—

Pharmaceutical Sciences, 2021, 28(1), 112-121
doi:10.34172/PS.2021.21
https://ps.tbzmed.ac.ir/

TUOMS
PRESS

@ CrossMark

Fluconazole Nanosuspension Enhances In Vitro Antifungal Activity
against Resistant Strains of Candida albicans

Research Article

Katayoun Morteza-Semnani' =, Majid Saeedi*™, Jafar Akbari’, Marvam Moazeni**, Houman Seraj’, Elham
Daftarifard®, Mahgol Tajbakhsh?, Seyyed Mohammad Hassan Hashemi* ™, Amirhossein Babaei?

!Department of Medicinal Chemistry, Faculty of Pharmacy, Mazandaran University of Medical Sciences, Sari, Iran.
“Department of Pharmaceutics, Faculty of Pharmacy, Mazandaran University of Medical Sciences, Sari, Iran.

*Department of Medical Mycology and Parasitology, Faculty of Medicine, Mazandaran University of Medical Sciences, Sari, Iran.
“Invasive Fungi Research Centre, Communicable Disease Institute, Mazandaran University of Medical Sciences, Sari, Iran.

*Student Research Committee Center, Mazandaran University of Medical Sciences, Sari, Iran.

Abstract
Background: Recently, nanoparticles were widely used in drug delivery. Fluconazole (FLZ) is a
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lipid-soluble antifungal, which is utilized in treating fungal infections. The current work aimed
to investigate the characteristics and antifungal activity of FLZ nanosuspension.

Methods: FLZ nanosuspensions were prepared by ultrasonication (simple and containing
polymer). Surfactants in various concentrations were dissolved in the deionized water, and

Keywords: the drug powder was dispersed in the surfactant solution by a high-speed homogenizer to

-Anti-fungal achieve nanosuspension. The polymer was added to the selected formula. FLZ nanosuspension

“Fluconazole characteristics, including polydispersity, mean particle size, entrapment efficacy, and zeta

-Ni ticl . . . . . . .
anoparticles potential, were assessed. The release profile via dialysis membrane, differential scanning

-Nanosuspension calorimetry (DSC), Fourier transform infrared spectroscopy (ATR-FTIR), and Transmission

~Zeta potential electron microscopy (TEM) were performed for nanosuspension evaluation. Antifungal activity
against resistant strains of Candida albicans was defined according to the CLSI document
guideline. To analyze the results, one-way ANOVA was used, followed by Tukey test.

Results: The results showed that increased sonication time and hydrophilic-lipophilic balance
(HLB) significantly affected particle size reduction. Moreover, modification in the formulation
components had a significant effect on the drug release process, furthermore affecting the
properties of the nanoparticles. ATR-FTIR showed no chemical interaction between FLZ and
formulation components. Compare to FLZ, a significant reduction (p < 0.05) was detected in
the MIC values of both FLZ-resistant and FLZ-susceptible strains of C. albicans against FLZ
nanosuspension.

Conclusion: It can be concluded that the ratio and amount of surfactants, the HLB, and the
sonication process have effects on the properties of the nanoparticle’s characteristics, and
selected nanoparticles show suitable antifungal effect against resistant strains of C. albicans.

Introduction

In recent years, the prevalence of invasive fungal infections
has risen. C. albicans are common human opportunistic
fungal pathogen causing diseases ranging from mucosal to
systemic infections for a variety of immunocompromised
patients. The main risk factors for fungal infections are
immunosuppression and the deterioration of anatomical
defenses such as the skin. In numerous contexts, including
AIDS, hospitals and intensive care, transplantation,
and oncology units, physicians meet at-risk patients.
The patients with severe and persistent neutropenia
(hematological malignancy patients) are at higher risk;
hence, they probably receive prophylactic treatment. By

taking practical measures, the patient can be prevented
from exposing to fungi (regular hand washing, air filtration,
avoiding flowers and plants); moreover, systemic fungal
infection can be prevented by administering antifungal
agents. Since fungal infections have mainly no specific
symptoms, it is important to recognize the symptoms and
signs of the disease, while this diagnosis is difficult and
requires empirical treatments.!

There are some limitations to antifungal agents. Many
antifungals, such azole derivatives, have poor solubility,
which presents pharmaceutical formulation challenges in
achieving effective therapeutic dosage forms.>® However,
by novel formulations, therapy will be improved while
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playing the main role in future antifungal approaches.'
Fluconazole (FLZ) is a third-generation triazole antifungal
drug with wide-spectrum activity versus superficial fungal
and systemic infections.*® It prevents the formation
of essential principles within the fungal membrane as
ergosterol through inhibition of the fungal cytochrome
P-450 enzyme.® It was found that in fungal species, such
inhibition action on cytochrome P-450 enzymes is higher
compared to the mammalian enzyme improving the
triazoles’ safety profile.” FLZ is provided as parenteral and
oral dosage forms causing severe adverse effects such as
diarrhea, vomiting, rash, and reduced RBCs. Moreover,
hepatotoxicity occurs in patients getting triazoles.® FLZ
with a molecular weight of 306.3 Da has a slight solubility
in water and has a pKa value of 1.76 (weak base).”'° Poor
solubility of FLZ has made it difficult to form an effective
drug delivery system.>"!

The dissolution rate of poorly water soluble-drugs
regularly becomes a rate-restraining phase in their
absorption from the GI tract.”' There are several
solubilizing approaches for increasing the dissolution
features and drug solubilities, such as using a surfactant,
polymeric conjugates, solid dispersion, and water-
soluble carriers. It was found that preparing drugs as
nanosuspensions is a more technically simpler and cost-
effective alternative, mainly for poorly soluble drugs. It
yields a product that is more stable physically compared
to liposome dispersions.'*'” By such a method, grounding
the drug dispersed in water is performed by shear forces to
mean-diameter particles in the nanometer range (100 to
1000 nm). The nanoparticles are dissolved more quickly by
their fineness since they have higher dissolution pressure,
increasing their saturation solubility. It may improve
the drugs’ bioavailability in comparison to the other
microparticulate systems. When the drug particles have a
lower in vivo dissolution rate, the drug nanosuspensions
will possess the passive targeting benefits of colloidal
drug vehicles."® Several nano-vehicles such as solid lipid
nanoparticles (SLN) and nanostructured lipid carriers
(NLC) can improve the FLZ effect against resistant Candida
strains.'?! Thus, trying to establish novel pharmaceutical
dosage types of FLZ is greatly specified to prevent these
side effects and improved its antifungal effect.

This research aimed to develop FLZ nanosuspension
formulations as oral drug delivery systems to improve
the dissolution rate of FLZ. The preparation of FLZ
nanosuspension by the ultrasonic method as an eco-
friendly technique was proposed. The improved
formulation was assessed for in vitro dissolution profile
and examine the effectiveness of FLZ by using an in vitro
mycotic (C. albicans) infection model.

Materials and Methods

Material

FLZ was achieved as a gift specimen from Arasto
Pharmaceuticals Chemicals Inc. (Tehran, Iran). PEG 200,
Tween 20, and Span 80 were obtained from Merck Co.

(Germany). Eudragit RS & Eudragit RL were supplied by
the Degussa Co. (Germany). Deionized water was purified
by the Milli-Q system (Millipore, Direct-Q).

Preparing non-polymeric nanosuspension formulation

In this experimental study, ultrasonication was utilized
to prepare FLZ nanoparticles in both types. The method
was carried based on previous study.” Briefly, FLZ
nanosuspensions were prepared as follows: a certain
amount of FLZ with PEG 200 and a half amount of span
80 transferred to a beaker. This mixture was placed on a
heater stirrer with a temperature of 70° C. For aqueous
phase preparation, Tween 20, half amount of Span 80 and
water, was weighed accurately and homogenized with a
high-speed homogenizer. The aqueous phase was placed
on a warm-bath to reach a temperature of 70° C. In the
next step, the aqueous phase was inserted to the lipid phase
on the stirrer to become uniform. The formulation was
sonicated by a probe sonicator (Bandelin, Germany) to
reduce particle size and then transferred to the ice bath.

Preparation of polymeric nanosuspension formulation

For preparing polymeric-nanosuspension of FLZ, a
certain amount of FLZ and Eudragit were weighed (Table
1), transferred to a beaker, and 30 ml of absolute alcohol
was added to them and heated in a warm bath to melt the
Eudragit. A certain amount of Tween 20 and water was then
weighed and made uniform by a stirrer for aqueous phase
preparation. The polymer and drug mixture were inserted
into the aqueous phase slowly and stirred for 24h. The
formulation was sonicated by probe sonicator (Bandelin,
Germany) and Sonication bath (Pars Nahand, Iran) and
transferred to an ice bath ultimately to reduce particle size.

Recognition of physicochemical features

Utilizing a Zetasizer Nano ZS system (Malvern
Instruments, Worcestershire, the UK), the zeta potential,
average particle size, and the PDI of FLZ-nanosuspension
were measured via dynamic light scattering (DLS)
technique at the ambient temperature with an angle of 90°.
Taking three separate specimens for each formulation, the
tests were performed three times with no dilution at room
temperature.>**

Attenuated total reflectance-Fourier transform infrared
spectroscopy

Using Cary 630 FTIR spectrophotometer (Agilent
Technologies Inc., CA, USA) with a diamond ATR
(Attenuated Total Reflectance), the FLZ-excipient
interactions were assessed. Then, ATR-Fourier transform
infrared (ATR-FTIR) spectroscopy was used to examine
FLZ, Eudragit RSPO, Tween 20, and chosen formulations.
Based on the above process, to record the spectra, a
lower quantity for every homogeneous sample was
placed on the slit, then scanning the specimens was
performed from 4000-650 cm™ with a resolution of 2
cm™®
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Differential scanning calorimetry

The thermal performance of the FLZ-nanosuspension and
the pure drug was assessed using Differential scanning
calorimetry (DSC). Before the heating procedure, about
4 mg of the specimens were weighed within the hermetic
crimped aluminum pan, preserved for 15 min at 30 °C.
Heating the specimens was performed to 160 °C under
a nitrogen atmosphere at a scanning rate of 10 °C/min.
Using Pyris 6 (Perkin Elmer, the USA), the DSC traces
were evaluated. The DSC was calibrated using indium
(melting transition of 429.75 K) as the standard.

Transmission electron microscopy

Using a Transmission electron microscopy (TEM)
microscope (Philips CM 120 kV, Amsterdam, the
Netherlands), the FLZ-nanosuspension morphology
was examined. Hence, FLZ-nanosuspension drops were
put on carbon-covered copper grids. By preparing a 2 %
(v/v) phosphotungstic acid solution, the nanoparticles
were negatively stained for 30 s.2° Ultimately, the solvent
was let for drying at room temperature overnight while
administering TEM visualization.”

Drug release

The drugs’ release profile in nanosuspension is a pivotal
factor in determining its efficiency. By dispersing the
formulation in dissolution media (Phosphate buffer, pH of
6.8), the media specimens were eliminated at given profile
intervals for measuring the amount of the drug released
via UV-spectroscopy. The paddle technique (Type II)
stated in US Pharmacopoeia (USP XXVIII, 2005) was used
to determine the formulations” release profile. Using the
Erweka dissolution apparatus (DT620, Erweka, Germany),
the drug release tests were conducted. For the release test,
almost 900 ml of dissolution medium was made at 37.0 °C,
and 100 rpm was determined as the rotation speed. The
specimens (5 ml) were then eliminated from the dissolution
media at different time intervals (5, 10, 15, 30, 45 minutes,
1.5, 2, 4, 6, 8, and 24h) and substituted with fresh medium
(at the same temperature). UV technique was used to assay
the quantity of FLZ in specimens at 260 nm.*

Antifungal susceptibility testing

Strains and Antifungal agents

Ten isolates of C. albicans, including five FLZ susceptible
and five FLZ resistant, were tested in the current work.
The isolates were recognized previously to the species
level through sequencing the internal transcribed spacer
(ITS1-5.8s-1TS2). FLZ-resistant C. albicans strains were
previously confirmed to have MIC> 8 ug/ml according
to the CLSI guidelines.” To achieve significant growth
of fresh viable yeast cells, the strains were cultured on
yeast extract peptone dextrose agar (YEPD), including
10 g/L yeast extract (Difco-BD, the USA), 20 g/L glucose
(Merck, Darmstadt, Germany), 20 g/L peptones (Difco-
BD, USA), and 20 g/L agar (Merck, Darmstadt, Germany)
and incubated for 48h in 35 °C. MICs were determined as

the least concentration of the antifungal agent at which the
tested fungal isolates did not demonstrate visible growth.

Antifungal susceptibility testing for Candida species isolates
The F7 and F11 agents were distributed in a 96
well microplate. The final concentration of both agents was
ranged from0.125to 64 ug/ml. Theyeastinoculum wasmade
using a sterile saline solution with 75-77% of transmission
at 530nm. Accordingly, the inoculum concentration
ranges of 1-5 x 10° CFU/ml were achieved.* The two times
test inoculums (1 x 10°to 5 x 10* CFU/ml) concentration
was achieved through a 1:10 dilution after a 1:100 dilution
of the stock suspension in RPMI medium. Incubation of
the plates was performed at 35°C and was visually read
after 24h. The least inhibitory concentration values were
determined as the drug’s concentration inhibiting the 50%
growth of the strains compared to a drug-free control. A
quality control (C. parapsilosis ATCC 22019) was also run
for each isolate in a new MIC plate series.

Determination of minimum fungicidal concentration

The minimum fungicidal concentrations (MFC) is defined
as the minimum concentration at which the growth of the
yeast is completely inhibited. The MFCs were determined
by adding 200ul of yeast suspension from each well,
having a concentration equal to and upwards of the MIC
on Sabouraud Dextrose Agar (HiMedia, Mumbai, India)
plates. The plates were incubated at 35°C for 48h, and the
appearance of growth was noted.

In vitro non-specific cytotoxicity

The human gingival fibroblast cells (HGF3-PI53) were
obtained from the National Cell Bank of Iran (Pasteur
Institute of Iran; Tehran, Iran) and were seeded (10° cells/
well) to grow in a 96-well plate and were incubated for 24h.
Following the initial incubation cycle, cells were treated
for one day with various FLZ concentrations. Then, 100
ul of MTT (5mg/ml) was applied for 3h to the cells. Next,
the MTT was discarded, and 100 ul of DMSO was added
to dissolve the formazan produced during the procedure
for 1h. Cell survival was determined as the absorbance
percentage compared to the control absorbance. Different
concentrations (1000, 600, 300, 150, 100, and 50 pM) With
Six additional controls, they were evaluated three times
(the cells in medium). Ultimately, the cells’ viability was
determined using the following equation.

Viability (%) = [OD560(sample)/OD560 (control)] x 100
OD 560 (sample): the optical density (sample) at 560 nm.
OD560 (control): the optical density (control) at 560 nm.

Data analysis and statistics

As mentioned earlier, the data were written as the mean +
SD. Then, SPSS 22.0 (IBM Co., USA) was used to analyze
the data. Analysis of variance (ANOVA) and Tukey’s post-
hoc test was utilized for statistically analyzing the defined
variables. The P-value < 0.05 was quoted as statistically
significant.
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Results and Discussion

Nanosuspension features

Since the nanocarrier’ size is a crucial feature for
nanoparticles, it has obtained specific attention. The
hydrodynamic diameter of nanoparticles is represented in
Table 1. Moreover, the PDI reveals the dispersion’s quality
(as a sign of the particle size distribution’s width). Typically,
the PDI value is within the range of 0 to 1, and the PDI
values less than 0.7 indicate the pervasive distribution of
particle sizes.’!

FLZ nanosuspensions were prepared at varying polymer
concentrations, HLB, and the time of the ultrasonication.
The results revealed that ultrasonication time significantly
affected reducing the particle size in F1 and F2 with
similar formulation composition. In addition to a decrease
in particle size in F1 (P = 0.0002), the PDI and zeta
potential reduced by decreasing in time of sonication from
0.59+0.02 to 0.36+0.06, and electrical charge changes from
-14.70+0.55 to -11.80+0.75 mV in F1 and F2, respectively.
These results confirmed the effects of the ultrasonication
processs duration on the particle size of dispersed
drugs. This event was associated with the incremented
erosion effects on the crystal agglomerates and large
crystals surface. Dengning Xia et al.* study on preparing
stable nitrendipine nanosuspensions utilizing the
precipitation—ultrasonication technique for improvement
of oral bioavailability and dissolution. In this study, the
ultrasonication time length also affected the particle size.
For the power input of 400W, the nanocrystals’ particle size
was decreased by incrementing the ultrasonication time to
15 min.

To define the effects of surfactants concentration on the
characteristics of FLZ nanosuspensions F2 and F3 with the

same HLB and different amount of surfactants composition
were evaluated. The results indicated that no significant
difference exists in particle size in F2 and F3 (P = 0.0616).
Evaluation of nanoparticles in F3, F4, and F5 revealed that
particle size decreased from 295.13+14.45 to 107.26+3.13
nm (p < 0.001) by an increase in the HLB value. The higher
HLB value is, the more hydrophilic properties of the
surfactant system. The hydrophilic mixture of surfactants
should reveal a higher probability of interaction with the
hydrophilic FLZ particles, yielding a smaller particle size.
With increasing HLB value 10.5 to 16.7 in F3, F4, and F5,
zeta potential changed significantly from -14.66+0.56 to
9.54+2.02 mV (p < 0.0001), but there was not observed any
change in PDI value in these formulations (0.42+0.02 in F3
and 0.56+0.29 in F5, P=0.459). The particles were formed
within two phases, including the nucleation procedure
within the droplet, then the aggregation procedure to create
the ultimate particle. The nucleation rate was determined
as the number of nuclei generated per unit volume/unit
time. The particle growth rate is measured through mass
transfer within the droplets. Into the droplets, the growth
and nucleation happen and control the ultimate particle
size. There is a very fast physical reaction within the
droplet; hence, the rate-determination stage will be the
initial communication phase of the microdroplets with
various droplets. The fast growth of nuclei is prevented
by the existence of surfactant strictly. Thus, the particles’
growth will occur at a similar rate, favouring the creation
of particles with higher homogeneous size distribution.
A suspension of small particles is a resultant, stabilized
by the surfactant molecules prohibiting coalescence
where the system would result in further agglomeration
without it. The nuclei’s size will be affected by the droplets’

Table 1. The examined FLZ nanosuspension components and their physicochemical characteristics.

Formulation Formulation Formulation
Code e e A
composition (g) condition characteristics
7]
m m S
g » § & 5
mn ) b 3 3 3 s T o 8 ) Zeta_
g e m E] Q@ @ 3 [ 3 5 Size (nm) PDI potential
N o ® o = = ] w S 3 (mV)
) ° 2 ) =
” (o 3
o
o F1 0.8 3 22 3 80 10.5 100 10 81.42+9.16 0.59+0.02  -14.70+0.55
& E F2 08 3 2.2 3 80 105 100 25 350.40+23.60 0.36+0.06  -11.80+0.75
o
=z %‘ F3 08 2 2.2 2 80 105 100 25 295.13+14.45 0.42+0.02 -14.66+0.56
% R o8 3 2.2 1 80 136 100 25 138.13420.06  0.36+0.13 -9.42+2.97
F5 1 4 25 925 16.7 107.264£3.13 0.56+0.29 9.54+2.02
F6 1 4 2.5 92.5 16.7 142.13+2.09 0.26+0.01 17.96+4.21
£ F7 1 3 2.5 92.5 16.7 115.104+9.73 0.22+0.02 18.80+1.01
(]
; F8 1 2 3 92.5 16.7 125.50+5.86 0.23+0.01 18.46+4.02
& F9 1 2 2.5 92.5 16.7 108.53+11.93  0.20+0.01 19.96+0.76
F10 1 2 2 92.5 16.7 124.02433.04  0.28+0.08 18.66+1.55
F11 1 2 1.5 92.5 16.7 99.94+17.30 0.31+0.08 19.33+0.73

115 | Pharmaceutical Sciences, 2022, 28(1), 112-121



Fluconazole Nanosuspension against Resistant Candida albicans

size; however, the surrounding surfactant molecules will
control the final particle size.”» The microemulsion system-
generated solid particle size may be obtained from a lesser
nucleation rate or greater nuclei growth rate. The surface
energy is further reduced by the surfactant with less HLB
(span 80) value, thus, the nucleation rate is increased.
The smaller particle size and more hydrophilic features
are indicated by the higher surfactant HLB number. The
more lipophilic surfactant in an o/w microemulsion
system results in the higher droplet size increasing the
mass transfer quantities into the droplets. Hence, a higher
nucleus growth and increased final particle size are caused
by the lower HLB value for surfactant.

Eudragit was used as a coating polymer for stabilizing
FLZ-nanosuspension. The results revealed a decrease
in particle size in F8 to F11 compared with polymers
formulations (Table 1). The Zeta potential and PDI changed
in Eudragit containing nanosuspensions significantly
too. The increment in particle size could be ascribed to
the disperse phase viscosity since the supplied energy as
agitation could not overwhelm viscous forces created by
the formulation’s higher solid content.** Moreover, particle
aggregation is promoted by the higher solid content by
incrementing the collision probability between particles
existing in the aqueous phase.”® Therefore, bigger mean
particle sizes are obtained by higher viscosity. Generally,
the obtained particle size data represented more association
with the polymer amount.

In this study, the type of polymer was altered from
Eudragit RL (F5) to Eudragit RS (F6). The nanosuspension
size changed from 107.26%3.13 to 142.13£2.09 nm
significantly (p < 0.05) in these formulations, respectively.
The zeta potential of nanoparticles changed from 9.54+2.02
to 17.96+4.21 mV in F5, F6 significantly (p < 0.05). The
PDI value decreased from 0.56+0.29 to 0.26+0.01 in these
nanosuspensions, respectively (p < 0.05). Matlhola et
al* studied tenofovir nanoparticles with Eudragit RSPO.
They showed a small mean particle size gained by a lower
polymer/drug ratio of 1:1 (50 mg of a polymer/50 mg of a
drug). There is a right consistency between such results
and the findings of the present work. Existing this drug,
a positive zeta-potential is maintained by the particles
suggesting that the active compound is mainly distributed
into the polymer matrix, in addition to the absorbance
over their surface. Moreover, it is indicated that acidic
compounds, such as azole groups, interact with RL and
RS polymers through electrostatic bindings between their
1,2,4 triazole as well as the quaternary ammonium groups
of the polymer.

Differential scanning calorimetry analysis

Figure 1 provides the DSC analysis findings for
formulations and FLZ. Regarding the DSC thermograms,
it was found that an endothermic peak is exhibited by FLZ
at 140°C relevant to the FLZ melting point. Moreover,
based on the formulations’ endothermic peaks at 140 °C,
it is found that there is no endothermic peak for FLZ. Such

XF Lz

Eudragit RSPO

F7

-

F11

r

20 40 60 80 100 120 140 160
Temp (C)
Figure 1. DSC curves of FLZ, Eudragit RSPO, F7 and F11.

observations could indicate the lower crystallinity of the
drug in nanosuspension.

Attenuated total reflectance-Fourier transform infrared
spectroscopic analysis

Using ATR-FTIR spectroscopy over nanosuspension
formulations and pure raw materials, the possible
interactions between components of the nanosuspension
formulations were analyzed. The ATR-FTIR spectra were
provided in Figure 2. The representative peaks of ATR-
FTIR spectra of FLZ, Eudragit RSPO, and Tween 20
were summarized as follows: FLZ: 3400-3200 cm™ (O-H
stretching), 3111 cm™ (aromatic C-H stretching), 1618-
1417 cm™ (aromatic C=C & C=N stretching), and 1271 cm"
(C-F stretching). Eudragit RSPO: 3000-2850 cm™ (C-H
stretching), 1722 cm™ (C=0 stretching), and 1141 cm
(C-O stretching). Tween 20: 3517 cm™ (O-H stretching),
2921 cm and 2858 cm™ (aliphatic C-H stretching), and
1735 cm™ (C=0O stretching). There were no chemical
interactions within the FLZ and other components of F7
and F11, based on the ATR-FTIR results.

Transmission electron microscopy analysis

The FLZ-nanosuspension’s TEM images denoted that the
nanoparticles have roughly uniform spherical shapes with
mean sizes of 100-150 nm (Figure 3). There is no symbol of
aggregation within the images; hence, the particle size was
less than 150 nm.

Drug release

The drug bioavailability can be affected by the drug release
from nanoparticles at controlled rates. The results were
obtained by comparing the drug release from the dialysis
membrane of the control with F4, F7, and F11, shown in
Figure 4. The release of drug from nanosuspension (F4,
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F11, and F7) were significantly higher than from control
(p < 0.05). The percentage of drug release from F4, F11,
F7, and control are 59.78+4.65, 28.51+2.04, 24.30+0.83,
and 21.12+0.50, respectively. These results showed that
the nanosuspension could increase dissolution rate, the
bioavailability of the poorly soluble drug, and provide

—F11
—F7
8
c
% —— Eudragit RSPO
% A o
‘l_- —— Tween 20
B‘Q
—FLZ
T T T T
4000 3000 2000 1000

Wavenumber (cm™")

Figure 2. ATR-FTIR spectra of formulations F11, F7, Eudragit
RSPO, Tween 20 and FLZ.

Figure 3. TEM of F7 and F11.

sustained drug release.

Nakrani et al.® studied Itraconazole nanosuspension and
showed the in vitro dissolution profile of the improved
nanocarrier compared to the marketed formulation and
pure drug (Canditral Capsule) utilizing 0.1 N Hydrochloric
acid as a medium, which revealed a more significant
drug release. Shid et al” reported that simvastatin-
loaded nano-suspension considerably enhanced in vitro
dissolution rate; thus, it possibly improves quick start
of therapeutic drug impact. Based on the in vivo study,
bioavailability increases in nanosuspension formulation
compared to the plain simvastatin drug.

Antifungal susceptibility testing

Table 2 represents the detailed findings for antifungal
susceptibility profile (MICs and MFCs) of F7 and FI1
against 10 C. albicans strains. The isolates resistant to
FLZ revealed a considerable reduction in MIC values by
utilizing FLZ nanosuspension as their MIC value within
the sensitive range. Also, for FLZ-susceptible strains,
the MIC values were significantly (p < 0.05) decreased
compared to FLZ alone. No differences were observed in
MIC90 values for all isolates as it was found to be 0.5 and
0.25 pg/ml for FLZ-resistant and FLZ-susceptible isolates,
respectively. Hence, the antifungal inhibitory effect of both
formulations seems to be the same. It was interesting to
note that when F7 and F11 formulations were employed,
the MICs values were significantly reduced compared to
FLZ on its own. MFCs of F7 and F11 spanned a wide range
(2-16 pg/ml) since FLZ has mostly fungistatic action in
vivo, even at therapeutic doses. However, it is suggested
that the therapeutic dose could be decreased, which may
decrease the risk of adverse drug impacts. Similar results
were observed in FLZ nanoparticles as NLC and SLN.
MIC values were reduced by solid lipid nanoparticles of
FLZ for FLZ-susceptible strains of C. albicans, C. glabrata,
and C. parapsilosis significantly (p < 0.05)." In another
study C. albicans isolates revealed further susceptibility
to FLZ-loaded nanostructured lipid carriers compared

Cumulative percentage drug release

T T T T T T T
0 250 500 750 1000 1250 1500
Time (min)

Figure 4. In vitro drug release control, F4, F7 and F11.
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Table 2. Effect of new FLZ formulations C. albicans stains.

MICs/ MFCs (pg/ml)

Isolates FLZ F7 F11
MIC MIC0 GM MFC MIC MIC90 GM MFC MIC MIC90 GM  MFC

é C. albicans MZ24  >64 >64 025 8 0.25 8
$ C.albicans MZ25 >64 >64 05 16 05 16
§ C.albicans MZ27 >64 64 64 >4 05 05 03298 16 05 05 03789 16
8 c.albicansMz28  >64 >64 025 8 0.5 16
E C. albicans MZ29  >64 >64  0.25 8 025 8
é C. albicans MZ2  0.25 4 0.0625 2 0125 4
% C. albicans MZ9 05 8 025 8 025 8
% C.albicansMZ1 05 05 03789 8 025 025 01435 8 025 025 01894 8
[]

% C. albicans MZ 3 0.25 8 0.0625 4 0.125 4
E C. albicans MZ4 05 8 025 8 025 8

to simple drug dispersion. The MIC of FLZ decreased
significantly in FLZ-NLCs in several Candida species.” In
another study, the effect of SLN and NLC nanoparticles of
FLZ were evaluated against resistant strains of C. albicans.
A considerable reduction was found in MIC values by
applying both novel formulations. Nevertheless, FLZ-NLC
was more effective than FLZ-SLNs (p < 0.05).*

A possible clarification for the antifungal susceptibility
findings is the mechanism in charge of the drug
resistance identified in pathogenic fungi. Moreover, the
drug resistance mechanisms can occur in three different
modes, including reduced drug concentration occurring
to drug efflux, a mutation in the genome sequence, and
alteration in the drug target.® The plasma membrane
overexpression carries proteins pumping the azoles out
of cells. This is a common mechanism of high-level azole
resistance in fungi.* In this work, an effective nano-scaled
safeguard is provided by FLZ nanosuspentions while
protecting the drug from pumping out by transporter
proteins. Furthermore, the drug enters the yeast cells
more efficiently, more quickly, and more easily by the FLZ
nanosuspensions hydrophobic surface.

MTT assay

Drug nanoparticles are well believed to cause toxic
effects on body organs, and nanoparticles are more
easily transfected into cells, increasing toxicity. Also,
nanoparticles’ surface charge may cause an increase in
cell and protein reactivity. MTT analyses have also been
used as an indicator of cell viability, proliferation, and
cytotoxicity to assess metabolic activities.” MTT was
applied in the present study to evaluate the cell viability
of FLZ nanosuspension. Different concentrations of free
FLZ solution (as stated above), FLZ nanosuspension (F7
and F11), and blank nanosuspension were tested for this

purpose at 50-1000 uM. The cells were incubated for 24h
during the cell viability test using the HGF PI53 normal
fibroblast cell line obtained from the Pastor Institute
(Tehran, Iran). In the presence of blank nanosuspension,
FLZ, F7, and F11, the cell viability was not significantly
decreased over 24h. (p > 0.05) (Figure 5). The authors were
unable to find research on cytotoxicity caused by FLZ. In
vitro, nevertheless, necrosis can be due to the cytotoxic
effects caused by FLZ in rat hepatocytes in vitro as evaluated
with the LDH assay.*? Correa et al.* examined the cytotoxic
and genotoxic effects of FLZ on the African Green Monkey
Kidney cell line (Vero). The Vero cell line was exposed to
various FLZ concentrations in vitro and then assessed for
various factors, such as cytotoxicity (MTT assay). MTT
showed that cell viability decreased a little when exposed to
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Figure 5. Cell viability of different concentrations of FLZ solu-
tion, F7, F11 and blank nanosuspension. Data are expressed as
mean+SD.
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FLZ in 1306 uM (cell viability over than 85%).

Conclusion

It is found that nanocrystalline suspensions of weakly
soluble drugs like FLZ are easily prepared and to lyophilized
for prolonged storage while representing an encouraging
novel drug formulation for oral drug delivery for treating
fungal infections. Dissolution study indicated that higher
drug release is provided by nanosuspension formulation
in comparison to the pure one. Thus, a promising
alternative is represented by nanosuspensions to existing
delivery systems aimed to enhance the biopharmaceutic
performance of drugs with lower water solubility.
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