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Abstract

Itraconazole is the first drug of choice for the treatment of sporotrichosis and it is available at different concentrations for
veterinary patients. However, therapeutic failure has been reported, limiting clinical treatment. This study evaluated the
in vitro efficacy of brand-name and compounded itraconazole formulations against Sporothrix brasiliensis and estimated the
itraconazole content in each tested formulation. Oral capsules were acquired from two brand-name products for human (H-IND)
and veterinary (V-IND) uses, and three from compounding pharmacies in Pelotas, RS, for human (H-COMP1/H-COMP2) and
veterinary (V-COMP) uses. Capsule purity was analyzed by liquid chromatography—electrospray ionization quadrupole time-of-
flight mass spectrometry (LC-ESI-QTOF-MS). Antifungal activity was determined against 29 Sporothrix brasiliensis by the
M38-A2 guideline of CLSI. H-IND/H-COMP1/H-COMP2 had high efficacy against S. brasiliensis (approximately 70% of total
isolated susceptible), V-COMP showed moderate efficacy (51.7%), and V-IND was the least effective formulation (37.9%).
Thirty-four percent of the total isolates were resistant to all formulations. Furthermore, itraconazole content did not match the
concentration indicated by the manufacturers, ranging from 387.70 to 7.81 pg/mg (H-COMP2 > V-COMP > H-IND > H-
COMP1 > V-IND). Therefore, it is possible that the formulations showed different in vitro efficacy due to the difference in their
itraconazole contents. Given the emergence of antifungal resistance for all formulations, the choice product to be used must
follow susceptibility testing. Stringent quality control measures are recommended for product manufactures to assure drug
content uniformity.
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Introduction

Responsible Editor: Sandro Rogerio de Almeida. Sporotrichosis is a subcutaneous mycosis in humans and an-

imals and caused by Sporothrix schenckii complex species [1].
Infections caused by S. brasiliensis are highly prevalent in
feline and canine outbreaks in Brazil [2, 3]. For the treatment,
itraconazole is the drug of choice due to its good pharmaco-
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logical response and safety [4] and should be administered
daily from least 3 to 6 months with a therapeutic extension
of 1 month after the remission of the clinical signs [5, 6].
Considering the long duration of the treatment, the therapeutic
management in cats and dogs is often challenging to owners in
vulnerable socio-economic conditions due to the high cost of
the treatment [7].

This scenario is common in Southern Brazil; for example,
in the cities Pelotas and Rio Grande, most cases of feline and
canine sporotrichosis occur among animal patients from low-
income households [2, 8]. Owners often choose the
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compounded formulations which are comparatively cheaper
than the brand-name formulations [8, 9].

Compounded drugs are prepared in a pharmaceutical es-
tablishment following medical prescription containing the de-
tails of pharmacological composition, dosage form, and
posology, according to Resolution 67 of the Brazilian
National Health Surveillance Agency [10]. However, there
have been reports of compounded formulations not being ef-
fective, missing the active ingredient, and having quality con-
trol issues [11, 12].

Given that little is known about the efficacy of
compounded itraconazole formulations in the treatment of
sporotrichosis, this study evaluated their in vitro activity
against Sporothrix brasiliensis isolates and determined the
respective purity of the antifungal compound.

Material and methods
Itraconazole

Five different itraconazole containing products were purchased
as oral capsules and used in the in vitro tests. Of these, two were
brand-name products registered by the pharmaceutical indus-
tries and marketed in human (H-IND, 100 mg) and veterinary
(V-IND, 25 mg) pharmacies, and three were purchased from
compounding pharmacies located in Pelotas, RS, Brazil, two
marketed for human (H-COMP1, 64 mg; H-COMP2, 65 mg)
and one for veterinary use (V-COMP, 64 mg).

Stock solutions were individually prepared from each cap-
sule according to the M38-A2 guidelines of the Clinical and
Laboratory Standards Institute [13]. No physical alterations in
coloration, odor, and texture were noted in the capsules and
the respective contents.

For the preparation of the stock solutions for both antifun-
gal assays and chromatographic analysis, one capsule of each
product was opened in Class II biological safety cabinet, and
the content was individually deposited in a sterile porcelain
mortar, followed by the addition of 10 mL of dimethyl sulf-
oxide. The content was dissolved with the aid of a pestle until
complete dissolution of the antifungal formulation in the sol-
vent, resulting in a final concentration of 10 mg/mL (H-IND),
2.5 mg/mL (V-IND), 6.4 mg/mL (H-COMP1 and V-COMP),
and 6.5 mg/mL (H-COMP2). These solutions were kept at —
80 °C. The characteristics of the itraconazole formulations
used in this study are described in Table 1.

Antifungal susceptibility assay
For the antifungal susceptibility assay, the broth microdilution
technique was performed according to M38-A2 guidelines

[13] against 28 Sporothrix brasiliensis isolates from cats
(n=13) and dogs (n=15) from cases occurring in Rio
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Grande do Sul state (Southern Brazil). The clinical isolates
were stored in the mycology collection of Centro de
Diagnostico e Pesquisa em Micologia Veterinaria (Federal
University of Pelotas, Brazil), in addition to a standard strain
of human case from Rio de Janeiro, RJ (IPEC 16969,
FIOCRUZ, Brazil), totaling 29 S. brasiliensis isolates. The
fungal identification was performed by macro- and micromor-
phological analyses of the colonies, with evidence of fungal
dimorphism. Molecular identification was performed by po-
lymerase chain reaction—restriction fragment length polymor-
phism (PCR-RFLP), using restriction endonuclease digestion
[14].

Each fungal inoculum was individually prepared from the
respective subculture in potato dextrose agar (Acumedia,
Lansing, MI, USA) at 27 °C for 7 days for promoting conidia
formation. Each inoculum was suspended in sterile saline so-
lution and the concentration was adjusted using a spectropho-
tometer (Spectrum Instruments Co., Shanghai, China) at an
optical density of 80-82% and 530 nm of transmittance.
Adjusted fungal suspensions were diluted in RPMI-1640
(Roswell Park Memorial Institute medium, Sigma,
Steinheim, Germany) containing MOPS (3-(N-morpholino)
propane-sulfonic acid) and supplementation with glucose at
apH of 7.0, to obtain a final inoculum of 10* CFU/mL (colony
forming units).

In 96-well microplates, 100 uL. of RPMI-1640 with MOPS
was added in each well, whereas 100 pL of an itraconazole
solution prepared at the concentration of 32 pug/mL from the
stock solutions was added in the well correspondent to the
higher concentration of the product. Subsequently, a serial
dilution was performed to obtain the final concentration,
which ranged from 16 to 0.03 pg/mL. Fungal conidia suspen-
sions (100 uL) were then added to each well-containing
itraconazole.

Positive (100 pL of conidia suspension and 100 puL of
RPMI-1640) and negative (200 uL RPMI-1640) controls
were utilized to confirm normal fungal growth and the sterility
of the culture medium, respectively. Plates were incubated at
27 °C for 72 h and the minimal inhibitory concentration
(MIC) was determined visually by comparison with growth-
free well (negative control). MIC was designed as the lowest
concentration that produced no visible fungal growth.

For the sensitivity criteria, although there is no breakpoint
for Sporothrix species, we followed the recommendations of
M38-A2 guideline [13], which states that MIC values <4 pg/
mL and >4 pg/mL may be considered sensitive and resistant
for itraconazole, respectively. The criteria for establishing an-
tifungal efficacy are listed in Table 2.

LC-ESI-QTOF-MS analysis

The content of the active ingredient in each capsule was ana-
lyzed by liquid chromatography—electrospray ionization
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Table 1 Description of the

itraconazole formulations ID* Origin Use Concentration® Origin of the pharmaceutical company
acquired as oral capsules
according to the manufacturers H-IND® Brand name Human 10 mg/mL Beerse, Belgium

V-IND Brand name Veterinary 2.5 mg/mL Sao Paulo, SP, Brazil

H-COMP1 Compounded Human 6.4 mg/mL Pelotas, RS, Brazil

H-COMP2 Compounded Human 6.5 mg/mL Pelotas, RS, Brazil

V-COMP Compounded Veterinary 6.4 mg/mL Pelotas, RS, Brazil

2 ID identification

® Reference drug

¢ Concentration after dissolution, according to the M38-A2 guidelines [12]

quadrupole time-of-flight (LC-ESI-QTOF) mass spectrometry
(MS), which was performed according to Da Luz et al. [15].
All chemicals were of analytical grade. Formic acid was from
Sigma-Aldrich (St. Louis, MO, USA). Acetonitrile was of
HPLC grade (JT Baker, Phillipsburg, NJ, USA) and ultrapure
water was obtained using MegaPurity purification system.
The commercial standard of itraconazole was purchased from
Abcam (Cambridge, MA, USA).

Briefly, samples were analyzed using high-performance
liquid chromatography (UFLC) system (Shimadzu, Japan)
coupled to a QTOF mass spectrometer (Impact HD, Bruker
Daltonics, Bremen, Germany). The analysis was performed
on a Shim-pack XR-ODS C18 (2.0 x 75 mm, 2.2 pm) column
using 0.1% formic acid in water as mobile phase A and 0.1%
formic acid in acetonitrile as mobile phase B, and following
gradient program: the run started at 10% B and maintained for
2 min; from 2 to 7 min phase B increased linearly to 50%;
from 7 to 22 min phase B was increased to 100% and main-
tained for 3 min (from 22 to 25 min). Before each run, the
column was re-equilibrated for 2 min using the initial solvent
composition. The flow rate was set constant at 0.2 mL/min
and the column temperature was maintained at 40 °C for all
separations. Ten microliters of each sample solution was
injected and analyzed in triplicate.

Table 2 Criteria for categorizing the efficacy of brand-name and
compounded itraconazole formulations against Sporothrix brasiliensis,
based on percentage of fungal inhibition in the in vitro antifungal suscep-
tibility assay

Antifungal efficacy Fungal inhibition (%)*
Very high 81-100

High 61-80

Moderate 41-60

Low 21-40

Very low 0-20

# Considering the total number of Sporothrix brasiliensis isolates tested
(n=29) as 100%

MS operation parameters were the following: capillary
voltage, 4500 V; nebulizer pressure, 40 psi; drying gas flow
rate, 9 L/min; gas temperature, 200 °C. MS accurate mass
spectra were recorded across the range of m/z 50—1000 in
positive ionization mode. External calibration of the MS was
carried out using sodium formate solution (10 mM). For quan-
tification of itraconazole, external calibration curve with com-
mercial standard was prepared at concentrations from 20 to
2500 ng/mL (equation: ¥=966.03x +7177.6, R*=0.9969).
The MS data were processed through Data Analysis 4.0 and
compass quant analysis from Bruker Daltonics (Bremen,
Germany). The results were expressed as an average of three
replicates + standard deviation. Limit of detection (LOD) and
limit of quantification (LOQ) were estimated from the linear-
ity of the calibration curve for itraconazole. They were deter-
mined based on the slope and standard deviation (o) of the
linear coefficient of the analytical curve:

LOD = 3.3 x (o x linear coefficient )/slope
LOQ = 10 x (o x linear coefficient )/slope

Statistical analysis

Antifungal susceptibility data were evaluated by Wilcoxon’s
test at p <0.05 using the statistical software BioEstat® version
5.3.

Results

All itraconazole formulations were standardized at the same
concentration based on manufacturer information and ranged
from 16 to 0.03 pg/mL, according to the M38-A2 guideline
[13]. Sensitivity and resistance of Sporothrix brasiliensis iso-
lates were observed for all formulations (Fig. 1). MIC ranged
from 0.25 to > 16 pug/mL for the brand-name (H-IND and V-
IND) and compounded (V-COMP) products, and of 0.5 to >
16 pg/mL for compounded (H-COMP1 and H-COMP2)
product (Table 3). These findings demonstrated the emergence

@ Springer



158

Braz J Microbiol (2021) 52:155-162

Fig. 1 In vitro sensitivity and
resistance of Sporothrix
brasiliensis isolates from feline
cases in Pelotas/RS, Southern
Brazil, to different itraconazole
formulations. In 96-well micro-
plates, the visualization of fungal
growth is noted into wells con-
taining the itraconazole concen-
trations ranging from 16 to

0.03 pg/mL, in comparison with
the positive and negative controls,
by the antifungal susceptibility
assay (M38-A2 of the Clinical
Laboratory Standard Institute).
The fungistatic activity of a
compounded formulation for hu-
man use, identified as H-COMP2
was observed in both duplicate
test lines against a feline isolate,
showing a MIC of 1 pg/mL (a).
No fungistatic activity was ob-
served in a brand-name formula-
tion for veterinary use, identified
as V-IND, which MIC was greater
than 16 pg/mL (b) against anoth-
er feline isolate

of itraconazole-resistant S. brasiliensis isolates from feline
(06/29) and canine (04/29) cases to all formulations.
Considering the criteria of antifungal efficacy (Table 2) and
the findings of itraconazole-susceptible and itraconazole-
resistant S. brasiliensis isolates (Table 3), we found that
compounded formulations showed fungistatic and fungicidal
activity against S. brasiliensis from feline and canine cases.

Compounded drugs showed high efficacy of fungal inhibition
(69%—20/29, for both H-COMP1 and H-COMP2), similarly
to the brand-name itraconazole for human use (H-IND,
72.4%—21/29), with no significant difference among them-
selves. Although the compounded drug for veterinary use (V-
COMP) has shown moderate efficacy (51.7%—15/29), it did
not differ statistically to formulations categorized with high

Table 3 Minimal inhibitory

concentration (MIC) of brand- MIC (ng/mL)* Sporothrix brasiliensis Criteria®
name and compounded
itraconazole formulations against Cats Dogs Human® Overall Sensitivity Resistance
Sporothrix brasiliensis isolates (n=13) (n=15) (n=1) (n=29) % (n) %o (n)
from feline and canine cases oc-
curring in Southern Brazil H-IND Range 025>16 0.25>16 1 0.25->16  72.4(21/29)  27.6 (08/29)
GM 432 2.11 - 4
V-IND Range 025>16 0.25>16 >16 025—>16 379 (11/29) 62.1 (18/29)
GM 7.13 522 - 6.29
H-COMP1 Range 0.5—>16 0.5—>16 0.5 0.5—>16 69 (20/29) 31 (09/29)
GM 4 2.35 - 3.05
H-COMP2 Range 0.5>16 0.5—>16 4 0.5—>16 69 (20/29) 31 (09/29)
GM 3.76 2.1 - 2.75
V-COMP Range 025>16 0.5—>16 8 025—>16  51.7(15/29) 48.3 (14/29)
GM 6.96 426 - 5.48

#H-IND (brand name for human use); V-IND (brand name for veterinary use); H-COMP1 and H-COMP2
(compounded for human use); V-COMP (compounded for veterinary use); GM geometric mean

®Human sporotrichosis from Rio de Janeiro (RJ/Brazil)—IPEC 16969 strain code (Instituto de Pesquisa Evandro

Chagas/FIOCRUZ, RJ, Brazil)

¢ Criteria of in vitro antifungal susceptibility according to the M38-A2 guideline [13], which MIC values <4 g/
mL were considered sensitive, and MIC >4 pg/mL were considered resistant to itraconazole
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anti-Sporothrix brasiliensis activity (H-IND, H-COMP1, and
H-COMP2). A low efficacy was noted in the brand-name
formulation for veterinary use (V-IND, 37.9%—11/29),
which differed statistically from H-IND, H-COMP1, and H-
COMP2 (p< 0.05).

Feline isolates were less susceptible than canine isolate to
the itraconazole formulations for the formulations H-COMP1
and H-COMP2 (p < 0.05). MIC values were higher for feline
isolates (H-COMPI1Geometric Mean (Gm) =4 pg/mL; H-
COMP2gn =3.76 pg/mL) than for canine isolates (H-
COMPI1gy =2.35 ug/mL; H-COMP2gy=2.1 pug/mL).

Regarding the purity of the capsules measured by HPLC-
MS, the linearity of the analytical method was assessed by the
coefficient of determination (R*) obtained with the calibration
curve by the least-squares linear regression. Good linear cali-
bration (R* = 0.9969) was obtained in the studied range (20 to
2500 ng/mL for itraconazole). The LOD and LOQ were
8.48 ng/mL and 25.71 ng/mL, respectively. Itraconazole was
found present in all tested formulations at different amounts.
The concents of the active ingredient did not correspond to
those described in the respective packaging. Itraconazole was
present at a significantly lower concentration than expected,
corresponding to only 38.8% (H-COMP2), 33.9% (V-
COMP), 11% (H-IND), 4.7% (H-COMP1), and 0.78% (V-
IND) of the concentration indicated by the manufacturer
(Table 4). The degree of antifungal efficacy did not directly
correlate with the observed concentration.

Discussion

Among the formulations for human use, the brand-name for-
mulation H-IND was attributed to possessing high efficacy,
corroborating the studies performed on humans [16-19] and
feline [20, 21] isolates of S. brasiliensis. Most of the in vitro
studies with itraconazole evaluating the efficacy of Sporothrix
species were performed with brand-name products for human
[19-22] and veterinary use [23] or with a product known to be
of high purity [16, 17].

Meanwhile, in vitro studies with compounded itraconazole
in Sporothrix species are scarce [24]. Yet, these products have
been successfully employed in the treatment of human sporo-
trichosis [25], as well as for the treatment of cats and dogs [8].
Although in vivo studies are needed to assure the efficacy of
these products against animal sporotrichosis, the low in vitro
efficacy of some of the formulations may result in a lower
dose than necessary if administered to an animal.

In the antifungal assays, each formulation was adjusted
according to the M38-A2 guidelines [13], and the final con-
centrations ranged from 16 to 0.03 pg/mL for all tested
itraconazole. The MIC values for H-IND, H-COMP1, and
H-COMP2 were two to six times higher than the MIC values
reported in the literature [16, 19-21], whereas for V-COMP
and V-IND were until 15 times higher than these cited studies.
Our study showed a variation in the degree of antifungal effi-
cacy and that high MIC values were required for the tested
fungal isolates, independent of the pharmaceutical origin of
the formulations. This finding could indicate a greater diffi-
culty to control this mycosis in dogs and cats from Southern
Brazil.

Therapeutic failures after high doses of itraconazole in hu-
man cases [26] reflect the current worrying scenario for spo-
rotrichosis control. It is known that the antifungal resistance
has been of concern for the control of mycoses nowadays [27,
28] and that isolates of Sporothrix brasiliensis from feline [20,
22-24] and canine [22, 23] cases have been described as
in vitro itraconazole-resistant isolates. Our study showed that
34.5% (10/29) of S. brasiliensis isolates were considered re-
sistant to all tested formulations, which were derived from cats
and dogs living in Pelotas (09/10), except for a feline from Sao
Lourengo do Sul (01/10). This finding highlighted the emer-
gence of itraconazole-resistant isolates from animal cases in
Southern Brazil.

Antifungal resistance may arise when isolates can overex-
press efflux pumps, like ATP-binding cassette (ABC) pro-
teins, causing an efflux of the drug by exocytosis [27]. The
ability of S. brasiliensis to grow even when high concentra-
tions of itraconazole are applied may be a paradoxical effect,
this is, an effect contrary to the desired. This phenomenon was

Table 4 Measured itraconazole

content (pg/mg) in the different Itraconazole formulations®

Manufacturer information Measured (mean + SD)°

products of brand-name and

compounded formulations for H-IND

human and veterinary use V-IND
H-COMP1
H-COMP2
V-COMP

100 mg 11 mg (110.01 +£0.29)
25 mg 0.195 mg (7.81+0.12)
64 mg 3 mg (47.00+0.07)

65 mg 25.2 mg (387.70 £2.64)
64 mg 21.7 mg (338.44+£2.52)

*H-IND (brand name for human use); V-IND (brand name for veterinary use); H-COMP1 (compounded for
human use); H-COMP2 (compounded for human use); V-COMP (compounded for veterinary use)

® Average of three replicates + standard deviation
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reported in Candida spp. isolates treated with elevated con-
centrations of antifungals [29], including itraconazole [30], in
which the adaptive responses were associated with the capac-
ity to accumulate of chitin [28]. The resistance mechanism of
Sporothrix species remains unknown, and further studies
should be undertaken to evaluate the mechanism that leads
to this ability.

Considering the temporal analysis, all animal isolates came
from cases between 2005 and 2013 in Southern Brazil.
Interestingly, all those considered as itraconazole-resistant iso-
lates were from cases occurred between 2012 and 2013. This
finding corroborates with Borba-Santos et al. [17], which also
reported that isolates from recent epidemic cases in Rio de
Janeiro (2011-2012) had higher MIC values compared with
isolates from cases before that period.

According to a phylogenetic study performed by
Rodrigues et al. [14], the strains of S. brasiliensis from the
Rio Grande do Sul shared a distinct clone of strains of
S. brasiliensis from Sao Paulo, Minas Gerais, Parana, and
Rio de Janeiro. This genotypic distinction in the extreme south
of Brazil [14] may indicate a spread of S. brasiliensis clones
with itraconazole-resistant genes among the animal isolates
used in our study. This hypothesis could justify the findings
of in vitro resistance to all itraconazole formulations and
should be investigated in more detail.

Thus, it is suggested to carry out in vitro antifungal suscep-
tibility tests with the chosen itraconazole, either brand-name
or compounded, to verify its efficacy, mainly in cases of feline
and canine sporotrichosis in Southern Brazil. Regarding
itraconazole from compounding pharmacies, it is known that
the quality of the formulations is regulated through Resolution
67 of the National Health Surveillance Agency [10].
However, the matrix pH and particle size [31], as well as the
different ways to prepare a compounded formulation [32], are
some factors that may influence the final product, giving rise
to different degrees of quality. Furthermore, failures during the
process can lead to the absence of the active ingredient in the
compounded product [11].

A study revealed that the compounded capsules identified
as fluconazole from an establishment did not show retention
time similar to standard fluconazole by high-performance lig-
uid chromatography [11], showing that the content in the cap-
sule did not correspond to the product described. In our study,
all formulations presented the active ingredient, showing the
presence of itraconazole in its pure form (C5sH;3CI,NgOy,) by
the HPLC-MS method.

However, all formulations presented itraconazole in a con-
centration lower than that described by the manufacturer. This
finding could indicate degradation of the active ingredient
[33]; however, no degradation products were identified in
our LC-MS analyzes. It is believed that non-pure forms of
itraconazole have been used to prepare them, such as hydro-
chloride itraconazole [34] or ditosylate salt of itraconazole
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[35], among others. Although extremely low concentrations
of the pure form could justify a low antifungal efficacy, as
observed in V-IND, the same was not noted for all formula-
tions. This is because the brand-name (H-IND) and compound
(H-COMP1 and H-COMP2) formulations for human use
showed high antifungal efficacy. This finding highlighted that
the concentrations of the pure form did not seem to directly
influence the antifungal efficacy. Although it was not possible
to determine the factors that influenced the anti-Sporothrix
brasiliensis activity, comparative studies of intrinsic and ex-
trinsic factors related to pharmaceutical formulation should be
performed in brand-name and compounded itraconazole.

In this study, we demonstrated a variation in the degree of
antifungal efficacy among the formulations on S. brasiliensis,
highlighting H-IND, H-COMP1 and H-COMP2 with high
efficacy; V-COMP with moderate efficacy and V-IND with
low efficacy. Furthermore, the emergence of itraconazole-
resistant S. brasiliensis isolates from feline and canine from
Southern Brazil were shown for all formulations, regardless of
the pharmaceutical origin. All formulations presented the pure
form of itraconazole; however, the concentrations did not
match the concentration indicated by the manufacturers.
Antifungal efficacy was not directly correlated to the observed
itraconazole concentration, suggesting that other components
present in the matrix may be influencing either the antifungal
activity or even the compound measurement. It is recommend-
ed to perform in vitro antifungal assays with the chosen
itraconazole as a strategy for therapeutic purposes, regardless
of pharmaceutical origin. Furthermore, the variable
itraconazole contents found among the analyzed formulations
points to the need for requiring a stringent quality control to
assure the itraconazole concentration.
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