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The increasing impact of dermatophytic infections, the limitations encountered in their treatments (e.g. resistance, side-
effects, and high toxicity), the rising overprescription and overuse of conventional antifungals and high treatment costs all
have stimulated the research for alternative natural drugs, such as essential oils. This paper reviews the in vitro/in vivo
activity of essential oils and their major compounds against dermatophyte strains. A state of knowledge of the chemical
composition of the oils, in vitro susceptibility tests and in vivo models used in antidermatophytic assays as well as the
mechanism of action involved are referred under the perspective of the potential use of essential oils as antifungal agents
in the clinical treatment of dermatophytosis.
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1. Introduction

Dermatophytes are responsible for serious human pathogenic infections that have increased during the last decades,
particularly among high risk patients [1, 2]. These infections are a major cause of morbidity-associated superficial
mycoses, with frequent relapses and often refractory to therapy [3]. Although conventional antifungal drugs are
available (azoles, allylamines, and morpholine derivates), an increasing resistance to these conventional compounds can
result in treatment failure. Moreover, the effective life span of classical antifungals is in fact limited due to their
frequent use as antifungals and immunosuppressive drugs as well as in organ transplantation, lymphomas and HIV
secondary infections.

In the last years, research in aromatic and medicinal plants, and particularly their essential oils (EO), has attracted
many investigators. EO have traditionally been used during centuries for their antifungal properties [4]. More recently,
several studies have shown evidence of the huge potential of these natural products as antifungal agents [e.g. 5-10]
justifying their current use in a number of pharmaceutical, food, and cosmetic products. Therefore, it is not surprising
that EO are one of the most promising groups of natural products, for the development of broad-spectrum, safer and
cheaper antifungal agents.

Several methodologies are available to evaluate the in vitro antidermatophytic activity of EO. The agar-based disk
diffusion, broth dilution, and vapor phase tests are the mostly used. Also in vivo models have been developed in order to
access effectiveness of in vitro results. Despite the widespread use of EO by humans and the large evidence, in recent
studies, of their potential as complementary or alternative options for prophylaxis and treatments of dermatophytosis,
their exact mechanism of action, remains poorly understood.

This paper reviews the current knowledge concerning the antidermatophytic activity of EO.

2. Dermatophytes and dermatophytosis

Dermatophytes are classified as geophilic, zoophilic and antropophilic species according to their main habitat or host.
The first group is abundant in soils and is normally associated with decomposing keratinous structures such as hair,
feathers, fur, and horns. On the other hand, zoophilic and antropophilic fungi have a more specific distribution and
infect animals and humans, respectively [11]. Species of the genera Trichophyton, Microsporum and Epidermophyton
(Fig. 1) are responsible for common infections in the skin and appendages, generally called dermatophytosis or
ringworm infections [11, 12]. These fungi colonize keratinized human or animal tissues causing an infection that may
vary from mild to very intense. The range of severity depends upon several factors including the host reaction to the
metabolic products produced by fungi, the virulence of the infecting strain, the site of infection (tissue keratinization),
and also environmental factors [13, 14]. The infections are highly prevalent due to the large number of reservoirs (skin,
hair, nails), the readiness of transmission from one host to another, and to the high resistance of the strains to adverse
environmental conditions. Antropophilic dermatophytes generally coexist in equilibrium on the skin and normally cause
only mild irritation. Thus, dermatophytic infections are usually noninvasive, but in immunocompromised patients they
can rapidly progress to life-threatening disseminated infections. Moreover, some zoophilic and geophilic dermatophytes
are responsible for quite severe inflammatory reactions due mainly to delayed hypersensitivity responses to fungi
proteases. In addition, in recent years, infections have increased considerably among pediatric and geriatric populations
[15, 16].
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Fig. 1 Morphology of Trichophyton sp., Microsporum sp. and Epidermophyton sp. colonies on Sabouraud dextrose agar after 7 days
of culture at 30°C; Bars = 2cm

Cutaneous dermatophytosis are usually recognized by their scaly patches, with central clearing and sharply
demarcated, annular, erythematous, advancing margins, sometimes presenting vesicles, blisters and pustules [11].
However, in many cases, its diagnosis is not clinically obvious, requiring mycological analyses, such as direct
microscopic observations, fungi isolation and culture, biochemical and physiological tests and/or molecular approaches
[17]. Furthermore, in some cases, it is very difficult to distinguish dermatophytosis from other clinical conditions that
also exhibit similar symptoms. For example, Tinea corporis may mimic other infections such as nummular eczema,
subacute cutaneous lupus erythematosus, pustular psoriasis, subcorneal pustular dermatosis, photoallergic/phototoxic
dermatitis, herpes simplex and varicella zoster virus infections [18]. Taking into account treatment costs, duration and
side effects of conventional antifungals, an accurate diagnosis is crucial to define which treatments must be applied
[17]. Table 1 shows a classification of human dermatophytosis based on tissue keratinisation at the site of infection, as
suggested by Degreef [19]. The sites of infection, as well as the common name of the infection, and the species
involved are also indicated.

Dermatophytosis is also very common among pets and livestock, yet uncommon in wild animals. Besides the high
contagiousness among animal communities and the difficulties in applying effective control measures, long duration of
the disease and high costs of treatments are other factors impairing a successful fight against this disease. Also of great
concern is the ability of zoophilic dermatophytes to be transmitted to humans (zootonic transmission), hence causing
serious public health problems. Among the zoophilic species most commonly involved in these infections are
Microsporum canis, Trichophyton mentagrophytes, T. equinum and T. verrucosum, as well as geophilic M. gypseum
[20].

Treatment of dermatophytosis includes both oral and topical formulations mainly from two antifungal drug families:
azoles and allylamines [3]. More recently, echinocandins have also been used but only for systemic Candida and
Aspergillus infections [21, 22]. Superficial mycosis (e.g. Tinea pedis, T. mannum, T. corporis and T. cruris) usually
respond to topical antifungals [3, 11, 23]. The most common agents are azoles (eg. clotrimazole, miconazole, econazole,
oxiconazole, tioconazole) and allylamines, (e.g. terbinafine and naftifine). Morpholine derivates such as amorolfine and
butenafine have been also used [3]. With topical medication, primarily mild skin reactions may occur at the site of
application [24]. For patients displaying wide areas of infection or in cases of severe or persistent infections, oral
therapy should be considered and the same is true for infections caused by 7. unguium and T. capitis, where terbinafine,
itraconazole, fluconazole, griseofulvin, and ketoconazole are the indicated antifungals to be used [3,23]. However, oral
formulations may be responsible for major side-effects including hepatotoxicity, neurotoxicity, nephrotoxicity,
hematologic reactions and rare skin problems like Stevens-Johnson syndrome. Drug interactions and the consequent
reduction of their effectiveness are other causes that must also be evaluated [3, 25, 26]. Some antifungals are inhibitors
of enzymes involved in the metabolism of other drugs. For example, it is well known that itraconazole inhibits
cytochrome (CYP) 3A4 and, therefore, should not be administrated to patients receiving triazolam, oral midazolam,
lovastatin, simvastatin, quinidine or pimozide. Other example is fluconazole which inhibits both CYP 2C9 and CYP
3A4. Thus, cautions should be taken in patients receiving phenytoin, warfarin, cyclosporine, and oral sulfonylurea
hypoglycemic agents. A third example is terbinafine a drug that interacts with CYP 1A2 and must not be administered
to patients treated with warfarin, nortriptyline or theophylline [26-28]. Also, gastrointestinal interactions may occur
with drugs or substances that affect gastric acidity. For example, antacids, histamine-2 receptor blockers, proton pump
inhibitors and oral didanosine decrease the absorption of capsule formulations of itraconazole while coca-cola may
significantly increase it [28]. Considering the aforementioned statements it can be concluded that the success of
dermatophytosis treatments depends not only of the knowledge of the disease but also of other factors such as clinical
pattern and severity of the infection, causative agent, and possible drug interactions with concomitant medications as
well as patient’s preference [29].

Concerning veterinary, only a reduced number of antifungals are readily available and licensed. The same is true for
livestock in which the use of systemic drugs is limited due to the use of these animals and their by-products for human
consumption [20].

Although conventional antifungals have proved to be effective against many infections, dermatophytosis remains
difficult to eradicate due to frequent recurrence, fungi resistance, and side-effects of most antifungal drugs. In order to
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improve cure rates it is absolutely necessary to increase the efficiency of treatments. For this purpose either a
combination of antifungal therapies such as the use of several oral antifungals with different mechanisms of action, e.g.
terbinafine and itraconazole [30-32], or the use of both oral and topical formulations [33-35] may help in the fight
against these diseases. More recently a new approach combining conventional antifungals with EO has shown
promising results [36].

Table 1 Human dermatophytosis

Type of . . . . .
skin/keratinisation Site of infection Disease Common dermatophyte species
. Tinea corporis (ringworm Trichophyton rubrum, T. verrucosum,
Exposed skin of the body) Microsporum canis
. . Tricophyton rubrum, T. mentagrophytes
Glabrous skin Inguinal region Z; crurts » var. interdigitale, Epidermophyton
(“Jock itch™) foccosum
Face T. faciei Zoophilic Trichophyton species
T pedis Tricophyton rubrum, T. mentagrophytes
. .. . Feet ‘;p ) ), var. interdigitale, Epidermophyton
Highly keratinised skin (“Athlete’s foot™) floccosum
Hands T. manuum Tricophyton rubrum
Scalp, eyebrows, T. capitis Tricophyton spp., Microsporum spp.
Skin rich in terminal eyelashes (scalp ringworm)
hair follicles Beard, mustache
(adult man) T. barbae T. mentagrophytes, T. verrucosum
Nails Toenails, T. unguium Tricophyton rubrum, T. mentagrophytes
fingernails (onychomycosis) var. interdigitale

3. Essential oils

EO are natural complex mixtures of terpenic and non-terpenic compounds. In general monoterpenes and sesquiterpenes
as well as their oxygenated derivatives are the predominant constituents but phenylpropanoids, fatty acids and their
esters may also occur [37]. These secondary metabolites can be found in various plant organs (flowers, fruits, seeds,
leaves, stems, and roots) being produced and stored in different secretory structures. The type of structure (secretory
cells, osmophores, secretory cavities, secretory ducts, glandular trichomes or epidermal cells) is closely related to the
plant family [38]. Anatomical details of these structures are also very relevant to the market value of aromatic plants
since they allow the verification of authenticity, detection of substitutions and/or adulterations [39]. In nature EO play
important roles as signaling agents namely in the protection of plants against microorganisms, insects, and herbivores,
as attractants of pollinators, and in allelopathic interactions [37, 40].

Aromatic plants and their EO have traditionally been used since antiquity for their biological properties (bactericidal,
fungicidal, virucidal, antiparasitical, insecticidal), as well as for cosmetic and medicinal applications [37, 41]. In recent
years, research on aromatic plants has attracted many researchers and in vitro screening programs, based on
ethnobotanical approaches, proved to be very efficient in validating traditional uses and providing new ways in the
search for active compounds [42]. Nowadays many EO are commercially valued in the pharmaceutical, agronomic,
food, sanitary, cosmetic, and perfume industries [37]. The largest global markets for medicinal and aromatic plants are
China, France, Germany, Italy, Japan, Spain, United Kingdom and United States of America [43]. In table 2 a summary
of the main EO with commercial value is represented.

Several methodologies can be employed to extract EO from plants. However, concerning the International Standard
Organization on Essential Oils [44] they must be obtained exclusively by distillation of plant material using water,
steam or dry distillation or by expression, this last method being exclusively used to extract compounds from Citrus
spp. fruits. The EO obtained are characterized as volatile liquids, presenting a strong odour, rarely colored, soluble in
organic solvents and insoluble in water. Both wild field-growing and cultivated plants can be used to extract EO or
other secondary metabolites. However, for ecological reasons, the gathering of large amounts of plants growing in the
wild must be avoided since this can threat the species and reduce biodiversity. Therefore, attention should be shifted
towards the development of effective protocols for plant propagation in order to produce a large quantity of plants from
which chemicals of interest can be extracted thus preventing the exploitation of wild populations [45]. These
approaches allow large-scale propagation in controlled conditions in any time of the year, hence avoiding damage of
natural populations [45, 46-48]. The production of EO and other secondary metabolites in plants is under diverse
physiological, biochemical, metabolic and genetic regulation [49] and usually shows a variable chemical composition
due to both intrinsic (sexual, seasonal, ontogenetic, and genetic variations) and extrinsic (ecological and environmental
variations) factors [50, 51]. Therefore, EO quality strongly depends upon all these factors that may interfere and limit
plant biomass and oil yield. Furthermore, the common occurrence of chemotypes and ecotypes are major drawbacks
which often impair the production of high standard and uniform EO that can compete in global markets. To evaluate EO
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quality several procedures are known, namely sensory evaluations, physicochemical tests and chromatrospectral
techniques [52]. The latter allow a detailed qualitative and quantitative characterization of the EO, being capillary gas
chromatography and mass spectrometry the main techniques employed [53, 54]. Analytical guidelines published by
several institutions such as European Pharmacopoeia, ISO, WHO are available and must be followed to assure the good
quality of the commercialized EO and of the plants from which they are obtained.

Table 2 Main essential oils produced worldwide (adapted from Lawrence [55])

Plant family  Essential Oils Species Top 20
Ajowan Trachyspermum copticum (L.) Link
Anise Pimpinella anisum L.
Bitter fennel Foeniculum vulgare Mill. var. vulgare
Caraway Carum carvi L.
Celery seed Apium graveolens L.
. Coriander Coriandrum sativum L. 18
Apiaceae . . .
Cumin Cuminum cyminum L.
Dill weed Anethum graveolens L.
European dill seed Anethum graveolens L.
Indian dill seed Anethum sowa Roxb. ex Flem.
Sweet fennel Foeniculum vulgare Mill. var. dulce
Armoise Artemisia herba-alba Asso
Blue chamomile Chamomilla recutita (L.) Rauschert
Davana Artemisia pallens Wall. ex DC
Muhuhu Brachylaena hutchinsii Hutch.
Roman chamomile Anthemis nobilis L.
Asteraceae Sea wormwood Artemisia maritima L.
Tarragon Artemisia dracunculus L.
Tagetes Tagetes minuta L.
. . Ormenis mixta Dumort. and O. multicaulis Braun-
Wild chamomile .
Blanq & Maire
Wormwood Artemisia absinthum L.
Cupressaceae Cedarwood (Chinese) Chamaecyparis funebris (Endl.) Franco 14
Cedarwood (USA) Juniperus virginiana L. and J. ashei Buchholz 9
Poaceac Citronella Cymbopogon winterianus Jowitt and C. nardus (L.) 4
Rendle
Basil Ocimum basilicum L.
Clary sage Salvia sclarea L.
Cornmint Mentha arvensis L. f. piperascens Malinv. ex Holmes 2
Lavandin Lavandula intermedia Emeric ex Loisel 15
Lavender Lavandula angustifolia Mill.
Marjoram Origanum majorana L.
Native spearmint Mentha spicata L. 13
Lamiaceae Ocimum Ocimum gratissimum L. gratissimum
Patchouli Pogostemon cablin (Blanco) Benth. 20
Peppermint Mentha x piperita L. 5
Rosemary Rosmarinus officinalis L.
Sage Salvia officinalis L.
Scotch spearmint Mentha gracilis Sole
Spike lavender Lavandula latifolia Medik.
Thyme Thymus zygis L. and T. vulgaris L.
Camphor Cinnamomum camphora (L.) J. Presl. 17
Lauraceac Litsea cubeba Litsea cubeba (Lour.) Pers. 10
Sassafras (Brazil) Ocotea pretiosa (Nees) Benth. 11
Sassafras (Chinese) Cinnamomum micranthum (Hayata) Hayata 16
Eucalyptus cincole-type Eucalyptus globulus Labill., E. pglybractea R.T. 3
Myrtaceae _ Baker and other Eucalyptus species
fyl;c;alyptus citronellal- Eucalyptus citriodora Hook. 7
Clove leaf Syzygium aromaticum (L.) Merr. and L.M. Perry 8
Grapefruit Citrus paradisi Mactady 19
Rutaceae Lemon Citrus limon (L.) N.L. Burm. 6
Lime distilled Citrus aurantifolia (Christm. & Panz.) Swingle 12
Orange Citrus sinensis (L.) Osbeck 1
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4. In vitro/in vivo antifungal susceptibility testing in dermatophytes

Dermatophytic infections can be disfiguring, recurrent, and chronic. Besides, they usually require long term treatments
[56]. Thus, the development of standard antifungal susceptibility tests for dermatophytes is very useful due to the
increase incidence of systemic fungal infections and to the growing number of new antifungal agents used in therapy.
According to Espinel-Ingroff [57] an in vitro susceptibility test should be able to provide a reliable measure of two or
more antifungal agents, correlate the in vitro data with in vivo activity, predict the therapy outcomes, monitor the
development of resistance in a normal susceptible population, and forecast the therapeutic potential of new antifungals.
However, antifungal susceptibility testing in filamentous fungi, such as dermatophytes, is far from straightforward due
to slow growth rates and dimorphism of certain strains. Furthermore, several characteristics of antifungals such as
solubility, stability, modes of action, and partial inhibition ability, may also interfere in the methodology adopted [57].
In 2008, the Clinical and Laboratory Standards Institute (CLSI) approved a reference method (M38-A) for broth
dilution antifungal susceptibility testing of filamentous fungi (moulds) responsible for invasive (Aspergillus spp.,
Fusarium spp., Rhizopus spp., Pseudallescheria boydii [Scedosporium apiospermum], Sporothrix schenckii and other
opportunistic moulds) and cutaneous (Epidermophyton spp., Microsporum spp., Trichophyton spp.) infections [58].
This method has been applied to evaluate several antifungal drugs [56, 59] allowing the evaluation of minimal
inhibitory concentrations (MIC) and minimal lethal concentrations (MLC). More recently, in 2010, the CLSI developed
an alternative reference disk diffusion method (M51-A) to determine antifungal susceptibility of filamentous fungi, but
this approach was not applied to dermatophytes [60]. Nevertheless, in the same year, Nweze et al. [61] optimized an
agar-based disk diffusion method to determine the susceptibility of dermatophytes to antifungal agents. This method
seems to be advantageous due to its simplicity [62] and low-cost [63]. Its main limitation is the lack of reproducibility
due to differences in diffusion properties of EO components what can result in irregular inhibition zones [64]. Etest (AB
Biodisk, Sweden) is another commercially available agar diffusion system and has been used by several researchers
[e.g. 65-67]. More recently, the colorimetric-based assay (2,3-bis(2-methoxy-4-nitro-5 [(sulfenylamino)carbonyl]-2H-
tetrazolium hydroxide, commonly called XTT assay), was also applied to dermatophyte strains [56].

The standard assays, aforementioned and currently used for the evaluation of classical antifungal drugs, can also be
used as experimental systems to study the antifungal activity of natural compounds such as EO. However, certain
modifications must be considered due to EO complex chemical composition, insolubility in water, and volatility [53].
The most common tests used to assess the antidermatophytic activity of EO are: agar-based disk diffusion [61], agar
dilution [68], broth dilution [58], vapor phase activity test [6], poisoned food technique [69] and, more rarely, the
overlay bioautographic method [70]. Although several methodologies are available to evaluate the antidermatophytic
activity of EO, the lack of standardization in several criteria makes it difficult to compare results obtained by different
laboratories. Hadacek and Greger [71] suggested the standardized broth microdilution methodology to meet the
demands of all researchers involved in antifungal susceptibility testing of filamentous fungi. The main variables in these
kind of assays are the plant material used, the methods used to extract the EO, the role of solvents, the type of strains
used (collection or clinical) and their growing conditions, the type of culture medium and pH value, incubation time and
temperature, as well as the test assay chosen [72,73]. Also MIC and MLC values may have different definitions
according to the test used and the data used to represent them may also differ [e.g. 7, 74].

Some in vivo tests regarding EO efficiency, toxicity and applicability have also been performed. The efficiency of
antifungal agents on human nails (onychomycosis treatment), has been tested on keratinous structures of animals,
namely pigskin [75], ovine [76] and sheep hooves [77, 78]. EO acute toxicity has been evaluated in mice regarding
behavior alterations such as trembles, convulsions, dyspnea and ataxia. Lethal doses of EO have also been determined
for these animals [79]. Moreover, ointment formulations with oils were assayed for their applicability in guinea-pigs,
previously infected with ringworm [80-82]. In vivo studies in humans have also been performed using the Patch test
method [83]. Ointment formulations, tested on volunteers, were used to determine the maximum tolerable
concentrations as well as long-term toxicity for irritant activity of EO [84]. These approaches are required whether a
future commercial exploitation of the oils is envisaged.

5. Essential’s oil antidermatophytic activity

Several in vitro studies have been published confirming the effect of EO and their major compounds on dermatophytic
fungi (Trichophyton, Microsporum and Epidermophyton). Some of the most recent studies (last 5 years) on the
antidermatophytic activity of EO are represented in Table 3. Other significant screening assays comprising numerous
species and, therefore, not reported in Table 3, are summarized below.

A screening assay of 72 EO against 7. mentagrophytes, using vapour phase test, was carried out by Inouye ef al. [5].
The most active oils were Origanum vulgare, Thymus serpyllum, Eugenia caryophyllata, Cymbopogon nardus,
Pelargonium roseum, Lindera umbellata, Aniba rosaeodora, Thymus vulgaris, Lavandula latifolia, L. angustifolia and
Melaleuca alternifolia. Since this method is performed in sealed conditions and due to difficulties in applying this in
vivo, the authors suggested that both potent vapor activity and potent contact activity of the oils would be necessary for
anti-infectious therapy [5]. The in vitro antifungal activity of several commercial EO against clinical strains isolated
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from onychomycosis was also studied by Tullio et al. [6]. For most strains, lower MIC’s were obtained using the vapor
phase method. Thymus vulgaris and Eugenia caryophyllata (Syzigium aromaticum) oils were the best fungi inhibitors
due to the presence of phenolic compounds, namely thymol, carvacrol and eugenol [6]. Moreover, the
antidermatophytic activity of seven species of Arfemisia from Canada was evaluated using the agar diffusion method. 4.
bienis EO, rich in (E)-f-farnesene (40%) was the most active [85]. Also, a screening assay on seven Malaysian
Cinnamomum oils and their main compounds was performed using a microdilution broth method against several
dermatophytes. The authors were able to establish a correlation between chemical composition and antifungal activity,
showing that the strong antifungal activity of the bark and leaf oils of C. zeylanicum was related to the high levels of
cinnamaldehyde (44.2%) and eugenol (90.2%) while high amounts of benzyl benzoate (>50%) in the leaf oils of C.
rhynchophyllum, C. microphyllum, C. pubescens, C. impressicostatum, and C. mollissimum were responsible for
selective toxicity against dermatophytes [7]. More recently, several EO from Argentina were assayed for their
antidermatophytic activity, using a microdilution broth test. The EO of Acantholippia seriphioides, Gymnophyton
polycephalum and Satureja parvifolia proved to be promising sources for treating dermatophyte-related infections [10].

Combination therapy of available antifungal drugs with EO has also been assessed [86, 87]. However, regarding
dermatophytes, very few studies are known. Shin and Lim [88] evaluated the combination of Pelargonium graveolens
EO and its main compounds (citronellal and geraniol) with ketoconazole, against Tricophyton spp. The antifungal
activity of ketoconazole was significantly enhanced with the natural compounds and its minimal effective dose was also
reduced, hence minimizing possible side-effects. Prun and Shin [89] evaluated the synergism between Allium spp. oils
and ketoconazole using both a checkerboard titer and disk diffusion tests. A significant synergism between A. sativum
oil and also allicin with this antifungal drug was demonstrated. Khan and Amhad [90] explored the combinational effect
of several active EO and their main compounds with fluconazole against a clinical isolate of 7. rubrum. The maximum
level of synergism was found between cinnamaldehyde and fluconazole. This compound was able to reduce MIC of
fluconazole up to 8-fold and reduce its own MIC up to 32-fold. Also the essential oil of Syzigium aromaticum showed
the highest reduction of MIC (up to 128-fold) in combination with fluconazole.

Several factors may interfere with the amount of biologically active compounds in plants. The main aspects to be
considered as well as examples of studies where they have been evidenced are summarized below:
1. Plant organ: EO from Juniperus oxycedrus subsp. oxycedrus leaves were more effective than those from berries [91];
Cupressus lusitana oils obtained from leaves were significantly more active than those from fruits [92]; leaf oils of
Vitex-agnus castus showed a higher antifungal activity than flower and fruit oils [93].
2. Plant developmental stage: seeds of Daucus carota subsp. halophilus with high amounts of elemecin provided a more
active oil by comparison with oils obtained from flowers [94]; EO from flowering umbels of Daucus carota subsp.
carota from Sardinia were more effective than those from ripe umbels and, on the contrary, ripe umbels from Portugal
were more active than flowering ones [95].
3. Plant origin: essential oils of Crithmum maritimum from Portugal were rich in monoterpene hydrocarbons, while oils
from Sardinia were rich in phenylpropanoids. The oil from Sardinia with high amounts of dillapiole was the most active
[96]; essential oils of Calamintha nepeta from Sardinia were more active than those from Portugal [97].
4. Activity of main compounds: carvacrol and tymol proved to be very active compounds and may be responsible for
the antifungal activity of Thymus pulegioides [98] and T. x viciosoi EO [9]. The importance of phenolic compounds in
antimicrobial activity has been described by several authors [e.g. 99, 100]; In Crithmum maritimum, dillapiole was
associated to the high activity of the oils from Sardinia [96]; in Ferula hermonis, the oil fraction rich in jaeschkeanadiol
(73%) was the most active [70]; in Thymus capitellatus the higher antifungal activity of chemotype 1,8-cineole/linalyl
acetate/linalool, was due to linalyl acetate [101].
5. Activity of minor compounds: §-3-carene, an exclusive compound of Juniperus oxycedrus subsp. oxycedrus leaf oils,
proved to be fundamental for the higher antifungal activity, although it occurred in low quantities [91].
6. Chemotypes: camphor chemotype in L. pedunculata [8], 1,8-cineole/linalyl acetate/linalool chemotype in Thymus
capitellatus [101] and carvacrol type essential oil of Thymus zygis subsp zygis [74] were the most active. Cultures of the
most interesting chemical varieties are encouraged in order to secure high quality and homogeneity in EO.
7. Presence of toxic compounds: the presence of high amounts of toxic compounds in the oils may limit their
commercialization. For example, sage EO have restriction uses in some countries due to thujones potential
hepatotoxicity and neurotoxicity [102]. Also, Mentha cervina and Calamintha nepeta should not be used in
aromatherapy, due to the presence of pulegone, a toxic compound for the liver [103]. Pinto et al. [104] showed that a oil
of Salvia officinalis with lower contents of thujone was the most effective against dermatophytes, suggesting an
alternative use as an antifungal agent; Also, Mentha cervina EO with low amounts of pulegone, can be obtained during
the vegetative phase of the plant and used in therapeutic approaches for dermatophytosis caused by Epidermophytum
floccosum [105].
8._In vitro test used: EO are complex mixtures of several compounds with various degrees of lipophilicity and relative
hydrophilicity due to compounds with polar functional groups [106]. Therefore, EO with compounds with low water
solubility dissolve poorly in aqueous medium, and consequently show a weak activity. Vapor phase method normally
allows best results due to EO high volatility [107]. Tullio et al. [6] obtained lower MIC values using the vapor assay in
comparison to broth dilution.
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6. Essential’s oil mechanism of action on dermatophytes

The knowledge of both the mode and mechanism of action of EO is crucial to ensure their usefulness in therapeutic
practices [53]. While EO have been extensively screened for their antifungal activity, interaction between the oils and
microorganisms, which is lately responsible for its activity, is poorly understood. Regarding the few studies on this
matter, Candida spp. and Aspergillus spp. have been the species mostly used [116-118] and, therefore, very little
information is available for dermatophytes. The main studies on the evaluation of EO mode and mechanism of action on
dermatophytes are summarized below. Pinto et al. [98] evaluated the ergosterol content of 7. rubrum and showed that
0.08 pL/mL of Thymus pulegioides oil was able to reduce ergosterol content around 70%. A mechanism of action based
on impairment of the biosynthesis of ergosterol was suggested as also occurs with conventional azole antifungal drugs
[119]. Inouye et al. [120] through scanning electron microscopic observations showed that oregano EO were able to
damage the cell membrane and cell wall in a dose and time dependent manner. Park et al. [121] analysed the
mechanism of action of eugenol, a main compound in Syzygium aromaticum EO. Modifications in T. mentagrophytes
hiphae ultrastructure were observed, namely destruction of inner mitochondrial membranes and cell wall as well as
expansion of endoplasmic reticulum near cell membranes, suggesting a mechanism of action through changes in fungal
cell structure, particularly at the membrane level. Bajpai ef al. [122] performed a spore germination assay using several
T. rubrum and M. canis strains as well as one strain of 7. mentagrophytes. Nandina domestica oil was used and showed
a strong detrimental effect on all the strains tested. Also a kinetic study of the oil was performed on 7. rubrum KCTC
6375, showing a time-dependent kinetic inhibition of this fungus. Khan and Amhad [30] performed a time-killing
dependent assay on 7. rubrum IOA-9 to compare the ability of potent EO and active compounds with fluconazole.
Cellular toxicity was assayed using red blood cell lines from sheep. No haemolysis was recorded at minimal fungicidal
concentrations of the oils. Finally, electron transmission microscopy was used to detect ultastructural changes in the
presence of cinnamaldehyde. Alterations included lysis of cell wall and plasma membranes, endoplasmic reticulum
expansion near cell membrane, excessive vacuolization, disintegration of mitochondria, plasma membranes, cell walls,
and nuclear and cytoplasmic contents, abnormal distribution of polysaccharides and leakage of cytoplasmic contents.

In general, the most active antifungal compounds of EO are mainly phenolic terpenes such as carvacrol and thymol.
These compounds proved to be able to attack cell walls and membranes, affecting the permeability and release of
intracellular constituents, as well as several invasive targets, allowing all together inhibition of fungal infection [122].
Many EO have also shown fungicidal activity against dermatophyte strains (MIC values equivalent to MLC values)
[e.g. 8,97, 104, 105, 108, 112]. Overall it seems that the antifungal activity of EO is not due to a single mechanism of
action but may result from the effect of different compounds on several cell targets.

7. Conclusions

EO have proved, in several in vitro assays, to be useful alternatives to conventional antifungals for the treatment of
dermatophytosis. Moreover, it seems unlikely that resistance may occur with their use since multiple mutations are
required to overcome all the distinct antifungal actions of each and all of the oils constituents [118]. However, to
guarantee their safety, further toxicity studies need to be performed as well as assays to clarify the mechanism of action
and possible interactions with antibiotics or other compounds. The optimization of formulations, the establishment of
optimal concentrations for clinical applications and the search for possible side-effects are together research lines that
need to be highlighted.

Acknowledgements The support by CEF/POCI2010/FEDER and a PhD fellowship to Ménica Zuzarte (SFRH/BD/40218/2007) is
gratefully acknowledged.

References

[1] Pfaller MA, Pappas PG, Wingard JR. Invasive fungal pathogens: current epidemiological trends. Clinical Infectious Diseases.
2006;43:3-14.

[2] Arif T, Mandal TK, Dabur R. Natural products: antifungal agents derived from plants. In: Tiwari VK, ed. Opportunity,
Challenge and Scope of Natural Products in Medicinal Chemistry. India: Research Signpost; 2011:283-311.

[3] Gupta AK, Cooper EA. Update in antifungal therapy of dermatophytosis. Mycopathologia. 2008;166:353-367.

[4] RiosJL, Recio MC. Medicinal plants and antimicrobial activity. Journal of Ethnopharmacology. 2005;100:80-84.

[5] Inouye S, Uchida K, Abe S. Vapor activity of 72 essential oils against a Trichophyton mentagrophytes. The Journal of Infection
and Chemotherapy. 2006;12:210-216.

[6] Tullio V, Nostro A, Mandras N, Dugo P, Banche G, Cannatelli M.A. Cuffini AM, Alonzo V, Carlone NA. Antifungal activity
of essential oils against filamentous fungi determined by broth microdilution and vapour contact methods. Journal of Applied
Microbiology. 2007;102:1544-1550.

1174 ©FORMATEX 2011



Science against microbial pathogens: communicating current research and technological advances
A. Méndez-Vilas (Ed.)

Jantan 1B, Moharam BAK, Santhanam J, Jamal JA. Correlation between chemical composition and antifungal activity of the
essential oils of eight Cinnamomum species. Pharmaceutical Biology. 2008;46:406-412.

Zuzarte M, Gongalves MJ, Cavaleiro C, Dinis AM, Canhoto J, Salgueiro L. Chemical composition and antifungal activity of
the essential oils of Lavandula pedunculata (Miller) Cav. Chemistry & Biodiversity. 2009;6:1283-1292.

Vale-Silva LA, Gongalves MJ, Cavaleiro C, Salgueiro L, Pinto E. Antifungal activity of the essential oils of Thymus x viciosoi
against Candida, Cryptococcus, Aspergillus and Dermatophyre species. Planta Medica. 2010;76:1-7.

Lima B, Lopez S, Luna L, Agiiero MB, Aragén L, Tapia A, Zacchino S, Lopez ML, Zygadlo J, Feresin GE. Essential oils of
medicinal plants from the Central Andes of Argentina: chemical composition, and antifungal, antibacterial, and insect-repellent
activities. Chemistry & Biodiversity. 2011;8:924-936.

Dahdah MJ, Sher RK. Dermatophytes. Current Fungal Infection Reports. 2008;2:81-86.

Hainer BL. Dermatophyte infections. Pratical Therapeutics. 2003;67:101-108.

Weitzman I, Summerbell RC. The dermatophytes. Clinical Microbiology Reviews. 1995;8:240-259.

Romani L. Immunity to fungi. In: Kavanagh K. ed. New Insights in Medicinal Mycology. Dordrecht: Springer; 2007:1-18
Mukherjee PK, Leidich SD, Isham N, Leitner I, Ruder NS, Ghannoum MA. Clinical Trichophyton rubrum strain exhibiting
primary resistance to terbinafine. Antimicrobial Agents and Chemotherapy.2003;47:82-86

Monod M. Secreted proteases from dermatophytes. Mycopathologia. 2008;285-294.

Robert R, Pihet M. Conventional methods for the diagnosis of dermatophytosis. Mycopathologia. 2008;166:295-306.

Ziemer M, Seyfarth F, Elsner P, Hipler UC. Atypical manifestations of Tinea corporis. Mycoses. 2007;50:31-35.

Degreef H. Clinical forms of dermatophytosis (Ringworm infection). Mycopathologia. 2008;166:257-265.

Chermette R, Ferreiro L, Guillot J. Dermatophytosis in animals. Mycopathologia. 2008;166:385-405.

Loo DS. Systemic antifungal agents: an update of established and new therapies. Advanced Dermatology. 2006;22:101-124.
Lecha M, Effendy I, Feuilhade de Chauvin M, Di Chiac-chio N, Baran R. Treatment options — development of consensus
guidelines. Journal of the European Academy of Dermatology and Venereology. 2005;19:25-33.

Andrews MD, Burns M. Common Tinea Infections in Children. American Family Physician. 2008;77:1415-1420.

Gupta AK, Chow M, Daniel CR, Aly R. Treatment of Tinea pedis. Dermatologic clinics. 2003;21:431-462.

Andriole VT, Current and future antifungal therapy: New targets for antifungal agents. Journal of Antimicrobial
Chemotherapy. 1994;44:151-162

Del Rosso JQ. Currrent managment of onychomycosis and dermatomycoses. Current Infectious Disease Reports. 2000;2:438-
445.

Gupta AK, Katz HI, Shear NH. Drug interactions with itraconazole, fluconazole and terbinafine and their management. Journal
of the American Academy of Dermatology. 1999;41:237-249.

Del Rosso JQ, Gupta AK. Drug interactions update. Focus on oral antifungal agents. Today’s Ther Trends. 2000;18:181-188.
Gupta AK, Ryder JE, Skinner AR. Treatment of onychomycosis: Pros and cons of antifungal agents. Journal of Cutaneous
Medicine and Surgery. 2004;8:25-30

Khan MSA, Ahmad I. Antifungal activity of essential oils and their synergy with fluconazole against drug-resistant strains of
Aspergillus fumigatus and Trichophyton rubrum. Applied Microbial and Cell Physiology. 2011;90:1083-1094.

Olafsson JH, Sigurgeirsson B, Baran R. Combination therapy for onychomycosis. British Journal of Dermatology.
2003;149:15-18.

Evans EGV. Drug synergies and the potential for combination therapy in onychomycosis. British Journal of Dermatology.
2003;149:11-13.

Baran R. Topical amorolfine for 15 months combined with 12 weeks of oral terbinafine, a cost-effective treatment for
onychomycosis. British Journal of Dermatology. 2001;145:15-19.

Baran R, Kaoukhov A. Topical antifungal drugs for the treatment of onychomycosis: an overview of current strategies for
monotherapy and combination therapy. Journal of the European Academy of Dermatology and Venereology. 2005;19:21-29.
Lecha M. Amorolfine and itraconazole combination for severe toenail onychomycosis: results of an open randomized trial in
Spain. British Journal of Dermatology. 2001;145:21-26.

Hemaiswarya S, Kruthiventi AK, Doble M. Synergism between natural products and antibiotics against infectious diseases.
Phytomedicine. 2008;15;639-652.

Bakkali F, Averbeck S, Averbeck D, Idaomar M. Biological effects of essential oils — A review. Food and Chemical
Toxicology. 2008;46:446-475.

Upton R, Graff A, Jolliffe G, Lénger R, Williamson E. eds. American Herbal Pharmacopoeia: Botanical Pharmacognosy -
Microscopic Characterization of Botanical Medicines. New York, USA: CRC Press; 2011.

Svoboda KP, Svoboda TG. Secretory Structures of Aromatic and Medicinal plants. London: Microscopix Publications; 2000.
Theis N, Lerdau M. The evolution of function in plant secondary metabolites. International Journal of Plant Sciences.
2003;164:93-102.

Edris AE. Pharmaceutical and therapeutic potentials of essential oils and their individual voltile constituents: A review.
Phytotherapy Research. 2007;21:308-323.

Alviano DS, Alviano CS. Plant extracts: search for new alternatives to treat microbial diseases. Current Pharmaceutical
Biotechnology. 2009:10;106-121.

Askew MF (cord.) IENICA’s Essential Oils Market Information Booklet. Central Science Laboratory: IENICA copyright;
2004.

International Organization for Standardization, Aromatic Natural Raw. Geneve, Switzerland; 1997.

Zuzarte M, Dinis AM, Cavaleiro C, Salgueiro L, Canhoto J. Trichomes, essential oils and in vitro propagation of Lavandula
pedunculata (Lamiaceae). Industrial Crops and Products. 2010;32:580-587.

Canter PH, Thomas H, Ernst E. Bringing medicinal plants into cultivation: opportunities and challenges for biotechnology.
Trends in Biotechnology. 2005;23:180-185.

©FORMATEX 2011 1175



Science against microbial pathogens: communicating current research and technological advances
A. Méndez-Vilas (Ed.)

[51]

1176

Debnath M, Malik CP, Bisen PS. Micropropagation: a tool for the production of high quality plant-based medicines. Current
Pharmaceutical Biotechnology. 2006;7:33-49.

Chaturvedi HC, Jain M, Kidwai NR. Cloning of medicinal plants through tissue culture — a review. Indian Journal of
Experimental Biology. 2007;45:937-948.

Sangwan NS, Farooqi AHA, Shabih F, Sangwan RS. Regulation of essential oil production in plants. Plant Growth Regulation.
2001;34:3-21.

Figueiredo AC, Barroso JG, Pedro LG, Scheffer JJC. Factors affecting secondary metabolites production in plants: volatile
components and essential oils. Flavour and Fragrance Journal. 2008;23:213-226.

Angioni A, Barra A, Coroneo V, Dessi S, Cabras P. Chemical composition, seasonal variability, and antifungal activity of
Lavandula stoechas L. ssp. stoechas essential oils from stem/leaves and flowers. Journal of Agricultural and Food Chemistry.
2006;54:4364-4370.

Baser KHC, Demitri F. Chemistry of essential oils. In: Berger, RG. ed. Flavours and Fragrances — Chemistry, Bioprocessing
and Sustainability. Berlin: Springer Press; 2007:43-86.

Lahlou, M. Methods to study the phytochemistry and bioactivity of essential oils. Phytotherapy Research. 2004;1:435-448.
Rubiolo P, Sgorbini B, Liberto E, Cordero C, Bicchi C. Essential oils and volatiles: sample preparation and analysis. A review.
Flavour and Fragrances Journal. 2010;25:282-290.

Lawrence BM. A planning scheme to evaluate new aromatic plants for the flavour and fragrance industries. In: Janick J, Simon
JE, eds. New Crops. New York: Wiley, 1993:620-627.

Shehata AS, Mukherjee PK, Ghannoum MA. Comparison between the standardized Clinical and Laboratory Standards Institute
M38-A2 method and a 2,3-bis(2-methoxy-4-nitro-5-[(sulphenylamino)carbonyl]-2H-tetrazolium hydroxide-based method for
testing antifungal susceptibility of dermatphytes. Journal of Clinical Microbiology. 2008;46:3668-3671.

Espinel-Ingroff A, Canton E, Peman J. Updates in antifungal susceptibility testing of filamentous fungi. Current Fungal
Infection Reports. 2009;3:133-141.

Clinical and Laboratory Standards Institute (CLSI). Reference method for broth dilution antifungal susceptibility testing of
filamentous fungi: Approved standard, 2™ ed. CLSI document M38-A2. USA: Clinical Laboratory Standards Institute; 2008.
Ghannoum MA, Chaturvedi V, Espinel-Ingroff A, Pfaller MA, Rinaldi MG, Lee-Yang W, Warnock W. Intra- and
interlaboratory study of a method for testing the antifungal susceptibilities of dermatophytes. Journal of Clinical Microbiology.
2004;42:2977-2979.

Clinical and Laboratory Standards Institute (CLSI). Reference method for antifungal disk diffusion susceptibility testing of non
dermatophyte filamentous fungi; approved guideline. CLSI document M51-A. USA: Clinical Laboratory Standards Institute;
2010.

Nweze EI, Mukherjee PK, Ghannoum MA. Agar-based disk diffusion assay for susceptibility testing of dermatophytes.
Journal of Clinical Microbiology. 2010;48:3750-3752.

Macura AB. In vitro susceptibility of dermatophytes to antifungal drugs: comparison of two methods. International Journal of
Dermatology. 1993;32:533-536.

Meis J, Petrou M, Billie J, Ellis D, Gibbs D, Global Antifungal Surveillance Group, A global evaluation of the susceptibility of
Candida species to fluconazole by disk diffusion. Diagnostic Microbiology Infectious Disease. 2000;36:215-232.

Scorzoni L, Benaducci T, Almeida AMF, Silva DHS, Bolzani VS, Mendes-Giannini MJS. Comparative study of disk diffusion
and microdiluion methods for evaluation of antifungal activity of natural compounds against medical yeast Candida spp. and
Cryptococcus sp. Journal of Basic and Applied Pharmaceutical Sciences. 2007;28:25-34.

Dos Santos JI, Paula CR, Viani FC, Gambale W. Suseptibility testing of Trichophyton rubrum and Microsporum canis to three
azoles by E-test. Journal de Mycologie Médicale. 2001;11:42-43.

Fernandez-Torres B, Carrillo-Muiioz A, Ortoneda M, Pujol I, Pastor FJ, Guarro J. Interlaboratory evaluation of the E-test® for
antifungal susceptibility testing of dermatophytes. Medical Mycology 2003;41:125-130.

Barros MES, Santos DA, Hamdan JS. Antifungal susceptibility testing of Trichophyton rubrum by E-test. Archives of
Dermatological Research. 2007;299:107-109.

Griffin SG, Markham JL. An agar dilution method for the determination of the minimum inhibitory concentration of essential
oils. Journal of Essential Oils Research. 2000;12:249-255.

Grover RK, Moore JD. Toximetric studies of fungicides against brown rot organism Sclerotinia fructicola and S. laxa.
Phytophology. 1962;52:876-880.

Al-Ja’fari A-H, Vila R, Freixa B, Tomi F, Casanova J, Costa J, Cafiigueral S. Composition and antifungal activity of the
essential oil from the rhizome and roots of Ferula hermonis. Phytochemistry. 2011;72:1406-1413.

Hadacek F, Greger H. Testing of antifungal natural products: methodologies, comparability of results and assay choice.
Phytochemical Analysis. 2000;11:137-147.

Carson CF, Riley TV. Antimicrobial activity of the major components of the essential oil of Melaleuca alternifolia. Journal of
Applied Bacteriolgy. 1995;78:264-269.

Inouye S, Tsuruoka T, Uchida K, Yamaguchi H. Effect of seeling and Tween 80 on the antifungal susceptibility testing of
essential oils Microbiology and Immunology. 2001;45:201-208.

Gongalves MJ, Cruz MT, Cavaleiro C, Lopes MC, Salgueiro LR. Chemical, antifungal and cytotoxic evaluation of the essential
oil of Thymus zygis subsp. sylvestris. Industrial Crops and Products. 2010;32:70-75.

Ceshin-Roques, CG, Hanel H, Pruja-Bougaret SM, Luc J, Vandermander J, Michel G. Ciclopirox nail lacquer 80%: in vivo
penetration into and through nails and in vitro effect on pig skin. Skin Pharmacology. 1991;4:89-94.

Malecky JC, McClausland JP. In vitro penetration and absorption of chemicals into the ovine hoof. Research in Veterinary
Science. 1982;33:192-197.

Hemidy PY, Makki S, Muret P, Chaumont JP, Millet J. The use of sheep hoof plates for substituting human nails in transungual
absorption studies. Journal of Applied Cosmetology. 1994;12:73-84.

©FORMATEX 2011



Science against microbial pathogens: communicating current research and technological advances
A. Méndez-Vilas (Ed.)

[78] Mahmoud YA-G. In vitro evaluation of antidermatophytic activity of egyptian Bee propolis in combination with plant essential
oils in sheep hoof plate: an experimental model. Mycobiology. 2003;31:99-104.

[79] Fontenelle ROS, Morais SM, Brito EHS, Brilhante RSN, Cordeiro RA, Nascimento NRF. Antifungal activity of essential oils
of Croton species from the Brazilian Caatinga biome. Journal of Applied Microbiology. 2008;104:1383-1390.

[80] Kishore N, Chansouria JPN, Dubey NK. Antidermatophytic action of the essential oil of Chenopodium ambrosioides and an
ointment prepared from it. Phytotherapy Research. 1996;10:453-455.

[81] Lee S-J, Han J-I, Lee G-S, Park M-J, Choi I-G, Na Kj, Jeung Eb. Antifungal effect of eugenol and nerolidol against
Microsporum gypseum in a guinea pig model. Biological & Pharmaceutical Bulletin. 2007;30:184-188.

[82] Prasad CS, Shukla R, Kumar A, Dubey NK. In vitro and in vivo antifungal activity of essential oils of Cymbopogon martini and
Chenopodium ambrosioides and their synergism against dermatophytes. Mycoses. 2009;53:123-129.

[83] Roxburgh AC, Borrie P. Roxburgh’s Common Skin Diseases. 12™ ed. London: The English Language Book Society and H.K.
Lewis and Co. Ltd; 1973.

[84] Pandey KP, Mishra RK, Kamran A, Mishra P, Bajaj AK, Dikshit A. Studies on antidermatophytic activity of waste leaves of
Curcuma longa L. Physiology and Molecular Biology of Plants. 2010;16:177-185.

[85] Lopes-Lutz D, Alviano DS, Alviano CS, Kolodziejczyk PP. Screening of chemical composition, antimicrobial and antioxidant
activities of Artemisia essential oils. Phytochemistry. 2008;69:1732-1738.

[86] Shin S, Kang C-A. Antifungal activity of the essential oil of Agastache rugosa Kuntze and its synergism with ketoconazole.
Letters in Applied Microbiology 2003;36:111-115.

[87] Hemaiswarya S, Kruthiventi AK, Doble M. Synergism between natural products and antibiotics against infectious diseases.
Phytomedicine.2008;15:639-652.

[88] Shin S, Lim S. Antifungal effects of herbal essential oils alone and in combination with ketoconazole against Trichophyton spp.
Journal of Applied Microbiology. 2004;97:1289-1296.

[89] Pyun M-S, Shin S. Antifungal effects of the volatile oils from Al//ium plants against Trichophyton species and synergism of the
oils with ketoconazole. Phytomedicine: International Journal of Phytotherapy & Phytopharmacology. 2006;13:394-400.

[90] Khan MSA, Amhad I. Antifungal activity of essential oils and their synergy with fluconazole against drug-resistant strains of
Aspergillus fumigatus and Trichophyton rubrum. Applied Microbial and Cell Physiology. 2011;90:1083-1094.

[91] Cavaleiro C, Pinto E, Gongalves MJ, Salgueiro L. Antifungal activity of Juniperus essential oils against dermatophyte,
Aspergillus and Candida strains. Journal of Applied Microbiology. 2006;100:1333-1338.

[92] Kuiate JR, Bessiere JM, Vilarem G, Amvam Zollo PH. Chemical composition and antidermatophytic properties of the
essential oils from leaves, flowers and fruits of Cupressus lusitanica Mill. from Cameroon. Flavour and Fragrance Journal.
2006;21:693-697.

[93] Marongiu B, Piras A, Porcedda S, Falconieri D, Gongalves MJ, Salgueiro L, Maxia A, Lai R. Extraction, separation and
isolation of volatiles from Vitex agnus-castus L.(Verbenaceae) wild species of Sardinia, Italy, by supercritical CO2. Natural
Product Research 2010; 24:569-579.

[94] Tavares AC, Gongalves MJ, Cavaleiro C, Cruz MT, Lopes MC, Canhoto J, Salgueiro LR. Essential oil of Daucus carota subsp.
halophilus: composition, antifungal activity and cytotoxicity. Journal of Ethnopharmacology. 2008;119:129—-134.

[95] Maxia A, Marongiu B, Piras A, Porcedda S, Tuveri E, Gongalves MJ, Cavaleiro C, Salgueiro L. Chemical characterization and
biological activity of essential oils from Daucus carota L. subsp. carota growing wild on the Mediterranean coast and on the
Atlantic coast. Fitoterapia. 2009;80:57-61.

[96] Marongiu B, Maxia A, Piras A, Porcedda S, Tuveri E, Gongalves MJ, Cavaleiro C, Salgueiro L. Isolation of Crithmum
maritimum L. volatile oil by supercritical carbon dioxide extraction and biological assays. Natural Product Research.
2007;21:1145-1150.

[97] Marongiu B, Piras A, Porcedda S, Falconieri D, Maxia A, Gongalves M J, Cavaleiro C, Salgueiro L. Chemical composition and
biological assays of essential oils of Calamintha nepeta (L.) Savi subsp. nepeta (Lamiaceae). Natural Product Research.
2010; 24:1734-1742.

[98] Pinto E, Pina-Vaz C, Salgueiro L, Gongalves MJ, Costa-de-Oliveira S, Cavaleiro C, Palmeira A, Rodrigues A, Martinez-de-
Oliveira J. Antifungal activity of the essential oil of Thymus pulegioides on Candida, Aspergillus and dermatophyte species.
Journal of Medical Microbiology. 2006;55:1367-1373.

[99] Dorman HJ, Deans SG. Antimicrobial agents from plants: antibacterialg activity of plant volatile oils. Journal of Applied
Microbiology. 2000;88:308-316.

[100] Nostro A, Blanco AR, Cannatelli MA, Enea V, Flamini G, Morelli I, Roccaro AS, Alonzo V. Susceptibility of methicillin-
resistant staphylococci to oregano essential oil, carvacrol and thymol. FEMS Microbiology Letters. 2004; 230:191-195.

[101] Salgueiro LR, Pinto E, Gongalves MJ, Costa I, Palmeira A, Cavaleiro C, Pina-Vaz C, Rodrigues AG, Martinez-de-Oliveira J.
Antifungal activity of the essential oil of Thymus capitellatus against Candida, Aspergillus and dermatophyte species. Flavour
and Fragrance Journal. 2006;21:749-753.

[102] Lima CF, Carvalho F, Fernandes E, Bastos ML, Santos-Gomes PC, Fernandes-Ferreira M, Pereira-Wilson C. Evaluation of
toxic/protective effects of the essential oil of Salvia officinalis on freshly isolated rat hepatocytes. Toxicology in vitro.
2004;18:457-465.

[103] Tisserand, R, Balacs T. Essential Oil Safety a Guide for Health Care Professionals. London: Churchill, Livingstone; 1995.

[104] Pinto E, Salgueiro LR, Cavaleiro C, Palmeira A, Gongalves MJ. In vitro susceptibility of some species of yeasts and
filamentous fungi to essential oils of Salvia officinalis. Industrial Crops and Products. 2007;26:135-141.

[105] Gongalves MJ, Vicente AM, Cavaleiro C, Salgueiro L. Composition and antifungal activity of the essential oil of Mentha
cervina from Portugal. Natural Product Research. 2007;21:867-871.

[106] Griffin SG, Wyllie SG, Markham JL, Leach DN. The role of structure and molecular properties of terpenoids in determining
their antimicrobial activity. Flavour and Fragrance Journal. 1999;14:322-32.

[107] Inouye S, Tsuruoka T, Watanabe M, Takeo K, Akao M, Nishiyama Y, Yamaguchi H. Inhibitory effect of essential oils on
apical growth of Aspergillus fumigatus by vapour contact. Mycoses. 2000;43:17-23.

©FORMATEX 2011 1177



Science against microbial pathogens: communicating current research and technological advances
A. Méndez-Vilas (Ed.)

[108] Tavares AC, Gongalves MJ, Cruz MT, Cavaleiro C, Lopes MC, Canhoto J, Salgueiro LR. Essential oils from Distichoselinum
tenuifolium: Chemical composition, cytotoxicity, antifungal and anti-inflammatory properties. Journal of Ethnopharmacology.
2010;130:593-598.

[109] Cavaleiro C, Gongalves MJ, Serra D, Santoro G, Tomi F, Bighelli A, Salgueiro L, Casanova J. Composition of a volatile
extract of Eryngium duriaei subsp. juresianum (M. Lainz) M. Lainz, signalised by the antifungal activity. Journal of
Pharmaceutical and Biomedical Analysis. 2011;54:619-622.

[110] Bajpai VK, Yoon JI, Kang SC. Antioxidant and antidermatophytic activities of essential oil and extracts of Metasequoia
glyptostroboides Miki ex Hu. Food and Chemical Toxicology. 2009;47:1355-1361.

[111] Larypoor M, Akhavansepahy A, Rahimifard N, Rashedi H. Antidermatophyte Activity of the essential oil of Hypericum
perforatum of North of Iran. Journal of Medicinal Plants. 2009;8:110-117.

[112] Zuzarte M, Gongalves MJ, Cavaleiro C, Canhoto J, Vale-Silva L, Silva MJ, Pinto E, Salgueiro L. Chemical composition and
antifungal activity of the essential oils of Lavandula viridis L'Hér. Journal of Medical Microbiology. 2011;60:612-618.

[113] Chuang P-H, Lee C-W, Chou J-Y, Murugan M, Shieh BJ, Chen H-M. Antifungal activity of crude extracts and essential oil of
Moringa oleifera Lam. Bioresource Technology. 2007;98:232-236

[114] Pereira FO, Wanderley PA, Viana FAC, Lima RB, Sousa FB, Lima EO. Growth inhibition and morphological alterations of
trichophyton rubrum induced by essential oil from Cymbopogon winterianus jowitt ex bor. Brazilian Journal of
Microbiology.2011;42:233-242.

[115] Cabral C, Gongalves MJ, Cavaleiro C, Sales F, Boyom F, Salgueiro L. Composition and anti-fungal activity of the essential oil
from Cameroonian Vitex rivularis Giirke. Natural Product Research. 2010;23:1478-1484.

[116] Reichling J, Schnitzler P, Suschke U, Saller R. Essential oils of aromatic plants with antibacterial, antifungal, antiviral, and
cytotoxic properties. Forsch Komplementmed. 2009;16:79-90.

[117] Pinto E, Vale-Silva L, Cavaleiro C, Salgueiro L. Antifungal activity of the clove essential oil from Syzygium aromaticum on
Candida, Aspergillus and dermatophyte species. Journal of Medical Microbiology. 2009;58:1454-1462.

[118] Palmeira de Oliveira A, Salgueiro L, Palmeira-de-Oliveira R, Martinez-de-Oliveira J, Pina-Vaz C, Queiroz JA, Rodrigues AG.
Anti-candida activity of essential oils. Mini Reviews in Medicinal Chemistry. 2009;9:1292-1305.

[119] Kelly SL, Lamb DC, Corran AJ, Baldwin BC, Kelly D. Mode of action and resistance to azole antifungals associated with the
formation of 14 alpha-methylergosta-8,24(28)-dien-3 beta,6 alpha-diol. Biochemical and Biophysical Research
Communications. 1995;207:910-915.

[120] Inouye S, Nishiyama Y, Uchida K, Hasumi Y, Yamaguchi H, Abe S. The vapor activity of oregano, perilla, tea tree, lavender,
clove, and geranium oils against a Trichophyton mentagrophytes in a closed box. Journal of Infection and Chemotherapy.
2006;12:349-54.

[121] Park MJ, Gwak KS, Yang I, Choi WS, Jo HJ, Chang JW, Jeung EB and Choi IG. Antifungal activities of the essential oils in
Syzygium aromaticum (L.) Merr. Et Perry and Leptospermum petersonii Bailey and their constituents against various
dermatophytes. The Journal of Microbiology. 2007;45:460-465.

[122] Bajpai VK, Yoon JI, Kang SC. Antifungal potential of essential oil and various organic extracts of Nandina domestica Thunb.
against skin infectious fungal pathogens. Applied Microbiology and Biotechnology. 2009;83:1127-1133.

1178 ©FORMATEX 2011





