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Abstract

Background: Due to long-term treatment of dermatophytic lesions, such as tinea unguium and using antifungal drugs, which
cause side effects, it is essential to investigate new antifungal drugs with greater absorption and fewer side effects, such as nano-
drugs. Trichophyton rubrum and Microsporum canis are important dermatophyte species. To investigate new strategy treatment, re-
searchers have tried to find a new drug with extensive therapeutic effects and short-duration treatment. In this context, nano-drugs
have gained great interest in improving the efficacy of antifungal properties compared to commercial drugs.

Objectives: The aim of this study was to compare the effects of free terbinafine and nano-liposomal terbinafine on growth of clinical
isolates of T. rubrum and M. canis.

Methods: In this study, 120 isolates of T. rubrum and M. canis were separated from dermatophytosis lesions. Diagnosis of the strains
was based on the morphological structure and molecular identification. Nano-liposomal terbinafine was prepared and analyzed.
Antifungal susceptibility testing was performed by broth micro dilution CLSI M 38-A method to compare inhibitory growth effects
of nano-liposomal characteristics of terbinafine and free terbinafine.

Results: The results showed that the Minimum Inhibitory Concentration (MIC) values of terbinafine against T. rubrum and M. canis
strains were 0.0625 to 1 ;/mL and 0.0313 to 0.5 p/mL, respectively. Also, the MIC values of nano-liposomal terbinafine against T.
rubrum and M. canis were 0.0156 to 0.25 u/mL and 0.0078 to 0.125 u/mL, respectively.

Conclusions: Comparison of the antifungal effects of nano-liposomal terbinafine and free terbinafine against T. rubrum and M. canis
isolates showed that the nanopartilces of terbinafine had a greater antifungal activity against the studied isolates and can be used

as an alternative agent for dermatophytosis treatments.
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1. Background

Dermatophytosis is one of the most common fungal in-
fections of keratinized human and animal tissues, which is
caused by dermatophytes as a group of filamentous fungi
(1). An inflammatory scalp infection was the first report
of dermatophytosis by Auluscornelius Celsusin 30 A.D.
(2). Dermatophyte infections are limited to the stratum
corneum and the infections range from acute to chronic
infections. Among these fungal pathogens, Trichophyton
rubrum was the most common etiological agent of tinea
unguium and the second causative agent of tinea corporis
and tinea cruris from clinical isolation during 2010 to 2014
in Tehran, Iran (3), in addition to the most common iso-
lated dermatophytes in other European countries (4-6). Tri-
chophyton rubrum infections are often intractable and as-

sociated with relapses after discontinuation of antifungal
therapy (7). Another dermatophyte agent is Microsporum
canis, which was the earnest epidemiologic problem in Eu-
rope and Australia, with increased incidence observed re-
cently (8). According to Fallahi et al. (2017), M. canis was
one of the etiological agents of tinea capitis in Guilan, Iran

(9).

Terbinafine is a well-known allylamine agent used
for the treatment of superficial fungal infections (10),
yet some infections cannot be successfully treated with
terbinafine. Recently, Mukherjee et al. (11) reported an
increased trend of minimum inhibitory concentrations
(MICs) of T. rubrum strains against terbinafine. Along dura-
tion of treatment with terbinafine in some infections and
its side effects are the main reasons for the need for a new
antifungal drug.
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In the recent years, studies on nanoparticles loaded
with drugs have been performed. Mendes et al. (12) ap-
plied nanostructured lipid carriers loaded with micona-
zole for increasing the antifungal activity of miconazole.
Also, Gupta etal. (13) pointed out that solid lipid nanoparti-
clesloaded with fluconazole are other carriers, which were
used as a drug delivery system. Using liposome-loaded
amphotericin B in addition to reduction of nephrotoxic-
ity by forming amphotericin B lipid complex, leads to an
increase of plasma drug concentration and reduction of
clearance; therefore, extended half-life elimination of the
drug was observed (14).

The lipid nanoparticles are safe carries and can im-
prove the bioactivity of drugs by control release of drugs,
which leads to increasing bioavailability. The small size
of these lipid nanoparticles increases the effect delivery in
target cells and reduces adverse effect on other cells (15).
Therefore, nanoliposome carries loaded with drugs can be
considered as alternative treatments for fungal infections.

2. Objectives

The aim of the present study was to examine the anti-
fungal activities of nano-liposomel terbinafine versus free
terbinafine against T. rubrum and M. canis species isolated
from human and animal specimens.

3. Methods

3.1. Ethics Statement

The study was approved by the ethics com-
mittee of Tehran University of Medical Science
(IR TUMS.SPH.Rec1395.1339).

3.2. Dermatophyte Isolates

In this experimental study, 60 isolates of T. rubrum were
collected from nail, hair, and skin of patients (Table 1) with
symptoms of dermatophytosis referred to the mycology
lab of Tehran University of Medical Sciences and another
private laboratory (Medical mycology laboratory of Dr S J.
Hashemi). Also, 60 isolates of M. canis were taken from in-
fected hair and skin of cats (Table 2) with symptoms of der-
matophytosis. These samples were collected from the vet-
erinary clinic of the science and research branch of Tehran
Islamic Azad University (Saadat Abad, Tehran, Iran). Tri-
chophyton interdigitale ATCC MYA-4439 was used as a quality
control for antifungal susceptibility testing.

All clinical isolates were cultured on Sabouraud dex-
trose agar + cyclohexamide + chloramphenicol (QUELAB,
Canada) and incubated at 28°C for 2 weeks. Identification

Table 1. Number of Isolates and Lesion Site of T. rubrum

Lesion Site No. of T. rubrum Isolates

Foot 18
Nail 15
Groin 8
Hand 6
Body 8
Head 5
Total 60

Table 2. Number of Isolates and Lesion Site of M. canis

Lesion Site No. of M. canis Isolates

Muzzle 28
Body 26
Claw 6
Total 60

of isolates was done using colony appearance for macro-
scopic characteristics and the slide culture technique for
microscopic examination of micro-and macroconidia. Dif-
ferential tests like urease test and hair perforation were
also used. To induce conidia production, all isolates were
subcultured in potato dextrose agar (PDA, Merck, Ger-
many) for 7 days at 28°C. Tests were performed using NC-
CLS (CLSI) broth micro dilution method (M38-A) (16). To
prepare stocks, colonies of the isolates were transferred to
distilled water in sterile Eppendorfs with 20% glycerol and
stored at-20°C in the freezer.

For molecular identification, 85 isolates have already
been identified by Passargad Laboratory, and Genomic
DNA of the rest of samples (13 T. rubrum and 22 M. canis)
were extracted by the “Gene JETTM Plant Genomic DNA Pu-
rification Mini Kit” (Fermentas, Germany), according to the
manufacturer’s instructions. Two primers, ITS15°-TCC GTA
GGT GAA CCT GCG G-3” and ITS4 5~ TCC TCC GCT TAT TGA
TAT GC 37, were used for PCR analysis (17). The reaction
mixture consisted of 10 uL of 2X master mix (Ampliqon
I, Denmark), 5 4L DNA template, 2 L primers and 3 pL
double distilled sterile water to 20 L final volume. The re-
actions were performed with a thermocycler (BioRad) un-
der the following conditions: samples were heated to 95°C
for 3 minutes and then subjected to 35 cycles of 30 sec-
onds at 95°C (denaturation), 30 seconds at 55°C (anneal-
ing), and 40 seconds at 72°C (extension). The final exten-
sion was setat72°C for 5 minutes. Trichophyton rubrum PTCC
5143 and M. canis PTTC 5069 were used as controls. The
PCR products were electrophoresed on 1.5% agarose gel,
stained with ethidium bromide, and illuminated and doc-
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umented using the BioRad UV trans-illuminator. The ob-
tained PCR fragments were sent to Takapouzist Company
(Tehran, Iran) for sequencing and then the results were
evaluated for homology analysis by using the Gen Bank
(NCBI).

3.3. Preparation of Nano-Liposomal Terbinafine and Nanostruc-
ture Analysis

Liposomal formation of terbinafine was prepared at
Nanozino Company (18). Overall, 12.8 g of terbinafine
(Sigma, Germany)was dissolved in 1mL Dimethyl Sulfoxide
(DMSO) then dissolved in 6 mL of solvent of chloroform-
methanol (1:1), and lichitin (Lipoid, Canada) and choles-
terol (Sigma, Germany) were added to this solvent. Evap-
oration of this solvent was done at 50°C. Sucrose con-
tributed to hydration. Homogenization was performed by
a homogenizer at 20,000 rpm and at a temperature above
the liposomes phase transition (70) for 10 minutes. Soni-
cation of liposomal sample was carried out in an ice bath.
Removed amount of drugs that was not loaded was cen-
trifuged at 4000 X g for4 minutes then was passed for ster-
ilization twice using a 0.22 micron filter needle.

Scanning electron microscope (SEM)was used to deter-
mine the size and structure of the prepared nanoliposo-
mal terbinafine. Also, a sputter coater (KYKY SBC-12, Beijing,
China)was used to prepare SEM photographs, and then an-
alyzed with SEM (KYKY-EM3200) at 15 KV acceleration volt-
ages. Measurement of zeta potential was also done in this
study. To determine the status of superficial electrical dis-
persions, an appropriate dilution was prepared with saline
phosphate and kept at 25°C.

3.4. Antifungal Susceptibility Testing

3.4.1. Inoculum Preparation

Mature colonies grown on PDA were covered by 5 mL of
sterile saline (0.85%) with one drop of tween 20 and then
the surface of colonies was scarped with a sterile swab.
The mixture solution of conidia and hyphal fragment was
transferred to a sterile tube and kept for 5 to 10 minutes
at room temperature to sediment heavy particles. After-
wards, the upper suspension, which contained conidia,
was counted with a hemacytometer and the concentra-
tions were adjusted with RPMI1640 (this medium was pre-
pared with glutamine and buffer with pH 7.0 and without
sodium bicarbonate; 10.43 g of RPMI powder and 34.53 g
of MOPS buffer (N-Morpholino Propanesulfoni Acid) were
dissolved in 1 L of distilled water with gentle shaking on
the flame to standardize the inoculum (1 x 10° to 3 x 10°
CFU/mL)).
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3.4.2. Antifungal Agents

In this study, the crude powder of terbinafine was ob-
tained from Sigma-Aldrich (Chemical Company, GmbH,
Riedstr). Terbinafine was diluted with DMSO (sigma) and
RPMI 1640 was used for dilution of the nano-liposomal
terbinafine. The antifungal agent’s ranges were from 0.001
to2 pyL/mL.

3.4.3. Minimum Inhibitory Concentration Test Procedure

The antifungal susceptibility method was based on the
standard method of Broth Micro dilution CLSI M 38. To per-
form the test, 96-flat-bottomed well microplates (Orange
Scientific, E.U) were used. Then, 100 uL of each drug con-
centration was inoculated to the wells then 100 yuL of in-
oculum suspension was added to each drug well. Growth
control and sterilized control wells were also used for each
isolate. Blank nano-liposome was also used to monitor no
antifungal activity of thissubstance. Plates were incubated
at 28°C for 4 days. Results were considered visually and
recorded as MICs; the lowest concentration showed 100%
growth inhibition as compared to growth in the control
wells. All tests were performed at least twice.

3.5. Data Analysis

The Kolmogorov-Smirnov testand Student’s t-test were
used to compare and analyze the data. P values of < 0.05
were considered significant.

4. Results

4.1. PCR Assay

Fungal genomic DNA was extracted from T. rubrum, and
M. canis isolates were amplified using internal transcribed
spacer 1 (ITS1) and ITS4 primers; the results showed an ex-
pected size in the range between 600 and 700 bp (Figure
1). The DNA sequence of the nuclear ribosomal ITS region
of the fungus was T. rubrum and M. canis with homology of
99% by using the Blast 2 Sequences Tool.

4.2. The Scanning Electron Microscopy and Zeta Potential Re-
sults
4.2.1. Scanning Electron Microscopy

The scanning electron microscopy was used to inves-
tigate the structure of nano-liposomal terbinafine. The
results of higher and lower magnification images of SEM
showed that the forms of nanoparticles were spherical and
the particle size was 58.8 to 96.3 nm (Figure 2A and 2B).

4.3. Zeta Potential

As shown in Figure 3, zeta potential of terbinafine
nano-liposimal formation was -21.14.
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Figure 1. PCR Products of Some Clinical Isolates of T. rubrum and M. canis Using ITS1
and ITS4 Primes, Lane L: 1500 bp DNA Ladder, Lane 1: T. rubrum Standard Strain ATCC
18759, Lane 2 - 4: T. rubrum Clinical Isolates, Lane 5: M. canis Standard Strain ATCC
36299, Lane 6: M. canis Clinical Isolate.

4.4. Antifungal Susceptibility Testing

Table 3 shows the results of the micro dilution test
to compare the MICs of terbinafine with nano-liposomal
terbinafine for all isolates of T. rubrum and M. canis.

Table 3. In-Vitro Antifungal Drug Susceptibility of All Isolates of T. rubrum and M. ca-
nis*

Species/Antifungal Agent MIC MICs,, (t/mL MICy, p4/mL MICGM

Range, ;//mL

T. rubrum (n=60)
Terbinafine 0.0625 -1 0.5 1 0.2905
Nanoterbinafine 0.0156 0.0625 0.125 0.0569
-0.25

M. canis (n=60)
Terbinafine 0.0313- 0.5 0.125 0.5 0.174
Nanoterbinafine 0.0078 0.0313 0.125 0.04

-0.125

“Abbreviations: GM, geometric mean; MIC, minimum inhibitory concentra-
tion.
*MICs0, MICqo: 50% and 90% of fungi are inhibited respectively.

Comparison of the MICs of terbinafine with nano-
liposomal terbinafine against M. canis and T rubrum
showed that by the use of nanoparticles, the MIC values
of the 2 fungal species were decreased significantly (P <
0.0001) (Figure 4). These results indicated that nanoli-
posomal terbinafine is more effective than terbinafine in
growth inhibition of fungi, so that 30% of the T. rubrum
strains were inhibited in 0.0625 y/mL concentration and

29% of the M. canis strains were inhibited in 0.0313 y/mL
concentration. As shown in Table 1, the highest MIC90 (1
p/mL) of terbinafine among the examined isolates was for
T. rubrum species yet the amount of MIC,, was decreased to
0.125 p/mL after exposure to nano-liposomal terbinafine.

5. Discussion

In the current study, terbinafine was prepared as the
nano-liposomal loaded drug, confirmed by SEM and zeta
potential. The spherical and nano size of the drug was
determined, when examined by SEM. Zeta potential is
the electric potential at surrounding of the double layer,
which is important for evaluating the stability of the col-
loidal system. Adding cholesterol can increase the stability
of liposomes (18) and on the other hand in the lipid compo-
sition of cholesterol and lecithin, zeta potential was nega-
tive. In the current examination, it was found that zeta po-
tential was reasonable. In a research by shah et al. in 2017
on liposome formulation, loaded terbinafine zeta poten-
tial was -26.8 mV (11). The zeta potential of amphotericin B
nanoparticles was between -18 mV and -19 mV, as reported
by Tang et al. 2014 (19).

This study observed that some strains of T. rubrum
had high MIC values for terbinafine. The highest MIC
value (1 p/mL) obtained in this study for some T. rubrum
strains could be explained with resistance mechanisms of
pathogenic fungi to terbinafine. Similarly, Mukhrjee et al.
(11) pointed out that the clinical strains of T. rubrum were
resistant to terbinafine with MIC of > 4. Other reports
showed that resistance to terbinafine increased among T.
rubrum strains. These findings are similar to the current
results, which showed increased MICs of terbinafine in
T. rubrum strains (20, 21); several mechanisms have been
identified, such as modification of target enzymes by mu-
tation, increased drug efflux, and stress adaptation. In the
current study, the most important reason for resistance to
terbinafineamong the isolates was increased expression of
high amounts of transporter membrane proteins, which
could reduce the accumulation of drug in the cell. ATP-
binding-cassette is the main drug release pump, which is
encoded by TruMDR2 genes in T. rubrum resistance isolates
(22).

The possible reason for decreasing the MICs of M. ca-
nis and T. rubrum strains with application of nanoparticles
may be explained by attaching nano-liposomal terbinafine
to the cell wall fungi due to hydrophobic outer mem-
brane; therefore, the small sized drug could penetrate to
the cell wall of the fungi and can protect from enzymes.
Consequently, controlled release of drug is responsible for
decreasing MICs of studied strains that were exposed to
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Figure 2. A, Image of Nanopartilces with High Magnification; B, Image of Nanoparticles with Low Magnifications
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Figure 3. Curve of Zeta Potential of Liposome Containing Terbinafine
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rubrum and M. canis Clinical Isloates

nanoparticles. In a study by sharma et al. (23), a nanopar-
ticle was used in vivo as a terbinafine carrier in a drug de-
livery system to improve the efficacy and decrease side ef-
fects of terbinafine. In another study, Tayel et al. (24) ob-
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served that terbinafine loaded by nanoparticles, as an eye
drop, could improve bioavailability of terbinafine and in-
crease drug residence time. In the present study, use of
nano-liposome form of terbinafine led to a more effective
drug.

6. Conclusions

In conclusion, this is the first report on vitroevalua-
tion of antifungal effects of nanoliposomal terbinafine on
M. canis and T. rubrum strains isolated frompatients with
dermatophytosis lesions in Tehran. The findings in this
study showed better antifungal activity of nano-liposomal
terbinafine than the common form of the drug on all iso-
lates of M. canis and T. rubrum; thus, it can be used under
invivo conditions as alternative agent for dermatophytosis
treatments.
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