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Aureobasidin A (AbA) is a novel cyclic depsipeptide antifungal antibiotic. The antifungal activity
of AbA was studied in vitro and in vivo in comparison with clinically effective antifungal agents,
amphotericin B and fluconazole. AbA was highly active in vitro against many pathogenic fungi,
including Candida albicans, Cryptococcus neoformans, Blastomyces dermatitidis and Histoplasma
capsulatum. The activity was superior to amphotericin B in most cases. AbA exhibited fungicidal
action toward growing cultures of C. albicans. It was highly tolerated by mice and showed good
efficacy in the treatment of murine systemic candidiasis when given orally or subcutaneously. AbA’s
fungicidal action in mice with candidiasis was more effective than fluconazole and amphotericin B.

The incidence of systemic fungal infections are increasing in immune compromised patients with
several underlying diseases, such as leukemia and acquired immunodeficiency syndrome (AIDS), and in
patients receiving anti-neoplastic agents, immunosuppressive agents or broad spectrum antibacterial
antibiotics. Amphotericin B, flucytosine, and two imidazole drugs, miconazole and ketoconazole, have
been the drugs of choice for systemic antifungal chemotherapy. Recently, two new oral triazoles, fluconazole
and itraconazole,? have been successfully developed and are now available for the treatment of some
systemic fungal infections. However, clinical usefulness of all of these drugs is limited to insufficient
therapeutic efficacy and/or toxicity. Thus there is a need for novel antifungal agents with a greater clinical
efficacy.

Aureobasidin A (AbA) is a new antifungal cyclic depsipeptide antibiotic (Fig. 1) produced by
Aureobasidium pullulans R106.2~* The characteristic of the structure of AbA is that of a peptide composed
of eight L-form amino acids linked through one hydroxy acid to form a ring structure. There are some
cyclic peptide antibiotics with antifungal activity in vitro, including valinomycin,® syringomycin,®”
calophycin® and aculeacin/echinocandin family.®~*" Many of them effect cell membrane permeability
and have toxicity to eukaryotic cells. Several antifungal cyclic peptides with a long-chain fatty acid, such
as aculeacin A, echinocandin B and their analogs, inhibit fungal cell wall synthesis with low acute
toxicity.®*? However, they show a narrow spectrum antifungal activity, ineffectiveness to murine candidiasis
when given orally, and hemolytic effect. On the other hand, AbA has a broader spectrum and higher

! Presented in part as a poster at the 30th ICAAC (Atlanta, GA, U.S.A. October 21 ~24, 1990); Program and
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Fig. 1. Structure of aureobasidin A.

Abbreviations: D-Hmp, (2R,3R)-2-hydroxy-3-methylpentanoic acid; 1-MeVal, L-N-methylvaline;
L-MePhe, L-N-methylphenylalanine; L-fHOMeVal, L-B-hydroxy-N-methylvaline.
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effectiveness to murine candidiasis than aculeacin/echinocandins.® In this paper, we describe the results
of studies on the biological properties of AbA with special reference of its in vitro activity against a wide
range of medically important fungi, therapeutic efficacy in murine systemic candidiasis, and acute toxicity

toward mice.

Materials and Methods

Chemicals

Ampbhotericin B (Fungizone) and fluconazole (Diflucan) were purchased from Squibb Japan Inc. and
Pfizer Pharmaceuticals Inc., respectively. AbA was prepared as described in the preceding paper.®
Ampbhotericin B and fluconazole were dissolved in sterile water and diluted with sterile physiological saline
to give a required concentration. AbA was dissolved in a mixture of Tween 80- EtOH -saline (1:9:40,
v/v) at a concentration of 10mg/ml, and diluted with Tween 80-EtOH (1:9) for in vitro studies and with
saline in vivo studies to give a required concentration.

In Vitro Antimicrobial Activity

The minimum growth-inhibitory concentrations (MICs) for fungi and bacteria were determined by
the agar dilution method using Casitone agar (glucose 2%, Difco Casitone 0.9%, yeast extract 1%,
KH,PO, 0.1%, NaH,PO, 0.1%, sodium citrate 1%, agar 2%, w/v) and heart infusion bouillon agar,
respectively. A loopful of a suspension of a microorganism containing approximately 5 x 107 cells/ml was
streaked on the surface of the agar plates containing graded concentrations of the drugs. After incubation
at 27 or 37°C for 4 or 7 days, the lowest concentration of the drug virtually attaining complete inhibition
of fungal growth was defined as MIC.

Fungicidal Activity

A loopful of a slant culture of C. albicans TIMM 1768 was inoculated into a L-shaped tube containing
10ml of YNBG broth (Difco yeast nitrogen base 0.67%, glucose 2%, v/v). The inoculated tubes were
incubated at 37°C overnight. Cells were harvested by centrifugation and suspended in fresh YNBG broth
or sterile saline so as to contain approximately 1 x 10° cells/ml. A 9.9-ml portion of the cell suspension
was dispensed into each L-shaped tube which received 100 ul of an AbA solution or solvent. All of the
tubes were incubated at 37°C with shaking for 24 hours. At intervals, from the incubation mixture, an
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aliquot was removed for microscopic observation of morphological changes, and a 200-ul portion was
sampled for viable cell count by a conventional plating method on Sabouraud-dextrose (SD) agar plates
containing 100 ug/ml ampicillin (Sigma).

In Vivo Antifungal Activity against Candidiasis

Therapeutic efficacy of AbA was examined in comparison with amphotericin B and fluconazole in
the murine model of systemic candidiasis. C. albicans TIMM 1768 was grown at 37°C for 18 hours in a
L-shaped tube containing SD broth. Cells were harvested by centrifugation and suspended in sterile saline
to give a final concentration of 1 x 107 cells/ml. ICR mice (female, 5 weeks old, weighing 20 ~24 g) were
infected by iv injection of 0.1 ml-volume (per mouse) of the cell suspension via a tail vein. Groups of five
infected mice were treated by sc, iv or po administration of the testing drugs at dosages of 2.5, 5, 10, 20,
40 or 80 mg/kg for AbA; 0.63, 2.5, 10, 20, 40 or 80 mg/kg for fluconazole; and 0.16, 0.63, 1.25, 2.5 or
5mg/kg for amphotericin B. Mice were treated with the drugs once daily for 6 days from day-0 (4 hours
after infection) to -5 or from day-5 to -9.

Culture Study of the Kidneys from C. albicans-infected Mice

Groups of mice were infected as described above and treated with AbA, fluconazole or amphotericin
B. AbA or fluconazole was administered orally once daily from day-0 to -6 at the dose of 20 mg/kg and
from day-3 to -9 at the dose of 40 mg/kg. Amphotericin B was given subcutaneously once daily from day-3
to -9 at the dose of 5mg/kg. On day-0 and -4, -7, -10, -14, and -21 after infection, some mice in each
group were sacrificed and their kidneys were removed aseptically. The removed kidneys were sectioned
through the middle and the exposed surface was stamped on SD agar plates for inoculation. All of the
plates were incubated at 30°C for 2 days and the number of visibly growing colonies of C. albicans were
counted. When five or fewer colonies per specimen were grown, it was assumed that mycological cure was
achieved.

Toxicological Study

ADbA was dissolved in a mixture of Tween 80-EtOH - PEG 400 (1:9:90, v/v) at concentrations of 10
to 50mg/ml. A single dose was administered to groups of five female ICR mice by the iv, ip, sc and po
routes. The mice were observed daily for 7 days for physical and behavioral signs of toxicity.

Results and Discussion

The MICs of AbA and amphotericin B against a wide range of medically important fungi are shown
in Table 1. AbA exhibited a broad antifungal spectrum, inhibiting almost all species of pathogenic yeasts,
dematiaceous fungi and dimorphic fungi, as well as some of aspergilli. AbA was highly active against
causative agents of several deep-seated mycoses, namely Candida spp., Cryptococcus neoformans,
Histoplasma capsulatum and Blastomyces dermatitidis at concentrations lower than 0.63 ug/ml, and those
of chromomycosis dematiaceous fungi at <2.5ug/ml. The activities of AbA were greater than those of
amphotericin B on a weight basis. C. albicans and all other Candida spp. were most susceptible to AbA;
all strains tested were inhibited by the drug at concentrations 0.08 ug/ml or lower, which were more than
ten times lower than the MICs of amphotericin B. Some species or strains of aspergilli were also sensitive
to AbA, but others, including most medically important species, Aspergillus fumigatus, A. niger and
A. flavus, were only weakly or slightly sensitive. Dermatophytes were relatively insensitive to AbA. On the
other hand, the growth of the bacteria tested, including Staphylococcus aureus and Escherichia coli, was
not affected by AbA.

ADbA exerted fungicidal action toward growing culture of C. albicans even at concentrations near the
MIC, but it hardly affected the viability of non-growing célls of this yeast (Fig. 2). These results suggest
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Table 1. Antifungal spectrum of aureobasidin A (AbA) and amphotericin B.

MIC (ug/ml)
Strain TIMM No.
AbA Ampbhotericin B

Candida albicans 0144 <0.04 2.5
C. albicans 1529 <0.04 2.5
C. albicans 1623 <0.04 2.5
C. albicans var. stellatoidea 1308 <0.04 0.63
C. tropicalis 0312 0.08 2.5
C. tropicalis 0315 0.08 2.5
C. kefyr 0298 0.16 2.5
C. parapsilosis 0287 0.16 5
C. krusei 0270 <0.04 2.5
C. guilliermondii 0257 0.08 1.25
C. glabrata 1062 <0.04 2.5
C. glabrata 1064 0.08 2.5
Cryptococcus neoformans 0354 0.63 2.5
Cr. neoformans 0355 0.31 2.5
Cr. neoformans 0363 0.31 2.5
Cr. terreus 0424 0.31 2.5
Rhodotorula rubra 0923 0.63 10
Aspergillus fumigatus 0063 20 5
A. fumigatus 0068 >80 5
A. clavatus 0056 0.16 2.5
A. flavus 0058 >80 20
A. nidulans 0112 0.16 10
A. niger 0113 >80 5
A. terreus 0120 5 80
Penicillium citrinum 1330 >80 10
P. commune 1331 1.25 20
P. crustorum 1332 >80 20
Trichophyton mentagrophytes 1189 10 5

T. mentagrophytes 1196 >80 S

T. rubrum 1216 >80 1.25
Microsporum canis 0760 >80 20
Epidermophyton floccosum 0431 2.5 2.5
Fonsecaea pedrosoi 0482 0.31 5
Phialophora verrucosa 0903 >80 20
Exophiala werneckii 1334 1.25 10
Cladosporium bantianum 0343 0.63 10
Cl. carrionii 0337 - 1.25 10
Sporothrix schenckii 0959 >80 5
Histoplasma capsulatum 0713 0.16 2.5
H. capsulatum 0714 0.08 5
Paracoccidioides brasiliensis 0880 0.31 2.5
Geotrichum candidum 0694 0.63 20
Blastomyces dermatitidis 1690 <0.04 0.31
B. dermatitidis 0126 0.31 2.5

that AbA does not damage the cell membrane permeability and may have an effect similar to
aculeacin/echinocandins, which inhibit fungal cell wall 8-1,3-glucan synthesis.'1'*? However, AbA differed
from these antibiotics in antimicrobial spectrum (Table 1) and in their effect on morphological changes.!®
ADbA has no fatty acid moiety which is present in aculeacin and echinocandins. The fatty acid moiety was
thought to be responsible for the activity of these antibiotics.'® Thus AbA may have another mode of
action, although the target for the AbA activity remains to be answered.
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Fig. 2. Effect of aureobasidin A (AbA) on the viability of C. albicans.

Cells were grown in YNBG broth (a) or incubated in saline (b) containing AbA at the concentrations
of none (x), 0.025 (0), 0.10 (@), 0.39 (O), 1.56 (M), 6.25 (A) and 25 ug/ml (A).
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Therapeutic efficacy of AbA was compared with that of amphotericin B and fluconazole using the
murine systemic candidiasis model. The study was performed with different regimens, dosings and routes
of administration. As shown in Table 2, amphotericin B prolonged the survival days of mice at a wide
range of dosages and was effective at one fourth or one eighth of the doses of fluconazole and AbA. On
the other hand, AbA and fluconazole protected mice from death more effectively than amphotericin B.
In the treatment starting on day-5, when mice were infected in their systemic organs including kidneys
and were dying, AbA showed a better efficacy than fluconazole by sc and high dose po administration.
AbA showed low toxicity; the LDs, values in mice were 231, about 1,000, > 1,000 or > 1,000 mg/kg when
given by iv, ip, sc or po route, respectively.

When mice with candidiasis were treated with AbA, mycological cure was achieved in the kidneys of
all mice during the days treated, and a few days after the treatment (Table 3). This was probably due to
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Table 2. Antifungal activity against murine candidiasis of aureobasidin A (AbA), amphotericin B and fluconazole
in the treatment of day-0 to -5 or day-5 to -9.

Day-0 to -5 Day-5 to -9

Dose
Drugs Route (mg/kg)
MSD+SD*  Survivors/total® MSD+SD  Survivors/total®
None 59+ 1.6 0/10 11.2+ 57 0/10
AbA sc 2.5 1584 3.6 0/5 8.6+ 2.4 0/5
5 212+ 74 1/5 244+13.2 0/5
10 298+ 1.8 3/5 35.8+13.1 /s
20 nt¢ 32.8416.0 1/5
po 10 184+ 9.0 0/5 8.2+ 1.1 0/5
20 260+ 69 1/5 154+ 8.0 0/5
40 232+ 8.1 2/5 36.4410.1 1/5
80 nt 42.2+10.7 3/5
Fluconazole sc 0.63 124+ 4.3 0/5 nt
2.5 188+ 7.7 0/5 nt
10 250+ 4.4 0/5 19.6+ 9.9 0/5
20 nt 114+ 48 0/5
40 19.4+ 83 0/5 16.24+ 49 0/5
po 2.5 164+ 5.3 0/5 nt
10 204+ 9.7 2/5 24.4+19.8 0/5
20 nt 21.0+17.7 1/5
40 24.0+ 9.6 3/5 34.04+11.6 1/5
80 nt 140+ 6.2 0/5
Amphotericin B sc 0.16 112+ 1.9 0/5 ot
0.63 164+ 82 /5 2244171 1/5
1.25 nt 26.64+11.9 0/5
2.5 16.6 +14.5 2/5 24.2+16.3 1/5
5 nt ] 27.8+16.0 1/5

Drugs were given once daily from day-0 to 5 or day-5 to -9.

*  Median survival days+standard deviation. ’

®  Number of mice survived among total mice on day-31.

¢ Number of mice survived among total mice on day-50 after infection.
9 nt: not tested.

Table 3. Eradication of C. albicans cells from mice kidneys by treatment with aureobasidin A (AbA), fluconazole
or amphotericin B.

No. of mice mycologically cured/total mice infected

Drugs, dose, dosing schedule* and route

Days
. afte.r AbA Fluconazole Amphotericin B
infection
Vehicle 20mg/kg 40 mg/kg 20mg/kg 40 mg/kg Smg/kg
po d0-6 po d3-9 po d0-6 po d3-9 sc d3-9
0 0/5
4 0/3 3/3 0/3 0/3 0/3 1/3
7 0/3 3/3 3/3 2/3 0/3 0/3
10 0/3 2/3 2/3 0/3 0/3 1/3
14 Dead 1/5 1/5 0/5 0/5 3/5
21 0/3 0/3 0/3 0/3 2/3

3 Dosing schedule: d0-6, once daily from day-0 to -6; d3-9, once daily from day-3 to -9.
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the direct fungicidal action of AbA. When treatment with AbA was stopped, some mice regained infection,
which may be due to the regrowth of cells not-killed by AbA. Mice treated by fluconazole were tentatively
cured mycologically in the treatment on day-0 and continued through day-6, but were rarely cured in the
treatment starting on day-3. This observation can be ascribed to the fungistatic action of fluconazole.'™
Mice treated by amphotericin B seemed to be gradually cured mycologically after the treatment was
stopped. This effect was probably due to the immuno-potentiation activity of the polyene antibiotic.'®

In summary, AbA is a highly active, broad spectrum antifungal antibiotic with fungicidal action.
AbA shows low toxicity and good efficacy against murine candidiasis when given orally as well as
subcutaneously. AbA also prolongs survival days of infected mice by oral treatment, even when the
treatment was started after completion of infection. Therefore AbA may be clinically useful for the treatment
of fungal infections.
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