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ABSTRACT

Cryptococcus neoformans is an encapsulated yeast found in the environment, responsible for 
causing of meningoencephalitis in patients with a compromised immune system. In Brazil, 
cryptococcosis is the second cause of death among systemic mycoses. The limited efficacy of 
the available antifungal drugs used in its treatment has encouraged the search for therapeutic 
alternatives, such as medicinal plants. Thymus vulgaris, popularly known as thyme, is an 
aromatic plant whose essential oil (EO) possesses antifungal properties. The aim of this study 
was to assess the action of T. vulgaris EO on C. neoformans clinical isolates. This oil was 
analyzed by gas chromatography/mass spectrometry (GC/MS), which showed that its main 
components were thymol, ρ-cymene and linalool. Microdilution broth tests showed that this EO 
was effective against fungal isolates, with minimum inhibitory concentrations (MICs) ranging 
from 32 to 128 µg/mL. In vitro interaction tests between this oil and fluconazole (FCZ) showed 
no potentiation of the antifungal action of this drug. Its effect on mitochondrial metabolism 
of fungal cells was also evaluated and results demonstrated alterations on the mitochondrial 
enzyme activity of fungal cells only at concentrations >1,024 µg/mL. The results of the action 
of this EO on human erythrocytes indicated that it has low cytotoxic activity at MIC values. 
This investigation describes the antifungal action of T. vulgaris, showing its potential in the 
development of alternatives in the treatment of C. neoformans.
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RESUMO

Efeitos do óleo essencial de Thymus vulgaris L. em Cryptococcus neoformans

Cryptococcus neoformans é uma levedura encapsulada encontrada no ambiente, responsável 
por causar meningoencefalite em pacientes com o sistema imune comprometido. No Brasil, 
a criptococose é a segunda causa de morte por micoses sistêmicas. A eficácia limitada 
dos fármacos antifúngicos usados no tratamento desta doença tem estimulado a busca por 
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terapias alternativas como, por exemplo, o uso de plantas medicinais. Thymus vulgaris, 
popularmente conhecida como tomilho, é uma planta aromática cujo óleo essencial (OE) 
possui propriedades antifúngicas. Este estudo teve como objetivo avaliar a ação do OE de T. 
vulgaris em isolados clínicos de C. neoformans. Este óleo, analisado por cromatografia gasosa 
acoplada à espectrometria de massa (CG/EM), revelou como seus principais compostos: timol, 
ρ-cimeno e linalool. Testes de microdiluição em caldo mostraram a eficácia deste OE contra 
os isolados fúngicos, com concentrações inibitórias mínimas (CIMs) variando de 32 a 128µg/
mL. Testes de interação in vitro ─ OE de T. vulgaris e fluconazol (FCZ) ─ demonstraram não 
haver potencialização da atividade antifúngica desse fármaco. Avaliou-se também seu efeito 
no metabolismo celular fúngico e os resultados mostraram alterações na atividade enzimática 
mitocondrial apenas em concentrações >1.024µg/mL. Os resultados da ação deste OE em 
eritrócitos humanos indicaram que ele possui baixa atividade citotóxica em valores de MIC. Ao 
descrever a ação antifúngica de T. vulgaris, esta pesquisa mostra seu potencial como alternativa 
para o tratamento contra C. neoformans.

DESCRITORES: Cryptococcus neoformans; Thymus vulgaris; antifúngicos.

INTRODUCTION 

Cryptococcus neoformans is an encapsulated yeast found in the 
environment, that initiates infection in humans after inhalation. It is responsible 
for causing meningoencephalitis in patients with a compromised immune system 
with approximately 1 million cases worldwide and 650,000 deaths annually 
(Park et al. 2009). In Brazil, cryptococcosis is the second cause of death among 
systemic mycoses, having been mentioned in 50.9% of AIDS death certificates 
(Prado et al. 2009) where 48.4% of the 62 patients in this group died in Goiania, 
Brazil, in 2009 and 2010 (Souza et al., 2013). The limited efficacy of the available 
antifungal drugs – due to the high toxicity of amphotericin B (AmB) (Jarvis et al. 
2008) and the increasing isolation of fluconazole (FCZ) resistant isolates (Cheong 
& McCormack 2013) – leads to a growing demand for new antifungals that are 
more effective and less toxic (Pina-Vaz et al. 2004). Plants have received much 
attention in recent years and are a promise of natural products with antifungal 
activity (Suwanmanee et al. 2014). The public acceptance and effectiveness of 
plant-based alternatives is becoming more evident in recent years (Zuzarte et 
al. 2013). Aromatic plants and their essential oils (EOs) have long been used as 
food preservatives and for medicinal purposes with antimicrobial and antioxidant 
properties (Bakkali et al. 2008, Edris 2007).

Thymus vulgaris L. is an aromatic plant that belongs to the Labiatae 
family, popularly known as thyme (Khazaie et al. 2008). Its EO has important 
antioxidative and antimicrobial properties and contains numerous compounds 
(Baranauskiene et al. 2003, Nikolic et al. 2014). Antifungal activity exhibited 
by Thymus genus EOs has been demonstrated by several researchers on 
Candida spp., Aspergillus spp., Microsporum spp. and other fungi (Giordani et 
al. 2004, Soković et al. 2009, Zuzarte et al. 2013).
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There is very little information related to the activity of T. vulgaris EO 
against C. neoformans, this being the object of this study. In this context, the 
respective susceptibility profile in vitro of this EO was determined alone, as well 
as combined with FCZ. The effects of this oil on fungal mitochondrial function 
and its toxicity on human erythrocytes were also evaluated.

MATERIAL AND METHODS

Essential oil 

T. vulgaris EO was obtained from Ferquima Industria e Comercio Ltd., 
Vargem Grande Paulista, São Paulo, Brazil. The solutions used in antifungal 
assays were prepared when the tests were performed.

Gas chromatograph-Mass selective detector analysis of essential oils

For the analysis of the EO, a gas chromatograph interfaced with a mass 
selective detector (CG-MS), Shimadzu QP5050A, with a 70 eV ionization 
voltage was employed, and a fused silica capillary column was used (CBP 
- 5; 30 m x 0,25mm x 0,25μm). The carrier gas used was Helium at a flow 
rate of 1mL/min. Temperature program used was: ramp up from 60 to 240°C 
at 3°C/min, increased to 280°C at 10°C/min, and completed with 10 min at 
280°C. The injection volume was 1 μL diluted with CH2Cl2 at a ratio of 1:5. 
For the identification of oil constituents, their mass spectra were compared 
with those present at the National Institute of Standards and Technology 
(NIST, 1998) and also by comparing their mass spectra and calculated linear 
retention indexes (RI) with literature values (Adams 2007). RIs were obtained 
by co-injection with a mixture of linear hydrocarbons, C9-C22 (Sigma, USA) 
and then calculated using the equation of Van Den Dool & Kratz (1963). The 
percentages of components were calculated to normalize for the area in the 
chromatogram employing a Varian gas chromatograph (FID) equipped with 
a ZB-5 fused silica capillary column (30m x 0.25nm) with film thickness of 
0.25µm (5% phenylmethylpolysiloxane). The temperature program used was:  
an increase from 60 to 240°C at 3°C/min, an increase to 280°C at 10°C/min, 
and completion with 10 min at 280°C. The carrier gas employed was N2 (flow 
rate of 1.0mL/min). The injector port and detector temperatures were 220°C 
and 240°C, respectively. The samples were injected by splitting (split ratio of 
1:20).
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Fungal isolates

C. neoformans ATTC 28957 and seven C. neoformans clinical isolates 
from the culture collection of the Mycology Laboratory of the Tropical 
Pathology and Public Health Institute of Federal University of Goias were 
included in this study. The strains were isolated from cerebrospinal fluid 
collected from HIV positive patients from a reference hospital in Goiania, Brazil 
(Ethics Committee Protocol no. 004/03). Clinical isolates were maintained on 
Sabouraud-Dextrose Broth (SDB) with glycerol at -70°C. All isolates were 
cultured in Sabouraud Dextrose Agar (SDA) at 35°C for 48h before the tests.

Antifungal susceptibility testing

The guidelines of the Clinical and Laboratory Standards Institute 
M27-A3 (CLSI, 2008) were followed for the performance of microdilution 
assays in order to determine the minimum inhibitory concentration (MIC) 
and minimum fungicidal concentration (MFC) values of T. vulgaris EO. The 
antifungal susceptibility tests were executed by serially diluting a two-fold 
solution of EO on 96-well microtiter plates to concentrations from 1,024 
to 2μg/mL. A serial dilution of FCZ was also performed leading to final 
concentrations ranging from 64 to 0.5μg/mL. C. neoformans suspensions were 
prepared in sterile 0.85% NaCl and adjusted to 0.5 x 103 to 2.5 x 103 CFU/mL. 
For T. vulgaris EO, the lowest concentrations without any visible growth were 
defined as MICs and, for FCZ, MICs were defined as the lowest concentration 
producing a reduction in growth of 50%, compared to the drug-free growth 
control. Tests were performed in triplicates at each concentration. 

For the determination of MFCs, 10μL of each well showing no growth 
(MIC, 2 x MIC and 4 x MIC) were plated on sterile SDA Petri dishes and 
incubated at 25-28°C for 72h in order to determine if the inhibition was 
reversible or permanent. The MFC was defined as the lowest concentrations 
that showed either no growth or fewer than 3 colonies (approximately 99 to 
99.5% killing activity of fungal cells) (Espinel-Ingroff et al. 2002).

In vitro interaction of T. vulgaris EO and fluconazole 

The effect of the combination of T. vulgaris EO and FCZ was assayed 
with C. neoformans, according to the checkerboard microdilution method 
(Scott et al. 1995). The interaction coefficient was determined following the 
calculation of the fractional inhibitory concentration index (FICI). FICIs were 
defined as synergistic for values ≤ 0,5; indifferent for 0,5 < FICI ≤ 4,0, and 
antagonistic for values > 4,0 (LiJuan et al. 2010).
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Effect of the Essential Oil on Mitochondrial Function

The effect of T. vulgaris EO on C. neoformans cell viability was 
determined by a colorimetric assay, using 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl-2H-tetrazolium bromide (MTT), as described previously, with 
modifications (Pinto et al. 2013). C. neoformans ATCC 28957 was used for 
this assay. Fungal cells were cultured overnight in Sabouraud Dextrose Broth 
(SDB) at 35°C and 10 mL of the suspension were centrifuged (10 minutes 
at 4,000 rpm) and washed in PBS (2x). 100μL fungal suspension in PBS 
supplemented with 2% glucose (106 cells/mL) was incubated for 1 hour/35°C 
with 100μL of EO solution (final concentrations 4,096–16 μg/mL). 20 μL of 
the MTT solution (5mg/mL in PBS) were added to each well and incubated for 
4 hours in the dark. Then supernatants were discarded and the resulting purple 
formazan crystals were solubilized with 100μL dimethylsulfoxide (DMSO). 
The colorimetric change was measured spectrophotometrically at 550 nm.

Hemolytic Assay 

The hemolytic activity assay was performed using human blood 
samples collected in EDTA tubes following the method of He et al. (2007) with 
modifications. 50μL whole blood were added to 50μL of a two-fold dilution of 
T. vulgaris EO (4,096μg/mL to 16μg/mL) in PBS (pH 7.4) and then incubated 
for 30 minutes at 370C. Following incubation, tubes were centrifuged at 3,000 
rpm for 5 min and 20μL of supernatants were transferred to a flat-bottomed 
microtiter plate. 80μL of the same buffer were added to the wells for a final 
volume of 100μL. Triton X-100% was used as control for total hemolysis 
and PBS was used for the absence of hemolysis. Absorbance was measured 
spectrophotometrically at 560nm. Hemolysis percentages were calculated as 
follows: [(A560 of EO-treated sample – A560 of buffer-treated sample)/(A560 
of Triton X-100-treated sample – A560 of buffer-treated sample)] x 100%. 
Experiments were performed in duplicate.

RESULTS 

Essential Oil Composition

The result obtained by GC-MS chemical analysis of T. vulgaris EO is 
presented in Table 1. In total, twenty-five compounds were identified in the 
EO, which represent 98.9% of  the isolated compounds.
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Table 1. Chemical composition of T. vulgaris essential oil. 

Constituents RI %
1 Tricyclene 926 0.15
2 α-Pinene 938 2.20
3 α-Fenchene 952 0.79
4 Myrcene 990 1.37
5 ρ-Mentha-1(7),8-diene 1004 0.08
6 ρ-Cymene 1024 20.71
7 Limonene 1029 0.14
8 1,8-Cineole 1031 1.62
9 γ-Terpinene 1059 7.08
10 cis-Linalool oxide 1072 0.09
11 Fenchone 1086 0.12
12 Linalool 1096 7.45
13 trans-Pinene hydrate 1122 0.12
14 Camphor 1146 1.18
15 Isoborneol 1160 0.27
16 Borneol 1169 1.36
17 Terpinen-4-ol 1177 1.30
18 Thymol 1290 45.56
19 Carvacrol 1299 3.78
20 α-Ylangene 1375 0.07
21 (E)-Caryophyllene 1419 0.90
22 α-Humulene 1454 0.10
23 Caryophyllene oxide 1583 1.37
24 Humulene epoxide II 1608 0.09
25 (Z,Z)-Geranyl linalool 1961 1.02

Monoterpenes hydrocarbons 32.52
Oxygenated monoterpenes 62.85
Sesquiterpene hydrocarbons 1.07
Oxygenated sesquiterpenes 1.46

Others 1.02
Total 98.92

RI: Retention Index
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Antifungal Activity

T. vulgaris EO was tested on seven clinical isolates of C. neoformans 
and C. neoformans ATCC 28957, with MIC values from 32 to 128 μg/mL and 
MFCs from 64 to 512 μg/mL (Table 2). The MIC at which 50% (MIC50) and 
90% (MIC90) of the isolates were inhibited was 64 μg/mL and 128 μg/mL, 
respectively.

Table 2. Antifungal activity and interaction assay of T. vulgaris EO and 
fluconazole against C. neoformans clinical isolates.

C. neorformans 
isolates

T. vulgaris Fluconazole Interaction
MICa MFCa MICa MFCa FICIb

L3 64 128 1 8 3,0

L4 64 64 1 4 1,25

L5 32 64 1 4 3,0

L15 128 512 1 8 1,5

L18 64 128 1 4 3,0

L21 64 128 2 8 2,0

L30 64 64 2 16 3,0

ATCC 28957 32 32 0.5 2 4,0

aMIC and MFC values expressed in μg/mL; bFICI scores: ≤ 0,5=synergism; ICIF >4,0=antagonism 

and 0,5 < ICIF ≤ 4,0=indifferent

In vitro interaction of T. vulgaris EO and fluconazole 

The interaction assay was performed in order to assess whether this 
combination would lead to the potentiation of the antifungal action of FCZ 
by the EO and the results did not show alteration of its MIC values. The FICI 
values obtained through the checkerboard assay ranged from 1.25 to 4.0 (Table 
2).

Effect of the Essential Oil on Mitochondrial Function

In order to determine the metabolic activity of C. neoformans ATCC 
28957, the MTT assay was performed. Results demonstrated no alterations on 
the mitochondrial enzyme activity of fungal cells at concentrations ≤ 1,024 μg/
mL (Figure). At higher concentrations, 57.8 and 7.3% of yeast cells remained 
metabolically active at 2,048 and 4,096 μg/mL, respectively.
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Figure. Mitochondrial activity of C. neoformans ATCC 28957 cells treated 
with different concentrations of Thymus vulgaris EO.

Hemolytic Assay

The results of the action of T. vulgaris EO on human erythrocytes 
showed 0.7% hemolysis at the 4,096 μg/mL concentration. At lower 
concentrations, the hemolysis percentage was inferior to 0.2%.

DISCUSSION

The main complication of cryptococcosis is meningoencephalitis, 
which is responsible for high mortality rates that affect especially 
immunocompromised patients (Charlier et al. 2009). AmB is the drug of choice 
for the treatment of cryptococcosis, followed by maintenance therapy with FCZ 
for weeks (Perfect et al. 2010, Gullo et al. 2013). Despite the effectiveness of 
treatment, AmB is responsible for serious side-effects (Guillaume et al. 1996) 
and long-term maintenance therapies with azoles can result in fungal resistance 
(Gullo et al. 2013). These difficulties have prompted the search for therapeutic 
alternatives such as essential oils.

T. vulgaris EO has been described by several researchers for its 
antimicrobial properties, attributed to the activity of a complex mixture. 
Twenty-five compounds were identified, representing 98.9% of the total oil 
weight. Aromatic plants belonging to the same species show variations in the 
chemical composition of their EOs depending on their chemotype. The most 
predominant compounds of the EO used in this study were thymol (45.6%), 
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ρ-cymene (20.71%) and linalool (7.5%), which suggest that it belongs to the 
thymol chemotype. The analysis showed monoterpenes to be predominant in 
this oil. Thymol and ρ-cymene have previously been reported to be the major 
components in T. vulgaris EOs (Giordani et al. 2004, Rota et al. 2008, El-
Ahmady et al. 2013) and they are described as having prominent antimicrobial 
activity (Bakkali et al. 2008). Thymol has been shown to have antimicrobial 
activity against microorganisms such as Streptococcus spp., E. coli (Inouye et 
al. 2001) and Candida spp. (Pina-Vaz et al. 2004). P-cymene has been reported 
to have antifungal activity against Alternaria spp., Fusarium spp. (Kordali et 
al. 2008) and Candida spp. (Pina-Vaz et al. 2004).

The EO of T. vulgaris tested in this study presented antifungal activity 
against C. neoformans, with MICs ≤ 128μg/mL. 71.4% of isolates showed 
growth inhibition at a concentration of 64μg/mL and interestingly, this oil 
was able to inhibit fungal growth at low concentrations such as 32 μg/mL, 
showing strong antifungal activity, according to Sartoratto et al. (2004). The 
high percentages of thymol help to explain the antifungal activity of this EO, 
since this component is already known for having activity against fungi other 
than C. neoformans (Pina-Vaz et al. 2004, Pinto et al. 2006, Klarić et al. 2007). 
Antifungal action of this EO has also been described on other fungi, including 
C. albicans, Aspergillus spp. and Trichophyton spp. (Zollo et al. 1998, Giordani 
et al. 2004, Klarić et al. 2007, Soković et al. 2009, El-Ahmady et al. 2013), but 
little about the action of this EO on C. neoformans is known. This antifungal 
action has been attributed to the inhibition of H+-ATPase, a process that leads 
to intracellular acidification and cell death (Ahmad et al. 2010). The MFCs for 
T. vulgaris EO ranged from 1 to 4 times the corresponding MICs, and these 
results suggest that this oil might have fungistatic activity. No reports of MFCs 
for this EO on C. neoformans were found. As previously mentioned, there is 
very scarce data about the action of T. vulgaris EO on C. neoformans, which 
highlights the importance of this investigation. Studies on the interaction of T. 
vulgaris EO and FCZ on C. neoformans were not found. Although no synergism 
was seen from this association, there are reports of synergistic effects from the 
association of T. vulgaris EO with AmB on C. albicans and Aspergillus niger 
(Giordani et al. 2004, El-Ahmady et al. 2013). Reports of synergism between 
this oil and FCZ were not found.

MTT assay measures mitochondrial activity by quantifying the 
formation of a dark blue formazan product, resulting from the reduction of the 
tetrazolium ring of MTT. It is thought that MTT reduction mainly occurs in the 
mitochondria through the action of succinate dehydrogenase, thus providing a 
measure of mitochondrial activity (Slater et al., 1963). This assay showed that 
in concentrations ≤ 1,024 μg/mL of T. vulgaris EO, 100% of C. neoformans 
cells remained metabolically active (Figure). At 2,048 μg/mL and 4,096 μg/
mL this EO caused 42.2% and 92.7% reduction in the number of active cells, 
respectively. Therefore this assay indicated that the mechanism of inhibition of 
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T. vulgaris EO at MIC values (32–128 μg/mL) was not due to interferences on 
mitochondrial function, since it only caused a disruption of the mitochondrial 
enzyme activity (which impairs the energy production ability of cells) at values 
≥ 4 x MIC.

Human erythrocytes are very useful for toxicity studies, since they are 
easily available, have very well known membrane properties and can be easily 
monitored concerning their lysis through hemoglobin release monitoring (Situ 
& Bobek, 2000). The in vitro hemolytic assay is a tool that can be used to 
estimate in vivo cell toxicity (Christie et al., 2007). This assay demonstrated 
that T. vulgaris EO led to a very low percentage of hemolysis (inferior to 
0.2%) at MIC values. Interestingly, very low hemolysis rates were seen even at 
concentrations 2 or 4 times the MICs, thus demonstrating that this EO has low 
cytotoxic effects on erythrocytes.

Data on the action of T. vulgaris EO against C. neoformans are 
rare. This shows the importance of the results obtained in this study, which 
demonstrate the in vitro antifungal activity of this EO on the etiological agent 
of cryptococcosis. This should encourage further studies on this oil, in the 
hope that novel antifungals may be developed as alternatives in the treatment 
against fungal infection.
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