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Abstract

Background: Resistance of pathogenic fungi to conventionally available antifungal agents has been increasing and has become a
serious problem. On the other hand, nanoscience has emerged as a powerful tool capable of developing and designing new antimi-
crobial drugs.

Objectives: The aim of this study was to test minimum inhibitory concentrations (MICs) of silver (Ag-NPs) and selenium (Se-NPs)
nanoparticles, both alone and in combination with antifungal agents fluconazole (FLU), itraconazole (ITR), and amphotericin B
(AMB) on resistant C. parapsilosis strains.

Methods: Eight C. parapsilosis strains resistant to antifungal agents (FLU, ITR, AMB) and the standard strain of C. parapsilosis (ATCC
22019) as a control were used in this study. The standard protocol of antifungal susceptibility testing for yeast was performed by the
broth micro-dilution method described in the clinical and laboratory standards institute (CLSI) guidelines, document M 27-S4.
Results and Conclusions: MICs of standard and resistant strains were different against nano compounds, both alone and in com-
bination with antifungal drugs. The growth of yeast was inhibited by Ag-NPs at concentrations as low as 2 pg /mL (against FLCg;
and FLCy;) and 0.25 g /mL (against ITRg, and AMBy,). Antifungal activity testing of Se-NPs revealed that it can inhibit the growth
of yeasts at concentrations as low as 4 ug /mL (against FLCy and FLCy;) and 0.5 mg/mL (against ITRg,, ITRg; and AMBg,). The results
demonstrated that Se-NPs had lower activity than Ag-NPs, but both (Se-NPs and Ag-NPs) had higher activity than common antifungal
agents. Further in vitro and in vivo studies are required for this.
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1. Background polyenes, and echinocandins are the available antifungal
agents effective against C. parapsilosis. However, admin-
istration of these agents is often accompanied by several
complications, such as resistance of yeast strain to antifun-
gal therapy resulting in therapeutic failure (7, 8). Thus, the
search for new antifungals and alternatives is essential to

fight emerging resistant strains of fungal pathogens. Use

Microorganisms, such as yeasts and molds, are often
pathogenic in our living environments and cause severe
infections in human. In recent years, the rate of candidi-
asis has increased. Candida species (sp) is a common hu-
man pathogen responsible for fungal infections (1, 2). Can-

dida parapsilosis has been characterized as the second- or
third-most common yeast species isolated from patients
with catheter-associated candidemia, neonates, and pa-
tients with bloodstream infections in Latin America, Eu-
rope,and Asia (3). InIran, the prevalence of C. parapsilosis is
38% with candidemia, 17.2% with onychomycosis, and 0.6%
with vulvovaginal candidiasis (4-6). Currently triazoles,

of metallic or non-metallic nanoparticles (NPs) and herbal
extracts in health products are popular now for their an-
tibiotic properties (9-12). Nano metal particles such as sil-
ver (Ag-NPs), selenium (Se-NPs) and gold have drawn the at-
tention of scientists due to their broad application in new
technologies in medicine (13). Se-NPs have been reported
to show low toxicity and high activity. Silver (Ag*) is micro-
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bicidal at low concentrations and is used to treat burns, ul-
cers, and wounds (14).

2. Methods

The aim of this study is to investigate the antifungal ac-
tivity of Ag-NPs and Se-NPs alone and in combination with
fluconazole (FLU), itraconazole (ITR), and amphotericin B
(AMB), against resistant C. parapsilosis strains.

2.1. Fungal Strain

A total of eight resistant Candida parapsilosis strains
were obtained from a collection of clinical isolates recov-
ered during an epidemiological study of antifungal re-
sistance conducted at medical mycology department in
the Tehran University of Medical Science, Iran (15). These
strains were isolated from the nails of eight children. All
the children in this study were immune competent (15).
In addition, the isolate C. parapsilosis (ATCC 22019) was ob-
tained from the American type culture collection (ATCC)
(Manassas, VA, U.S.A.) and used as a control strain. Anti-
fungal susceptibility tests were performed by the broth
microdilution method described in clinical and labora-
tory standards institute (CLSI) guidelines, in the document
M27-54 (16).

2.1.1. Preparation of Resistant Isolates

Two amphotericin B-resistant (AMBg;, AMBg,), three
fluconazole-resistant (FLCy;, FLCg,, and FLCg;), and three
itraconazole-resistant isolates (ITCg;, ITCg,, and ITCg;) were
included in the group of the resistant strains (15). The
broth microdilution minimum inhibitory concentrations
(MICs)were > 1 ug/mL for AMB and ITC and > 8 pg/mL for
FLC (17).

2.1.2. Preparation of Yeast Suspensions

The resistant isolates were grown on Sabouraud Dex-
trose Agar (SDA) medium (Sigma, USA). After 24 hours in-
cubation at 35°C, eight C. parapsilosis colonies growing in
SDA medium were suspended in 5 mL of normal saline. Af-
ter 10 seconds of vortexing, final yeast suspensions were
prepared in RPMI 1640 medium (Sigma, USA) and the con-
centration was adjusted to give a final inoculum concen-
tration of about 0.5 x 10% to 2.5 X 10° cfu/ mL (17,18).

2.2. Synthesis and Drug Sensitivity of Nanoparticles

2.2.1. Synthesis of Nanoparticles

Biosynthesis of selenium nanoparticles was conducted
using a method recently described by Fesharaki et al. In
brief, cultures of Klebsiella pneumoniae were grown in tryp-
tic soy broth medium (TSB) (Sigma, USA) as seed. TSB was

supplemented with 200 mg/l Se** and inoculated with 1%
Klebsiella pneumoniae seed culture. The culture flasks were
incubated at 37°C for 24 hours. K. pneumoniae cells con-
taining red selenium particles were disrupted by autoclav-
ing at 121°C for 20 minutes. The released Se-NPs were cen-
trifuged and washed with distilled water. The washed sam-
ples were sonicated for 10 minutes (Techno- Gaz, Tecna 6)
and the properties (physical and chemical) of the samples
were studied (19).

For silver nanoparticles preparation, briefly, K. pneu-
moniae was inoculated in Muller Hinton broth medium
(Sigma, USA) for preparation of Ag-NP stock solution (100
pg/mL), then incubated at 37°C for 24 hours, and cen-
trifuged. Then 1 mL of supernatant was added to 100 mL
of silver nitrate (AgNOs, 1 mM). Change of color to a light
brown indicates the presence of Ag-NP (18).

2.2.2. Preparation Serial Dilution of Nanoparticles

Microdilution plates (96 U-shaped wells, Roskilde, Den-
mark) were used for this purpose. First, 100 uL each of
RPMI and Ag-NPs stock solution (8 pg/mL) was added to
the first well. After turning it up and down, 100 uL of the
first well was infused to the second well and carried on un-
til the eighth well. The solution in the eighth well was ad-
justed to give a final concentration of about 0.0312 pg/mL
of Ag-NPs stock solution. The ninth well was the positive
control, consisting of RPMI and fungi suspension. The 10th
well, the negative control, had only RPMI. Finally, 100 uL of
yeast suspension was added to each well except the nega-
tive control, and incubated at 35°C for 48 hours. Then the
MICs were determined. A similar protocol was followed for
preparation of the serial dilution of Se-NPs.

2.3. Susceptibility of the Pathogen to Nano Compounds in Com-
bination with Antifungal Drugs

The MIC of nano compounds was calculated in combi-
nation with antifungal agents (Table 1).

For the preparation of fluconazole in combination
with Ag-NPs, stock solution FLC (128 pg/mL) was diluted
with an RPMI medium solution to a final concentration of
4 pglmlL, and an Ag-NPs stock solution (100 pg/mL) was
diluted with distilled water to a final concentration of 1
pg/mL.Then 100 pL of yeast suspension was added to each
well and incubated at 35°C for 48 hours. By a two-fold serial
dilution of test compounds, following a microdilution in
the standard CLSI method, the MIC values were determined
finally (17). After 48 hours of incubation at 35°C, the MICs
were defined as the lowest concentrations that prevented
90% of the growth compared to the growth in control cul-
ture. All tests were performed in duplicate. The interpreta-
tive criteria for resistance to antifungals were published by
the CLSI (17). To determine the combined effect, each well
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Table 1. Concentration of Nano-Compounds in Combination with FLU, ITR, AMB

Variables FLU Ag-NPs ITC Ag-NPs AMB Ag-NPs

Con. agents in combination with Ag-NPs stock solution, /.g/mL 4 1 0.5 0.25 0.5 0.25
FLU Se-NPs ITC Se-NPs AMB Se-NPs

Con. agents in combination with Se-NPs stock solution, ztg/mL 4 2 0.5 0.25 0.5 0.25

Abbreviations: AMB, Amphotericin B; FLU, Fluconazole; ITR, Itraconazole.

in which the MIC was defined for FLU, ITC, and AMB was
treated with various concentrations of Ag-NPs and Se-NPs.

3. Results

Different serial dilutions of FLC (stock concentration
128 pg/mL) were used on standard isolate of C. parapsilo-
sis, and three other resistant strains. MIC for the standard
strain was determined to be 4 yg/mL against FLU. The stan-
dard strain could grow on 0.125 pg/mlL, 0.25 pg/mL, and
0.5 p1g/mL of Ag-Np, but was inhibited at 1 4g /mL concen-
tration. It also was inhibited by 2 pg/mL of Se-Np (Figure
1). The results of the antifungal activity test visibly showed
that the growth of yeasts is inhibited at concentrations as
low as 2 g /mL (against FLCy, and FLCg;) and 0.25 pg /mL
(against ITRg, and AMBg, ) Ag-NPs. Antifungal activity of Se-
NPs revealed that the growth of yeast is inhibited at con-
centrationsaslowas 4 g /mL (against FLCy, and FLCg;) and
0.5 mg/mL (against ITRg,, ITRg; and AMBy, ). The MIC for the
standard strain was determined to be 0.5 pg/mL against
ITR and AMB.

Table 2 represent the results of MIC of resistant C. para-
psilosis in presence of AgNP, SeNP and nano compound in
combination with FLU, ITR, AMB.

4. Discussion

Fungal infections are more frequent in patients who
are immunocompromised. The emergence of resistant
strains due to prophylaxis with a limited number of ef-
fective antifungals is concerning. Therefore, new antifun-
gals are an unavoidable and critical medical need (20). The
main aim of this study is the survey of antifungal activ-
ity of two nanoparticles against the resistant clinical iso-
lates of C. parapsilosis. Based on the comparison of MICs of
both Ag-NPs and Se-NPs with MICs of the selected clinically
available antifungal agents, Ag-NPs showed better effects.
Pure Ag-NPs showed antifungal effects at concentrations
below 2 pg/mL, six-fold higher than FLC. The synergistic ef-
fect of the Ag-NPs and FLC showed 24-fold more antifungal
activity than FLC alone. The synergistic effect of ITC and
AMB with the Ag-NPs showed an activity equal to 29- and
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26-fold more than ITC and AMB respectively, based on the
geometric mean. According to the current study, antifun-
gal agents with even an insignificant amount of Se-NPs re-
veal higher antifungal activity against resistant C. parapsilo-
sis compared to the antifungal agents or Se-NPs alone. The
Se-NPs inhibit the growth of these resistant fungi at very
low concentrations. Current results represent a new ap-
proach for the development of the antifungal substances
based on the silver and selenium compounds. The results
show that the Ag-NPs had more activity than Se-NPs. Clini-
cal prescription of nanoparticles needs more clinical trial
reports (1). To the best of our knowledge, it is the first re-
port of an in vitro antifungal activity of Ag-NP and Se-NP
compounds against resistant clinical isolates of C. parap-
silosis that was performed following CLSI guidelines (M27-
S4). Alimehr et al. (18) compared the activity of Ag-NPs and
fluconazole on fluconazole-resistant C. albicans strains fol-
lowing the CLSI (M27-A3) protocol. Their findings revealed
that Ag-NPinhibited 100% of the fluconazole-resistant C. al-
bicans growth in 1- 2 pg/mL of concentrations. MIC range
of fluconazole-resistant C. albicans was 0.0313 pg/mL - 0.5
pg/mL Ag-NP combined with 8 pg/mL fluconazole, which
was close to the results achieved in the present study (MIC
range = 0.25 - 1). The difference could be caused by the be-
havioral discrepancyamong Candida species and protocols
that had been used in the two studies. Falahati et al. (21)
reported 50% of C. albicans isolated from patients had MIC
< 0.5 pug/mL when Ag-NP combined with fluconazole was
used. They argued that suitable diagnosis of infection in
the laboratory, using in vitro susceptibility tests and ad-
ministration of topical formulations of Ag-NPs in combi-
nation with current drugs can be useful for treating vagi-
nal candidiasis and preventing recurrence of the disease.
Nasrollahi et al. (22) demonstrated that Ag-NPs exhibited
a potent antifungal activity toward C. albicans as a model
yeast strain, comparable to the MIC values of Amphotericin
B and Fluconazole.

Wady et al. (23) reported that the Ag-NP solution exhib-
ited remarkable antifungal activity against C. glabrata and
C. tropicalis, associated with several systemic and oral dis-
eases.

Gajbhiye etal. (24) showed in vitro antifungal activity of
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Figure 1. Standard Strain of C. Parapsilosis in Different Concentration of Ag-NP (A, 0.125 1g/MI; B, 0.5 ug/mL; C, 1 1g/mL) and in Different Concentration of Se-NP(d, 0.25 pg/mL,

E,1pug/mL,F, 2 pg/mL)

fluconazole with Ag-NPs (as determined by the disk diffu-
sion method). The diameters of inhibition zones for C. albi-
cans were measured and then the fold increase in the area
was determined. The antifungal activity of fluconazole en-
hanced considerably in the presence of Ag-NPs. However,
the method applied for the evaluation of antifungal activ-
ity in this study does not correspond correctly with our
methods. Therefore, the results published by Gajbhiye et
al. can be used only as a comparison of the antifungal ac-
tivity of Ag-NPs against yeasts.

Gao et al. (25) reported that antifungal activity of Ag-
NPs was significantly better than fluconazole against oc-
ular pathogenic fungi (Fusarium sp, Aspergillus sp, and Al-
ternaria alternata) in vitro. Ge et al. (26) presented that
nanosilver is an effective antifungal agent against a wide
spectrum of fungi. Our findings indicate that nanopar-
ticles have antifungal activity against resistant isolates.
Onychomycosis is a clinical fungal infection, treatment of
which can be difficult with current antifungals. Double-
blind randomized clinical trials are further suggested
based on the results of this study, to confirm the efficacy
of these agents in routine practice.
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