan| Ajellabi N30°71'/W09°42’ 1618 2.10+0.0 | infective,
pallidus e e 2 expectorant
, coughing

2.2. Essential oils extraction

Essential oils were obtained by hydrodistillatioor 4 h from air dried material, using a Clevenggret
apparatus, according to the European Pharmacompoetiod (Anonymous 1975; Council of Europe 1997).
These essential oils were weighed and stored @tid & sealed brown vial until biological assayke ields of
essential oils extracted are showed in Table 1.
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2.2.1. GC-MS analysis

Gas Chromatography-Mass Spectrometry analysis wafed out with a 5973N Agilent apparatus, equipped
with a capillary column (95 dimethylpolysiloxane-S8iphenyl), Agilent HP-5MS Ul (30 m long and 0.2%m
i.d. with 0.25 um film thickness). The column temgdare program was 60°C during 5 min, with 3°C/min
increases to 180°C, then 20°C/min increases to@8®hich was maintained for 10 min. The carrier gas
helium at a flow-rate of 1 mL/min. Split mode injen (ratio 1:30) was employed. Mass spectra wakert
over them/z30-500 range with an ionizing voltage of 70 eV VvHis retention index was calculated using co-
chromatographed standard hydrocarbons. The indiVidompounds were identified by MS and their idgnti
was confirmed by comparison of their Rls, relatioeCs-Cs, n-alkanes, and mass spectra with those of authentic
samples or with data already available in the NEBD5 Mass Spectral Library and in the literaturelgfs
2007).

2.3. Drugs preparation

The drugs usually employed for fungal infectionfohg to the family of imidazole agents such asdhazole
and to the polyenes family agents such as amphoteli. These antifungal agents were dissolved iml2
dimethylsulfoxyde (DMSO) 10% to give the followingtock solutions: fluconazole 75 mg/mL and
amphotericine B 33 mg/mL.

2.4. Isolation of the microorganisms

In this study, nineteen clinical strains isolaté€andidaspecies, including. albicans(n = 12),C. dubliniensis

(n = 1),C. glabrata(n = 3),C. krusei(n = 3), were isolated from patients sufferingfraosocomial candidiasis.
The isolation was done in the laboratory of Paoésity-Mycology and Bacteriology Avicenna Military
Hospital, Marrakech, Morrocco, on Sabouraud chigia@micol agar plates and identified by the gerne tigst,
API 20 C AUX (bioMérieux, Marcy-I'Etoile, Francekeording to the Manufacturer's recommendations and
chromogenic medium CandiSelect 4 (Bio-Rad, Marae€dquette, France). For this experiment, all isola
strains were tested and yeast cells were culturedSabouraud dextrose agar (SDA), supplemented with
chloramphenicol (Bio-Rad), and then incubated &C3for 48 h.

2.5. Antifungal testing

2.5.1. Fungal suspension

A fresh overnight culture, in log phase, of thetdadsyeasts was used to prepare the cell suspetsion
inoculating 5 mL of serum glucose 5% broth withagpropriate yeast strain and incubating for 24 B74C to
ensure that yeast cells were actively dividing (bfear et al 2001), then were adjusted between: 2.16 X% 10
cells/mL to 5.22 x 10cells/mL for fungal strains counting with haemoayeter for each repetition.

2.5.2. Antifungal screening

2.5.2.1. Disk diffusion method

Natural essential oils of. leptobotrysT. satureioidesandT. palliduswere tested for their anticandidal activity
using the disk diffusion method (Jirovett al 2012). Nineteen strains @fandida species were used as
described in detail above. The culturesGaindida spp. were cultivated on Sabouraud Dextrose AgBAJS
supplemented with chloramphenicol at 37°C+1°C ®1h4 Seeded agar plates were prepared by pourimgl20
of SDA into each sterile plate. After solidificatioof medium, each plate was overlaid with 5 mL loé t
suspensions of yeasts. The excess of the suspemagopoured into a container for infectious waéfieer that,
the natural essential oils df. leptobotrys(521 mg/mL) T. satureioideg725 mg/mL)and T. pallidus (627
mg/mL) were applied on filter paper (10 pL/disk) disks5ofnm in diameter separately. Ten pL of fluconazole
(75 mg/mL) and 10 uL of amphotericin B (33 mg/mlgrer used as positive control. These disks weregdlaa
the surface of seeded agar. All Petri dishes wesded with sterile laboratory parafilm to avoid etel
evaporation of the test samples. The plates wéréle60 min at room temperature to allow the asibn of oil,
and then they were incubated at 37°C for 48 h.rAfte incubation period, the zone of inhibition wasasured

in millimeters with a caliper. Studies were perfedrin triplicate, and mean values were calculated.

The methods used to assess the antifungal actiigssential oils are different and can give ddferresults
from one technique to another (Chami 2005). Fohesagsential oil their minimum inhibitory concenioats
(MIC) and minimum fungicidal concentrations (MFCgre determined using the broth macrodilution method
2.5.2.2. The broth macrodilution method

The broth macrodilution method was used to detegrttie Minimum Inhibitory Concentration (MIC) accorg

to Clinical and Laboratory Standards Institute-Cik&ference document (formerly NCCLS-M27-A3 guidesih
(NCCLS 2002) with modifications. The fungal suspensvas then used to inoculate the tubes in thegtesip.
The test groups were prepared with 1 mL of mediomtaining 10 uL of DMSO 10% to enhance essential oi
solubility where the final concentration never eeded 2%, and 200 pL of each strain of yeast sugpens
previously adjusted. Ten pL of each essential bibimed respectively from. leptobotrysT. satureioidesand

T. pallidus 10 pL of fluconazole (75 mg/mL) and &0 of amphotericin B (33 mg/mL) were respectiveidad

to tubes containing culture medium in the test geotrhen, a sufficient amount of glucose 5% wasddd a
final volume of 1 mL and serial dilutions and conication gradient were established as follows: r#sieoil of
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T. leptobotrysfrom 5.21 mg/mL to 0.0814 mg/mL, essential oilTofsatureioidedrom 7.25 mg/mL to 0.1133
mg/mL, T. pallidus from 6.27 mg/mL to 0.0100 mg/mL, fluconazole O.#g/mL to 0.01172 mg/mL and
amphotericin B from 0.33 mg/mL to 0.0052 mg/mL. Thst tubes were incubated at 37 °C in an orbitakisig
incubator (100 rpm) for 48 h, and the MICs wereedetned. The MIC was defined as the lowest conaéintr
of the essential oil at which the microorganism nidd demonstrate visible growth.

To determine the Minimum Fungicidal Concentratidh=C), aliquots (20 uL) of broth were taken from leac
tube without fungal growth after reading MIC tuloejtured in the Sabouraud agar plates (SDA) andbiated
at 37 °C for 48 h. The MFC was defined as the ldwescentration of the essential oil at which theubated
microorganism was completely killed. Each test wagformed in triplicate. Fluconazole and amphoteri8
were used as positive antifungal controls, respelgti

For each strain tested, the growth conditions &edsterility of the medium were checked in two cohtubes.
The safety of DMSO was also checked at the higtessed concentration. All experiments were perfatrime
triplicate.

2.6. Statistical analyses

Statistical analyses were performed using a stalspackage; SPSS windows version 19, by applymegan
values using one-way analysis of variance (ANOV@l)ofved by post Student-Newman-Ke%-N-K) method.
A P value of less than 0.05 was considered significant

3. Results and discussion

3.1. Chemical composition of Thymus essential oils

Hydrodistillation yielded 2.62+0.02%, 2.10+0.02%dah00 + 0.01% of essential oil (on a dry massd)der T.
satureioides, T. palliduandT. leptobotrysrespectively. Seventy-three different compoumdmfthree endemic
MoroccanThymuswere identified by capillary GC-MS analysis. Tn satureioidesssential oil 56 compounds
accounting for 99.97% of the total oil, 52 fbrpallidusessential oil (98.94%) and 40 for leptobotrysessential

oil (99.20%), were determined. Components are dis€able 2) as homologous series of monoterpene
hydrocarbons, oxygenated monoterpenes, sesquitepgirocarbons, oxygenated sesquiterpenes, oxygknat
diterpenes, aromatics {4, and G-C; series) and others.

Table 2. Chemical composition of three endemtigmusessential oil from Moroccdl. satureiodes, T. pallidus
andT. leptobotrys.

% of total
Compounds RT K T. satureioides T. pallidus T. leptobotrys
Monoterpene hydrocarbons 33.94 2.03 19.44
Tricyclene 6.77 926 0.54 - 0.12
a-Thujene 6.97 930 0.34 0.01 0.12
a-Pinene 7.35 939 7.85 0.08 2.69
Camphene 7.90 954 15.05 0.03 2.70
Thuja 2,4(10) diene 8.07 960 0.02 0.01 0.04
Sabinene 8.78 975 0.02 - -
B-Pinene 8.94 978 1.10 0.02 0.27
Myrcene 9.55 990 0.47 0.04 0.92
a-Phellandrene 10.06 1002 0.03 0.01 0.11
5-3-Carene 10.31 1011 0.01 - 0.08
a-Terpinene 10.63 1017 0.30 0.06 0.84
p-Cymene 11.15 1024 4.90 1.18 8.34
Limonene 11.29 1029 1.34 0.16 0.48
cis-Ocimene 11.64 1037 0.01 - 0.02
y-Terpinene 12.65 1059 1.74 0.39 2.52
Terpinolene 13.92 1088 0.22 0.04 0.19
Oxygenated monoterpenes 61.18 91.47 74.30
1,8-Cineole 11.35 1031 0.30 0.92 0.04
cis-Sabinene hydrate 12.96 1070 - 0.01 0.02
cis-Linalool oxide 13.19 1072 0.03 0.03 0.05
Camphenilone 13.65 1082 0.01 - -
Linalool 14.72 1096 2.25 1.08 3.12
cis-Thujone 14.80 1102 - 0.08 -
cis-p-Menth-2-en-1-ol 15.55 1121 0.03 - -
a-Campholenal 15.70 1126 0.02 - -
trans-Pinocarveol 16.43 1139 0.09 0.05 -
Camphor 16.63 1146 1.42 0.11 -
Camphene hydrate 16.74 11449 0.09 - -

19



Journal of Biology, Agriculture and Healthcare www.iiste.org

ISSN 2224-3208 (Paper) ISSN 2225-093X (Online) JLLENE
Vol.4, No.11, 2014 IISTE
Borneol 18.52 1169 32.13 0.42 5.85
Terpinen-4-ol 18.64 1177 1.18 0.66 0.85
a-Terpineol 19.70 1188 19.87 0.10 -
cis-dihydro-Carvone 20.52 1192 - 0.12 -
Isobornyl formate 20.69 1239 0.46 - -
Carvacrol methyl ether 21.36 1244 0.10 0.23 0.28
Carvenone 21.95 1258 0.05 - -
Bornyl acetate 23.33 1288 1.89 - 0.10
Thymol 23.55 1290 0.06 2.92 0.61
Carvacrol 24.06 1299 1.20 84.74 63.38
Sesquiterpene hydrocarbons 3.56 3.89 4.72
a-Ylangene 27.00 1375 - 0.02 -
Isoledene 27.04 1376 - - 0.04
a-Copaene 27.06 1376 0.07 - -
B-Bourbonene 27.44 1388 0.06 0.03 -
a-Gurjunene 28.49 1409 0.04 - 0.07
B-Caryophyllene 29.04 1419 2.59 1.11 2.46
B-Copaene 29.29 1432 0.03 - -
a-trans-Bergamotene 29.43 1434 - 0.02 -
Aromadendrene 29.68 1441 0.04 0.31 0.73
a-Humulene 30.29 1454 0.11 0.05 0.08
transf3-Farnesene 30.34 1456 - 0.16 -
allo-Aromadendrene 30.57 1460 0.07 0.07 0.27
y-Muurolene 31.25 1479 0.06 0.08 0.04
a-Curcumene 31.52 1480 0.04 - -
Viridiflorene 31.94 1496 - 0.23 0.46
Bicyclogermacrene 32.03 1500 0.02 - -
a-Muurolene 32.20 1500 0.04 0.03 0.07
B-Bisabolene 32.70 1505 - 1.46 -
y-Cadinene 32.76 1513 0.19 0.06 0.15
3-Cadinene 33.13 1523 0.20 0.20 0.35
trans-Cadina-1,4-diene 33.31 1534 - 0.01 -
o-Cadinene 33.51 1538 - 0.02 -
Calacorene 33.71 1545 - 0.03 -
Oxygenated sesquiterpenes 1.25 0.70 0.54
Spathulenol 35.21 1578 0.05 0.40 0.04
Caryophyllene oxide 35.50 1583 0.75 0.30 0.50
B-Oplopenone 36.40 1607 0.07 - -
1,10diepiCubenol 36.62 1619 0.04 - -
tau-Cadinol 37.62 1640 0.30 - -
a-Cadinol 38.10 1654 0.04 - -
Oxygenated diterpenes - 0.30 -
Manool oxide 47.50 1987 - 0.20 -
13-epiManool oxide 47.73 2010 - 0.10 -
Aromatics 0.02 0.07 0.08
Benzaldehyde 8.10 960 - 0.01 -
Eugenol 26.86 1359 0.02 0.06 0.08
Others 0.02 0.48 0.12
1-Octen-3-ol 9.02 979 - 0.22 -
3-Octanone 9.32 983 - 0.10 0.12
3-Octanol 9.72 991 0.02 0.16 -
Total identified 99.97 98.94 99.20

In T. satureioidesessential oil the monoterpenic fraction reachee flighest quantities (95.12%). Both
hydrocarbons (33.94%) and oxygenated monoterpe6&siq%) with 16 and 18 identified compounds
respectively, are also qualitatively the principllytochemical group represented in their esseatiaBorneol
(32.13%),0-terpineol (19.87%), camphene (15.05%)inene (7.85%) ang-cymene (4.90%) were the main
compounds. Sesquiterpenic fraction (both hydroasstamd oxygenated) were found at lower quantide®106)
(Table 2). In this fraction, only large amount®€aryophyllene (2.59%) was found (Table 2).

In recent paper (El Bouzigit al 2013) carvacrol (26.5%), followed of borneol (8&) was reported as the most
abundant compounds ih. satureioidesHowever, in our study, borneol was present ahdigpercentage of
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32.13%, whereas carvacrol only reached 1.20 ofata¢ essential oil.

The oxygenated monoterpenes (91.47%) is quanglgtihe main fraction of . pallidusessential oil, following
by the sesquiterpene hydrocarbons fraction (3.89%h 17 identified compounds (Table 2). Phenolic
compounds, thymol (2.92%) and mainly carvacrol 718%) were the most abundant among the oxygenated
monoterpenes. However in previous work (Jaraalal 2012), the authors reported thymol (26.8%) ara th
biogenetic precursonsterpinene (29.6%), and p-cymene (18.9%), as thia o@mpounds in the essential oil of
T. pallidus,to be very low carvacrol content (1.4%). It iseirsting to note the presence of oxygenated
diterpenes (manool oxide and &B-manool oxide) inT. pallidusessential oil here analysed.

Carvacrol (63.38%) also was the main compound énessential oil off. leptobotrysfollowed of p-cymene
(8.34%), borneol (5.85%), linalool (3.12%), campiégR.70%),a-pinene (2.69%)y-terpinene (2.52%) and the
sesquiterpene hydrocarb@rcaryophyllene (2.46%). This essential oil also waminated by the monoterpene
fraction that amounted 93.74% (Table 2).

The present data reveals qualitative and quantitatifferences in the essential oil compositionMifroccan
Thymusspecies. GC-MS analyses showed the predominante afionoterpenic fraction in all the essentiad oil
under investigation (Table 2).

Carvacrol was found as a predominant componeiit ipallidusandT. leptobotryswhile, T satureioidesvas
rich in borneol and-terpineol. The high content of carvacrol in these Thymusspecies has also been reported
by other authors (Jaafaet al. 2007; Saaet al. 2010), suggesting that this phenolic compoundspaasible of
the cytotoxic activity (Jaafadt al 2007).

From these results it can be concluded that besideanatomical characters, the chemical composdfahe
essential oils of differerithymusspecies (De Lisét al 2011; Jirovetzt al 2012) could be contributed to the
chemotaxonomical identification of this genera.abidition, these species could be considered asnatiral
sources of some bioactive substances such as oalpvagrneol,a-terpineol and camphene. Both essential oils
rich in carvacrol and few sesquiterpenoids contamt be considered according previous biologicalietuias
important antimicrobial agents.

3.2. Anticandidal Activity

3.2.1. Disk diffusion method

The results obtained for the anticandidal discudiffn assay are summarized in TableAB 19 strains of
Candida species tested were inhibited by the MorocTaymusessential oils to a varying degree, with the
diameters of the inhibition zone ranging from 4@alto 85+1.15 mm. There were significant differene<
0.05) in the antifungal activities of the essentidd on all species tested which showed largeibitibn zones
than the positive control fluconazole and amphoierB. Candida albicansshowed a high sensitivity to
essential oils offThymus pallidusand T. leptobotryscompared with essential oil dhymus satureioideand
compared to controls. Each non-albic&@ndidashowed a high sensitivity to essential oils of tte@eThymus
species compared to controls (Table 3).

While non-albicans Candida species showed lessitistgsto essential oils ofThymus pallidusand T.
leptobotrysand are more sensitive to essential oilsTofsatureioidesthat Candida albicans(Figure 2).
InterestinglyC. krusej C. dubliniensisand C. glabratawere found to be resistant to conventional angais
(fluconazole and amphotericin B), while our essdntils tested were able to inhibit the growth@dndida
strains resistant to antifungal agents in Figure 2.

Table 3. Inhibition-zone diameters determined wlith disc-diffusion method of the thré@ymusessential oils,
fluconazole and amphotericin B against eigandidaspecies and other yeast.

Strains Numb.er of TL EO TP EO TS EO AMB FLC
strains 10ul 10ul 10ul 10ul 10ul
Candida albicans 12 85 85° 53 13 2%
Candida dubliniensis 1 85 85° 85° 6° o°
Candida glabrata 3 56 65° 49 57 57
Candida krusei 3 53 71° 67 11° 4°

") Inhibition zone diameter including the disk diaereof 5mm determined by the agar disk-diffusiorthmod at
a concentration of 10 ul of essential oils/disk,16f fluconazole/disk and 10ul of amphotericin Bkd

TL = Thymus leptobotrysTS = Thymus satureioide§,P = Thymus pallidusEO = essential oil. Each value
represents the mean of three replicates.

Means in each line having the same superscrigréetire not significantly different at<$0.05 according to
student Newman and Keuls test.
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Figure 2. Means of inhibition zone of essentiak algainst clinical isolates @andida albicansand non-
albicans Candida

Each value represents the mean of three replicMeans followed by different letters in each colme
significantly different aP < 0.05 according to Newman and Keuls test, EO: EsdeDil.

3.2.2. Broth macrodilution method

The results of susceptibility assays with essemiilal of three species of Thymus were expressellli&sand
MFC. All essential oils showed an inhibitory actyvagainst 19 strains @andidaspecies tested. The results are
presented in Table 4.

Table 4. Antifungal susceptibilities of XSandidastrains isolates from Avicenna Military Hospitaltelemined
by the CLSI macrodilution method after 48 h of ibation.

MIC and MFC (mg/mL) at 48 h*
Species (no. of isolates) Essential oil and Antifgal agent Range MIC MFC
EO TL 5.21-0.0814 0.33 0.33
EO TS 7.25-0.1133 0.9062| 0.9062
Candida albicans (n=12) EO TP 6.27-0.099 0.7837| 0.7837
FLC 0.75-0.012 0.0234 | 0.0469
AMB 0.33-0.0052 0.165 0.165
EO TL 5.21-0.0814 0.3360 | 0.3300
EOTS 7.25-0.1133 0.9062| 0.9062
Candida dubliniensis (n=1) EO TP 6.27-0.099 0.7837| 0.7837
FLC 0.75-0.012 >0.75 >0.75
AMB 0.33-0.0052 0.0103 | 0.0103
EOTL 5.21-0.0814 0.33 0.65
EO TS 7.25-0.1133 0.9062| 0.9062
Candida glabrata (n=3) EO TP 6.27-0.099 0.7837| 0.7837
FLC 0.75-0.012 | >0.7560| >0.7500
AMB 0.33-0.0052 0.3300 | 0.3300
EO TL 5.21-0.0814 0.3360 | 0.3300
EOTS 7.25-0.1133[  0.9062| 0.9062
Candida krusei (n=3) EO TP 6.27-0.099 0.7837| 0.7837
FLC 0.75-0.012 | >0.7500] >0.7500
AMB 0.33-0.0052 0.3300 | 0.3300

EO: Essential oil; TLThymus leptobotrysT'S: Thymus satureioide§ P: Thymus pallidusFLC: Fluconazole;
AMB: Amphotericin B; n: Number of straifsEach value represents the mean of three replicheans
followed by different letters in each column argngficantly different atP<0.05 according to Newman and
Keuls test.

The values of Minimal Inhibitory Concentrations @)land Minimal Fungicidal Concentrations (MFC) bét
Thyme oils studied range from 0.3300 mg/mL to 0D@&y/mL (Table 4). Against some strains the esaknti
oils possessed higher antifungal potential thassital fungicide, MICs values of fluconazole rarfgem
0.0234 mg/mL to more than 0.7500 mg/mL and its MR&8Ries ranges from 0.0469 mg/mL to more than
0.7500 mg/mL and MICs and MFCs values of amphdteBcranges from 0.0103 mg/mL to 0.3300 mg/mL.
On the other hand, all strains studied show theessansitivity towards essential oils of thyme stddivith the
same MICs and MFCs values (0.3300 mg/mLToteptobotrys0.7837 mg/mL foiT. pallidus 0.9062 mg/mL
to T. satureioidef except forC. glabratawhich shows a value of 0.65mg/mL for essentiabbil. leptobotrys
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As to the standard antifungal drugs used in the tes MIC values for fluconazole and amphoteriBinvere
0.0234 and 0.165 mg/mL fo€. albicans respectively, >0.75 and 0.0103mg/mL f@. dubliniensis,
respectively, and >0.75 and 0.33 mg/mL for glabrataand C. krusei,respectively. Essential oils studied
showed the highest MIC values, ranging from 7.28:83mg/mL for essential oil of. satureioidesfollowed
by the MIC values, ranging from 6.27-0.099 mg/ml é&ssential oil fronil. pallidusand then followed by
those ranging from 5.21-0.0814 mg/mL for essemibabf T. leptobotryswith MIC values lower indicating a
stronger activity than the other essential oilslistd.

On the other hand, total inhibition was observe@mthe MIC of essential oils @t pallidusreaches a value
0.7837 mg/mL, almost twice as much as the essaitiabf T. leptobotryssince no significant difference was
recorded(C. albicanshas the same sensitivity to the three essentbtildied at P < 0.05.

The MIC of essential oils of. leptobotrysand those of’. satureioidesshowed no significant difference with
respect taC. dubliniensison the other hand, this difference is significamtnpared to the MIC of essential oils
of T. pallidus

For C. glabratg complete inhibition was achieved by CMI presemtiio significant difference respectively that
of essential oils off. pallidusandT. satureioideswhich are significantly different from the MIC eksential
oils of T. leptobotrys

As to, C. krusej the MIC causing complete inhibition without sifjcent (<0.05), are those belonging to
essential oils off. leptobotrysand those of. pallidus We deduce that. krusej is more sensitive to essential
oils of T. leptobotrysandT. pallidusthan to essential oil af. satureioides.

These results agree with previous study reportsa@wet al 2005; Jamaliet al. 2012). The difference in
activity between the three essential oils testad different concentrations can be correlated withdifference
in their chemical composition as noted in Tabl€BRdbliet al 2003).

Although essential oil values were high when coragawith those of the antifungal drugs, the resaits of
interest because are natural compounds and sorherswgonsidered even higher values than for argédln
drugs (Aligianniset al 2001). The antifungal activity of the essentidls ds related to the respective
composition of the plant essential oils, the stitadt configuration of the constituent components #meir
functional groups and possible synergistic inteéoact between components (Naeshial 2009).

It is difficult to attribute the activity of a congt mixture to particular constituents. Neverthelasss
reasonable to speculate that the activity of ttmlsecan be related to the presence of bornedgrpineol,
camphene, carvacrol and thymol or their biogengtécursors like-terpinene ang-cymene. In general, the
cytotoxic activity of essential oils is mostly doe the presence of phenols such as thymol and carva
Several studies showed that thyme essential alsicplarly those of the phenol type, Bisymus vulgari@nd
T. zygis possess the most antimicrobial activity (Bakletlial 2008). The occurrence of these phenols in
Thymusessential oils have been of great interest foresdime. The essential oils of the pallidus T.
leptobotrysand T. satureioidesare rich in oxygenated monoterpenes, especiallydmd, a-terpineol and
carvacrol, and due to the high phenol conteri.ipallidusandT. leptobotrysthey can be used for medicinal
purposes and other biological applications. In toldi the MorocanThymus pallidusmay be a potential
carvacrol rich source for commercial cultivationa@ihiet al 2009). In fact, a study conducted by Salgueiro
al. (2003), showed that carvacrol has the highesfuaiglal activity among all products tested and ¢hessults
are in agreement with another study of its &andidaactivity (Periago & Moezelaar 2001; Roller & Seadh
2002; Ulteeet al 2002; Salgueiret al 2003; Kisko & Roller 2005). A study on antimiciabactivity of
essential oils of four samples @friganum vulgaresubsp.virens recently published (Castilhet al. 2012)
showed a high antifungal activity. The activityassential oils with low levels of carvacrol seembé¢ due to a
high content of thymol (Castilhet al. 2012). This may explain the strong antifungalivétgt of the essential oil
of Thymus pallidusvhich it contained proportionally more carvacroblahymol than other essential oils in our
study (Vale-Silveet al 2012). A study led by Pintet al (2006) showed that carvacrol and thymol have the
lowest MIC values. The importance of the phenoli@roxyl groups for the antimicrobial activity of eh
monoterpenoids has previously been reported (Adaal 1998; Dorman and Deans, 2000; Aligianatsal
2001). Other species of the gerlisymus such asT. zygisand T. vulgaris with high amounts of phenols,
showed a broad spectrum of activity against a taé pathogenic yeasts and filamentous fungi, idicig
fungi with decreased susceptibility to fluconazdi®iman & Deans 2000; Pina-Va al 2004). Carvacrol
proved to be active against dermatophyte strama,similar manner to the essential oil. MIC and@MNalues
were very similar and the fungistatic and fungitideoperties of the essential oil was associatetth Wigh
carvacrol and thymol content (Pirgbal 2006).

It has been reported that carvacrol causes petionsan the bacterial membrane and thus poteptah exert
antibacterial activity also at intracellular si{€3istani 2007; Ulteet al 2002).

Furthermore, otheThymeessential oils rich in carvacrol have demonstratetnt antimicrobial activities
vitro (Jamaliet al 2012; El Bouzidiet al 2013). Among the major constituents of the inigaded essential
oils, y-terpinenep-cymene and-pinene were reported to have weaker antibactaci@lities (Consentinet al
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1999; Aligianniset al. 2001). Synergy effect between carvacrol andidggdnetic precursgqu-cymene has been
noted (Ulteeet al 2002). It appears thgtcymene swells bacterial cell membranes to a greatent than
carvacrol does and probably by this mechanism esatdrvacrol to be more easily transported intccétle so
that a synergistic effect is achieved when thedveused together.

4. Conclusion

This study is part of an overall approach that ainkighlight the antifungal activity of naturabfal resources
from Morocco Southwest (region of area of the Ardgeee), against invasive candidiases due to emgrgin
fluconazole-resistant strains. Thus, three esdewil& obtained fromThymus leptobotrys, T. pallidesd T.
satureioideshave proven their antifungal potential agai@andida albicansndnon-albicans Candidan vitro.
The interesting antifungal activity demonstratedvitro by these essential oils should encouraged to nesea
the chemical isolation of the active componenteriter to study possible synergies between thes@aoemts

or between these components and conventional agtifwsed, as well as to conduct clinical trialsivo.

Acknowledgments: The authors thank to Central Service for ExperimeiResearch of the University of
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