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Abstract

Antimicrobial resistance (AMR) has intensified the challenge of treating fungal infections, particularly those
caused by Candida albicans and Pichia kudriavzevii, which show increasing resistance to conventional
antifungal agents. This scenario highlights the urgent need for new therapeutic approaches capable of
enhancing existing treatments. In this study, we investigated the antifungal potential of Ocimum basilicum
essential oil (OEOB) and its combined effects with standard antifungal drugs. In antifungal assays, isolated
OEOB did not exhibit significant inhibitory activity against Candida albicans and Pichia kudriavzevii.
However, when associated with fluconazole, OEOB promoted a marked reduction in fungal growth,
demonstrating its potential to enhance the efficacy of conventional antifungal therapy. These findings
indicate that OEOB acts as a promising adjuvant agent in antifungal treatments, contributing to improved
therapeutic outcomes against resistant Candida albicans and Pichia kudriavzevii strains.
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1. Introduction

Antimicrobial resistance (AMR) is one of the greatest threats to global public health. This resistance is driven
by the misuse of antibiotics or the emergence of intrinsic, acquired, and adaptive mechanisms [1]. AMR
contributes to 20% of global deaths from bacterial infections, a problem that has been further aggravated by
the action of transmembrane efflux pumps, which expel antibiotics before they reach their targets [2].
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A growing challenge in the hospital environment is represented by opportunistic fungi of the genus Candida,
especially Candida albicans and non-albicans, which are highly relevant in immunosuppressed patients and
in intensive care [3]. The prevalence of these infections, along with resistance to conventional antifungals such
as amphotericin B and fluconazole, reinforces the urgent need for new therapeutic alternatives [4].

In this context, the search for natural medicines has gained prominence, driven by the continuous increase in
bacterial and antifungal resistance [5]. Essential oils extracted from plants have stood out as promising
sources of bioactive compounds, recognized for their antimicrobial, antifungal, analgesic, anti-inflammatory,
anesthetic, and spasmolytic activity [6-8].

It is estimated that around 60% of essential oils extracted from plants have antifungal activity and 35% have
antibacterial activity [9,10]. Among these plant species, Ocimum basilicum L., popularly known as basil, stands
out, with its methanolic extract associated with anti-inflammatory, antioxidant, analgesic, antibacterial, and
antifungal activities [11].

The objective of this study was to evaluate the antifungal potential of Ocimum basilicum essential oil (OEOB)
against clinically relevant Candida species and to investigate its ability to enhance the activity of conventional
antifungal drugs.

2. Materials and Methods

2.1 Collecting botanical material

Ocimum basilicum leaves were collected in the municipality of Crato-CE, Brazil, at geographical coordinates
-7.272119s and -39.460795w, at 9 a.m. in March 2023. The material was identified by botanist Dr. José
Weverton Almeida-Bezerra.

2.2 Essential oil extraction

The essential oil of O. basilicum (OEOB) was extracted using the hydrodistillation method. The dried leaves
were crushed and transferred to a 5 L round-bottom flask containing 2 L of distilled water. The leaves were
then boiled continuously for 2 hours using a Clevenger apparatus. The extracted essential oil was then stored
in an amber glass bottle and kept refrigerated at 4 °C until used in biological assays.

2.3 Antifungical Activity
2.3.1 Strains and culture media

Two standard clinical strains were used in this study: Candida albicans INCQS 40006 and C. krusei (Pichia
kudriavzevii) INCQS 40095, from the Culture Collection of the National Institute for Health Quality Control
(INCQS) of the Oswaldo Cruz Foundation (Manguinhos, Rio de Janeiro, Brazil). For the culture of fungal
strains to be used in the antifungal evaluation of OEOB, Sabouraud Dextrose Agar (SDA) and Sabouraud
Dextrose Broth (SDB) culture media were used, following the manufacturer's guidelines for their respective
preparations. Thus, the media were diluted in distilled water and subjected to an autoclave sterilization process
at 121°C for 15 minutes.

2.3.2 Cultivation of Candida strains and preparation of the solution for antifungal assays

Fluconazole (FLUCOMED) was used as a positive control for the antifungal assays. Candida strains were
cultivated in Petri dishes containing SDA medium and incubated for 24 hours at 37 °C. Subsequently, fungal
samples were added to tubes containing 4 mL of sterile 0.9% NaCl, after which the samples underwent a
process of agitation and standardization following the McFarland 0.5 turbidity scale.

To prepare the solutions containing OEOB, OEOB was diluted (16.384 ug/mL) in dimethyl sulfoxide (DMSO,
1 mL) in the same way that fluconazole was diluted. To prepare the stock solution, the oil was diluted in 9 mL
of Sabouraud dextrose (SDB) medium to achieve a concentration of 1024 pg/mL, according to the
methodology of Moraes-Braga et al. [12].
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A growing challenge in the hospital environment is represented by opportunistic fungi of the genus Candida,
especially Candida albicans and non-albicans, which are highly relevant in immunosuppressed patients and
in intensive care [3]. The prevalence of these infections, along with resistance to conventional antifungals such
as amphotericin B and fluconazole, reinforces the urgent need for new therapeutic alternatives [4].

2.3.3 Determination of minimum inhibitory concentration (MIC)

To determine the minimum inhibitory concentration (MIC), the broth microdilution method was used in 96-well
plates. Each contained 100 yL of SDB, 10% fungal inoculum, and 100 puL of OBEO or fluconazole, with
concentrations ranging from 2 to 1024 ug/mL. Microdilution was performed up to the penultimate row, as the
last row served as a control for normal fungal growth without the addition of OBEO or fluconazole. Additional
controls for the saline diluent and sterile medium were also prepared. The plates were then incubated at 37°C
for 24 h and subsequently read in an ELISA spectrophotometer (Thermoplate®) at a wavelength of 630 nm.
The results obtained from the ELISA reading were used to construct the IC, curve [13].

2.3.4 Determination of Minimum Fungicidal Concentration (MFC)

Samples from each well of the plate were tested to homogenize the medium and transfer an aliquot to the Petri
dish containing Sabouraud Dextrose Agar. After 24 h of incubation at 37 °C, the plates were analyzed for the
formation of Candida yeast colonies. The concentration at which there was no growth of fungal colonies was
considered the MFC of OEOB following the methodology proposed by Brito et al. [14].

2.3.5 Fluconazole modifier activity

OEOB was evaluated at subinhibitory concentrations (MC/8) to verify its ability to modulate the activity of
fluconazole. The assay followed the methodology proposed by Silva et al. [15] with some adaptations.
Sabouraud Dextrose Agar medium containing OEOB (MC/8) was added to 96-well plates with the subsequent
addition of fluconazole (2—1024 ug/mL) and fungal samples, followed by serial microdilution. After incubation
at 37 °C for 24 hours, absorbance readings were performed using an ELISA spectrophotometer (Termoplate®
Kasuaki, China).

2.4 Statistical analysis

Statistical analyses were conducted using GraphPad Prism 9 software. Assay results were expressed as
mean + standard deviation. Statistical significance was determined using two-way ANOVA followed by Tukey's
post-hoc test, considering a 95% confidence level. Mean inhibitory concentrations (IC,) were obtained by non-
linear regression.

3. Results and Discussion

OEOB alone did not significantly reduce fungal growth for either strain at all concentrations evaluated; growth
remained at around 100%. However, as shown in Figure 1, when the oil was combined with fluconazole (FCZ),
a significant reduction in fungal growth was observed, especially at lower concentrations (16 to 32 ug/mL),
where the combination of OEOB + fluconazole was able to almost completely inhibit the growth of C. albicans.

On the other hand, in Fig. 2, in relation to the C. krusei (Pichia kudriavzevii)strain, the combination of OEOB
with fluconazole (FCZ + OEOB) demonstrated a significant potentiating effect. The combination of OEOB with
fluconazole resulted in a reduction in the growth of C. krusei starting at 2 uyg/mL, showing a more pronounced
effect than fluconazole alone at the same concentration. However, this combination was not able to completely
inhibit fungal growth.

Based on the results of this study and previous research, such as that of Almeida et al. [16] and Miao et al.
[17], it can be noted that the antifungal activity of OBEO against strains of the genus Candida varies.
Considerable activity to little or no action was observed when the oil was used alone. This inconsistency can
be explained, as suggested by Veloso et al. [18], by the chemical composition of OBEO, which describes that
the concentrations of its active components can vary significantly due to genetic and environmental factors.
This, in turn, directly influences its effectiveness against fungi.
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Figure 1. Cell viability curve of Candida albicans and IC,, value (dashed line) of
different concentrations of Ocimum basilicum essential oil (OEOB), Fluconazole
(FCZ), and their combination (FCZ + OEOB). *= p <0.05, *** = p <0.001, *** = p
<0.0001. Bars indicate standard error of the mean (n=4).
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Figure 2. Cell viability curve of Candida krusei (Pichia kudriavzevii) and IC,, value
(dashed line) of different concentrations of Ocimum basilicum essential oil (OEOB),
Fluconazole (FCZ), and their combination (FCZ + OEOB). *= p <0.05, *** = p <0.001,
*** = p <0.0001. Bars indicate standard error of the mean (n=4).

Based on the results of this study and previous research, such as that of Almeida et al. [16] and Miao et al.
[17], it can be noted that the antifungal activity of OBEO against strains of the genus Candida varies.
Considerable activity to little or no action was observed when the oil was used alone. This inconsistency can
be explained, as suggested by Veloso et al. [18], by the chemical composition of OBEO, which describes that
the concentrations of its active components can vary significantly due to genetic and environmental factors.
This, in turn, directly influences its effectiveness against fungi.

However, the combination of OEOB with the antifungal fluconazole was able to synergistically reduce fungal
growth, as seen in the data found in the study by Silva et al. [19], which suggest that the combination of OEOB,
or isolated compounds such as geraniol and linalool, with fluconazole can result in a significant reduction in
fungal growth in species of the genus Candida. This finding highlights the importance of a combined approach
to overcoming challenges, considering the possibility of reducing the high concentrations of drugs that are
associated with the emergence of major side effects [20].
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This synergism is believed to occur due to damage to the cell wall and membrane of fungi, which facilitates the
action of fluconazole. According to the study by Miao et al. [17], OEOB was able to damage the cell membrane
of fungi, and in the study by Cardoso et al. [20], it was observed that OEOB was able to reduce ergosterol
synthesis in C. albicans and Cryptococcus neoformans. Considering that the presence of ergosterol in the
fungal membrane contributes to resistance and cell cycle regulation [21]. Facilitating drug entry is very
promising, especially given the increased resistance of Candida species to azoles.

The results of this article indicate that OEOB can enhance the action of antibiotics and fluconazole against
multidrug-resistant bacteria and Candida strains. This suggests that OEOB could be an adjunct to traditional
therapies. However, the mechanisms of action and toxicity of OEOB need to be further investigated, as this
study evaluated toxicity in only one model organism.

4. Conclusion

Ocimum basilicum essential oil (OBEQ) demonstrated a notable synergistic effect when combined with
fluconazole, significantly enhancing antifungal activity against Candida strains. These results suggest that
OBEO may serve as a promising adjuvant in antifungal therapy, improving the efficacy of conventional drugs
and contributing to strategies aimed at overcoming fungal resistance. Nonetheless, further studies are
required, particularly in vivo experiments and pharmacokinetic assessments, to confirm its safety profile and
clinical applicability. The observed activity reinforces the potential of plant-derived essential oils as valuable
sources of new therapeutic agents against resistant fungal infections.
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