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Abstract

In the current context of emerging drug-resistant fungal pathogens such as Candida albicans and Candida parapsilosis,
discovery of new antifungal agents is an urgent matter. This research aimed to evaluate the antifungal potential
of 2-chloro-N-phenylacetamide against fluconazole-resistant clinical strains of C. albicans and C. parapsilosis. The
antifungal activity of 2-chloro-N-phenylacetamide was evaluated in vitro by the determination of the minimum
inhibitory concentration (MIC), minimum fungicidal concentration (MFC), inhibition of biofilm formation and
its rupture, sorbitol and ergosterol assays, and association between this molecule and common antifungal drugs,
amphotericin B and fluconazole. The test product inhibited all strains of C. albicans and C. parapsilosis, with a MIC
ranging from 128 to 256 pg.mL", and a MFC of 512-1,024 ng.mL-". It also inhibited up to 92% of biofilm formation
and rupture of up to 87% of preformed biofilm. 2-chloro-N-phenylacetamide did not promote antifungal activity
through binding to cellular membrane ergosterol nor it damages the fungal cell wall. Antagonism was observed
when combining this substance with amphotericin B and fluconazole. The substance exhibited significant antifungal
activity by inhibiting both planktonic cells and biofilm of fluconazole-resistant strains. Its combination with other
antifungals should be avoided and its mechanism of action remains to be established.

Keywords: antifungal drug resistance, antifungal susceptibility, Candida albicans, Candida parapsilosis, invasive
candidiasis.

Resumo

No atual contexto de patégenos flingicos resistentes emergentes tais como Candida albicans e Candida parapsilosis,
a descoberta de novos agentes antiflingicos é uma questdo urgente. Esta pesquisa teve como objetivo avaliar o
potencial antiftingico da 2-cloro-N-fenilacetamida contra cepas clinicas de C. albicans e C. parapsilosis resistentes
a fluconazol. A atividade antiftingica da substancia foi avaliada in vitro através da determinag¢do da concentragao
inibitéria minima (CIM), concentracdo fungicida minima (CFM), ruptura e inibigdo da formacdo de biofilme, ensaios
de sorbitol e ergosterol, e associacdo entre esta molécula e antifingicos comuns, anfotericina B e fluconazol. O
produto teste inibiu todas as cepas de C. albicans e C. parapsilosis, com uma CIM variando de 128 a 256 pg.mL", e
uma CFM de 512-1,024 pg.mL"'. Também inibiu até 92% da formacdo de biofilme e causou a ruptura de até 87% de
biofilme pré-formado. A 2-cloro-N-fenilacetamida ndo promoveu atividade antiftingica pela ligacdo ao ergosterol
da membrana celular fingica, tampouco danificou a parede celular. Antagonismo foi observado ao combinar
esta substancia com anfotericina B e fluconazol. A substancia exibiu atividade antiftingica significativa ao inibir
tanto as células planctonicas quanto o biofilme das cepas resistentes ao fluconazol. Sua combinag¢do com outros
antiflingicos deve ser evitada e seu mecanismo de acdo deve ser estabelecido.

Palavras-chave: resisténcia antiftingica, susceptibilidade antifingica, Candida albicans, Candida parapsilosis,
candidiase invasiva.
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1. Introduction

Fungal infections are a serious global problem,
accounting for more than 1.6 million deaths annually
(Almeida et al., 2019). Infections caused by Candida spp.
are the most frequent, accounting for 80% of cases of
systemic fungal infections (Alvarez-Moreno et al., 2018;
Gamaletsou et al., 2018). Candidiasis usually manifests
as superficial cutaneous-mucosal infections, but can
also progress to the disseminated form, candidemia
(Lamoth et al., 2018).

Although C. albicans remains the most common fungal
pathogen worldwide, a significant increase in infections
caused by non-albicans species is reported in the last decade
(Jain et al., 2017; Lamoth et al., 2018; Vieira et al., 2018).
Of such species, C. parapsilosis has already been ranked
as the second most frequent cause of candidemia in some
countries of Southern Europe, Africa, North America and,
notably, in a great portion of South America, especially in
neonates, transplant recipients and patients with other
malignancies such as cancer (Silva et al., 2012; Sun et al.,
2019; Téth et al., 2019; Zupancic et al., 2018).

Therapeutic failure in the treatment of certain
fungal strains has been described in several clinical,
epidemiological, pharmacological and case reports studies.
This is due to the occurrence of antifungal resistance, which
is a well-known threat and is continuously increasing
worldwide (Aldardeer et al., 2020; Asadzadeh et al.,
2017; Fisher et al., 2018; Hassanmoghadam et al., 2019;
Reinhardt et al., 2020).

The difficulty of treatment, length of stay and associated
costs, toxicity and scarcity of antifungal drugs, mortality
rates, and antifungal resistance aggravates the challenge in
tackling these infections and brings the urge to develop new
antifungals in order to overcome this threat (Chatelon et al.,
2019; Kneale et al., 2016; Olaechea et al., 2004).

An organic synthesis is a valuable tool in developing
new pharmacologically active compounds. Thus, new and
old substances are being studied to this goal, expanding
the options of available products with antifungal potential.

The 2-chloro-N-phenylacetamide with a molecular
formula of C;H,CINO (Figure 1) is a molecule extensively
used in organic synthesis to obtain a wide range of
substances, producing other pharmacologically active
molecules with antimicrobial, anti-inflammatory and
analgesic effect (Gouda et al., 2018; Yadav et al., 2018).

Figure 1. The chemical structure of 2-chloro-N-phenylacetamide.
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Since the antifungal potential of this molecule
was not fully investigated, the present study aims to
thoroughly analyze its antifungal properties, as well
as the resistance profile of the selected strains. Hence,
the antifungal susceptibility of the strains was assessed
through microdilution technique to determine the test
product minimum inhibitory and minimum fungicidal
concentrations, and later, studies of the microbial growth
curve, biofilm inhibition and rupture potential, mechanism
of action and association study with amphotericin B and
fluconazole were conducted.

2. Materials and Methods

2.1. Test substance and antifungal drugs

The test substance 2-chloro-N-phenylacetamide was
synthesized and provided by the Laboratory of Bioenergy
and Organic Synthesis, of the Federal University of Paraiba,
Jodo Pessoa, PB, Brazil (Peixoto et al., 2016). The antifungals
employed in the trials were: fluconazole, voriconazole, and
amphotericin B. These substances were purchased from
Sigma-Aldrich® (Sao Paulo, SP, Brazil). The 2-chloro-N-
phenylacetamide and the antifungal drugs were solubilized
in 5% dimethyl-sulfoxide (DMSO) and 2% Tween 80, to
obtain emulsions in the concentrations necessary for use
in the tests (Cleeland and Squires, 1991; Hood et al., 2003;
Pereira et al., 2015).

2.2. Culture media

The culture medium Sabouraud Dextrose Agar (SDA)
(Difco Laboratories, Detroit, MI, USA) was used for the
maintenance of the strains. The liquid culture medium
Roswell Park Memorial Institute (RPMI)-1640-L-glutamine
(without sodium bicarbonate) (Sigma-Aldrich®, Sdo Paulo,
SP, Brazil) was used for the antifungal assays. Both culture
media were prepared according to the manufacturer’s
instructions.

2.3. Microorganisms

In the experiments, standard strains of Candida albicans
ATCC 76485 (American Type Culture Collection) and Candida
parapsilosis ATCC 22019 were used, as well as clinical strains
of C. albicans: LM-117, LM-516, LM-587, LM-616, LM-699;
and C. parapsilosis (sensu lato): LM-439, LM-546, LM-5770,
LM-55117. The susceptibility profiles of these strains to
amphotericin B, voriconazole and fluconazole, according
to the CLSI criteria are presented in Table 1.

The fungal strains were provided by the Antibacterial
and Antifungal Activity Research Laboratory of the
Federal University of Paraiba, Jodo Pessoa, PB, Brazil.
The microorganisms were kept in SDA at 4 °C until the
realization of the tests. Prior to each experiment, the
cells were reactivated on SDA agar plates For inoculum
preparation, the colonies of microorganisms were
suspended in 0.85% sterile NaCl solution and adjusted to
the 0.5 scale of McFarland standard (Cleeland and Squires,
1991; CLSI, 2008; Hadacek and Greger, 2000).
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Table 1. Susceptibility profile of the tested strains.

Antifungal activity of 2-chloro-N-phenylacetamide

AmB Vrc Flc
Strains
MIC (pg.mL™?)
C. albicans ATCC 76485 0.25(S) 0.125(S) 32(R)
LM-117 0.25(S) 0.062 (S) 08 (R)
LM-516 0.25(S) 0.125(S) 64 (R)
LM-587 0.25(S) 0.125(S) 16 (R)
LM-616 0.25(S) 0.062 (S) 04 (1)
LM-699 0.25(S) 0.062 (S) 08 (R)
C. parapsilosis ATCC 22019 0.25(S) 0.125(S) 16 (R)
LM-439 0.50(S) 0.50 (I) 32(R)
LM-546 0.50(S) 0.50 (I) 16 (R)
LM-689 0.25(S) 0.50 (I) 64 (R)
LM-5770 0.50(S) 0.25(I) 32(R)
LM-55117 0.25(S) 0.25 (I) 08 (R)

Legend: AmB = Amphotericin B; Vrc = Voriconazole; Flc = Fluconazole; S = Susceptible; I = Intermediate; R = Resistant (CLSI, 2017, p. 60).

2.4. Minimum inhibitory concentration

The Minimum Inhibitory Concentration (MIC) of
2-chloro-phenylacetamide at the starting concentration
of 1,024 pg.mL' against the strains of C. albicans and
C. parapsilosis was determined through the broth
microdilution technique in a 96-well microplate for cellular
culture (Eloff, 1998; Hadacek and Greger, 2000; CLSI, 2008).
At the same time, the medium sterility control (wells
containing only the culture medium), microbial viability
control (wells containing the culture medium with the
fungal inoculum) and interference of the solubilizing agents
(5% DMSO and 2% Tween 80), as well as a control with
amphotericin B (at a starting concentration of 8 pg.mL")
were performed. The plates were incubated at 35 + 2 °C
for 24 h for reading. The experiment was conducted in
triplicate. The MIC was defined as the lowest concentration
of the products in which there was visible inhibition of
fungal growth in the wells when compared to its controls.
The results were expressed as the arithmetic mean of the
MIC’s obtained in the three experiments.

2.5. Minimum fungicide concentration

After reading the MIC, 10 puL aliquots of the supernatant
of the wells where complete inhibition of fungal growth
was observed (MIC, MICx2 and MICx4) in the microdilution
plates were transferred to the wells of a new microplate
containing 100 puL of RPMI broth, where they were
incubated by 24 h at 35 + 2 °C. The experiment was
conducted in triplicate. The MFC was considered as the
lowest concentration of the product in which there was
no fungal growth in the culture medium. The results were
expressed as the arithmetic mean of the MFC’s obtained
in the three experiments (Ncube et al., 2008; Salie et al.,
1996; Silva et al., 2020).
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2.6. Microbial growth curve

For the following tests, one ATCC strain and one
clinical strain of each species which showed high MIC
results were randomly selected and used. The MIC assay
results were confirmed by verifying the interference of
different product concentrations (MIC, MICx2 and MICx4)
on the microbial growth curve in a 24h period. Following
the same procedure in the MIC assay, the plates were
incubated for 24 hours at 35 + 2 °C in a microplate reader
(BIOTEK™ EON™) and absorbance values were read at
530 nm every four hours. The experiment was carried
out in triplicate. The growth curves were constructed by
plotting the absorbance recorded by the microplate reader
as a function of time (hours) with the statistical software
GraphPad Prism (version 6.0 to Windows, San Diego,
CA - USA) (Schacht et al., 2013; Stevenson et al., 2016).

2.7. Inhibition of biofilm formation

The ability of Candida species to form biofilm is an
aggravating factor in the control of this pathogen, since it
facilitates its dissemination. In this way, a product that is
able to prevent the installation of this structure on various
surfaces becomes a valuable resource in the prevention
of these fungal infections (Lohse et al., 2020).

To assess the effect of 2-chloro-N-phenylacetamide
in the inhibition of biofilm formation, 10 pL of fungal
inoculum of C. albicans (ATCC-76485, 117, 516, 587 and
616) and C. parapsilosis (ATCC-22019, 439, 689 and 5770)
were incubated by 48h at 35 + 2 °Cin 100uL of RPMI broth
at different concentrations of 2-chloro-N-phenylacetamide
(MICx4, MICx2, MIC, MIC/2, MIC/4). Then, the wells were
emptied, washed with sterile distilled water for the
removal of unadhered cells and separated for drying at
room temperature. After drying, the contents fixed on the
walls of the wells was dyed with 140pL of violet crystal
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solution at 1% (NEWPROV®) for 40 minutes. After disposal
and washing of excess dye and drying, 140pL of absolute
ethanol was added (RIOQUIMICA®) for 30 minutes.

The quantification of cells fixed and dyed in the well
walls was performed in microplate spectrophotometer
(Multiskan GO) at 590 nm. At the same time, negative
control was performed with only the culture medium and
fungal inoculum. All analyses were performed in triplicate
and the results were expressed as the arithmetic mean of
the absorption values obtained, being plotted in graphs
with the statistical software GraphPadPrism (version
6.0 for Windows, San Diego, CA - USA). The percentage
of inhibition of biofilm formation was calculated using
the following formula: % inhibition of biofilm formation
=100 - [(ABS,,, test/ABS,,, control) x 100].

2.8. Rupture of preformed biofilm

In addition to preventing the formation of biofilm, a
product that is capable of penetrating and damaging its
already formed structure also acquires great bioactive
relevance, since an already established biofilm confers
great resistance to the fungus against external aggressions
such as antifungal drugs (Tsui et al., 2016).

To observe if the product is capable of damaging the
mature biofilm, 10uL of fungal inoculum of C. albicans
(ATCC-76485, 117, 516, 587 and 616) and C. parapsilosis
(ATCC-22019, 439, 689 and 5770) were incubated for 48h at
35+2 °Cin 100puL of RPMI broth for the biofilm formation.
After disposal of the contents of the wells, 100uL of RPMI
broth containing different concentrations of 2-chloro-N-
phenylacetamide (MICx4, MICx2, MIC, MIC/2, MIC/4) were
added and incubated again for 48h at 35 + 2 °C.

Then, similarly as described previously in the inhibition
of biofilm formation, the steps for dyeing the fixed cells
and reading in microplate spectrophotometer (Multiskan
GO) at 590 nm were conducted. In parallel, the negative
control was performed where the culture medium, without
the test substance, was added to the wells with formed
biofilm. All analyses were performed in triplicate and
the results were expressed as the arithmetic mean of the
absorption values obtained, being plotted in graphs with
the statistical software GraphPadPrism (version 6.0 for
Windows, San Diego, CA - USA). The percentage of biofilm
rupture was calculated using the following formula: % of
biofilm rupture = 100 - [(ABS,,, test/ABS,, control) x 100]
(Rajasekharan et al., 2017).

2.9. Effect on fungal cell wall

Inorder to observe whether 2-chloro-N-phenylacetamide
causes damage to the fungal cell wall, the MIC of the product
was evaluated in the presence and absence of an osmotic
stabilizer, sorbitol. If a product somehow affects the fungal
cell wall, it will damage the cell when in the absence of
sorbitol, on the other hand, yeast growth will occur in the
presence of this osmotic protector.

The determination of the product’s MIC in the presence
of sorbitol was performed by the microdilution method,
as described previously, where microorganisms were
exposed to different concentrations of the test product in
amedium containing sorbitol (0.8M). In parallel, controls
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were carried out with caspofungin as well as to assure
sterility of the medium and microbial viability (Frost et al.,
1995; Zacchino, 2001).

2.10. Ergosterol binding assay

Still considered a gold standard in the treatment of
invasive candidiasis, amphotericin B exerts its effects
by interacting directly with the ergosterol found in the
cellular membrane, damaging the fungal cell. Since the
presence of exogenous ergosterol in the culture medium
decreases the binding of antifungals to the membrane
ergosterol, the MIC of substances such as amphotericin
B and other products that act through this mechanism
is expected to increase, since a higher concentration of
the antifungal agent will be required to interact with its
molecular target (Valgus, 2003).

The determination of the product’s MIC against C.
albicans and C. parapsilosis strains was performed by the
microdilution method, as described previously, where
microorganisms were exposed to different concentrations
of the test products in a medium with ergosterol
(400 pg.mL"). Finally, the same procedure was performed
with amphotericin B as control, an antifungal agent with
known affinity and action on membrane ergosterol, as
well as the controls of sterility and microbial viability
(Escalante et al., 2008).

2.11. Association study - checkboard method

To assess the effects of the association between the
2-chloro-N-phenylacetamide and two standard antifungal
drugs: fluconazole and amphotericin B; against the C.
albicans and C. parapsilosis strains, the checkerboard
method was employed. Initially, 100 pL of the culture
medium was added to the wells of a sterile 96-wells
microplate with a “U” shaped bottom. At the same time,
dilutions of the test products: 2-chloro-N-phenylacetamide,
fluconazole and amphotericin B were prepared in tubes
yielding concentrations higher and lower than its MICs
(MICx8, MICx4, MICx2, MIC, MIC+2, MIC+4 and MIC+8).
Then, 50 pL of 2-chloro-N-phenylacetamide in the various
concentrations was added to 50 pL of amphotericin B or
fluconazole in each concentration in different microplates.
In order to obtain different combinations between the
concentrations, the substances were added in different
directions in the microplate (acetamide added horizontally,
and amphotericin B or fluconazole added vertically). Finally,
20 pL of the fungal suspension was added in all the wells.
The assay was performed in triplicate, and the microplates
were incubated for 24-48h at 35+ 2 °C.

The fractional inhibitory concentration index (FICI) was
calculated using the following equation: FICI = FIC, + FIC,
(FIC,= Fractional inhibitory concentration of 2-chloro-N-
phenylacetamide; FIC,= Fractional inhibitory concentration
of amphotericin B or fluconazole). The FIC, is calculated
by the combined MIC, /isolated MIC, ratio, while the FIC,
is calculated by the combined MIC,/isolated MIC, ratio.
The index is interpreted as follows: synergism (FICI < 0.5),
indifference (0.5 < ICIF < 4) and antagonism (ICIF > 4.0)
(0dds, 2003; Shin, 2003; Silva et al., 2020).
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2.12. Statistical analysis

The data were analyzed by the Two-way Analysis of
Variance (ANOVA) with the Bonferroni post hoc test, using
the GraphPadPrism software (version 6.0 for Windows,
San Diego, CA, USA). The data were considered significant
when P < 0.05.

3. Results

3.1. Minimum inhibitory concentration and minimum
fungicidal concentration assays

The 2-chloro-N-phenylacetamide antifungal profile
was evaluated through MIC and MFC determinations.
The results are presented in Table 2. The molecule presented
inhibitory activity against all tested strains, with an MIC
ranging from 128 to 256 ng.mL'. Against the C. albicans
strains, the substance exhibited an MIC of 128 pg.mL"" for
2 (=33%) strains and 256 pg.mL! for the other 4 (=67%)
strains. For C. parapsilosis, the product exhibited an MIC
of 128 ng.mL! for 3 (50%) strains, and 256 pg.mL" for the
other 3 strains.

The molecule presented an MFC ranging between
512 and 1,024 pg.mL! for the tested yeasts. Against
C. albicans strains, the substance exhibited an MFC of
512 pg.mL* for 2 (33%) strains, and 1,024 pg.mL! for another
3 (50%) strains. For C. parapsilosis strains, the product
exhibited an MFC of 1,024 pg.mL- for 3 (50%) strains.

Inrelation to the microdilution assay control groups, no
fungal growth was observed in the control test containing
only culture medium. Abundant fungal growth however
was observed in the control test containing only culture
medium and fungal inoculum, attesting to the viability
of the strains. The same was observed with the solvent

Antifungal activity of 2-chloro-N-phenylacetamide

(5% DMSO and 2% Tween 80) controls, indicating that the
products did not interfere with the results.

The MFC:MIC ratio and the classification in which a
substance can be considered fungicidal if its MFC:MIC < 4,
or fungistatic if its MFC:MIC > 4 indicated that 2-chloro-N-
phenylacetamide (for 8 (67%) of the strains tested) presents
fungicidal activity (MFC:MIC < 4) (Siddiqui et al., 2013).

3.2. Microbial growth curves

Being exposed to differing concentrations of 2-chloro-
N-phenylacetamide, the yeast growth curves were also
observed at different time intervals. The results are shown
in the Figures 2 and 3.

The microbial growth curves shown in the figures
above reveal that 2-chloro-N-phenylacetamide presents
inhibitory activity against strains of C. albicans, after 4 hours
of exposure with an effect directly proportional to its
concentration. For C. parapsilosis, no statistical difference
was observed for inhibitory effects at the different
concentrations tested. Thus, for this species, the test
product did not reveal concentration proportional activity.

3.3. Effect on fungal biofilms

The biofilm formation assay results are presented in
Figures 4 and 5. Rupture percentages for already formed
biofilm are presented in Figures 6 and 7.

According to the data obtained, we observed that
2-chloro-N-phenylacetamide inhibits biofilm formation
(for both of the fungal species tested) in a concentration-
dependent manner, being also able to inhibit 50% of biofilm
formation when at sub-inhibitory concentrations (MIC/4).

Although there were no significant differences between
species for inhibition rates at normal and supra-inhibitory
concentrations (MIC, MICx2 and MICx4); at sub-inhibitory
concentrations, C. parapsilosis strains continued to form

Table 2. Minimum Inhibitory Concentration (MIC) and Minimum Fungicidal Concentration (MFC) (ug.mL") of 2-chloro-N-phenylacetamide

against strains of Candida albicans and Candida parapsilosis.

2-chloro-N-phenylacetamide

Strains SC VC S
MIC MFC MFC/MIC

C. albicans ATCC 76485 128 >2,048 ND (Fungistatic) - + +

C. albicans LM-117 256 1,024 4 (Fungicide) - + +

C. albicans LM-516 256 1,024 4 (Fungicide) - + +

C. albicans LM-587 256 1,024 4 (Fungicide) - + +

C. albicans LM-616 256 512 2 (Fungicide) - + +

C. albicans LM-699 128 512 4 (Fungicide) - + +

C. parapsilosis ATCC 22019 128 22,048 ND (Fungistatic) - + +

C. parapsilosis LM-439 256 1,024 4 (Fungicide) - + +

C. parapsilosis LM-546 256 1,024 4 (Fungicide) - + +

C. parapsilosis LM-689 256 1,024 4 (Fungicide) - + +

C. parapsilosis LM-5770 128 >2,048 ND (Fungistatic) - + +

C. parapsilosis LM-55117 128 22,048 ND (Fungistatic) - + +
Legend: ND = Not determined; SC = sterility control; VC = viability control; S = Solvent’s control; - = Absence of microbial growth; + = Presence

of microbial growth.
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Figure 2. (a) microbial growth curve of C. albicans ATCC 76485 during a 24 h period; (b) microbial growth curve of C. albicans LM-516,
during a 24 h period; 2CINPA, 2-chloro-N-phenylacetamide. *Statistical difference between the concentration and control groups
(p<0.05); **Statistical difference between the concentration groups (P<0.05).

C. parapsilosis ATCC 22019

Absorbance (530 nm)

g
=)

T L] |
0 4 8 12 16 20 24
Time (hours)

~¥- Control - 2CINPA MICx4

- 2CINPA MICx2

C. parapsilosis 689

Absorbance (530 nm)

0.0 T T

0 4 8 12 1'6
Time (hours)

2CINPA MIC

Figure 3. (a) Microbial growth curve of C. parapsilosis ATCC 22019 during a 24 h period; (b) Microbial growth curve of C. parapsilosis
LM-689, during a 24 h period; 2CINPA, 2-chloro-N-phenylacetamide. *Statistical difference between the concentration and control

groups (P<0.05).
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Figure 4. Biofilm formation of C. albicans strains exposed to

different concentrations of 2-chloro-N-phenylacetamide. *P<0.05
compared to the control group.
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Figure 5. Biofilm formation of C. parapsilosis strains exposed to
different concentrations of 2-chloro-N-phenylacetamide. *P<0.05
compared to the control group.
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greater amounts of biofilm; with respective differences of
approximately 6% and 13% for MIC/2 and MIC/4). However,
even at the lowest concentrations tested, 2-chloro-N-
phenylacetamide was able to inhibit biofilm formation
by 50% as compared to the control group. At higher
concentrations, the substance inhibited biofilm formation
by 76% to 92%.

Significant rates of (already formed) biofilm rupture for
all strains in all of the tested 2-chloro-N-phenylacetamide
concentrations, were demonstrated (with the exception
of C. albicans strain 587; being below <50%, and only in
sub-inhibitory concentrations) (Figure 6). The highest
rupture rates (between 67% and 87%) were observed for

MICx4
MICx2
MiC
MIC/2
MIC/4
Control

Oo@0an

Absorbance (590nm)

Figure 6. Rupture of C. albicans mature biofilm after exposure
to different concentrations of 2-chloro-N-phenylacetamide.
*P<0.05 compared to the control group. **Rupture less than 50%
compared to control.
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Figure 7. Rupture of C. parapsilosis mature biofilm after exposure to
different concentrations of 2-chloro-N-phenylacetamide. *P<0.05
compared to the control group.
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the highest substance concentrations, and there were no
significant differences between already formed biofilm
rupture rates (between species) when tested at the same
concentrations.

3.4. Investigation of mechanism of action through sorbitol
and ergosterol assays

The effects on the fungal cell wall (sorbitol assay) and
for binding to membrane ergosterol (ergosterol assay) were
investigated as possible mechanisms of action. The results
are presented in Tables 3 and 4.

The MIC of 2-chloro-N-phenylacetamide remained
unchanged both in the absence and in the presence of
ergosterol, unlike amphotericin B, whose MIC increased
32 times when exposed to exogenous ergosterol. The same
occurred in the sorbitol assay, where the MIC of 2-chloro-
N-phenylacetamide was unchanged both in the absence
and in the presence of sorbitol and only the control with
caspofungin presented an MIC increase.

3.5. Association study

The results of the 2-chloro-N-phenylacetamide
association assay with amphotericin B and subsequently
with fluconazole are shown in Table 5.

Antagonism (FICI > 4) was observed for all strains tested
in both of the 2-chloro-N-phenylacetamide antifungal
associations. The inhibitory concentrations of the combined
compounds were significantly higher than the inhibitory
concentrations of the isolated products.

4. Discussion

The choice of 2-chloro-N-phenylacetamide resulted
from observation of previous screening studies carried
out by Aschale (2012); Katke et al. (2011); and Patel and
Shaikh (2011), in which they observed antimicrobial
activity, especially against planktonic strains of C. albicans.
Yet their results needed further elucidation, since only one
strain was used. Thus, in the present study, the number
of planktonic strains (C. albicans and C. parapsilosis) used
was increased, with specific fluconazole resistance profiles,
observing the molecule’s activities against the biofilms
produced by these species for the first time.

The MIC and MFC results together with the microbial
growth curves reveal that 2-chloro-N-phenylacetamide
presents inhibitory activity against strains of C. albicans,

Table 3. Minimum Inhibitory Concentration (pg.mL") of 2-chloro-N-phenylacetamide and Amphotericin B against C. albicans and C.

parapsilosis in the absence and presence of ergosterol 400 pg.mL

-1

2-chloro-N-phenylacetamide

Amphotericin B

Strains
-Ergosterol +Ergosterol -Ergosterol +Ergosterol
C. albicans ATCC 76485 128 128 0.25 8
C. albicans LM-516 256 256 0.25 8
C. parapsilosis ATCC 128 128 0.25 8
22019
C. parapsilosis LM-689 256 256 0.25 8
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Table 4. Minimum Inhibitory Concentration (pg.mL") of 2-chloro-N-phenylacetamide and caspofungin against C. albicans and C.

parapsilosis in the absence and presence of Sorbitol 0.8M.

2-chloro-N-phenylacetamide Caspofungin
Strains
-Sorbitol +Sorbitol -Sorbitol +Sorbitol
C. albicans ATCC 76485 128 128 0.5 4
C. albicans LM-516 256 256 8 32
C. parapsilosis ATCC 22019 128 128 0.062 0.25
C. parapsilosis LM-689 256 256 0.062 0.25

Table 5. Determination of Fractional Inhibitory Concentration Index (FICI) of the association between 2-chloro-N-phenylacetamide
with amphotericin B and fluconazole on strains of Candida albicans and Candida parapsilosis.

Strains FIC, FIC, FICI (+Flc) FIC, FIC, FICI (+AmB)
C. albicans ATCC 76485 2 2 4(A) 2 2 4(A)
C. albicans LM-516 2 2 4(A) 2 2 4(A)
C. parapsilosis ATCC 22019 4 2 6(A) 2 2 4(A)
C. parapsilosis LM-689 2 2 4(A) 2 2 4(A)

Legend: Flc = Fluconazole; AmB = Amphotericin B; A = Antagonism.

after 4 hours of exposure with an effect directly proportional
to its concentration. For C. parapsilosis, no statistical
difference was observed for inhibitory effects at the
different concentrations tested. Thus, for this species, the
test product did not reveal concentration proportional
activity.

Fungal cell adhesion and subsequent production of
extracellular matrix is a major obstacle to the treatment
of fungal infections. The protection provided to the fungal
colony by mature biofilms makes treatment strategies that
were previously effective obsolete, and new strategies
which include higher concentrations (of active principle),
and new drug associations are needed. For these reasons,
substances such as 2-chloro-N-phenylacetamide, which
are able to not only prevent biofilms from installing, but
also capable of damaging the structure of an already
formed biofilm, are promising agents for fungal infection
control (Lohse et al., 2020; Nett, 2014; Nett and Andes,
2020; Tsui et al., 2016).

This is the first time that the anti-biofilm potential of
2-chloro-N-phenylacetamide has been explored against
clinically relevant Candida species, further increasing
the antifungal value of the molecule. Together with the
other data of this work in its entirety, further study and
research to investigate the full pharmacological potential
of this substance and its possible derivatives is warranted.

The data from the present study indicate that 2-chloro-
N-phenylacetamide does not act through binding to
membrane ergosterol, nor does it damage the fungal
cell wall. These findings are relevant because they show
that the substance does not act on these two traditional
pharmacological targets, and complementary studies must
be carried out to investigate its mechanism of action and
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to elucidate the way in which this substance exerts its
antifungal effect.

The findings in the present study suggest that the
addition of 2-chloro-N-phenylacetamide to antifungal
agents such as azoles and polyenes should be avoided,
since the performance of both molecules will be impaired,
which may aggravate the fungal infection.

Antagonism between two drugs can compromise
anti-infection therapy’s success, since a decrease in the
effective concentration of available bioactive molecules
will compromise the desired effect against the pathogen.
It is worth mentioning that any decision to combine two
or more drugs must be supported by at least in vitro
tests demonstrating the results of the association on the
pathogen in question (Stein et al., 2016).

5. Conclusions

At the tested concentrations, 2-chloro-N-
phenylacetamide presented both antifungal activity
against strains of fluconazole resistant C. albicans and C.
parapsilosis, and disruption and inhibition of fungal biofilm
formation. The substance did not exert antifungal activity
through two traditionally analyzed pathways, whether
binding to ergosterol at the cell membrane or damaging
the fungal cell wall. The test product demonstrated
antagonism when in association with amphotericin B and
fluconazole, an undesirable characteristic which restricts
its use as a possible therapeutic adjuvant against fungal
infections. Research regarding the exact mechanism of
antifungal action is still required to fully understand this
molecule potential.
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