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Summary Cryptococcosis is a subacute or chronic disease. For many years, amphotericin B has
been used in severe fungal infections. Voriconazole is a triazole with high bioavailability, a large
distribution volume, and excellent penetration of the central nervous system (CNS). The
objective of this study was to evaluate the production of pro-inflammatory cytokines in the
lungs during an experimental infection caused by C. neoformans in murine model (SCID) that was
treated with amphotericin B and voriconazole. After intravenous inoculation with 3.0 � 105

viable yeast cells, the animals were treated with amphotericin B and voriconazole. The daily
treatments began 24 hours after inoculation and lasted 15 days. We evaluated the survival curve
and we measured the levels of TNF-a, IL-6 and IL-10. For all treatments, there was a significant
increase in survival compared to the untreated group of animals and the group treated with
voriconazole (maximum concentration). The levels of pro-inflammatory cytokines were signifi-
cantly lower in the groups treated with voriconazole (maximum concentration) and amphoteri-
cin B (minimum concentration). Under the conditions studied, we can suggest by that the
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production of pro-inflammatory cytokines mediated by amphotericin B and voriconazole is
dependent on the concentration administered.
# 2017 Elsevier Masson SAS. All rights reserved.

Introduction

Cryptococcus neoformans variety neoformans is a pathoge-
nic opportunistic yeast that is commonly found in the excreta
of pigeons and other birds [1]. The yeast is responsible for
subacute or chronic systemic mycoses termed ‘‘cryptococ-
cosis’’ (Casadevall A, Perfect JR. Cryptococcus neoformans.
Washington, DC: ASM Press, 1998 [2]). The diseases are
caused by inhaling infective particles of yeast, which remain
in the lungs and cause pulmonary cryptococcosis (Casadevall
A, Perfect JR. Cryptococcus neoformans. Washington, DC:
ASM Press, 1998 [2]). C. neoformans spreads to other organs,
mainly the central nervous system (CNS), through the bloods-
tream (Casadevall A, Perfect JR. Cryptococcus neoformans.
Washington, DC: ASM Press, 1998 [2]). Mice with severe
combined immunodeficiency (SCID) are more susceptible
to systemic experimental cryptococcosis and can be a good
model to study the immunologic response and therapeutics
[3]. The higher susceptibility of this model is due to lack of B
cells and T cells that contribute to protect this model against
the severe disease [4]. Tumor necrosis factor (TNF-a) is an
important marker in cryptococcosis in both humans and the
murine model [5]. TNF-a is a pro-inflammatory cytokine
with various biological functions, including increasing the
modulating the expression of other cytokines, such as IL-1,
IL-1 (beta) and IL-6, that are secreted by macrophages,
neutrophils and T cells [6]. The increased levels of IL-6
occur within three days of treatment with amphotericin B in
cryptococcosis [7].

Amphotericin B, fluconazole and 5-fluorocytosine are
most commonly used drugs to treat cryptococcosis [8].
For more than 30 years, amphotericin B has been used in
severe fungal infections, but its use has been limited
because of the various adverse effects, most importantly
its nephrotoxicity [9,10]. Fluconazole is used to treat cere-
bral cryptococcosis, [11] but long-term indiscriminate use
can result in resistance to this drug [12]. Voriconazole is a
triazole with high bioavailability, a large distribution
volume, excellent penetration of the CNS, [13] excellent
in vitro activity against C. neoformans [14] and good concen-
trations in the serum [11].

The objective of this study is to evaluate the pro-inflam-
matory cytokines production in the lungs in an experimental
infection caused by C. neoformans in a (SCID) murine model
treated with amphotericin B and voriconazole.

Materials and methods

Cryptococcus neoformans strain

The studies were performed using the C. neoformans strain
ATCC 90112 (serotype A). This strain was maintained in tubes
containing Sabouraud dextrose agar (Difco Laboratories,
Detroit, MI, USA) and glycerol at �20 8C in the Laboratory

of Pathogenic Yeasts of the Department of Microbiology,
Institute of Biomedical Sciences of São Paulo University, São
Paulo, Brazil [15].

Animal model and experimental cryptococcosis

Forty-five BALB/c-SCID (severe combined immunodefi-
ciency) mice with a mean weight of 20 g were obtained
from the Animal Center, which was responsible for breeding
isogenic animals at the Institute for Energy and Nuclear
Research, São Paulo, Brazil. These mice were housed in
microisolator cages, provided with sterile food and water
and randomly distributed into IN LINE 4 IN Modèle animal et
cryptococcose expérimentale mettent six groupes. IN LINE
4 IN Animal model and experimental cryptococcosis put six
groups. X groups. The strain (ATCC 90112) was cultivated in
YPD medium (1% yeast extract (Difco), 1% Bacto Peptone
(Difco) and 2% dextrose (Sigma-Aldrich, Milwaukee, WI,
USA) for 18 h at 30 8C; the cells were collected by centri-
fugation, washed twice in a phosphate buffer solution (PBS)
and resuspended at the inoculation concentration. Five
groups (with 5 animals each), were inoculated intrave-
nously with 100 mL of the suspension containing 3.0 � 105

viable yeast cells. Among these groups, four groups were
treated, and one group (with 10 animals), was not treated,
and served as the positive control. One group (with 10
animals) was inoculated with PBS and served as the negative
control. Animal handling and treatments followed the Ethi-
cal Principals of the Brazilian College of Animal Experimen-
tation (COBEA) [15].

Treatments

The daily treatments began 1 day after the initial inoculation
and lasted 15 days. The animals were inoculated intraperi-
toneally with 0.1 mL of amphotericin B (0.75 or 1.5 mg/kg/
day) (Fungizone, Bristol-Meyers, Squibb S.p.A., Sermoneta,
Italy), [16] or 0.1 mL of voriconazole (20.0 or 40.0 mg/kg/
day) (Vfend1 IV) (Pfizer Inc, New York, NY, USA) [17]. At the
end of study period (50 days), all animals that survived were
euthanized in a CO2 chamber. The dead and surviving mice
were evaluated by survival curves and cytokine levels (TNF-
a, IL-6 and IL-10) in lung homogenates.

Removal and homogenization of lungs

The lung were aseptically removed, weighed and homoge-
nized in a solution containing 1.0 mL of phosphate buffer
solution (PBS) supplemented with 0.05% Tween 20, 1% pro-
tease inhibitor (Sigma-Aldrich) and 1% phenylmethylsulfonyl
fluoride (PMSF-1 mM) (Sigma-Aldrich). They were centrifu-
ged for 5 minutes at 14,000 rpm and organ homogenates
that were not used immediately were stored at �80 8C for
later use.
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