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The medical importance of invasive fungal diseases (IFD) contrasts with the limited therapeutic arsenal available
and the increasing resistance rate of pathogenic fungi. Thus, the search for news antifungal drugs is imperative.
Many studies highlight the antimicrobial activity of plants from Lamiaceae family such as Melissa officinalis,
Mentha sp., Ocimum basilicum, Plectranthus barbatus and Rosmarinus officinalis, but the antifungal potential these
species remains still poorly known. The present study was to evaluate the effect of these Lamiaceae species
against fungi involved in IFDs. Fresh plants were macerated with ethanol and the extract obtained was parti-
tioned with different solvents. Phytochemical analyzes were conducted and the volatile compounds were
investigated by gas chromatography/mass spectrometry (GC/MS). Subsequently, the standardized vegetal ma-
terial was used to evaluate the antifungal activity through minimum inhibitory concentration (MIC) determi-
nation. Ethanol extract of M. officinalis, Mentha sp., O. basilicum, and R. officinalis showed good to moderate
activity against Paracoccidioides spp. (MIC 62.5-500 pg/mL). The spectrum of antifungal activity of P. barbatus
ethanol extract includes, besides P. brasiliensis (MIC 125-500 pg/mL), several species of Candida spp. (MIC 31.25-
500 pg/mL) and the yeasts Cryptococcus gattii, Saccharomyces cerevisiae and Rhodotorula mucilaginosa (MIC 62.5
pg/mL). Flavonoids, steroids/triterpenes, and alkaloids were associated with antifungal activity of extracts and
fractions, and the phytol was pointed as the main active compound of the extracts. Lamiaceae plants are a
promising source of new antifungal prototypes and phytotherapeutic agents for the pharmaceutical industry,
especially against Paracoccidioides spp.

1. Introduction: Yeast of the genus Candida, which includes C. albicans and Candida

non-albicans (e.g. C. glabrata, C. krusei, C. parapsilosis, C. tropicalis), are

Invasive fungal diseases (IFD) are among the main causes of
morbidity and mortality in immunocompromised patients, especially in
cases of organ transplant, burns, cancer and HIV/AIDS (Cesaro et al.,
2017). Overall, it is estimated that 1 billion people are afflicted yearly
with mycosis, and more than 1.5 million die due to complications of IFDs
(Vos et al., 2016). A retrospective study that included 11,881 patients
with IFDs showed that these infections carry a high mortality rate (next
to 15%), and are associated with prolonged hospital stay (mean of 18.7
days) and high hospital costs (around $44,726 per hospitalization)
(Menzin et al., 2009).

the most common agents in IFD (Andrade et al., 2018). According to the
Centers for Disease Control and Prevention (CDC), about 46,000 new
cases of nosocomial invasive candidiasis occur yearly in America (CDC,
2019); 40% of these cases lead to death (Horn et al., 2009). Moreover,
Cryptococcus spp., dimorphic fungi (Paracoccidioides spp.) and molds
(Aspergillus spp.) are other important causes of fatal IFD (Schmiedel and
Zimmerli, 2016). In addition, rare yeasts like Saccharomyces cerevisiae
(Smith et al., 2002) and Rhodotorula mucilaginosa (Kim et al., 2013) are
also associated with IFD. The therapeutic arsenal available against IFDs
includes only six approved antifungal compounds, and increased
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resistance to these drugs has led to uncertainties about the effectiveness
of treatment in the future (Lima et al., 2019a). On the other hand, the
pharmaceutical industry has neglected investment in new and effective
antifungal agents. It has been estimated that, in period from 2000 to
2006, only three potential new antifungals were investigated by the
largest pharmaceutical companies in the world (Talbot et al., 2006). In
this adverse scenario, interest in alternative therapeutic measures has
been growing, and the use of medicinal plants as adjuvants in antifungal
therapy has been highlighted in recent years (Carvalho et al., 2018).
Lamiaceae (Labiateae) family, which is represented by about 236
genera and between 6,900 and 7,000 species distributed throughout the
world, shows great pharmaceutical potential (Raja, 2012). In Brazil, the
species lemon balm (Melissa officinalis), mint (Mentha sp.), basil (Ocimum
basilicum), Brazilian boldo (Plectranthus barbatus) and rosemary (Ros-
marinus officinalis) are traditionally used for their hypoglycemic, adap-
togenic, antimicrobial, antimalarial, antiallergic, antifertility,
antidiabetic, carminative, diaphoretic, antihypertensive, stimulant and
analgesic properties (Abou El-Soud et al., 2015; Mimica-Dukic et al.,
2004; Runyoro et al., 2006; Satyal et al., 2017; Tampieri et al., 2005).
Many these pharmacological proprieties have been confirmed to be
principally connected to the terpenoids present in the essential oils;
however, flavonoids, alkaloids, iridoids and ursolic acid have also been
identified as bioactive metabolites in these plants (Raja, 2012). Several
studies has revealed the antifungal potential of Lamiaceae species, as
highlighted in a recent review (Waller et al., 2017), but little is known
about the activity of lemon balm, mint, basil, Brazilian boldo and
rosemary. Thus, the present paper aimed to evaluate the antifungal
potential of the ethanol extracts and fractions obtained from Melissa
officinalis, Mentha sp., Ocimum basilicum, Plectranthus barbatus and Ros-
marinus officinalis against frequent and rare pathogens involved in IFDs.

2. Material and methods:
2.1. Plant material and extraction:

The Lamiaceae species were collected in Carmopolis de Minas, Minas
Gerais, Brazil, in April 2011. The plant materials were identified by Dr.
Alexandre Salino, and voucher specimens (Table 1) were deposited at
the Herbarium of the Institute of Biological Sciences of the Federal
University of Minas Gerais in Belo Horizonte, Minas Gerais, Brazil.

The fresh plant materials were extracted by cold maceration in
ethanol P.A. (Vetec, Brazil) for a period of 10 days at room temperature.
Then, it was filtered and concentrated in a rotary evaporator at 40°C
under reduced pressure and lyophilized to yield ethanol extracts (Aratjo
et al., 2014). Part of these extracts (1.0 g) were dissolved in 100 mL of
EtOH/H50 (7: 3) and then partitioned successively with 50 mL of hex-
ane, dichloromethane, ethyl acetate and butanol (three times with each
solvent), resulting in hexane (Hex), dichloromethane (DCM), ethyl ac-
etate (EA), butanol (But) and hydroethanol (HE) fractions (Table 2). The
volatile compounds from the ethanol extracts were subsequently
investigated by gas chromatography/mass spectrometry (GC/MS)
(Aragjo et al., 2014).

Table 1
Summary of principal botanical information of the vegetal material employed.

Species Parts Voucher specimens

BHCB 147242
BHCB 147244
BHCB 147240
BHCB 147241
BHCB 147245

Melissa officinalis
Mentha sp.

Ocimum basilicum
Plectranthus barbatus
Rosmarinus officinalis

Aerial parts
Aerial parts
Aerial parts
Leaves

Aerial parts
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Table 2

Masses obtained for the ethanol extract and fractions of Melissa officinalis,
Mentha sp., Ocimum basilicum, Plectranthus barbatus and Rosmarinus
officinalis.

Samples Mass (g)
Et Hex DCM EA But HE
Melissa officinalis 2.31 0.1946  0.1510 0.1186  0.1400  0.2323
Mentha sp. 10.17  0.1841 0.1783  0.2172  0.1500  0.1702
Ocimum basilicum 2.78 0.1729 0.1690 0.1054 0.2180 0.2053
Plectranthus 3.14 0.2870  0.2024  0.1914  0.1487  0.1308
barbatus
Rosmarinus 6.30 0.1308 0.1071 0.1366 0.3201 0.1641
officinalis

Et: ethanol extract; Hex: hexane fraction; DCM: dichloromethane fraction; EA:
ethyl acetate fraction; But: butanol fraction; HE: hydroethanol fraction.

2.2. Antifungal activity

2.2.1. Microorganisms:

Yeasts employed in the study (except for the P. brasiliensis exemplars)
originated from the American Type Culture Collection (ATCC) and were
kindly provided by the Reference Microorganisms Laboratory of the
Oswaldo Cruz Foundation (FIOCRUZ, Brazil). The species Candida
albicans ATCC 18804, C. glabrata ATCC 2001, C. krusei ATCC 20298,
C. parapsilosis ATCC 22019, C. tropicalis ATCC 750, Cryptococcus gattii
ATCC 24065, C. neoformans ATCC 24067, Saccharomyces cerevisiae ATCC
1562 and Rhodothorula mucilaginosa ATCC 32763 were included in this
study. These fungal species were stored at —80 °C in glycerinated (25%)
Sabouraud dextrose broth (SDB) (Acumedia®, Brazil) for later use.
Paracoccidioides brasiliensis and Paracoccidioides lutzii, in turn, were ob-
tained from of the collection the Microorganism-Host Interaction Lab-
oratory, Biological Science Institute of Universidade Federal de Minas
Gerais (UFMG). The exemplars of P. brasiliensis were represented by
three phylogenetic species (PS1, PS2 and PS3) and were maintained in
subcultures after 7 days of growth at 37°C in YPD (yeast, peptone and
dextrose) medium. The mold Aspergillus fumigatus ATCC 1022 was ob-
tained from the Laboratory of Mycology (UFMG) and maintained frozen
in SBD with 30% glycerin at —80 °C. It was reactivated in YPD after 4
days of growth at 37 °C before use.

2.2.2. Invitro susceptibility tests:

2.2.2.1. Yeasts:. The antifungal activity of Lamiaceae species against
pathogenic yeasts was performed in accordance with the guidelines in
the CLSI document M27-A3 (Clinical and Laboratory Standards Insti-
tute, 2008a), with minor modifications. Isolated colonies were sus-
pended in sterile saline and a working inoculum with a final
concentration of 1 x 10° yeasts/mL was used. Next, microplates were
prepared with 100 pL of inoculum in wells containing the extract and
fractions (previously diluted in the range of 15.5-2000 pg/mL) in RPMI
1640 medium supplemented with 1-glutamine and buffered to pH 7.0
with 0.165M morpholine propanesulfonic acid (MOPS) (Sigma, St
Louis, MO, USA). The minimum inhibitory concentration (MIC) was
detected visually after incubation at 35 + 2 °C for 72 h for Cryptococcus
spp. or after 48 h for the other yeast species. Amphotericin B (range of
1-0.008 pg/mL) was included as a positive control and DMSO was used
at < 2% v/v as a vehicle control.

The determination of the antifungal effect against Paracoccidioides
was performed according with method described by Johann et al.
(2010). Initially, an inoculum of Paracoccidioides spp. was prepared by
dilution of a suspension corresponding to 0.5 on the McFarland density
scale in RPMI 1640 (1:10) to obtain a final inoculum with 1-5 x 10°
yeasts/mL. The final suspension was inoculated in microplates con-
taining serial dilutions of extracts and fractions in same range used for
the other yeast species. Amphotericin B and
sulfamethoxazole-trimethoprim (SMX-THT; 4.6-600 pg/mL) were
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included as positive controls. The MIC was determined as the lowest
concentrations that did not allow for the detection of visible fungal
growth. All tests were performed in duplicate and in three independent
experiments.

2.2.2.2. Mold:. The antifungal activity of mold Aspergillus fumigatus was
determined according to CLSI document M38-A2 (Clinical and Labora-
tory Standards Institute, 2008b). Briefly, a conidial suspension of
A. fumigatus was adjusted to a final concentration of 10* conidia/mL,
and inoculated (100 pL) in wells containing RPMI and differ concen-
trations of the extracts and fractions. The plates were incubated at 35 °C
for 48 h and the MIC was defined visually.

3. Results and discussion:

Natural compounds are already used as the main source of antifungal
agents and possess great pharmacological potential (Carvalho et al.,
2018; Lima et al., 2019b). The rapid and alarming spread of lineages
resistant to conventional antifungal therapies, as well as the small
number of agents currently in clinical use, has put pressure on research
centers to support the development of new antifungal drugs (Perfect,
2017; Talbot et al., 2006). However, the lack of concern from pharma-
ceutical industries regarding investing in these agents has stimulated the
search for alternative therapeutic entities (Talbot et al., 2006). Thus,
products of vegetable origin, acting as a source of effective herbal
medicines or of prototype compounds for the development of news
antifungal agents, have assumed an important role in the therapeutic
progress on fungal infections (Carvalho et al., 2018; Lima et al., 2019b).
In this study, we evaluated the antifungal activity of the extracts from
five Lamiaceae species whose pharmaceutical potential is still little
explored. Plant extracts were tested against pathogens commonly
involved in IFD belonging to the genera Candida, Cryptococcus, Para-
coccidioides and Aspergillus. The activity against S. cerevisiae e
R. mucilaginosa, yeasts that are rarely recovered in patients with IFD,
was also evaluated. The minimum inhibitory concentrations (MICs) are
summarized in Table 3 and Table S1 (Supplementary file). According to
Holetz et al. (2002) antimicrobial activity of an extract is defined as
good for MIC < 100 pg/mL, moderate when
100 pg/mL < MIC < 500 pg/mL and low when MIC > 500 pg/mL.

Table 3
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M. officinalis fractions were inactive (MIC > 2000 pg/mL) against all
yeasts tested in the study (Table S1, supplementary file). However, the
ethanol extract of this species had a potent antimicrobial effect against
the dimorphic fungus P. brasiliensis (Table 3). The MIC against different
P. brasiliensis and P. lutzii specimens ranged from 62.5 to 1000 pg/mL.
The P. brasiliensis 9673 isolate showed high sensitivity (MIC of 62.5 pug/
mL), and the extract of M. officinalis was five-fold more potent than the
positive control TRI-STX (MIC 300 pg/mL) for this strain. Although
other studies have shown the antifungal activity of M. officinalis against
C. albicans (Abdellatif et al., 2014), Bcinera mycelium, Rhizopus stolonifer,
Penicillium expansum (El Ouadi et al., 2017) and Trichophyton spp.
(Mimica-Dukic et al., 2004), we have reported here for the first time the
antifungal effect this Lamiaceae species against P. brasiliensis and
P. lutzii. Paracoccidioides spp. is the etiologic agent of para-
coccidioidomycosis (PCM), which is a fatal IFD when not correctly
diagnosed and treated (de Pina et al., 2017). In Brazil, PCM is the first
cause of death among IFDs, and problems with access, efficacy and
toxicity regarding currently available antifungal treatments have stim-
ulated the search for new therapeutic strategies in this case (Queir-
oz-Telles et al., 2017). In addition to the activity against Paracoccidioides
spp., the ethanol extract of M. officinalis had a weak antifungal effect
against the mold A. fumigatus (2000 pg/mL), corroborating a study that
showed the effect this plant against A. niger (El Ouadi et al., 2017).

The profile of antifungal activity was similar for Mentha sp.,
O. basilicum and R. officinalis (Table 3). The antimicrobial activity of the
ethanol extract of these Lamiaceae species was weak against the genera
Candida spp. (MIC 1000-2000 pg/mL) and Cryptococcus spp. (MIC
500-2000 pg/mL). The antifungal effect was also weak against
A. fumigatus (MIC, 2000 pg/mL). However, activity against Para-
coccidioides spp. varied from good to moderate (MIC 62.5-1000 pg/mL).
This study emphasizes the antifungal effect of the ethanol extract of
R. officinalis aerial parts against the strain P. brasiliensis Pb-18, where the
activity was five-fold higher that the positive control (MIC 62.5 pg/mL
for the extract vs. 300 pg/mL for TRI-STX). The antifungal activity of the
alcohol extract from R. officinalis have been shown against Candida spp.,
Trichophyton spp., Microsporum gypseum (Endo et al., 2015) and Asper-
gillus spp.(Centeno et al., 2010), but its antifungal effect against Para-
coccidioidis spp. and Cryptococcus spp. has not yet been described.

Of the fractions, the hexane fraction of Mentha spp. showed moderate

Minimal inhibitory concentration (MIC) of the ethanol extracts of Lamiaceae species against common and rare species involved in invasive fungal disease (IFDs).

Fungi species® MIC (pg/mL)

Plants Positive controls
M. officinalis Mentha sp. O. basilicum P. barbatus R. officinalis Amphotericin B STX-TRI
S. cerevisae ATCC 1562 - - - 62.5 - 1 NE
R. mucilaginosa ATCC 32763 - - - 62.5 - 1 NE
C. albicans ATCC 18804 - 2000 2000 500 2000 1 NE
C. glabrata ATCC 2001 - 2000 2000 31.2 2000 0.125 NE
C. krusei ATCC 20298 - 1000 2000 62.5 1000 0.5 NE
C. parapsilosis ATCC 22019 - 1000 1000 62.5 1000 0.5 NE
C. tropicalis ATCC 750 - 2000 2000 500 2000 0.25 NE
C. gattii ATCC 24065 - 500 2000 62.5 2000 1.2 NE
P. brasiliensis Pb18 (Pb7) 125 - 250 250 62.5 0.062 300
P. brasiliensis 1925 (Pb2) 250 125 - 125 62.5 0.031 150
P. brasiliensis MG5 (Pb11) 125 NE 62.5 125 62.5 0.031 150
P. brasiliensis B339 (Pb1) 250 125 62.5 - 62.5 0.062 75
P. brasiliensis 608 (Pb3) 500 125 - 500 125 0.015 300
P. brasiliensis 470 (Pb14) 250 250 - - 62.5 0.125 75
P. brasiliensis 9673 (Pb8) 62.5 62.5 62.5 - 125 0.062 300
P. brasiliensis 1017 (Pb4) 500 250 - 500 125 0.062 150
P. lutzii 1578 500 125 62.5 - 125 0.062 75
P. lutzii 01 1000 500 1000 - 2000 0.125 300
P. lutzii EDO1 250 125 62.5 NE 125 0.031 75
A. fumigatus ATCC 1022 2000 2000 2000 - 2000 4 NE

MIC: Minimal inhibitory concentration; STX-TRI: Sulfamethoxazole-trimethoprim; NE: Not evaluated; (—): No activity (MIC > 2000 pg/mL).
@ Between parentheses are the names equivalent in [Morais, F.V., Barros, T.F., Fukada, M.K., Cisalpino, P.S., Puccia, R., 2000. Polymorphism in the gene coding for
the immunodominant antigen gp43 from the pathogenic fungus Paracoccidioides brasiliensis. J. Clin. Microbiol. 38, 3960-3966].
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activity against C. gattii (MIC 500 pg/mL), but the effect was not
conserved for C. neoformans. Similarly, C. neoformans was not suscepti-
ble to the antifungal effects of Mentha piperita (Zheljazkov et al., 2010).
The polar fractions of R. officinalis (hydroethanol and butanol), in turn,
presented weak activity against Candida spp. and C. neoformans (MIC,
2000 pg/ml). However, the hexane fraction of O. basilicum showed good
activity against C. glabrata (MIC 62.5 pg/mL). Considering the micro-
biological aspects of IFDs, C. glabrata represents a major clinical chal-
lenge due to its pattern of resistance to clinical antifungal agents.
Resistance to echinocandins in C. glabrata, for example, doubled in only
4 years, from 4% of isolates in 2008 to 8% in 2014 (Vallabhaneni et al.,
2015). In addition, increases in the MIC of amphotericin B have been
reported among C. glabrata isolates (Scorzoni et al., 2017). Thus, the
antifungal activity of the hexane fraction of O. basilicum against this
species represents a promising pathway to the development of a new and
effective therapy. In contrast to the findings of this study, the essential
oils of O. basilicum were found to be inactive against
fluconazole-sensitive and -resistant C. glabrata (Soares et al., 2015).
However, corroborating our findings, basil has been shown to be active
against the fungi C. neoformans, C. gattii (Cardoso et al., 2017),
C. albicans (Tampieri et al., 2005) and Aspergillus spp. (Abou El-Soud
et al., 2015).

Plectranthus barbatus leaves, in turn, showed the best spectrum of
antifungal activity. The MIC against Candida spp. ranged from 31.25 pg/
mL to 500 pg/mL. C. glabrata was the most susceptible species, as the
MIC was two-fold lower than that observed for the hexane fraction of

Table 4
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O. basilicum (31.25 pg/mL vs. 62.5 pg/mL). Plectranthus barbatus also
exhibited good antifungal activity against C. krusei (62.5pg/mL). In
clinical medicine, the C. krusei is known to be intrinsically resistant to
azoles, an important class of antifungal agents (Scorzoni et al., 2017).
However, in contrast to our results, Tempone et al. (2008) have shown
that C. krusei is not susceptible to the crude extract of P. barbatus. In
addition to the activity against Candida ssp., the extract of P. barbatus
also showed good activity against C. gattii (62.5 pg/mL). Cryptococcosis,
a systemic disease caused by the fungus Cryptococcus neo-
formans/Cryptococcus gattii, is the most common IFD in immunocom-
promised individuals with HIV/AIDS (Chastain et al., 2017). The disease
initially manifests as a pulmonary infection, but can affect the central
nervous system and the skin by hematogenous spread, and is potentially
fatal (Amaral et al., 2016). Worldwide, one million cases of cryptococcal
meningitis are diagnosed with more than 600,000 deaths annually (Park
et al., 2009). To the best of our knowledge, this is the first work that
highlights the anti-cryptococcal activity of P. barbatus.

The ethanol extract of P. barbatus showed moderate antifungal ac-
tivity against P. brasiliensis (MIC 125-500 pg/mL) and was not active
against the tested P. lutzii isolates. In addition, this species had good
antifungal activity against the yeasts S. cerevisiae and R. mucilaginosa
(62.5 pg/mL for both). Although rarely involved in IFDs, these yeasts are
related to poor prognosis and death rates that can exceed 80% in
infected patients (Kim et al., 2013; Smith et al., 2002). Unlike the other
Lamiaceae species, the antifungal potential of P. barbatus is still poorly
studied. In this direction, only the effect of the essential oil of P. barbatus

Results of preliminary phytochemical analysis of the ethanol extract and fractions of Melissa officinalis, Mentha sp., Ocimum basilicum, Plectranthus barbatus and Ros-

marinus officinalis.

Samples Phytochemical analysis

M. officinalis Steroids/Triterpenes Flavonoids

Saponins Tannins Alkaloids Coumarins

Et
Hex
DCM
Ac
But
HE

L
o

Lot

+
+ ot
+ ot

Mentha sp. Steroids/Triterpenes Flavonoids

Saponins Tannins Alkaloids Coumarins

Et +
Hex -
DCM -
Ac -
But -
HE -

o+

|

|
e
4

+ o+t

O. basilicum Steroids/Triterpenes Flavonoids

Saponins Tannins Alkaloids Coumarins

Et
Hex
DCM
Ac
But -
HE

Dok
S

I

|
I+ 4+

(S

|
o

|
ok

P. barbatus Steroids/Triterpenes Flavonoids

Saponins Tannins Alkaloids Coumarins

Et +
Hex +
DCM -
Ac -
But -
HE +

ok

|
|
b+
ol

R. officinalis Flavonoids

Saponins Tannins Alkaloids Coumarins

Et +
Hex -
DCM -
Ac -
But -
HE -

Do+

+

[
[
L+ 4+ +
4+

Et: Ethanol extract; Hex: hexane fraction; DCM: dichloromethane fraction; EA: ethyl acetate fraction; But: butanol fraction; HE: hydroethanol fraction.
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against C. albicans is actually known (Runyoro et al., 2006). Interest-
ingly, the fractions of the extract of P. barbatus had considerably lower
antifungal activity than that of the ethanol extract. Only the ethyl ace-
tate and butanol fractions presented moderate effect against C. krusei.
This activity profile suggests that the antifungal effect of the extract is
more likely influenced by a synergistic interaction between components
than by a specific phytocompound.

Phytochemicals such as steroids/triterpenes, flavonoids, coumarins,
alkaloids, tannins and, saponins were detected by TLC analysis of
ethanol extract and fractions from species employed in this study
(Table 4). The good antifungal activity in the Lamiaceae species may be
due to the presence of steroids/triterpenes, flavonoids, and alkaloids. In
fact, the ethanol extract that showed the better antifungal activity pro-
file (O. basilicum, P. barbatus, Mentha sp. and R. officinalis) were found to
have basically these tree phytochemical classes (Table 4). Naturally
occurring alkaloids in plant species are known for their antifungal effect,
which is associated with the ability of these nitrogenous compounds to
alter the membrane permeability, impair mitochondrial function, stim-
ulate the generation of reactive oxygen species (ROS) and promote
damage to cell wall (Khan et al., 2017). Flavonoids have the ability to
inhibit RNA synthesis and form stable complexes with some proteins
such as surface-exposed adhesins, cell wall polypeptides and, membrane
bound enzymes, compromise so the structures of the surface cell as well
as some components involved in the metabolism of the microorganism
(Teixeira de Oliveira et al., 2018). In turn, steroids and triterpenes
showed strong fungistatic/fungicidal activity in vitro apparently due to
their ability to complex with ergosterol and disrupt membrane integrity
(Smania et al., 2003).

The ethanol extracts from five species of Lamiaceae family employed
in this study were subsequently investigated by gas chromatography/
mass spectrometry (GC/MS) (Aratijo et al., 2014). Among the major
compounds identified, only phytol was present in all studied species
(Aratjo et al., 2014). This acyclic isoprenoid is the major constituent of
the two most active species in antifungal trials (P. barbatus and
R. officinalis). Phytol (3,7,11,15-tetrametilhexadec-2-en-1-ol) is char-
acterized as a long and branched chain acyclic alcohol, produced via
chlorophyll metabolism (de Moraes et al., 2014). The antifungal activity
of phytol has already been demonstrated against the yeast C. albicans
(Ghaneian et al., 2015) and the molds Aspergillus spp., Trichoderma spp.
and Penicillium spp. (Pejin et al., 2014), corroborating the results ob-
tained for P. barbatus against Candida spp. and R. officinalis against
Aspergillus spp. Furthermore, another major compounds identified, such
as verbenone (Satyal et al., 2017), camphor (Sampietro et al., 2017;
Satyal et al., 2017), cadinene (Sampietro et al., 2017), heptadecane
(Chehregani et al., 2010) and 2(3H)-furanone (Teoh et al., 2012), also
have a known antifungal effect. The presence of different substances
with known antifungal activity in Lamiaceae extracts supports the pos-
sibility of synergistic interaction between these components. Thus, the
greater activity of the ethanol extract in comparison to its fractions can
be explained.

Melissa officinalis, Mentha sp., Ocimum basilicum and Rosmarinus
officinalis showed good activity against the dimorphic fungus Para-
coccidiodes. In some cases, the effect was greater than that of the positive
control, which reveals the therapeutic potential of these species in the
treatment of PCM. The ethanol extract of Plectranthus barbatus, in turn,
exhibited a broad antifungal spectrum that ranged from the species
commonly involved in IFDs to yeasts rarely associated with this infec-
tion. Molecules such as phytol, verbenone, camphor and cadinene were
present in the studied extracts, and may interact synergistically to pro-
duce the observed antifungal effect. In summary, we conclude that
botanical species of the Lamiaceae family show good antifungal activity
and thus are a potential source for the development of new alternative
treatments against [FDs. More studies should be undertaken in order to
understand the efficacy and safety profile of these extracts in an in vivo
model of IFD.
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