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N o G ke W

Abstract: Microbial resistance has become a worrying problem in recent decades after the abusive use
of antibiotics causing the selection of resistant microorganisms. In order to circumvent such resistance,
researchers have invested efforts in the search for promising natural substances, such as essential
oils. Thus, the objective of this work was to determine the chemical composition of the essential oil of
Acritopappus confertus leaves, to evaluate its intrinsic effect and its effects in combination with drugs
against pathogenic fungi and bacteria, in addition to verifying the inhibition of virulence in Candida
strains. To this end, the oil was verified by gas chromatography coupled with mass spectrometry
(GC/MS). Candida strains were used for antifungal assays by means of the serial microdilution
technique, in order to determine the average inhibitory concentration (ICsp), and for the modification
assays, sub-inhibitory concentrations (MIC/8) were used. Finally, the natural product’s ability to
inhibit the formation of filamentous structures was evaluated. In antibacterial tests, the MIC of the oil
against strains of Staphylococcus aureus and Escherichia coli and its modifying effects in association with
gentamicin, erythromycin, and norfloxacin were determined. The major constituent of the essential
oil was the monoterpene myrcene (54.71%). The results show that the essential oil has an antifungal
effect, with C. albicans strains being the most susceptible. Furthermore, the oil can potentiate the effect
of fluconazole against strains of C. tropicalis and C. albicans. Regarding its effect on micromorphology,
the oil was also able to inhibit the filaments in all strains. In combination with antibiotics, the oil
potentiated the drug’s action by reducing the MIC against E. coli and S. aureus. It can be concluded
that the essential oil of A. confertus has potential against pathogenic fungi and bacteria, making it
a target for the development of an antimicrobial drug.

Keywords: antimicrobial; antibiotics; GC/MS; terpenes; myrcene

1. Introduction

Microbial resistance has become one of the most serious public health concerns around
the world, considered a major clinical challenge in the treatment of invasive infections.
This issue has intensified due to the indiscriminate use of antibiotics and synthetic drugs,
increasingly favoring microbial resistance [1-4]. The survival and spread of resistant

Pharmaceuticals 2022, 15, 1275. https:/ /doi.org/10.3390/ph15101275

https:/ /www.mdpi.com/journal /pharmaceuticals


https://doi.org/10.3390/ph15101275
https://doi.org/10.3390/ph15101275
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/pharmaceuticals
https://www.mdpi.com
https://orcid.org/0000-0003-3557-8366
https://orcid.org/0000-0002-0966-9750
https://orcid.org/0000-0003-2081-8304
https://orcid.org/0000-0002-0179-2164
https://orcid.org/0000-0002-6634-4207
https://orcid.org/0000-0002-5898-1257
https://orcid.org/0000-0002-5063-1236
https://orcid.org/0000-0003-3901-6758
https://doi.org/10.3390/ph15101275
https://www.mdpi.com/journal/pharmaceuticals
https://www.mdpi.com/article/10.3390/ph15101275?type=check_update&version=2

Pharmaceuticals 2022, 15, 1275

2 of 14

microorganisms have been motivators for research aiming to find safe and effective alterna-
tives, or ways to potentiate the effects of current antimicrobial agents [1,5].

The Center for Disease Control and Prevention has declared the rapid growth of
antibiotic resistance as a top global concern and estimates that more than 700,000 people
die worldwide from diseases caused by resistant strains [6,7]. Staphylococcus aureus and
Escherichia coli are examples of bacteria that cause nosocomial infections that are resistant
to available standard drugs, in addition to having a high capacity for pathogenicity and
virulence, being associated with severe clinical cases [8-10].

Within this problem, fungi of clinical interest also stand out, as representatives of the
Candida genus can cause issues ranging from superficial and cutaneous infections (der-
matomycoses) to more serious problems, such as candidiasis (invasive and disseminated
infections) [11]. The best-known species of the genus, Candida albicans, is responsible for 90%
of cases of fungal infections [11-13]. Others, such as C. tropicalis and C. krusei, also stand out
as agents associated with emerging infections, and may present more resistance than strains
of C. albicans, making the search for new antifungal drugs a necessary alternative [14].

These pathogenic fungi can change their morphology from budding ovoid yeast to
filamentous growth (elongated hyphae) in response to different environmental signals,
e.g., lack of nitrogen [14-16]. This factor can provide virulence characteristics, initially
through adhesion, driven by the expression of numerous surface adhesin proteins [17]. Such
virulence allows fungi to colonize tissues and express drug resistance [18]. Literature data
demonstrate that the virulence of fungi can be ameliorated or eliminated if the morphogenic
capacity is compromised [18].

The search for substances that aim to inhibit fungal virulence phenotypes has be-
come constant [19]. In this context, research into essential oils from medicinal plants has
grown significantly as a new strategy to control fungal growth and intensify the effects of
pharmaceutical drugs against Candida strains [20-24].

Essential oils from species of the Asteraceae family have gained prominence in several
studies with different purposes, demonstrating impressive microbiological effects [25,26].
This botanical family holds many species with medicinal properties, although only 15% of
the species belonging to this family have been studied [25]. It is noteworthy that several
classes of secondary metabolites with antimicrobial potential are present in the essential
oils of the species.

As a representative of this family with promising properties, Acritopappus confertus
(Gardner) R.M.King & H.Rob. stands out, popularly known as “cura-facada”, it is used in
traditional medicine for skin wounds due to its healing effects [27]. Its chemical composition
reports the predominant presence of monoterpenes in its essential oil [28], and these
bioactive components may have different modes of action on antimicrobial activity [11].

In this context, it is hypothesized that the essential oil of A. confertus can promote
antimicrobial effects against different strains of pathogenic fungi and bacteria. In order to
achieve such results, the objective of this work was to evaluate the chemical composition
of the essential oil of A. confertus, as well as to verify its antimicrobial potential and
as a modifier of synthetic drugs, in addition to verifying the inhibition of hyphae and
pseudohyphae in Candida strains.

2. Results
2.1. Chemical Composition

According to the phytochemical analysis of the essential oil of A. confertus, it was pos-
sible to identify 10 chemical constituents corresponding to 96.33% of the total composition.
The identified compounds belong to the monoterpene and sesquiterpene classes. Myrcene
(54.71%), a monoterpene of pharmacological importance, stood out for being the major con-
stituent of the analyzed sample. The constituents 3-pinene (18.2%), limonene (6.52%), and
-eudesmol (5.72%) also showed reasonable concentrations. Regarding the phytochemicals
with the lowest concentration traces (<1%), c-humulene (0.80%), x-eudesmol (0.21%), and
sabinene (0.19%) were identified (Table 1).
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Table 1. Acritopappus confertus (Gardner) R. M. King & H. Rob. essential oil constituents.

Compounds RI? RIP Essential Oil
a-Pinene 937 935 3.24
Sabinene 978 978 0.19
[-Pinene 983 981 18.2
Myrcene 987 989 54.71
Limonene 1029 1031 6.52
[3-Cubebene 1390 1391 4.81
-Caryophyllene 1418 1418 1.93
a-Humulene 1454 1459 0.80
a«-Eudesmol 1631 1630 0.21
-Eudesmol 1652 1652 5.72
Total Identified (%) 96.33

Source: Research Data. ® Experimental retention index (based on n-alkane C7-C30 homologous series). P Literature
retention index (Adams, 2017).

2.2. Antifungal and Fluconazole Modifying Activity

A. confertus essential oil showed antifungal activity against C. albicans (ICsp = 22.19 pg/mlL)
at a concentration similar to the positive control fluconazole (ICsg = 12.33 pg/mL), a stan-
dard drug widely used in fungal infections (Table 2) (Figure 1). However, against C. krusei
and C. tropicalis strains, the essential oil showed a low antifungal effect, with ICsg values of
592.6 ug/mL and 615.4 pg/mL, respectively (Table 2) (Figures 2 and 3). When associated
with fluconazole, the essential oil of A. confertus potentiated the antifungal effect against
C. albicans and C. tropicalis, presenting ICsy values of 6.53 ug/mL and 2.25 pug/mL, respec-
tively. Based on the behavior of the curve through non-linear regression, the ICs, values
of the essential oil of the studied plant species were clinically relevant when evaluated
alone for C. albicans. Regarding the C. krusei strain, no positive results were observed for
the aforementioned oil tested alone or in association with fluconazole. In addition, the
natural product presented a MIC of 256 ug/mL for C. albicans (Figure 1), making it a great
candidate for the development of new drugs.

Table 2. ICs of the essential oil of Acritopappus confertus (EOAC) and fluconazole (FCZ) against
Candida albicans, Candida krusei, and Candida tropicalis.

Products Tested Candida albicans Candida krusei Candida tropicalis
FCz 12.33 pg/mL 131.6 pg/mL 362.9 ug/mL
EOAC 22.19 ug/mL 592.6 ug/mL 615.4 ug/mL
FCZ + EOAC 6.53 pg/mL 295.8 ug/mL 2.25 pg/mL

Candida albicans

- FCZ
- EOAC
-+ FCZ+EOCC

Growth (%)

0 1 2 4 8 16 32 64 128 256 512 1024
Concentration (ug/mL)

Figure 1. Cell viability curve of Candida albicans INCQS 90028 against essential oil of Acritopappus
confertus (EOAC) and fluconazole (FCZ) in ug/mL. Statistically significant value with * p < 0.05.
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Figure 2. Cell viability curve of Candida krusei INCQS 40095 against essential oil of Acritopappus
confertus (EOAC) and fluconazole (FCZ) in pug/mL. Statistically significant value with **** p < 0.0001.
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Figure 3. Cell viability curve of Candida tropicalis INCQS 40042 against essential oil of Acritopap-
pus confertus (EOAC) and fluconazole (FCZ) in pg/mL. Anti-Candida potential of essential oil of
Acritopappus confertus against strains of Candida tropicalis. Statistically significant value with * p < 0.05,
**p <0.01, *** p < 0.001 and **** p < 0.0001.

2.3. Anti-Virulence Potential

The analysis of the effect of the essential oil of A. confertus on the morphology of
the yeasts of C. albicans was carried out through the depletion of the culture medium,
stimulating the yeast to seek nutrients through the emission of hyphae and pseudohyphae.
To control the growth of C. albicans (Figure 4, Slide 1), it is possible to verify the formation of
several hyphae, while when treated with the essential oil of A. confertus, there is a significant
decrease in the projection of the hyphae, mainly at the concentration of 128 ug/mL (S2),
which totally inhibited filament formation.

For the C. krusei strain, fluconazole decreased virulence at the two concentrations
evaluated (512 ug/mL and 256 ng/mL) (Figure 5, S4 and S5). At a concentration of
512 pg/mlL, the essential oil of A. confertus also inhibited the growth of C. krusei (S2) hyphae
similar to the positive control fluconazole; however, when evaluated at a concentration
of 256 ug/mL, the oil did not show an effect on the virulence of the fungal strain (S3),
presenting cytoplasmic projections similar to the growth control.

The C. tropicalis strain was sensitive to all treatments analyzed, with no observable
growth of hyphae in the concentrations of 1024 pug/mL and 512 ug/mL of A. confertus
essential oil (S2, S3), nor in the positive control fluconazole at concentrations of 1024 pg/mL
and 512 pug/mL (54, S5) (Figure 6). In the growth control (51) using only nutrient-depleted
culture medium, it was possible to observe the projections of hyphae and pseudohyphae of
C. tropicalis.
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1 — CA - Growth Control 2 - CA—-EOAC - MIC/2 3 - CA—-EOAC - MIC/4

4 - CA—-FCZ-MIC/2 5—-CA—-FCZ-MIC/4

Figure 4. Effects of Acritopappus confertus essential oil on the morphological aspects of Candida albicans.
Slide (S1): Growth control; (S2): Effect of essential oil at a concentration of 128 pg/mL; (S3): Effect
of essential oil at a concentration of 64 pug/mL; (S4): Effect of fluconazole at a concentration of
1024 pg/mL; (S5): Effect of fluconazole at a concentration of 512 ug/mL. Display 400 x enlarged.

1 — CK - Growth Control 2 - CK-EOAC - MIC/2 3 - CK-EOAC —-MIC/4

4 - CK - FCZ - MIC/2 5—-CK-FCZ-MIC/4

Figure 5. Effects of Acritopappus confertus essential oil on the morphological aspects of Candida krusei.
Slide (S1): Growth control; (S2): Effect of essential oil at a concentration of 512 pg/mL; (S3): Effect
of essential oil at a concentration of 256 pg/mL; (54): Effect of fluconazole at a concentration of
512 pug/mL; (S5): Effect of fluconazole at a concentration of 256 pg/mL. Display 400 enlarged.

1 — CT - Growth Control 2 - CT - EOAC — MIC/2 3 - CT-EOAC - MIC/4

4 - CT-FCZ - MIC/2 5—-CT-FCZ—-MIC/4

Figure 6. Effects of Acritopappus confertus essential oil on the morphological aspects of Candida
tropicalis. Slide (S1): Growth control; (S2): Effect of essential oil at a concentration of 1024 ug/mL; (S3):
Effect of essential oil at a concentration of 512 ug/mL; (54): Effect of fluconazole at a concentration of
1024 pg/mL; (S5): Effect of fluconazole at a concentration of 512 ug/mL. Display 400 x enlarged.
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2.4. Antibacterial and Antibiotic Modifying Activity

The antibacterial activity of the A. confertus essential oil was determined by the mini-
mum inhibitory concentration (MIC) according to the results described in Table 3. It was
verified that the A. confertus oil did not present direct antibacterial activity against most of
the standard and multidrug-resistant strains tested, presenting a MIC above 512 pug/mL.
However, an exception was observed against the standard strain S. aureus ATCC 25923,
where the oil had a MIC of 256 ng/mL. This concentration is indicative of clinical relevance
and intrinsic antibacterial activity.

Table 3. Minimum inhibitory concentration of Acritopappus confertus essential oil against bacterial strains.

Strain EOAC
Staphylococcus aureus ATCC 25923 256 pg/mL
Staphylococcus aureus 10 >512 ug/mL
Escherichia coli ATCC 25922 >512 pug/mL
Escherichia coli 06 >512 ug/mL

When tested at sub-inhibitory concentrations (MIC/8) in association with standard
antibiotics, the essential oil of A. confertus demonstrated a synergistic effect, potentiating
the action of the drugs against the multidrug-resistant strains tested (Figure 7). Against
E. coli 06, the oil reduced the MIC of gentamicin (12.69 to 2.51 pg/mL), erythromyecin (8 to
0.5 pg/mL), and norfloxacin (256 to 128 pg/mL). Against S. aureus 10, it reduced the MIC
of gentamicin (10.07 to 4 ug/mL) and norfloxacin (203.18 to 54 ug/mL), with no modifying
effect only in the combination of essential oil with erythromycin. These promising results
indicate that A. confertus oil may act by increasing the susceptibility of resistant strains
against synthetic drugs.

feokokok

=
‘En — El Gentamicin
= 2007 H =% EOAC + Gentamicin
QE) “2)3: \\ El Erythromycin

T 2= 10 EOQAC + Erythromycin
E 154 § s § 1 Norfloxacin
= ook o \ \ ; - ‘
@ \ \ XY EOAC + Nortfloxacin
= 101 X \ \
N\ \
s 5 e §
E - i .
C:; Escherichia coli Staphylococcus aureus

Figure 7. Modifying effect of Acritopappus confertus essential oil (EOAC) against the multidrug-
resistant strains Staphylococcus aureus 10 and Escherichia coli 06, in association with the antibiotics
gentamicin, erythromycin, and norfloxacin in pg/mL. Statistically significant value with *** p > 0.001
and **** p < 0.0001.

3. Discussion

The emergence of fungal strains resistant to standard drugs has grown in recent
decades, especially nosocomial ones, such as Candida spp. An aggravating factor in this
problem is that the development of new drugs has not followed this evolution, which
results in a constant struggle against the microscopic world. In this study, it was possible to
show that the essential oil of a medicinal species, A. confertus, has an anti-Candida effect, in
addition to being able to intensify the action of fluconazole.

As well as the results found in the present work on the phytochemical composition,
Lima et al. [28] reported that the essential oil of A. confertus leaves has a predominance
of monoterpenes, corresponding to about 81.0% of the total compounds. In addition,
the authors identified myrcene (52.0%), 3-pinene (16.8%), and limonene (8.2%) as major
constituents. Similar results were also observed by Sousa et al. [29], where the main phy-
tochemicals identified in the essential oil of A. confertus leaves were myrcene (49.16%),
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B-pinene (17.09%), and limonene (8.73%). The monoterpene myrcene stands out for being
one of the major compounds in the essential oil of other species of the Asteraceae family,
including Cladanthus arabicus Cass. [30], Pteronia incana (Burm.) DC. [31,32], Pteronia onobro-
moides DC. [33], Glebionis coronaria (L.) Tzvelev [34], Vernonia polyanthes Less [35], Coreopsis
triloba SF Blake [36], and Montanoa quadrangularis Schultz Bipontinus [37].

In a study carried out by Tavares et al. [38], the isolated myrcene compound was
found to have an antifungal activity against the strains Candida albicans ATCC 10231 (MIC:
5 ug/mL), Candida tropicalis ATCC 13803 (MIC: 20 ng/mL), and Candida krusei H9 (MIC:
10 pg/mkL). Negative results were observed by Taweechaisupapong et al. [39], where
myrcene was found to be inactive against C. albicans and C. krusei at the concentrations
tested (0.06-32 uL/mL). According to Donati et al. [40], myrcene was evaluated against
Candida parapsilosis and showed an inhibition zone diameter of only 8.3 £ 0.3 mm when
compared to the fluconazole control (18.3 & 0.3 mm) by the disk diffusion method. Jain
and Sharma [41] reported that myrcene had a moderate effect against C. albicans with
a MIC value of <2.1 pL/mL. Given these data, it is suggested that myrcene, the major
compound of the essential oil of A. confertus, may be related to the anti-Candida activity
evaluated in this study, but it cannot be considered as a compound that presents excellent
antifungal results.

The compounds B-pinene and limonene, identified in reasonable concentrations in
the essential oil of A. confertus, were also evaluated by other authors for their anti-Candida
potential [42-46]. According to Rajput and Karuppayil [43], the monoterpene B-pinene
had a MIC of 1 mg/mL against C. albicans. This effect was considered moderate by the
authors. Prabajati et al. [47] reported that the mechanism of action of B-pinene may be
involved in the disruption of the cell membrane of C. albicans or by interfering with the
functioning of mitochondria. In a study carried out by Thakre et al. [45], it was observed
that limonene stood out as a fungicidal compound inhibiting 99.9% of the growth of
35 clinical isolates and 2 standard strains of C. albicans under a concentration of 20 mM.
These authors also reported that the mechanism of action of limonene may be involved in
the damage caused to the integrity of the yeast membrane. Muiioz et al. [46] reported that
there was a significant inhibition in the cell viability of C. albicans when the strains were
previously treated with the compound limonene, at concentrations of 500 uM and 600 uM,
for 8 h.

Reports on the antifungal potential of the essential oil of A. confertus were not found
in the literature; however, other species of Asteraceae have shown promising results as
fungicides [48-51]. The essential oil of Calendula officinalis L., for example, showed a high
anti-Candida activity by the disk diffusion method with inhibition zones of 20-27 mm,
against C. albicans, C. dubliniensis ATCC 777, C. parapsilosis ATCC 22019, C. tropicalis,
C. guilliermondii, and C. glabrata [48]. According to Silverio et al. [50], essential oils ex-
tracted from Eremanthus erythropappus (DC) McLeisch were effective against C. albicans and
C. tropicalis, inhibiting fungal growth between 15 and 125 ug/mL. As in the present study,
Rodrigues et al. [51] also reported that when associated with the antifungal fluconazole, the
essential oil of Vanillosmopsis arborea Barker showed modulatory potential and synergistic
activity against different strains of Candida at lower sub-inhibitory concentrations than the
commercial drug tested alone.

Essential oils from the Asteraceae family have also been evaluated for their potential
in relation to fungal virulence [52,53]. Stojanovi¢-Radi¢ et al. [52] reported that in addi-
tion to its effect on cell growth, Inula helenium L. essential oil also significantly decreases
Candida spp. virulence factors, including the inhibition of biofilm, germ tubes, and phos-
pholipase production. According to Silva et al. [53], the essential oil of Baccharis trimera
(Less.) DC significantly inhibited the morphological changes associated with the increased
virulence and pathogenicity of strains of C. albicans (CAINCQS 40006), C. tropicalis (CT
INCQS 40042), and C. krusei (CK INCQS 40095). These data corroborate the results found in
the present study, where the essential oil of A. confertus inhibited the growth of hyphae of
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C. albicans, C. krusei, and C. tropicalis, being the first work to evidence the antipleomorphic
effect of this species.

The combination of fluconazole with A. confertus essential oil may be an alternative to
circumvent fungal resistance, wherein some resistant strains are able to expel the drug from
the cytoplasmic contents by means of efflux pumps. As fluconazole inhibits the synthesis of
ergosterol by inhibiting the 14x-demethylase enzyme that is present in the cell membrane,
its action will only occur with its presence in the intracellular environment. Therefore,
an inhibition of the efflux pump genes is necessary, which may be the possible targets of
the essential oil under study [54].

Regarding antibacterial activities, the A. confertus species is still poorly investigated.
Fernandes et al. [55] tested the essential oil of A. confertus leaves against the bacteria
Escherichia coli and Bacillus subtilis in diffusion assays in solid media and assays in liquid
media, with concentrations ranging from 1000 to 4000 ppm. It was verified that the oil of
A. confertus presented only a bacteriostatic effect against B. subtilis and did not demonstrate
any effect against Escherichia coli by any of the methods used. As these data are preliminary,
further studies are needed to verify whether the species lacks direct antibacterial activity.
However, it should be noted that products without isolated antibacterial activity are less
susceptible to acquiring resistance when used as modifiers of antibiotic action, consequently
presenting more potential to combat resistant bacteria by the use of combinations [56].

The terpene myrcene, the major compound in the essential oil of A. confertus, in
a study by Inoue et al. [57], inhibited the growth of Staphylococcus aureus and caused
damage to cell membranes by the leakage of K* ions, either alone or in combination with
the compound terpinen-4-ol. In association with penicillin in a study by Galluci et al. [58],
the interaction of myrcene with the antibiotic showed a negligible clinical effect against
S. aureus and antagonism against E. coli. However, when combined with antibiotics against
the tuberculosis-causing bacterium Mycobacterium tuberculosis, myrcene was able to decrease
the MIC from 16 to 3.9 pg/mL (ethambutol), from 32 to 0.95 ng/mL (isoniazid), and from
16 to 0.475 pug/mL (rifampicin) [59], thus suggesting that the synergistic effect of this
compound varies according to the class of antibiotics and types of strains tested.

Other terpenes present in the essential oil of A. confertus have a great antibacterial
potential according to the literature. The S-pinene compound studied by Leite et al. [60]
demonstrated activity against the Gram-positive bacteria Staphylococcus aureus, S. epidermidis,
Streptococcus pneumoniae, and S. pyogenes. The MIC of B-pinene ranged from 20 to 40 pg/mL,
significantly inhibiting the growth and cell viability of the strains. On the other hand, the
monoterpene limonene during in vitro and in silico tests decreased the MIC of the ethidium
bromide positive control against the efflux pump mechanism-carrying S. aureus strain
1119B. It also augmented the action of norfloxacin against the strain, indicating its potential
as a possible inhibitor of the NorA pump that expels hydrophilic fluoroquinolones [61].

While the molecular mechanisms involved in the action of essential oils on bacterial
cells are not fully elucidated, it is suggested that due to their lipophilicity, terpenoid
compounds may alter membrane permeability, interfering with the transport of a wide
variety of substances, thus facilitating the entry of antibiotics into the cytoplasm [62].
However, the sensitivity of a strain to an essential oil varies depending on the complexity
of its constituents and the resistance mechanisms of microorganisms. The modifying effect
of A. confertus observed in this study may be related to the ability of essential oils to interact
with the plasma membrane, disrupting amphiphilic peptides and causing disruption of the
cytoplasm and damage to lipids and proteins [63-65].

4. Materials and Methods
4.1. Collection of Botanical Material

Fresh leaves of Acritopappus confertus were collected in an area of Chapada do Araripe
(—7°2891.81" S and —39°54’50.33” W) in the municipality of Crato, Ceara, Brazil. Flow-
ering branches were also collected, pressed, and dehydrated to make an exsiccate of the
material deposited and identified in the Herbarium Caririense Dardano de Andrade-Lima
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(HCDAL) of the Regional University of Cariri (voucher: 15.148). All botanical material was
registered in the National System for the Management of Genetic Heritage and Associated
Traditional Knowledge of Brazil (SisGen) (A0B4402), and in the System of Authorization
and Information on Biodiversity (SISBIO) of ICMBio (82789-1).

4.2. Essential Oil Extraction

The essential oil extraction followed the methodology of Matos [66] with some modifi-
cations. In a hydrodistillation system, 200 g of each fresh plant sample was placed in a glass
flask with 2 L of distilled water, and heated to boiling for a period of 2 h. After obtaining
the water/oil mixture in the Clevenger type doser, the oil was separated and collected.
After extraction, the essential oil of A. confertus was dried with anhydrous sodium sulfate
(NayS0Oy), presenting a yield of 0.36%.

4.3. Analysis of the Essential Oil’s Chemical Composition
Essential Oil Analysis

Volatile constituents were analyzed by a gas chromatograph (Agilent Technologies
System 6890N GC-FID, Santa Clara, CA, USA) equipped with a DB-5 capillary column
(30 m x 0.25 mm, 0.25 pm) coupled to a flame ionization detector (FID). The initial temper-
ature of the inlet and detector were set to 280 °C. Helium gas was used as the mobile phase
at a flow rate of 1.0 mL/min. The thermal programmer consisted of an initial temperature
of 50 °C, reaching a temperature of 300 °C at a rate of 5 °C/min, totaling 50 min. A total
of 1 uL of the oil was injected into the column, diluted in chloroform at a ratio of 1:10 v/v.
The relative concentrations of the constituents were calculated based on the areas of the
GC peaks without correction factors. Qualitative analysis was performed on an Agilent
Technologies AutoSystem XL GC/MS device operating in EI mode at 70 eV, equipped with
a split/splitless injector (220 °C), with an initial temperature of 280 °C. Columns with the
following specifications were used: HP 5MS (30 m x 0.25 mm, 0.25 um) and HP Innowax
(B0 m x 0.32 mm, 0.50 um). Helium was used as the carrier gas at a transport rate of
1.0 mL/min. The thermal programmer consisted of an initial temperature of 50 °C which
reached a temperature of 300 °C at a rate of 5 °C/min. A total of 1 pL of the oil was injected
into the column, diluted in chloroform (1:10 v/v). The retention index was obtained by
injecting a mixture of hydrocarbons (C7-C30) under the same conditions as the samples.
After chromatographic analysis, the identification of the phytoconstituents of the essential
oil of A. confertus was carried out based on the retention indexes (RI), determined with
reference data from a homologous series of n-alkanes, C7-C30, under identical experimental
conditions. The relative amounts of individual components were calculated based on GC
peak areas (FID response). After, we compare with the mass spectra library (NIST and
Wiley) and the spectral literature according to Adams [67].

4.4. Antifungal Activity
4.4.1. Fungal Strains

For antifungal testing of the essential oil of A. confertus, standard strains of Candida
were used, acquired from the Oswaldo Cruz Culture Collection of the National Institute for
Quality Control in Health INCQS): Candida albicans—CA INCQS 90028, Candida krusei—CK
INCQS 40095, and Candida tropicalis—CT INCQS 40042.

4.4.2. Fungal Culture

All fungal strains were initially cultivated in Sabouraud dextrose agar (SDA) culture
medium (37 °C, 24 h) and in doubly concentrated Sabouraud dextrose broth (SDB) medium
during the experiments. The depleted potato dextrose agar medium was used to stimulate
the projection of hyphae and pseudohyphae in the morphological alteration verification
test. To prepare the inoculum, small aliquots of the strains were transferred to tubes
containing saline solution (0.9% NaCl) and compared to the McFarland scale, resulting in
a concentration of 1 x 10° cells/mL. The essential oil and fluconazole (150 mg, Gn-Germed,
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Campinas, SP, BR) were measured (150 mg) on an analytical balance and diluted in 1 mL
of dimethylsulfoxide (DMSO, Vetec, Duque de Caxias, R], BR) and sterile distilled water,
respectively, until a matrix concentration of 2048 ng/mL was obtained.

4.4.3. Determination of ICsy and Cell Viability Curve

To carry out this experiment, the broth microdilution method according to
Javadpour et al. [68] was used, with some modifications. Initially, 96-well plates were
filled with 90 pL of SDB and then microdiluted to the penultimate well with 100 uL of
the essential oil, obtaining concentrations between 1024 and 1 pug/mL. After this process,
10 pL of fungal inoculum was added. The last well was not microdiluted and was used for
growth control. Sterility controls on the culture medium and substance dilution controls
were also performed. The plates were incubated at 37 °C for 24 h, and subsequently, the
reading was performed in an ELISA spectrophotometer at a wavelength of 630 nm. All
experiments were performed in triplicate, and the data obtained were analyzed to construct
the cell viability curve and calculate the ICsy of the essential oil of A. confertus and the
reference antifungal (fluconazole).

4.4.4. Assessment of Fluconazole Modifying Activity

After defining the minimum inhibitory concentration (MIC), the essential oil was
tested at sub-inhibitory concentrations (MIC/8) [68]. The 96-well plates were filled with
a solution of CSD medium and essential oil at a sub-inhibitory concentration, then 100 uL of
fluconazole was added to the first well, followed by a serial microdilution in the proportion
of 1:1 until the penultimate well; the last well of the plate was considered to represent
a growth control. Finally, 10 uL of the fungal inoculum was added to each well. Controls of
the sterility of the culture medium and controls of fluconazole dilution were also performed.
Finally, the plates were incubated at 37 °C for 24 h. The reading was performed in an ELISA
spectrophotometer (wavelength 630 nm).

4.4.5. Evaluation of Fungal Virulence Inhibition

To verify whether the essential oil of A. confertus causes any alterations in fungal
morphology by inhibiting the emission of hyphae, sterile micromorphological chambers
were set up. In the humid chamber, 3 mL of depleted PDA medium containing the essential
oil in sub-inhibitory concentrations (MIC/2 and MIC/4) was poured onto a sterile slide.
Aliquots of the fungal inoculum were used to make two parallel streaks on the slides, and
then these were covered with a sterile coverslip. The chamber was incubated at 37 °C
for 24 h, and after this period, the culture was analyzed under optical microscopy using
a 400 x magnification. A control for yeast growth was performed, as well as a control with
fluconazole for comparison [69].

4.5. Antibacterial Activity
4.5.1. Bacterial Strains

For the antibacterial tests, the standard strains were used: Staphylococcus aureus ATCC
25923 and Escherichia coli ATCC 25922, and the multidrug-resistant clinical isolates: S. aureus
10 (straight swab) and E. coli 06 (urine).

4.5.2. Bacterial Culture

All bacterial strains were maintained in Heart Infusion Agar (HIA) medium (37 °C,
24 h) and cultured in Brain Heart Infusion (BHI) 10% during the experiments. Cell sus-
pensions were prepared in test tubes containing saline solution, and their turbidity was
compared and adjusted with the 0.5 MacFarland scale. For the analysis of antibacterial
activity, the essential oil was measured on an analytical balance (10 mg), and later diluted
in 1 mL of DMSO to a final concentration of 1024 pg/mL. The antibiotics gentamicin,
erythromyecin, and norfloxacin were diluted in 1 mL of sterile distilled water and prepared
at the same concentration as the oil.
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4.5.3. Determination of the Minimum Inhibitory Concentration (MIC)

The MIC was determined by the broth microdilution method. ELISA plates was filled
with 100 pL of solution containing 900 puL of 10% BHI and 100 puL of bacterial suspension.
Then, serial microdilution (1:1) was performed with 100 uL of A. confertus essential oil until
the penultimate well of the plate, with final concentrations between 512 and 8 pg/mL.
Bacterial growth controls and sterility controls of the culture medium were performed.
Subsequently, the plates were left to incubate at 37 °C (24 h). To read the assays, sodium
resazurin (Sigma-Aldrich) was used as a colorimetric indicator of bacterial growth by
oxidation-reduction. For this purpose, 20 pL of resazurin was added to each well and, after
1 h, the plates were visually analyzed [70].

4.5.4. Antibiotic Modifying Effect Test

To assess the modifying potential of antibiotics, the essential oil was tested at
a sub-inhibitory concentration [68]. Initially, solutions containing 10% BHI medium, oil
at sub-inhibitory concentration (MIC/8), and 150 puL of inoculum solution were prepared
in Eppendorf tubes. Afterwards, the plates were filled with 100 uL of the solution in
each well, followed by serial microdilution (ratio of 1:1) with 100 uL of the reference drug
(gentamicin, erythromycin, and norfloxacin); the antibiotic concentrations ranged from
512 ug/mL to 1 pg/mkL. The plates were incubated at 37 °C (24 h), and then the test reading
was performed with the addition of resazurin.

4.6. Statistical Analysis

All assays were performed in triplicate, and their means were calculated with their
respective standard deviations (£SD). For antimicrobial activities, the means were sub-
mitted to a two-way analysis of variance (concentration x species) followed by the Tukey
test, being considered significant when p < 0.0001. ICs; values were obtained by non-linear
regression, and the results were calculated from a standard curve. Statistical analysis and
graphing was performed in GraphPad Prism version 6.0.

5. Conclusions

We conclude in this study that essential oil obtained from the leaves of A. confertus is
able to reduce the growth of Candida spp., as assessed by the evaluation of the minimum
inhibitory concentration. This result has important implications for the human organism,
as such microorganisms are part of its microbiota. In addition, the essential oil was
able to inhibit the formation of an important fungal virulence factor, the formation of
hyphae and pseudohyphae in the yeasts under study, at concentrations of clinical relevance.
When tested on bacteria, this oil—rich in the monoterpene myrcene—was able to modify
the action of all antibiotics tested, making them more effective against resistant strains
when used in combination. These data are promising, but more research is needed to
elucidate the mechanisms of action and interaction between essential oil compounds and
antimicrobial drugs.
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