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Itraconazole(ITZ) - an antifungal agent of the azole class — is clinically used to treat a variety of fungal infections.
Among them, paracoccidioidomycosis (PCM), a fungal infection caused by Paracoccidioides brasiliensis, is the
most prevalent systemic fungal infection in Brazil as well as in many countries in South America. Conventional
treatments of PCM with itraconazole include oral solution and capsule formulations, both associated to many
side effects such as nausea, vomiting, abdominal pain, diarrhea, headaches and mild alopecia. Drug delivery
systems enables the development of new pharmaceutical formulations for the controlled delivery of drugs, which
can avoid many of the problems related to low efficacy and side effects of traditional drugs. In this study, using
HPLC, we determined the biodistribution of ITZ administered both, as a nanoparticle presentation (PLGA na-
noparticle coated with DMSA - ITZ-NANO), as well as oral solution (Free ITZ) in healthy mice. We also com-
pared the therapeutic efficiency as well as toxicity of both forms of ITZ presentations in the treatment of PCM
infected mice using clinical, biochemical and histological approaches. Biodistribution demonstrated higher ac-
cumulation of ITZ in lung, liver and spleen of ITZ from ITZ-NANO. ITZ-NANO treatment of chronic PCM was
capable of eliminate fungal cells from lungs and avoided the side effects of alopecia and increment of liver
enzymes concentration. The proposed treatment, with a lower administration dose of ITZ-NANO and decreased
number of administrations, demonstrated promising potential with higher success rate, and less stress for the
patient with usage of this nanomaterial.

1. Introduction In traditional fungal infection treatments, administration of high

doses of itraconazole occurs over long periods, resulting most of time in

Itraconazole (ITZ) - an antifungal agent of the azole class — is
clinically used to treat a variety of fungal infections, such as those
caused by Aspergillus spp., Candida spp., Cryptococcus neoformans,
Blastomyces  spp., Histoplasma spp., Coccidiodes spp., and
Paracoccidioides spp. [1], [2] Itraconazole acts by impairing the ergos-
terol synthesis, essential component of the fungal cell membrane [3].

Paracoccidioidomycosis (PCM), the fungal infection caused by
Paracoccidioides brasiliensis, is the most prevalent systemic fungal in-
fection in Brazil as well as in many countries in South America, and is
reported as the eighth leading cause of mortality from infectious disease
among chronic infectious and parasitic diseases [4].

severe side effects such as nausea, vomiting, abdominal pain, diarrhea,
headaches and mild alopecia. It can also cause hepatotoxicity and
thereby increase the levels of bilirubin and transaminases [5]. The oc-
currence of side effects and the toxicity of this drug increase the ne-
cessity of different approaches for specific drug delivery and alternative
therapeutic protocols [6].

Nanobiotechnology enables the development of new pharmaceu-
tical formulations for controlled delivery of drugs, which can avoid
many of the problems related to low efficacy and side effects of tradi-
tional drugs. Some of the advantages of using nanoparticles for drug
delivery include: enhanced stability, controlled release and enhanced
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bioavailability [7]. Previous studies from our group, with magnetic
nanoparticles coated with dimercaptosuccinic acid (DMSA), indicated
that this acid is capable of targeting nanoparticles to the lungs [8,9]. A
proposed approach is to use such properties of DMSA to target nano-
particles to the lung to treat pulmonary infections such as PCM. Amaral
et al. (2009) described efficient treatment of PCM in lungs with am-
photericin B loaded nanoparticles coated with DMSA, emphasizing
lung-targeting role of DMSA [10].

The aim of this work was to 1) determine the biodistribution of ITZ
administered either as a poly(lactic-co-glycolic) acid (PLGA) nano-
particle containing ITZ and coated with DMSA (PLGA nanoparticle
coated with DMSA - ITZ-NANO), or ITZ in oral solution presentation
(Free ITZ) in healthy mice; 2) to verify the therapeutic efficacy of both
forms of ITZ in the treatment of PCM infected mice. Nanoparticle bio-
distribution was determined by ITZ quantification in different organs by
HPLC. To determine therapeutic efficacy, animals were infected with
PCM and treated with ITZ-NANO or Free ITZ and clinical, biochemical
and histological aspects were analyzed.

2. Material and methods
2.1. Drugs and chemicals

Itraconazole (ITZ), poly(lactic-co-glycolic acid, 50:50) (PLGA
50:50), polyvinyl alcohol (PVA) and dimercaptosuccinic acid (DMSA)
were purchased from Sigma Aldrich (Sigma-Aldrich Co., St. Louis, MO,
USA) and Itraconazole internal standard (50R-R51012) was purchased
from Fitzgerald (Fitzgerald Industries International Inc., Concord, MA,
USA).

Acetonitrile, methanol and tetrahydrofuran used for the HPLC
analyses were HPLC grade and purchased from Mallinckrodt
(Mallinckrodt Inc., Hazelwood, MO, USA). Trifluoroacetic acid was
purchased from VETEC (Duque de Caxias, RJ, Brazil). Milli-Q water was
obtained from a Barnstead* EASYpure* II Thermo Scientific (San Jose,
CA, USA) and was used to prepare aqueous solutions.

2.2. ITZ-NANO and free ITZ preparation

DMSA-PLGA nanoparticles containing itraconazole (ITZ-NANO)
were synthesized and characterized as described by Cunha-Azevedo
et al. (2011) [11] and were prepared using a modified emulsification-
evaporation technique. Briefly, an organic solution of PLGA and ITZ
was prepared. This organic phase was poured slowly into an aqueous
solution of polyvinyl alcohol (PVA) 1% (w/v) which was homogenized
using an Ultraturrax emulsifier. After this, a double emulsion was
formed with 1% PVA (w/v) solution and the organic solvent was re-
moved from the solution by continuous stirring at room temperature
inducing polymer precipitation as nanospheres. The nanoparticles were
isolated by centrifugation and were washed three times with distilled
water. The formulation was suspended in PBS solution. DMSA was
adsorbed to PLGA nanoparticle with the final concentration of
0,05 mol/L and stored at 4 °C. All procedures were carried out in a
sterile hood. The nanoparticles formed had an average size of 174 nm,
efficiency of incorporation of itraconazole into 72,8% and zeta poten-
tial of —40mV [11]. ITZ concentration loaded on PLGA was limited to
optimum synthesis conditions of nanoparticles adequate for an in-
travenous vehicle. Nonetheless, doses used were in accordance with
previous publications [12].

An oral solution sugar-free of itraconazole for gavage administra-
tion (Free ITZ-“Xarope sem agticar”) was manipulated by
Farmacotecnica® (Brasilia, DF, Brazil), in order to simulate the con-
ventional treatment. Optimum Free ITZ dosage was chosen based on
literature [13].
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2.3. Animals

Animals used in this study were female BALB/c mice ageing 10-14
weeks and weighing 20-22g, purchased from the University of
Campinas, SP, Brazil. The mice were housed in polypropylene cages
under controlled conditions of luminosity and received food and water
ad libitum. All animal procedures performed in this study were ap-
proved by the Animal Care and Use Committee of the University of
Brasilia (UnB), Brasilia — Federal District, Brazil (UnBDoc: 12155/2007)
and European Community guidelines as accepted principles for the use
of experimental animals were adhered to.

The study was divided in two major approaches: a biodistribution in
healthy animals and the treatment of PCM infected animals.

2.4. ITZ biodistribution

Animals received a single dose of either 1) ITZ-NANO containing
3 ug of ITZ per gram of body weight (administered intraperitoneally) or
2) Free ITZ oral solution with 50 ug of ITZ per gram of body weight
(administered by gavage). At 0.25, 0.5, 1, 2, 4, 8, 12, 24, 48, and 72h
after administration of ITZ-NANO or Free ITZ (n = 5/group for each
treatment/time), animals were anaesthetized (ketamine 60 mg/kg and
xylazine 7.5 mg/kg), blood was collected by heart puncture and was
transferred to tubes containing EDTA. After 30 min at room tempera-
ture, tubes were centrifuged for 5 min at 500 X g and plasma was stored
at —80 °C for future analyses. After the animal's death, liver, spleen,
lung and kidney were excised, washed with cold 0.9% NaCl (w/v) so-
lution, blotted on filter paper, weighted and stored at —80 °C for future
analyses.

2.4.1. HPLC instrumentation

The chromatographic equipment (Shimadzu-Prominence, Kyoto,
Japan) comprised of on-line degasser (Model DGU 20As), solvent de-
livery module (Model LC-20AT), autosampler (Model SIL-20AHT),
column oven (Model CTO-20A), fluorescence detector (Model RF-
10AXL) and system controller CBM-20A. Reverse-phase C;g column
ACE AQ (25 X 0.4 cm, 5um particle size) (ACE, Aberdeen, Scotland)
with a pre-column (1 X 0.4 cm, 5um particle size). (ACE, Aberdeen,
Scotland) were used.

2.4.2. HPLC analysis

The mobile phase was obtained from the mixture of 0.12% (v/v)
TFA in Milli-Q water (pump A) and 0.12% (v/v) TFA in acetonitrile
(pump B) at 1:1 proportions. Fluorimetric measurements were carried
out in a 12 L flow cell at 260 and 365 nm excitation and emission
wavelength, respectively. The injection volume was 10 pL and the flow-
rate during the assays was 1 mL/min at working pressure of 80 kgf/cm?.
Analysis was performed using column temperature of 30 °C. Software
LCsolution (version 1.24 SP1 Shimadzu, Tokyo, Japan) was used for
data processing and identification of chromatographic parameters.

For ITZ quantification in plasma, 200 pL of plasma were transferred
to microcentrifuge tubes containing 20 pL of 20% ZnSO,4 (w/v), and
vortexed for 1 min. Then 700 puL of methanol was added for ITZ ex-
traction, followed by agitation on a vortex for 3 min and centrifugation
for 5 min at 7000 x g. Liquid phase was transferred to a 2 mL volumetric
flask and the process was repeated with 1 mL of methanol. For ITZ
quantification in tissue, whole spleen, lung and kidneys and 400 mg of
liver (due to large mass of liver) were homogenized individually in
1.5 mL microcentrifuge tubes with hand pestles and extracted with the
same process used for plasma. Prior to extraction of plasma and tissue,
40 uL. of Itraconazole Internal Standard (0.3 pg/mL) were added to
tubes. The use of internal standards reduces errors associated to loss
occurred during extraction. Biodistribution of ITZ from ITZ-NANO and
Free ITZ was performed using HPLC detection method described and
validated by Py-Daniel et al. (2014) [14]. In the cited method, the re-
covery of ITZ with the methodology described above was established as
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