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Abstract

This study aimed to screen for essential oils with antibiofilm effect on Candlida albicans. The antifungal
effect of 15 essential oils was evaluated on C. albicans planktonic cells, and the most active essential
oils were tested for anti-biofilm property. Toxicity to Vero cells was also assessed. Thymus vulgaris and
Allium sativum essential oils showed higher fungistatic effects on C. albicans MYA-2876 and C. albicans
ATCC 18804. Both essential oils also showed an anti-biofilm effect. Thymus vulgaris and Allium sativum
essential oils showed low and moderate cytotoxicity, respectively. The results obtained in this study open
promising possibilities for the elaboration of mouthwashes and topical formulations to improve the
conventional treatment of oral candidiasis.

Highlights

e Thymus vulgaris and Allium sativum essential oils showed inhibitory effect on Candida albicans
planktonic cells and promising anti-biofilm effect.

* Both essential oils were less cytotoxic than 0.12% chlorhexidine digluconate.

Background

Candida spp. and other species are part of the human oral commensal microbiota, but might cause
infections when predisposing factors are present (Williams & Lewis, 2017), particularly in cases of
immunosuppression. Oral candidiasis is one of the most commonly found oral lesion among patients
with AIDS and C. albicans is the most frequently involved species (Ghadwal LT et al 2022).

Nystatin and miconazole are frequently used to treat oral candidiasis. However, the long duration is
considered a limitation of this therapeutic protocol (Quindés et al., 2019). Besides, the number of
refractory cases to conventional treatment is increasing, especially due to the rise in drug resistance
among fungal pathogens worldwide (Ashrit et al., 2022). In fact, evidences suggest that C. albicans can
be considered an emerging multidrug-resistant fungal pathogen (Dadar et al., 2018). Moreover, relapse
cases after cessation of the antifungal therapy have been also reported among patients with HIV/AIDS
(Nittayananta, 2016).

Due to this scenario, alternative therapies to treat oral candidiasis are needed (Rodrigues et al., 2019).
Unfortunately, there are very few new antifungal drugs currently under development (Campoy & Adrio,
2017; Marquez & Quave, 2020). Traditional knowledge of plants as medicines or ethnobotanical
knowledge are considered promising sources for the discovering of new therapeutic agents (Atanasov et
al., 2015; Arockianathan et al., 2019; Marquez & Quave, 2020). Among the alternatives associated with
plants, the essential oils stand out (Winska et al., 2019).

Essential oils can be important sources of antifungal molecules. Essential oils are composed of many
volatile molecules, such as monoterpenes, sesquiterpenes, ketones, alcohols, ethers, and aldehydes
(Winska et al., 2019). Besides the biological activity, these active principles are responsible for the aroma
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as well (Mendonga 2006). For instance, in Brazil, Artemisia vulgaris, Cupressus sempervirens, Citrus
limon, and Litsea cubeba showed antifungal properties on C. albicans (Malik et al., 2019; Pedroso et al.,
2019). In China, He et al. (2019) reported the antifungal potential of Clausena lansium essential oil
against Candida spp. Herrera-Rodriguez et al. (2018) reported the anticandidal activity of Mexican
oregano essential oil. The essential oil of Cinnamomum tonkinense, a plant from north central Vietnam,
also demonstrated antifungal activity against C. albicans (Dai et al., 2020). Furthermore, some oils such
as cinnamon essential oil can also modulate C. albicans virulence factors, such as biofilm formation and
adherence (Veilleux & Grenier, 2019).

The association of essential oils with traditional antifungals was also evaluated. Tullio et al. (2019)
observed synergistic interaction between Mentha piperita essential oil and itraconazole against Candida
spp. This synergistic effect was also observed for Thymus vulgaris essential oil (Jafri & Ahmad, 2019).
Ngo-Mback et al. (2020) studied essential oils of Aeollanthus heliotropioides, Cymbopogon citratus and
Syzygium aromaticum, aromatic plants used in Camerron, and detected antifungal activity. Mendoza-
Juache et al. (2017) reported the effect of A. sativum essential oil against biofilm and planktonic cells of
Candida spp. clinical isolates from acrylic-based dentures.

Considering the need for alternative therapies for oral candidiasis and that essential oils may be source
of bioactive molecules, this study aimed to evaluate the antifungal activity of fifteen essential oils,
searching for candidates to be incorporated into alternative products for prevention and treatment of
oral candidiasis.

Materials & Methods
Essential oils and fungal strains

Thymus vulgaris, Mentha pulegium, Foeniculum vulgare, Tagetes minuta, Ruta graveolens, Pinus
ponderosa, Petroselinum sativum, Coffea arabica, Pinus sylvestris and Allium sativum essential oils
were commercially obtained from Laszlo Aromaterapia Ltda. (Belo Horizonte, MG, Brazil). Cordia
curassavica essential oil was purchased from and Quinari Fragrances and Cosmetics Ltda. (Ponta
Grossa, PR, Brazil). These commercial oils were prepared by the steam distillation. These commercial
oils were prepared by the steam drag extraction method.

Tagetes minuta, Cordia curassavica, Eugenia uniflora, Matricaria recutita essential oils were prepared
from the ex-situ germplasm bank collection of the medicinal and aromatic plants collection (CPMA)
from the multidisciplinary center for agricultural, biological and chemical research — UNICAMP. This
center is situated at Paulinia, Sdo Paulo, Brazil (22° 45'00 " south and 47° 10'21 " West). The plants were
collected and processed between August and September 2016. In collaboration with the present work,
the essential oils were available to the research group of the Institute of Science and Technology (ICT) of
the Sao Paulo University State (UNESP), Sdo José dos Campos, from the postgraduate program in oral
biopathology through Prof. Dr. Glyn Mara Figueira, who owns the permits and licenses for collection of
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plant species, which after being transformed into essential oils, were analyzed. For 7. minuta, we
received the voucher CPMA 1040f50, proving that it was collected by Narciso Ramos and deposited in
the herbarium of the collection of medicinal and aromatic plants - Pluridisciplinary Center for Biological
and Agricultural Chemical Research (CPQBA), Unicamp, with registration number 606. C. curassavica
received the UEC 112744 voucher, collected and deposited at the State University of Campinas (UEC) by
Pedro Mellino Magalhaes from the Institute of Biology, with registration number UEC042593. Also, E.
uniflora received the UEC 184186 voucher, collected and deposited at the UEC herbarium by Henrique
Santos of the Institute of Biology, with registration number UEC 107420. Finally, for M. recutita, as we did
not have this species in the university's germplasm bank, the leaves were purchased commercially and
identification was done by chromatography, however, we have no informations.

The work was registered in the National System for the Management of Genetic Heritage and
Associated Traditional Knowledge — SisGen (A93EDB1). The essential oils were extracted using hydro
distillation as described by Albuquerque et al. (2018). The oils were stored protected from light at -20°C.
100 pl of each essential oil were weighed, the value was noted, then 900 pl of glycerol were added to
reach the initial working concentration. Ten different concentrations were analyzed.

The chemical characterization of T. vulgaris essential oil was previously performed by CG-MS and
showed the presence of carvacrol, p-cimene and a- pinene as major constituents (Santos et al., 2010).

C. albicans ATCC 18804 and C. albicans MYA-2876 reference strains were included in the study. The
microorganisms were kept frozen (-80°C) in Yeast Extract Peptone Dextrose (YPD - Himedia) broth
supplemented with 16% glycerol.

Antifungal effect onC. albicansplanktonic cells

As a screening test, the minimum inhibitory concentrations (MIC) of the 15 essential oils were
determined by the broth microdilution method, according to the Clinical and Laboratory Standards
Institute (CLSI) (M27A3, 2008). First, strains were cultured on Sabouraud dextrose agar and
standardized suspensions (1 x 10° cells/mL) were prepared in sterile saline (0.9% NaCl), with the aid of a
spectrophotometer (1 x 10° cells/mL) (Micronal, Sao Paulo, Brazil; Ags, = 0.138). RPMI 1640 (Himedia)

broth with glutamine, with absence of bicarbonate and with phenol red indicator, buffered at pH 7.0 £ 0.1
with MOPS [3- (N-morpholino) propanesulfonic acid] (Sigma-Aldrich, St. Louis, EUA) was used in these
assays. Serial dilutions (1:2) of the essential oils were obtained in 96-well plates (TPP, Trasadingen,
Switzerland). Using a micro tube, the essential oils were weighed with the aid of an analytical balance,
and the essential oil were diluted 10 times with glycerol and the concentration of each essential oil was
determined using an analytical balance. A volume of 100 pl of essential oil were added in the first well,
then from the second well were added a volume of 100 pl of culture medium. The serial dilution were
made 1/10 to tenth dilution. In this way the essential oil were diluted 10 times. Growth (RPMI broth plus
microorganism) and negative (RPMI broth only) controls were included. The MIC values were determined
after 24 h incubation by visual reading, considering 50% of inhibition in comparison to growth control.
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Anti-biofilm effect evaluation

The essential oils with lowest MIC values (7. vulgaris and A. sativum) were tested for anti-biofilm activity
against C. albicans. The same biofilm formation methodology was used for the two reference strains (C.
albicans ATCC 18804 and C. albicans MYA-2876). The microorganisms were first grown in Sabouraud
dextrose agar and then transferred to a broth (RPMI 1640 (Himedia) with glutamine, with absence of
bicarbonate and with phenol red indicator, buffered at pH 7.0 £ 0. 1 with MOPS [3- (N-morpholino)
propanesulfonic acid] (Sigma-Aldrich, St. Louis, EUA) for 24 h at 37°C. The fungal suspension was
centrifuged at 448 xg for 10 min (MPW-350, Warsaw, Poland). After, the supernatant was discarded and
the pellet was resuspended in NaCl (0.9%). The same procedure was performed twice. Subsequently, the
turbidity of this suspension was adjusted to 107 cells/mL with the aid of a spectrophotometer (Micronal;
As30=0.760 and 0.560 for C. albicans ATCC 18804 and C. albicans MYA-2876, respectively). Next, 250
pL/well of this suspension was distributed in 96-well plates. After that, the plates were incubated under
shaking (37°C; 75 rpm) for 90 min for fungal adhesion. Then, the supernatant was discarded and 250 pL
of RPMI 1640 (Himedia) broth with glutamine, with absence of bicarbonate and with phenol red indicator,
buffered at pH 7.0 £ 0. 1 with MOPS [3- (N-morpholino) propanesulfonic acid] (Sigma-Aldrich, St. Louis,
EUA) was added. Plates were incubated for 48 h. Spent culture medium was refreshed after 24 h
incubation. After 48 h, the biofilms were exposed to the two most active essential oils (10 x MIC) and
0.12% chlorhexidine digluconate (positive control) for 1 and 5 min. Treatment time were chosen based
on the mean contact time recommended for mouthwashes (1 min) and on the possibility to incorporate
the essential oils in sustained-release formulations (5-min). As negative control, sterile saline solution
(0.9% NaCl) was used. All experiments were performed in triplicate in three different occasions (n =9).
Biofilms treated with essential oil or chlorhexidine were washed twice with 0.9% NaCl solution. Then, the
biofilm was dispersed with the aid of the pipette tip and homogenized with suction and dispersion
movements. The suspension obtained was serially diluted (1:10) and 100 pl was plated on Sabouraud
dextrose agar (SD). After 24 h of incubation, CFUs were counted and values of CFU/mL were
determined.

Cytotoxicity of Thymus vulgaris and Allium sativum essential oils

Vero cells (ECACC 84113001) were grown in Dulbecco’s Modified Eagle’s medium (DMEM),
supplemented with 10% of fetal bovine serum, 100 IU ml~" of penicillin, and 100 pg mi~ " of streptomycin
at 37 °C and 5% CO,). The cells (3.6 x 10% cells/ml, 100 pl cells/well) were cultured for 24 h. After this

period, the culture medium was removed. Next, cells were exposed to Thymus vulgaris and A. sativum
essential oils (at 10 x MIC; 200 pl DMEM/well) in 96-well plates. Plates were maintained at 37°C and 5%
CO, for 48 h. After 48 h, cell viability was evaluated using the MTT colorimetric method and readings

were performed at 570 nm. Untreated cells and DMEM were used as the negative control. The
experiments were performed in triplicate in two different occasions.

Statistical Analysis
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To check data’s normal distribution, the Shapiro—Wilk test was used. Also, the homogeneity of variance
was confirmed by the Levene test (a = 0.05). All analyses cited before, were performed with the aid of
IBM SPSS statistical software package (version 25) for Windows (IBM Corp., New York, NY, USA). Mean
values (* standard deviation) were compared by Analysis of Variance (ANOVA) and Tukey'’s post hoc
test, considering a = 0.05. To analyze those data GraphPad Prism 5.0 for Windows (GraphPad Software,
La Jolla, CA, USA) was used.

Results

T. vulgaris and A. sativum were detected as the most effective essential oils against C. albicans
planktonic cells

The minimum inhibitory concentrations (MIC) of 15 different types of essential oils were determined for
two Candida albicans reference strains (ATCC MYA-2876 and ATCC 18804) and the results are shown in
Table 1. T. vulgaris essential oil showed fungistatic effect on C. albicans MYA-2876 and C. albicans
18804 at 0.3375 mg/mL and 0.1687 mg/mL, respectively. In addition, Allium sativum essential oil also
demonstrated good fungistatic effect on C. albicans MYA-2876 and C. albicans ATCC 18804 at 0.832
mg/mL e 1.664 mg/mL, respectively.

T. vulgaris and A. sativum showed anti-biofilm effect on pre-formed C. albicans monospecies mature
biofilms

Treatment with T. vulgaris essential oil, for 1 and 5 min, reduced significantly the number of C. albicans
MYA-2876 and 18804 viable cells when compared to control (p < 0.0001). The reduction was similar to
that observed for the positive control (0.12% chlorhexidine digluconate) (p < 0.0001) (Fig. 1).

Similarly, A. sativum essential oil (1 and 5 min) also reduced significantly the counts of C. albicans MYA-
2876 and 18804 when compared to control (p < 0.0001). Also, the reduction was similar to that observed
for the positive control (chlorhexidine digluconate 0.12%) (p < 0.0001) (Fig. 1). Final counts were similar

to those observed for the positive control (0.12% chlorhexidine digluconate) (p < 0.0001).

T. vulgaris was more effective than A. sativum after 5 min of exposure against C. albicans 18804
biofilms (p <0.0001) (Fig. 1).

Cytotoxicity of Thymus vulgaris and Allium sativum essential oils

Results of cell viability detected for groups treated at concentrations of 1.687 and 3.375 mg/ml of T.
vulgaris essential oil and A. sativum (1.664 and 8.32 mg/ml) are shown in Figs. 2A and B. After
exposure, Thymus vulgaris was classified as slightly cytotoxic and A. sativum as moderately cytotoxic.

Discussion
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There are historical reports on the use of many oils and plant extracts as topical antiseptics with
antimicrobial properties. Nowadays, it is recognized the importance of studying more deeply substances
that are extracted from plants that have great potential as sources of new antimicrobial compounds. In
addition to the antimicrobial potential that medicinal plant oils may have, these compounds have the
advantage of forming a complex of active principles that can act directly on microorganisms (Brighenti
et al., 2014, Girondi et al., 2017, Angane M et al., 2022, Swamy Mk et al., 2022). In the present work, the
action of fifteen different essential oils from eight different families were analyzed. Those that shared a
family are: i) Tagetes minuta and Matricaria recutita, both from Asteraceae and rich in terpenoids and
flavonoids (Dantas JBL et al., 2022, Kumar A et al., 2022); ii) Foeniculum vulgare and Petroselinum
sativum from Apiaceae, widely used as a condiment and also implemented in natural medicine
(ElImadawy AA et al., 2022, Lauricella M et al., 2022); iii) Mentha pulegium and Thymus vulgaris
(Lamiaceae); iv) Pinus sylvestris and Pinus ponderosa (Pinaceae). Other distinct family species were
also used in the present work: Amaryllidaceae, Boraginaceae, Rubiaceae, Myrtaceae and Rutaceae
(Table 1). Interestingly, the two most active essential oils are from different families. Previous studies
also show a great inter-species variation in biological activity (Brighenti et al., 2014; Brighenti et al., 2017
Teodoro et al.,, 2015). The two essential oils that had the best results in the evaluated MIC were Allium
sativum and Thymus vulgaris and these were chosen for further analysis in biofilms formed by C.
albicans. Allium sativum essential oil has been used for culinary and health purposes (Rybak et al.,
2004). Its composition is formed by organosulfur, potent anti-inflammatory and chronic disorders (Dewi
et al., 2017; Ruhee et al., 2020). Other biological effects, such as antimicrobial and also antioxidant, were
also reported. Besides that others interesting properties such as antiobesity and even antidiabetic
properties was described as well (Shang et al., 2019). Its main biocompound is 4-methyl-2-
phenylpyrimidine, 2-(([2-ethylhexyl]loxy)carbonyl)benzoic acid, (9-Hexacosene and clionasterol (Oh KK
2022). Thyme has been largely used in folk medicine (Kuete V 2017). Six T. vulgaris essential oils
biocompounds are known: carvacrol, a-terpineol geraniol, a-terpineol, thujanol-4 and thymol. Besides, T.
vulgaris essential oils are known to have anti-inflammatory, immune response modulator action
(Mahboubi M et al., 2018, Segvi¢ Klari¢ M et al., 2007, De Oliveira et al., 2017).

Minimal inhibitory concentration (MIC) determination of an antimicrobial agent is usually performed to
find the ideal concentration capable of controlling microorganism'’s proliferation (Levison ME Levison JH
2009). In this sense, studies of MIC of essential oils in the present work provided results of the ideal
concentration to obtain fungicidal and fungistatic actions. Among all essential oils studied, T. vulgaris
and Allium sativum showed effect at a lower concentration in comparison to the other essential oils and
were used for the treatment of mature biofilms. Pharmaceutical preparations based on essential oils are,
in general, safe if the right amount and concentrations are used (Tisserand R et al., 2013). These
threshold concentrations are usually based on literature evidence from previous studies performed to
determine the threshold concentration to be used in formulations for both topical use and inhalation
solutions (Tisserand R et al., 2013). Because essential oils are liquid, pure substances that contain a
wide variety of phytocompounds that may have different pharmacological activities. There is a safe
range of concentration that can be used in the formulations. In this sense, the concentrations of the
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essential oils chosen for biofilm treatment in the present work are within this safety margin (Oliveira et al
2017, Zhou et al 2020).

Allium sativum and T. vulgaris showed anti-biofilm effect on biofilms of C. albicans (ATCC MYA-2876 and
ATCC 18804) in all tested scenarios, both after 1 and 5 min treatment periods.

Our findings corroborate with previous work that evaluated the anti-biofilm activity of the same plants in
other microbial species. These studies showed better antimicrobial effects against Bacillus subtilis,
Enterococcus faecalis, Listeria monocytogenes, Staphylococcus aureus, Staphylococcus epidermidis,
Enterobacter aerogenes, Escherichia coli, Pseudomonas aeruginosa, Pseudomonas fluorescens,
Salmonella enteritidis, Salmonella typhimurium, Candida albicans, Trypanosoma brucei brucei,
Leishmania tarentolae when compared to chlorhexidine 0.2% at the same exposure time (Krstin S et al.,
2018, et al., 2018). In addition, another group reported the inhibitory effect of A. sativum extract and the
synergism of this extract with bakuchiol (an compound isolated from the seeds of Psoralea corylifolia)
on C. albicans mono- and multispecies species biofilms (C. albicans, S. sanguinis and S. mitis) (Fahim A
et al., 2020). Besides, Mendoza-Juache A et al., 2017 reported that Candida albicans, Candida glabrata,
Candida tropicalis, and Candida krusei clinical isolates were more susceptible to A. sativum essential oil
when compared to fluconazole in both planktonic and in biofilm forms. The MIC of the A. sativum oil for
C. albicans was 236.2 ug/ml, 321 ug/ml for C. glabrata, 188 pg/ml for C. tropicalis, and, 503 pg/ml for C.
krusei. The antibiofim effect of A. sativum essential oil against Candida spp. biofilms were reached at
603.1 ug/ml (C. albicans); 640.6 ug/ml (C. glabrata) and 667 ug/mil (C. tropicalis). The concentrations in
this present work were higher than previous work (Mendoza-Juache A et al., 2017). Moreover, in our
study we performed cytotoxicity analyses which can contribute even more to the dentistry field and to
the studies involving oral infections by Candida spp..

T. vulgaris essential oil inhibited C. albicans (ATCC MYA-2876 and ATCC 18804) biofilms after 1 and 5
min treatments with similar effects when compared to 0.12% chlorhexidine digluconate. Antibacterial
and antifungal effect of T. vulgaris and its main active compounds have been studied (Marchese A et al.,,
2016). Jafri H & Ahmad | 2019) showed that association of T. vulgaris essential oil with thymol or these
agents individually significantly reduced the viability of C. albicans and C. tropicalis biofilms. Time Kkill
curves (0-50 hours) for the essential oil against C. albicans and C. tropicalis biofilms were determined.
Microscopy and SEM analyses revealed disaggregation of biofilm and reduced hyphae formation after
treatments with 7. vulgaris or thymol (Jafri H & Ahmad | 2020).

T. vulgaris essential oil contains high percentage of phenolic compounds, such as thymol (Jafri H &
Ahmad 1 2020, Bogavac M et al., 2015). Thymol showed a lower MIC value for C. albicans (39 ug/mL; de
Castro et al., 2015) in comparison to the results of the present study (337.5 ug/ml for C. albicans MYA-
2876 and 168.7 ug/ml for C. albicans 18804). While it is expected that an improvement in MIC values is
achieved with isolated compounds, the present work is justified by the fact that this is not a consensus
in the literature: previous studies showed higher MIC values of the isolated compounds in comparison to
the crude extract, which might be explained by the loss of biological activity due to loss of synergy
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between different compounds that might be observed in the crude extract (Brighenti et al., 2016; Teodoro
et al.,, 2015). Recently, the anti-inflammatory and healing activity of thymol was detailed described
(Gabbai-Armelin PR et al., 2022).

Investigation of the cytotoxicity effect of the oils is crucial to support future clinical application. For
cytotoxicity analyses, our results were expressed as percentage of viable cells (%) in relation to non-
treated negative control (100% viability). Percentages of cell viability was classified as non-cytotoxic (>
90%), slightly cytotoxic (60-90%), moderately cytotoxic (59 - 30%) and severely cytotoxic (29% - 0%)
(Sletten, Dahl, 1999). In the present study, the cytotoxicity of essential oils at 10 times MIC was
assessed. Thymus vulgaris was classified as slightly cytotoxic. This finding is in accordance to previous
study that analyzed the cytotoxic activity of T. vulgaris essential oils against other cell lines, obtaining
lower cytotoxicity values than doxorubicin used as a reference drug in the trial (Hassan et al 2019).

A. sativum was moderately cytotoxic. Previous studies on the cytotoxicity of A. sativum at the
concentrations used in this study were not detected. The moderate cytotoxicity observed for A. sativum
in this study can be solved by the manipulation of these oils in the forms of nanocarriers or
nanoemulsions. de Bastiani et al, 2020. used alginate-based nanocarriers to encapsulate antifungals
from the azo and polyene groups, promoting sustained release and decreasing of their toxicity. In other
studies, formulations were developed to treat candidiasis oral in the form of nanoemulsions, such as
amphotericin nanoemulsion, avoiding systemic absorption and reducing side effects (Sosa et al 2017,
Butani et al, 2016). These preparations allowed a sustainable release of the drug, making it possible to
decrease the concentration used and, consequently, to decrease the toxicity (de Bastini et al 2020,
Butani et al, 2016, Sosa et al 2017).

It is important to highlight that both A. sativumand T. vulgaris essential oils were less toxic than
chlorhexidine digluconate, as a previous study classified it as highly toxic (Albuquerque 2019) such as
the data used as a reference in this study (Borges et al. 2017).

Future studies may contribute even more to the understanding the action of these essential oils on
biofilms formed by strains different from those studied in this work, such as Candida glabrata, Candida
tropicalis and Candida krusei, both clinical and standard strains. It will also be very important to
understand the synergistic action of these essential oils on biofilms formed by Candida sp. In addition,
studies analyzing the action of these essential oils in induced infections in vivo and how these essential
oils can modulate the immune response during these infections may also contribute a lot to the area of
dentistry that studies diseases caused by oral infections, such as candidiasis.

The results obtained in this study for 7. vulgaris and A. sativium essential oils open promising
possibilities for the elaboration of mouthwashes and topical formulations to improve conventional
treatment of oral candidiasis and the quality of life of patients.
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Page 9/17



Thymus vulgaris (T. vulgaris), Allium sativum (A. sativum), Candida albicans (C. albicans), Medicinal and
aromatic plants collection (CPMA), Yeast Extract Peptone Dextrose (YPD ), Minimum inhibitory
concentrations (MIC), Clinical and Laboratory Standards Institute (CLSI), Dulbecco’s Modified Eagle’s
medium (DMEM).

Declarations

Information pertaining to writing assistance: “Not applicable” for these studies.

Ethics approval and consent to participate: “Not applicable” for studies not involving humans or animals.
All experimental studies on plants were complied with relevant institutional, national, and international
guidelines and legislation”.

Consent for publication: “Not applicable”

Availability of data and materials: Data and all the materials are owned by the authors. The data that
support the findings of this survey are available from the corresponding author upon reasonable request.

Competing Interesting: "The authors declare that they have no competing interests" for these studies.

Funding: This research was funded by the Sdo Paulo Research Foundation/FAPESP (Grants#
2018/16448-4,2019/0875-0). This research was also supported by the National Council for Scientific
and Technological Development (313473/2019-6)

Author Contributions: Conceptualization, C.Y.K.-I., F.L.B.; methodology, L.W.F C.Y.K-I., F.L.B.; formal
analysis, LW.F. and M.A.C.O.; investigation, M.A.C.0O. and L.W.F; resources, C.Y.K.-l., F.L.B.; writing—
original draft preparation, L.W.F.,, M.A.C.0O.; writing—review and editing, L.W.F,, M.A.C.O., F.L.B. and C.Y.K.-
l.; supervision, C.Y.K.-l.., F.L.B.; project administration, C.Y.K.-I., F.L.B.; funding acquisition, C.Y.K.-., F.L.B.
All authors have read and agreed to the published version of the manuscript.

Acknowledgment: The authors thank The Sdo Paulo Research Foundation (FAPESP) for the grant
(#2018/16448-4). The authors thank Glyn Maria Figueira for preparing the essential oils. They also thank
Clélia Aparecida de Paiva for her technical assistance.

References

1. Borges AC, Nishime TMC, Kostov KG, et al. Cold atmospheric pressure plasma jet modulates
Candida albicans virulence traits. Clin Plasma Med. 2017;7(8):9-15.
doi.org/10.1016/j.cpme.2017.06.002.

2. Lewis MAOQ, Williams DW. Diagnosis and management of oral candidosis. Br Dent J.
2017;223(9):675-81. 10.1038/sj.bdj.2017.886.

Page 10/17



3.

10.

11.

12.

13.

14.

15.

16.

17.

Quindods G, Gil-Alonso S, Marcos-Arias C, Sevillano E, Mateo E, Jauregizar N, Eraso E. Therapeutic
tools for oral candidiasis: Current and new antifungal drugs. Med Oral Patol Oral Cir Bucal.
2019;24(2):e172-80.

. Ashrit P, Sadanandan B, Shetty K, Vaniyamparambath V, Polymicrobial. Biofilm Dynamics of

Multidrug-Resistant Candida albicans and Ampicillin-Resistant Escherichia coliand Antimicrobial
Inhibition by Aqueous Garlic Extract. 2022;11(5):573. doi: 10.3390/antibiotics11050573.

. Rodrigues CF, Rodrigues ME. Promising Alternative Therapeutics for Oral Candidiasis. Curr Med

Chem. 2019;26(14):2515-28. 10.2174/0929867325666180601102333.

. Nittayananta W. Oral fungi in HIV: challenges in antifungal therapies. Oral Dis 2016; 1 Suppl: 107 -

13. doi: 10.1111/0di.12394.

. Oliveira JR, Viegas DJ, Martins APR. Thymus vulgaris L. extract has antimicrobial and anti-

inflammatory effects in the absence of cytotoxicity and genotoxicity. Arch Oral Biol. 2017;82:271-9.

. Sletten GB, Dahl JE. Cytotoxic effects of extracts of compomers. Acta Odontol Scand.

1999;57(6):316—229. https://doi.org/10.1080/000163599428544.

. Belato KK, Oliveira JR, Oliveira FS, de Oliveira LD, Camargo SEA, Zhou Y, Cong L, Feng B, Chen B, Jin

L, Shen Y. Food Res Int. 2018;40:455-60. https://doi.org/10.1016/j.jff.2017.11.035.

Dadar M, Tiwari R, Karthik K, Chakraborty S, Shahali Y, Dhama K. Candida albicans - Biology,
molecular characterization, pathogenicity, and advances in diagnosis and control - An update.
Microb Pathog. 2018;117:128-38. 10.1016/j.micpath.2018.02.028.

Castanheira M, Deshpande LM, Davis AP, Rhomberg PR, Pfaller MA. Monitoring antifungal resistance
in a global collection of invasive yeasts and molds: Application of CLSI epidemiological cutoff
values and whole-genome sequencing analysis for detection of azole resistance in Candida
albicans. Antimicrob Agents Chemother. 2017;61(10):1-20. 10.1128/AAC.00906-17.

Pristov KE, Ghannoum MA. Resistance of Candida to azoles and echinocandins worldwide. Clin
Microbiol Infect. 2019;25(7):792-8. 10.1016/j.cmi.2019.03.028.

Campoy S, Adrio JL, Antifungals. Biochem Pharmacol. 2016;1(133):86-96.
10.1016/j.bcp.2016.11.019.

Arockianathan PM, Mishra M, Niranjan R. Recent Status and Advancements in the Development of
Antifungal Agents: Highlights on Plant and Marine Based Antifungals. Curr Top Med Chem.
2019;19(10):812-30. 10.2174/1568026619666190412102037.

Bakkali F, Averbeck S, Averbeck D, Idaomar M. Biological effects of essential oils—a review. Food
Chem Toxicol. 2008;46(2):446-75.

Winska K, Magczka W, tyczko J, Grabarczyk M, Czubaszek A, Szumny A. Essential Oils as
Antimicrobial Agents-Myth or Real Alternative? Molecules. 2019;24(11):2130.
10.3390/molecules24112130.

Atanasov AG, Waltenberger B, Pferschy-Wenzig EM, et al. Discovery and resupply of
pharmacologically active plant-derived natural products: A review. Biotechnol Adv.
2015;33(8):1582-614. 10.1016/j.biotechadv.2015.08.001.

Page 11/17



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Malik S, de Mesquita LSS, Silva CR, et al. Chemical Profile and Biological Activities of Essential Oil
from Artemisia vulgaris L. Cultivated in Brazil. Pharmaceuticals (Basel). 2019;12(2):49.
10.3390/ph12020049.

He X, Zhang L, Chen J, Sui J, Yi G, Wu J, Ma Y. Correlation between Chemical Composition and
Antifungal Activity of Clausena lansium Essential Oil against Candida spp. Molecules.
2019;24(7):1394. 10.3390/molecules24071394.

Rodriguez SEH, Rivera RJL, Marquez EG, Espinosa ME, Andrews HE. Mexican oregano (Lippia
graveolens) essential oil-in-water emulsions: impact of emulsifier type on the antifungal activity of
Candida albicans. Food Sci Biotechnol. 2018;28(2):441-8. 10.1007/s10068-018-0499-6.

Tullio V, Roana J, Scalas D, Mandras N. Evaluation of the Antifungal Activity of Mentha x piperita
(Lamiaceae) of Pancalieri (Turin, Italy) Essential Oil and Its Synergistic Interaction with Azoles.
Molecules. 2019;24(17):3148. 10.3390/molecules24173148.

Veilleux MP, Grenier D. Determination of the effects of cinnamon bark fractions on Candida albicans
and oral epithelial cells. BMC Complement Altern Med. 2019;19(1):303. 10.1186/s12906-019-2730-
2.

Jafri H, Ahmad |. Thymus vulgaris essential oil and thymol inhibit biofilms and interact
synergistically with antifungal drugs against drug resistant strains of Candida albicans and Candida
tropicalis. J Mycol Med. 2020; 30(1): 100911. doi: 10.1016/j.mycmed.2019.100911.

Pedroso RDS, Balbino BL, Andrade G, et al. Vitro and In Vivo Anti-Candida spp. Activity of Plant-
Derived Products. Plants (Basel). 2019;8(11):494. 10.3390/plants8110494.

Dai DN, Chung NT, Huong LT, Hung NH, Chau DTM, Yen NT, Setzer WN. Chemical Compositions,
Mosquito Larvicidal and Antimicrobial Activities of Essential Oils from Five Species of
Cinnamomum Growing Wild in North Central Vietnam. Molecules. 2020;25(6):130.
10.3390/molecules25061303.

Ngo-Mback MNL, Babii C, Dongmo PMJ, Toghueo MRK, Stefan M, Boyom FF. Anticandidal and
synergistic effect of essential oil fractions from three aromatic plants used in Cameroon. J Mycol
Med. 2021;31(2):101125. 10.1016/j.mycmed.2020.100940.

Filho RRM. Bioactive Phytocompounds: New Approaches in the Phytosciences. In: Ahmad |, et al.
editors. Modern Phytomedicine: Turning Medicinal Plants into Drugs. Germany: Wiley-Vch; 2006. pp.
1-23.

Levison ME, Levison JH. Pharmacokinetics and pharmacodynamics of antibacterial agents. Infect
Dis Clin North Am. 2019;23(4):791-815. 10.1016/].idc.2009.06.008.

Silva S, Rodrigues CF, Araujo D, Rodrigues ME, Henriques M. Candida species biofilms’ antifungal
resistance. J Fungi Fungi (Basel). 2017;3(1):8. 10.3390/jof3010008.

Innsan MF, Shahril MH, Samihah MS, Asma 0OS, Radzi SM, Jalil AKB. Pharmacodynamic properties
of essential oils from Cymbopogon species. Afr J Pharm Pharmacol. 2011;5(24):2676-9.

de Castro RB, de Souza TMPA, Bezerra LMD, Ferreira GLS, Cavalcanti AL. Antifungal activity and
mode of action of thymol and its synergism with nystatin against Candida species involved with

Page 12/17



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

infections in the oral cavity: an in vitro study. BMC Complement Altern Med. 2015;15:417.
10.1186/s12906-015-0947-2.

Bogavac M, Karaman M, Janjusevi¢ L, Sudji J, Radovanovic¢ B, Novakovi¢ Z, Simeunovi¢ J, Bozin B.
Alternative treatment of vaginal infections — in vitro antimicrobial and toxic effects of Coriandrum
sativum L. and Thymus vulgaris L. essential oils. J Appl Microbiol. 2015;119(3):697-710.
10.1111/jam.12883.

Marchese A, Orhan IE, Daglia M, Barbieri R, Di Lorenzo A, Nabavi SF, Gortzi O, Izadi M, Nabavi SM.
Antibacterial and antifungal activities of thymol: A brief review of the literature. Food Chem.
2016;210:402-14.

Juache AM, Romo SA, Escalona JRB, Hernandez AG, Guillén AP, Vargas LOS. The essential oil of
Allium sativum as an alternative agent against Candida isolated from dental prostheses. Rev
Iberoam Micol. 2016;34(3):158-64. 10.1016/j.riam.2016.11.008.

Krstin S, Sobeh M, Braun MS, Wink M. Anti-Parasitic Activities of Allium sativum and Allium cepa
against Trypanosoma b. brucei and Leishmania tarentolae. Med (Basel). 2018;5(2):37.
10.3390/medicines5020037.

Yetgin A, Canli K, Altuner EM. Comparison of Antimicrobial Activity of Allium sativum Cloves from
China and Taskopr, Turkey. Adv Pharmacol Sci. 2018; 2018: 9302840. doi: 10.1155/2018/9302840.

Fahim A, Himratul-Aznita WH, Abdul-Rahman PS. Allium-sativum and bakuchiol combination: A
natural alternative to Chlorhexidine for oral infections? Pak J Med Sci. 2018;36(2):271-5.
10.12669/pjms.36.2.1457.

Juache AM, Romo SA, Escalona JRB, Hernandez AG, Guillén AP, Vargas LOS. The essential oil of
Allium sativum as an alternative agent against Candida isolated from dental prostheses. Rev
Iberoam Micol. 2017;34(3):158-64. 10.1016/j.riam.2016.11.008.

Fahim A, Himratul-Aznita WH, Abdul-Rahman PS. Allium-sativurm and bakuchiol combination: A
natural alternative to Chlorhexidine for oral infections? Pak J Med Sci. 2020;36(2):271-5.
10.12669/pjms.36.2.1457.

Hammer KA, Carson CF, Riley TV. Antimicrobial activity of essential oils and other plant extracts. J
Appl Microbiol. 1999;86:985-90. 10.1046/j.1365-2672.1999.00780.x.

Brighenti FL, Salvador MJ, Delbem AC, Delbem AC, Oliveira MA, Soares CP, Freitas LS, Koga-lto CY.
Systematic screening of plant extracts from the Brazilian Pantanal with antimicrobial activity
against bacteria with cariogenic relevance. Caries Res. 2014;48(5):353-60. 10.1159/000357225.
Girondi CM, de Oliveira AB, Prado JA, Koga-lto CY, Borges AC, Delbem AB, Alves Pereira DF, Salvador
MJ, Brighenti FL. Screening of plants with antimicrobial activity against enterobacteria,
Pseudomonas spp. and Staphylococcus spp. Future Microbiol. 2017; 1: 671-681. doi: 10.2217/fmb-
2016-0129.

de Bastiani FWMDS, Spadari CC, de Matos JKR, Salata GC, Lopes LB, Ishida K. Nanocarriers Provide
Sustained Antifungal Activity for Amphotericin B and Miltefosine in the Topical Treatment of Murine
Vaginal Candidiasis. Front Microbiol. 2020;10:2976. 10.3389/fmicb.2019.02976.

Page 13/17



44.

45.

46.

47.

48.

49.

50.

o1.

52.

93.

o4.

99.

56.

Butani D, Yewale C, Misra A. Topical Amphotericin B solid lipid nanoparticles: Design and
development. Colloids Surf B Biointerfaces. 2016;139:17-24. 10.1016/j.colsurfb.2015.07.032.

Sosa L, Clares B, Alvarado HL, Bozal N, Domenech O, Calpena AC. Amphotericin B releasing topical
nanoemulsion for the treatment of candidiasis and aspergillosis. Nanomedicine. 2017;13(7):2303-
12.10.1016/j.nan0.2017.06.021.

Borges RS, Ortiz BLS, Pereira ACM, Keita H, Carvalho JCT. Rosmarinus officinalis essential oil: A
review of its phytochemistry, anti-inflammatory activity, and mechanisms of action involved. J
Ethnopharmacol. 2018;229:29-45. 10.1016/j.jep.2018.09.038.

Oliveira MAC, Borges AC, Brighenti FL, Salvador MJ, Gontijo AVL, Koga-Ito CY. Cymbopogon citratus
essential oil: effect on polymicrobial caries-related biofilm with low cytotoxicity.Braz Oral Res. 2017,
31,e89. doi:10.1590/1807-3107BOR-2017.v0l31.0089

Hassan HM, Mina SA, Bishr MM, Khalik SMA. Influence of foliar spray of ethephon and water stress
on the essential oil composition and impact on the cytotoxic activity of Thymus vulgaris aerial parts.
Nat Prod Res. 2019;33(18):2714-7. 10.1080/14786419.2018.1460843.

Albuquerque YE, Danelon M, Salvador MJ, et al. Mouthwash containing Croton doctoris essential oil:
in vitro study using a validated model of caries induction. Future Microbiol. 2018;13:631-43.
10.2217/fmb-2017-02009.

Kumar A, Gautam RD, Kumar A, Singh S, Singh S. Understanding the Effect of Different Abiotic
Stresses on Wild Marigold ( Tagetes minuta L.) and Role of Breeding Strategies for Developing
Tolerant Lines. Front Plant Sci. 2022;12:754457. 10.3389/fpls.2021.754457.

Elmadawy AA, Omar AF. Protection of Stored Grain Products by Loading Garlic (A/lium sativum) and
Parsley (Petroselinum crispum) Essential Oils on Cork Disks. J plant Prot Pathol. 2022;13(2):47-54.

Lauricella M, Maggio A, Badalamenti N, D'Angelo MBD, D'Anneo A. Essential oil of Foeniculum
vulgare subsp. piperitum fruits exerts an antitumor effect in triplenegative breast cancer cells. Mol
Med Rep. 2022;26(1):243. 10.3892/mmr.2022.12759.

Rahimi A, Mohammadi MM, Moghaddam SS, Heydarzadeh S, Gitari H. Effects of Stress Modifier
Biostimulants on Vegetative Growth, Nutrients, and Antioxidants Contents of Garden Thyme

(Thymus vulgaris L.) Under Water Deficit Conditions. J Plant Growth Regul. 2022;41(5):2059-72.
Ramazi A, El Ouali-Lalami A, Zoubi YE, Assouguem A, Almeer R, Najda A, Ullah R, Ercisli S, Farah A.
Insecticidal Effect of Wild-Grown Mentha pulegium and Rosmarinus officinalis Essential Oils and

Their Main Monoterpenes against Culex pipiens (Diptera: Culicidae).Plants (Basel).
2022;11(9):1193. doi: 10.3390/plants11091193.

Oh KK. A network pharmacology study to investigate bioactive compounds and signaling pathways
of garlic (Allium sativum L.) husk against type 2 diabetes mellitus. J Food Biochem. 2022;00:1-27.
10.1111/jfbc.14106.

Kuete V. Chapter 28— Thymus vulgaris. In: Kuete V., editor. Medicinal Spices and Vegetables from
Africa. Academic Press. 2017;599-6009.

Page 14/17



57. Mahboubi M, Heidarytabar R, Mahdizadeh E, Hosseini H. Antimicrobial Activity and Chemical
Composition of Thymus Species and Zataria Multiflora Essential Oils. Agric Nat Resour.
2017;51:395-401. 10.1016/j.anres.2018.02.001.

58. Segvic Klari¢ M, Kosalec |, Masteli¢ J, Pieckova E, Pepeljnak S. Antifungal Activity of Thyme
(Thymus vulgaris L.) Essential Oil and Thymol against Moulds from Damp Dwellings. Lett. Appl
Microbiol. 2017;44:36—-42. 10.1111/j.1472-765X.2006.02032.x.

59. de Oliveira RJ, Figueira LW, Lugli SF, Marques VM, Afonso SEA, de Oliveira LD. Thymus vulgaris L.
and thymol assist murine macrophages (RAW 264.7) in the control of in vitro infections by
Staphylococcus aureus, Pseudomonas aeruginosa, and Candida albicans. Imunologic Research.
2017; 5(4):9320 - 943.

60. Angane M, Swift S, Huang K, Butts CA, Quek SY. Essential Oils and Their Major Components: An
Updated Review on Antimicrobial Activities, Mechanism of Action and Their Potential Application in
the Food Industry. 2022; 11:464. https://doi.org/10.3390/foods11030464

61. Swamy Mk, Akhtar MS, Sinniah R. Antimicrobial Properties of Plant Essential Oils against Human
Pathogens and Their Mode of Action: An Updated Review. Evid Based Complement Alternat Med.
2016;3012462. 10.1155/2016/3012462.

62. Ashrit P, Sadanandan B, Shetty K, Vaniyamparambath V. Polymicrobial Biofilm Dynamics of
Multidrug-Resistant Candida albicans and Ampicillin-Resistant Escherichia coliand Antimicrobial
Inhibition by Aqueous Garlic Extract. 2022; 11(5):573. doi: 10.3390/antibiotics11050573.

63. de Castro RD, de Souza TMPA, Bezerra LMD, Ferreira GLS, Costa EMMB, Cavalcanti AL. Antifungal
activity and mode of action of thymol and its synergism with nystatin against Candida species
involved with infections in the oral cavity: an in vitro study. BMC Complement Altern Med.
2015;15:417.10.1186/s12906-015-0947-2.

64. Gabbai-Armelin PR, Sales LS, Ferrisse TM, De Oliveira AB, De Oliveira JR, Giro EMA, Brighenti FL. A
systematic review and meta-analysis of the effect of thymol as an anti-inflammatory and wound
healing agent: A review of thymol effect on inflammation and wound healing: A review of thymol
effect on inflammation and wound healing. Phytother Res. 2022;36(9):3415-43. 10.1002/ptr.7541.

Tables

Table 1 is available in the Supplementary Files section.

Figures

Page 15/17



a) b)
C. albicans MYA-2876 C. albicans MYA-2876
3.0x10%+ 3.0x10%
P<0.0001 b P<0.0001 b
2.5%x10° 2.5x10%
2.0x10% 2.0x10%
B B
g 1.5x10%4 E 1.5%105+
1.0x10% —"— = 1.0x10%
a a
5.0x10% I_—l;‘ 5.0%10%+ i a
0 T T T 0-
CHX AS ™ CONTROL CHX AS ™ CONTROL
1 minute exposure 5 minutes exposure
c) d)
C. albicans 18804
C. albicans 18804 c
, e 3.0x 10: P<D,0001
:3*:371 e - ;
e 1.0x10
: 1
1.0x10 ,___| ab . i
—  55x10° E 5.5%10
E = 3.7x10%
S 3.7x10% g
2 o 19x10%
T 1.9%10° - 4 e
O 4ox10t 1.0x10
4.5%10°
4.5x10*%
0:103 3.0x10°
1. 5=-='ll‘.lla 1.5x10°
0
CONTROL AS ™ CONTROL
1 minute exposurs 5 minutes exposure
Figure 1

C. albicans MYA-2876 and ATCC 18804 biofilm viability after treatment for 1 or 5 min (CFU/mL; Mean (*
sd). CHX: 0.12% chlorhexidine digluconate; AS: A. sativum essential oil (MYA-2876: 8.32 mg/mL, 18804:
1.664 mg/mL ); TV: T. vulgaris essential oil (MYA-2876: 3.375 mg/mL, 18804: 1.687 mg/mL); CONTROL:
0.9% NaCl. n =9, ANOVA, p = 0.05.

Page 16/17



120+

A B
_ 100+ 120-
> 607 100+
s 807 £ g0
= 2
s 5 60-
>
20 3 40
(]
0' T T
Control 1.664 mg/mL 8.32 mg/mL 20
n-
Figure 2

Viability of Vero cells (mean percentage) after exposure to (A) Thymus vulgaris essential oil at 1.664 and
8.32 mg/ml and (B) Allium cepaessential oil at 1.687 and 3.375 mg/ml.

Supplementary Files

This is a list of supplementary files associated with this preprint. Click to download.

e Table1.docx

Page 17/17


https://assets-eu.researchsquare.com/files/rs-2582703/v1/16f5acf4d6a1ccf24550df0e.docx

