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Abstract: Candida parapsilosis is a prevalent pathogen that contributes to candidemia in Brazil. The
therapeutic options available for treating candidiasis are limited due to the high toxicity and high
fungal resistance to clinically available drugs. In light of these challenges, there is a growing inter-
est in exploring natural products as a potential source for discovering and developing novel anti-
microbial agents. In this study, we aimed to investigate the antifungal activity of the leaves of Xy-
losma prockia (Turcz.) Turcz. against C. parapsilosis ATCC 22019 in vitro. The minimum inhibitory
concentration (MIC) of the ethanolic extract and its fractions was determined using the broth mi-
crodilution method. The fraction with the lowest MIC was selected for subsequent experiments,
which included a time-kill curve assay, quantification of ergosterol content by spectrophotometry,
analysis of lipid peroxidation using the reactive thiobarbituric acid method and the use of fluores-
cent probes to determine oxidative and nitrosative species. The ethanolic extract, butanol, di-
chloromethane, and ethyl acetate fractions inhibited fungal growth at concentrations below 100
mg/L. The ethyl acetate fraction inhibited the growth cell at the lowest concentration (16 mg/L). The
time-kill curve test showed that this fraction has a fungicidal effect. The mechanism of action does
not appear to be related to ergosterol synthesis, as the fraction did not affect this sterol content.
Interestingly, the fraction induced an oxidative and nitrosative burst, leading to lipid peroxidation.
The results of this study indicate that the ethyl acetate fraction of X. prockia leaves has antifungal
potential due to oxidative damage.
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1. Introduction

Candidiasis is a fungal infection caused by Candida spp. These microorganisms
usually colonize the human skin and mucous membranes and affect men and women,
especially those of childbearing age [1]. In a multicenter study conducted in 16 Brazilian
hospitals, microorganisms of the genus Candida were found to be the seventh most
common causative agent of nosocomial bloodstream infections. It is important to em-
phasize that 65.7% of the yeast isolates were non-albicans species. In this context, Candida
parapsilosis stood out, responsible for 24.1% of cases, second only to Candida albicans
(34.3% of cases) [2].

The pharmacotherapeutic treatment of candidiasis faces two major challenges: the
emergence of antifungal resistance and the adverse effects of some drugs. The indis-
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criminate use of azole derivatives in mild cases of candidiasis is associated with the
emergence of resistant strains. The underlying factors contributing to this phenomenon
include incorrect timing of treatment, administration of an inadequate dose and the
prevailing clinical condition of the patient [3]. Fewer cases of fungal resistance occur with
polyene drugs. However, the clinical use of amphotericin B (AMB) is closely associated
with toxic effects such as nephrotoxicity [4]. It is important to mention that AMB is the
drug of first choice in the treatment of various systemic fungal infections [4].

The challenges of pharmacotherapy and the high rate of hospital deaths due to
candidemia highlight the need for new drugs to manage candidiasis [3,5]. Natural
products have emerged as a promising source for discovering and developing of new
antimicrobial drugs, as plants are known to produce substances that serve as a defense
against external aggressors [6]. Xylosma prockia (Turcz.) Turcz. is a species native to Brazil,
occurring geographically mainly in the Caatinga, Cerrado, and Atlantic Forest biomes
[7]. Our group described the anticryptococcal activity of the extract and fractions from
the leaves of X. prockia. The investigation focused on the ethyl acetate fraction (EAF),
whose main constituents were identified by liquid chromatography-mass spectrometry
[8]. Due to the strong anticryptococcal activity of the EAF from the leaves of X. prockia,
this study aimed to evaluate the activity of this extract and fractions against C. parapsilosis
ATCC 22019.

2. Results
2.1. Minimum Inhibitory Concentration (MIC) Test and Time-kill curve

The MICs of the ethanolic extract (EE) and its fractions are displayed in Figure 1A.
Among the fractions evaluated, the butanolic fraction (BF), the ethyl acetate fraction
(EAF), and the dichloromethane fraction (DF) were identified as potentially promising, as
they exhibited MICs of less than 100 mg/L. Substances with low MIC values demonstrate
higher in vitro activity against microorganisms than those with high MIC values. Con-
sequently, EAF was selected for further experiments as it showed the ability to inhibit
yeast growth at the concentration of 16 mg/L.
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Figure 1: Antifungal activity of X. prockia leaves. (A) Minimal inhibitory concentration of extract
and fractions. (B) Time-kill curve of C. parapsilosis cells treated with EAF (C) and amphotericin B at
different concentrations. Results are expressed as mean + standard deviation (SD). MIC = minimum
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inhibitory concentration; EE = ethanolic extract; BF = butanolic fraction, AF = aqueous fraction; DF =
dichloromethane fraction; EAF = ethyl acetate fraction; HF = hexane fraction; AMB = amphotericin
B; FCZ = fluconazole, CFU: colony forming unit, h: hours.

The time-kill curves of C. parapsilosis against EAF and AMB are shown in Figure 1B
and Figure 1 C. After 24-hour exposure to EAF (MIC and 2 MIC), no growth was ob-
served. Interestingly, our results show that higher concentrations of EAF achieve inhibi-
tion of fungal growth in a shorter time frame. C. parapsilosis growth was inhibited after 6
hours of AMB (MIC and 2MIC) treatment. Regrowth was observed after 12 hours of ex-
posure to EAF and AMB at subinhibitory concentrations. These results confirm that EAF
is a promising source of compounds with antifungal activity.

2.2. EAF did not impair ergosterol levels but caused an oxidative burst

In the present study, ergosterol quantification data showed that EAF did not reduce
ergosterol concentrations (untreated: 0.018mg/L + 0.001; EAF: 0.017mg/L + 0.005) (Figure
2A). In contrast, fluconazole (FCZ) resulted in a significant decrease in ergosterol con-
centrations (untreated: 0.018mg/L + 0.001; FCZ: 0.008mg/L + 0.005), which was expected
based on the drug's mechanism of action. These results indicate that the antimicrobial
mechanism of action of EAF against C. parapsilosis is not related to the disruption of er-
gosterol synthesis.
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Figure 2: The antifungal effect of EAF on C. parapsilosis cells. (A) Quantification of ergosterol (B)
and lipid peroxidation in cells of C. parapsilosis treated with EAF. Each bar represents the mean +
standard deviation. The quantification of ergosterol levels are expressed in %. The TBARS levels
are expressed in uM. *: indicates statistical significance (p<0.05). Measurement of reactive species
produced by C. parapsolisis after treatment with (C) EAF and (D) amphotericin B. Results expressed
in Arbitrary Units (AU) as a function of time. The symbols represents mean + standard deviation. *:
indicate statistical significance between EAF treatment and untreated cells and between AMB
treatment and untreated cells (p<0.05). AU: arbitrary unit. EAF: ethyl acetate fraction. FCZ:
fluconazole. AMB: amphotericin B. MIC: minimum inhibitory concentration. ROS: reactive oxygen
species. RNS: reactive nitrogen species. Min: minutes
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To understand the effect of EAF on fungal cells, a lipid peroxidation assay was
performed. Treatment of fungal cells with EAF and with AMB showed significant lipid
peroxidation compared to untreated cells (untreated: 0.130 pM + 0.020; EAF: 0.182uM +
0.004; AMB: 0.164pM =+ 0.004) (Figure 2B).

Interestingly, a significant increase in reactive oxygen species (ROS) was observed in
the cells exposed to EAF after 20 minutes of treatment. The same happened in the cells
treated with AMB since the beginning of the treatment (0 min — untreated: 140.00 + 3.93
AU, EAF: 147.80 + 2.59 AU; AMB: 141.00 = 2.91; 20 min — untreated: 140.60 + 4.16 AU,
EAF: 157.8 + 2.28 AU; AMB: 150.20 + 2.17) (Figure 2C). On the other hand, compared to
untreated cells, EAF led to a significant increase in reactive nitrogen species (RNS) from
the start of treatment and AMB after 20 minutes of treatment (Figure2D) (0 min - un-
treated: 140.00 + 3.93 AU, EAF: 147.80 + 2.59 AU; AMB: 141.00 + 2.91; 20 min — untreated:
140.60 + 4.16 AU, EAF: 157.8 = 2.28 AU; AMB: 150.20 + 2.17). The data suggests that the
fungicidal effect of EAF is probably related to lipid peroxidation induced by reactive
oxygen and nitrogen species.

3. Discussion

Studies evaluating the antifungal activity of X. prockia are scarce. To our knowledge,
no studies investigating the activity of X. prockia against Candida species were found in
the literature, which makes this study a novelty. Plant extracts with MICs below 100
mg/L have been identified as promising candidates for discovering new active molecules
[9]. EAF reached this value because 16 mg/L was necessary to inhibit the growth of the
tested strain.

It is important to note that the leaves used in this study were from the same batch as
the leaves used in the study that evaluated their anticryptococcal activity [8]. Coinci-
dentally, the EAF also showed the optimal biological activity against C. parapsilosis. This
fraction was previously characterized. The composition of the fraction can be divided
into three different substance groups: caffeoylquinic acids, caffeoylglycosides, and cou-
maroylglycosides [8].

The time-kill curve test is often used in the literature to evaluate new antimicrobial
agents. It provides information about how microorganism tolerance changes over time
[10]. A time-kill plot against the tested strain showed that EAF and AMB exhibited fun-
gicidal activity (defined as a kill of 2log 3) at inhibitory concentrations [11]. For EAF, the
time to reach growth reduction tended to shorten with increasing concentration. The
concentration-response relationships observed for EAF are comparable to those observed
for AMB in this study.

The ergosterol quantification test was performed to determine whether treatment
with EAF reduces this sterol content in the fungal cell. It has previously been shown in
the literature that azole drugs such as FCZ promote a reduction in the ergosterol content
of various yeasts [12]. In the present study, the data showed that EAF did not reduce
ergosterol content, while FCZ did. However, in a previously published study, research-
ers observed that EAF reduced ergosterol content in cryptococcal cells [8]. These results
may be explained by morphophysiological differences between these two species (e.g.
differences in cell wall composition) [13].

The cells exposed to EAF and AMB showed a significant increase in TBARS levels
compared to the untreated cells. The experiment aimed to test whether EAF triggers ox-
idative peroxidation by using TBARS as a biomarker. One of the secondary mechanisms
of action of AMB is lipid oxidation in the fungal cell membrane [14, 15]. The data from
this experiment demonstrate the potential of EAF to cause lipid peroxidation in fungal
cells, which is a likely mechanism of action of the fraction against C. parapsilosis. It is
worth noting that Folly et al. [8] also observed an increase in lipid peroxidation induced
by EAF in cryptococcal cells.
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To analyze the possibility of induction of oxidative and nitrosative stress in the cells
of C. parapsilosis by EAF, we measured the production of ROS and RNS by fluorescence
emission. Under physiological conditions, the superoxide anion is converted into hy-
drogen peroxide by the enzyme superoxide dismutase. The latter is then converted into
water by the action of peroxidases. These enzymes contribute to the antioxidant system
of the cell, which neutralizes the reactive species [16]. Oxidative stress is the result of an
imbalance in the antioxidant system with the production of reactive species. A previous
study has shown that AMB and itraconazole inhibited the enzymes of the antioxidant
system that induce the oxidative and nitrosative burst in C. gattii yeasts [14]. These results
are consistent with other reports highlighting the ability of AMB to induce oxidative
stress in cells, as evidenced by the expression of stress-related genes [15].

In our study, we observed that EAF increases the concentrations of ROS and RNS.
The data suggest that the fungicidal effect of EAF is probably related to lipid peroxida-
tion induced by reactive oxygen and nitrogen species. Peralta et al. [17] investigated the
effect of a natural prenylflavonoid extracted from Dalea elegans on the formation of C. al-
bicans biofilms. Their data showed that the prenylflavonoid induced an oxidative burst in
the tested fungal species, leading to a decrease in biofilms and characterizing a possible
mechanism of action.

This study provides an unprecedented description of the antifungal activity of EAF
from X. prockia leaves. The fraction shows a strong inhibition of yeast growth, a promis-
ing feature that it could be a source of antifungal compounds. The analyzes performed in
this study showed that oxidative stress appears to play an important role in causing cell
death. However, further studies are needed to better understand the fungal activity of the
fraction against C. parapsilosis.

4. Materials and Methods

4.1. Obtaining the extract and the plant fractions

The leaves of X. prockia were collected in December 2015 in Governador Valadares
(18°51'04"S, 41°56'58"W), Minas Gerais, Brazil. The species was identified by the botanist
Dr. Ronaldo Marquete and deposited in the herbarium of the Botanical Garden of Rio de
Janeiro, Rio de Janeiro, Brazil (code RB 773293), in August 2018. The research was au-
thorized by the National System for the Management of Genetic Heritage and Associated
Traditional Knowledge (SISGEN; No. A66F830). To obtain EE, the plant material was
dried in a convection oven and then crushed in a knife mill. The crushed leaves were
macerated with 96°GL ethanol for 5 days, filtered and the process was repeated 3 more
times. After extraction, the extract was concentrated in a rotary evaporator at a temper-
ature below 50 °C under reduced pressure. The EE obtained was dissolved in water and
fractionated by liquid-liquid separation with solvents in ascending order of polarity:
Hexane, dichloromethane, ethyl acetate, and butanol. The resulting fractions were con-
centrated in a rotary evaporator at a temperature below 50°C under reduced pressure.

4.2 Determination of the minimum inhibitory concentration

The strain ATCC 22019 (American Type Culture Collection) C. parapsilosis was used
in this work. The MICs were determined according to the methodology proposed by the
Clinical and Laboratory Standard Institute [18] with some modifications. The final con-
centrations of extract, fractions, and FCZ varied from 0.50 to 256 mg/L. The final concen-
trations of AMB varied from 0.03 to 16 mg/L. Isolated colonies from a C. parapsilosis cul-
ture were suspended in a sterile saline solution and adjusted to 75-77% at 530 nm using a
spectrophotometer. The fungal suspension was diluted in sterile RPMI-1640 medium
buffered with MOPS to reach the final concentration of 1.0 x 103 — 5.0 x 103 CFU/mL.

The plates were incubated at 35 °C for 48 hours. A positive control (without treat-
ment) and a negative control (medium only) were performed. The last dilution without
visible growth for AMB, extract and fractions was considered as MIC. For FCZ, the con-
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centration with 50% visible growth was considered the MIC compared to the control. The
tests were performed in triplicate on two different days.

4.3. Determination of the time-kill curve

The test was performed as described previously, [11] with modifications. Isolated
colonies were used to prepare an inoculums in a similar manner to the MIC assay. Dilu-
tions of EAF (Y2 MIC, MIC, and 2 MIC) were prepared. A positive control (without
treatment) and a negative control (medium only) were performed. The 96-well plate was
incubated at 35°C and 30 uL were withdrawn after 0, 3, 6, 12, 24, and 48 hours. These al-
iquots were plated in agar Sabouraud dextrose (ASD) medium and incubated at 35°C for
48 hours. The results were read by visible growth and the number of colonies was noted
to quantify CFU/mL. The results were expressed as mean + standard deviation (SD). The
tests were performed in triplicate on two different days.

4.4. Quantification of ergosterol and lipid peroxidation

The extraction of intracellular sterols from C. parapsilosis was performed as sug-
gested by Arthington-Skaggs et al. [19] and Ferreira et al. [14] with modifications. Fungal
cells (6.0x106 CFU/mL) were treated with FCZ and EAF (MIC) at 35°C for 3 hours. After
treatment, the tubes were centrifuged at 3000 rpm for 5 minutes and the cells were
washed three times with 1 mL of 0.9% saline. To the tubes containing the fungal pellet,
1.5 mL of a 25% alcoholic KOH solution was added and shaken vigorously for 1 minute.
The tubes were incubated for 1 hour at 85°C in a water bath and then cooled to room
temperature. The sterols were extracted by adding 1 mL of sterile distilled water and 3
mL of heptane, followed by vigorous shaking for 3 minutes. A UV-visible spectropho-
tometer measured the organic phase at 230 and 282 nm. The ergosterol content was cal-
culated using a mathematical equation proposed by Arthington-Skaggs et al. [19], which
includes: % dihydroergosterol = absorbance at 230 nm / 518, % dihydroergosterol + %
ergosterol = absorbance at 280 nm / 290 and % ergosterol = (% dihydroergosterol + er-
gosterol) — (% dihydroergosterol).

The lipid peroxidation products were measured as TBARS, as previously described
with modifications [20]. Fungal cells (6.0x10° CFU/mL) were treated with AMB and EAF
(MIC) at 35°C for 3 hours. After treatment, the tubes were centrifuged at 3000 rpm for 5
minutes and the cells were washed three times with 1 mL of 0.9% saline. The pellet was
treated with 1 mL of ice-cold 1% phosphoric acid, and homogenized. 400 uL of the ho-
mogenate was mixed with 400 uL of 1% thiobarbituric acid containing 0.1 mM BHT and
50 mM NaOH, followed by 200 uL of 7% phosphoric acid. The solutions were kept cold
during manipulation and assay. The tubes were heated in a water bath at 100°C for 1
hour, followed by a 10-minute de-icing bath. Subsequently, 1.5 mL of butanol was added
and the samples were shaken vigorously and centrifuged at 3,000 rpm for 5 minutes. The
organic layer was separated and read at 532 nm in a spectrophotometer. TBARS concen-
trations were calculated using the molar extinction coefficient of 156 mM-1 cm-1. The test
was performed in triplicate and the results were expressed in uM as mean # standard
deviation (SD).

4.5 Quantification of the production of reactive oxygen species and nitrogen species

Cells (1.0x10% to 5.0x10° CFU/mL) were incubated for 3 hours with EAF (MIC) or
AMB (MIC) in RPMI 1640 without phenol red with 10 mM dichlorofluorescein
2',7'-diacetate (for quantification of ROS) or 20 mM dihydrorhodamine 123 (for quantifi-
cation of peroxynitrite). Fluorescence was measured with excitation and emission wave-
lengths of 500 nm [21]. The test was performed in triplicate. Results were expressed as
arbitrary fluorescence units as mean + standard deviation (SD).

4.6. Statistical analysis
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Statistical analyzes were performed using the program GraphPad Prism version 6.0
for Windows (GraphPad Software, San Diego, CA, USA). Comparisons between the two
groups were performed using the Student's test (parametric data) or the Mann-Whitney
test (non-parametric data). P-values < 0.05 were assumed for the analysis.
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