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ER-30346 is a novel oral triazole with a broad spectrum of potent activity against a wide range of fungi. In
the present study, we investigated the therapeutic effects of oral ER-30346 on experimental local infections
caused by Aspergillus fumigatus, Candida albicans, and Cryptococcus neoformans and compared them with those
of itraconazole and fluconazole. In experimental murine models of pulmonary aspergillosis, candidiasis, and
cryptococcosis, ER-30346 reduced the numbers of CFU in the lungs significantly compared with the numbers
of CFU in the lungs of the controls (P < 0.05). ER-30346 was as effective as or more effective than itraconazole
against pulmonary aspergillosis. Against pulmonary candidiasis and cryptococcosis, ER-30346 was more
effective than itraconazole and was as effective as fluconazole. ER-30346 was also effective against pulmonary
candidiasis caused by fluconazole-resistant C. albicans. In mice with intracranial cryptococcosis, ER-30346
reduced the numbers of CFU in the brains significantly compared with the numbers of CFU in the brains of
the controls (P < 0.05) and was more effective than itraconazole and as effective as fluconazole. In an
experimental model of oral candidiasis in rats, ER-30346 reduced the numbers of CFU in oral swabs signif-
icantly compared with the numbers of CFU in oral swabs from the controls (P < 0.05) and was more effective
than itraconazole and as effective as fluconazole. Thus, ER-30346 shows efficacy in murine aspergillosis,
candidiasis, and cryptococcosis models. Further studies are needed to determine the potential of ER-30346 for
use in the treatment of these infections.

Invasive pulmonary aspergillosis is a life-threatening infec-
tion recognized increasingly in immunocompromised patients
undergoing immunosuppressive or anticancer therapy. Pulmo-
nary candidiasis also occurs in such immunocompromised pa-
tients (4, 8). Oral candidiasis and cryptococcal meningitis occur
most frequently in human immunodeficiency virus-infected pa-
tients (18, 22). Thus, despite advances in antifungal therapy,
fungal infections are increasingly frequent in immunocompro-
mised patients (8).
The clinical efficacies of such new antifungal agents as flu-

conazole and itraconazole (9, 11) are still limited, especially
against invasive aspergillosis, and activity against Aspergillus
fumigatus must be further improved. With this in mind, we
have directed our research toward the development of new
azoles. One such new oral triazole, ER-30346 {(2R,3R)-3-[4-
(4-cyanophenyl)thiazol-2-yl]-2-(2,4-difluorophenyl)-1-(1H-1,2,
4-triazol-1-yl)-2-butanol} (Fig. 1), has a broad antifungal spec-
trum and potent activity against major pathogenic fungi such as
A. fumigatus, Cryptococcus neoformans, Candida species, and
dermatophytes (10). We developed experimental local infec-
tion models of aspergillosis, candidiasis, and cryptococcosis,
using models of these infections, to evaluate the efficacies of
antifungal compounds.
In the present study, we evaluated the efficacy of ER-30346

in experimental models of pulmonary, intracranial, and oral
infections caused by A. fumigatus, Candida albicans, or C. neo-

formans in comparison with those of fluconazole (23) and
itraconazole (7).
(This work was presented in part at the 35th Interscience

Conference on Antimicrobial Agents and Chemotherapy, San
Francisco, Calif., 17 to 20 September 1995.)

MATERIALS AND METHODS

Antifungal agents. ER-30346 and fluconazole were synthesized at Eisai Co.
Ltd., Tokyo, Japan. Itraconazole was obtained commercially (Janssen Kyowa
Co., Tokyo, Japan). The azoles were dissolved individually in dimethyl sulfoxide
(DMSO) and were uniformly suspended by sonication in a ninefold volume of
0.5% sodium carboxymethyl cellulose (CMC).
Organisms. Three strains of A. fumigatus (C.I.-8, C.I.-10, and N.H.K.-1) and C.

neoformans No. 3 were kindly provided by Y. Niki, Kawasaki Medical College,
Okayama, Japan. Two strains of C. albicans (E81022 and E81113) were distinct
clinical isolates recently obtained from hospitals in Japan. All isolates were
stored at 2808C in Sabouraud dextrose broth containing 15% glycerol in our
laboratory. The strains of C. albicans and C. neoformans for each study were
grown on Sabouraud dextrose agar (SDA; Difco Laboratories, Detroit, Mich.)
plates at 308C for 24 to 48 h, and challenge organisms were prepared in sterile
saline. Strains of A. fumigatus were grown on potato dextrose agar (PDA; Eiken
Chemical Co., Tokyo, Japan) plates at 308C for 1 week, and challenge organisms
were prepared in sterile saline containing 0.05% Tween 80.
Animals. Female ICR mice (age, 5 weeks; weight, approximately 24 g; Charles

River Japan Inc., Kanagawa, Japan) or male Sprague-Dawley rats (age, 5 weeks;
weight, approximately 200 g; Japan SLC Inc., Shizuoka, Japan) were used
throughout the experiments. They were housed in cages of 20 or 5 animals per
group and had access to food and water ad libitum.
In vitro susceptibility tests.MICs were determined by the broth microdilution

method on the basis of the standard method for antifungal susceptibility testing
proposed by the National Committee for Clinical Laboratory Standards (21) with
RPMI 1640 medium (Nissui Pharmaceutical Co., Ltd., Tokyo, Japan). Sterile,
flat-well microtiter plates (Nunc A/S, Roskilde, Denmark) were used for the
tests. The drug solutions were serially diluted twofold to give a range of final drug
concentrations from 100 to 0.006 mg/ml; these were prepared with RPMI 1640
medium buffered to pH 7.0 with 0.165 M morpholinopropanesulfonic acid
(MOPS; Wako Pure Chemical Industries, Ltd., Osaka, Japan) containing 1%
DMSO. Yeasts were grown on SDA (Difco Laboratories) at 308C for 24 to 48 h,
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and filamentous fungi were grown on PDA (Eiken Chemical Co.) at 308C for 1
to 2 weeks. The wells were inoculated with 100 ml of the culture suspension
diluted to a final inoculum of 2.5 3 103 cells or conidia per ml with RPMI 1640
medium buffered to pH 7.0 with 0.165 M MOPS. Fungal growth was observed
48 h (72 h for C. neoformans and 96 h for dermatophytes) after incubation at
358C. The MICs of the azoles were the lowest drug concentration which resulted
in a visual turbidity less than or equal to 80% inhibition compared with the
control fungal growth. The MICs of amphotericin B were the lowest drug con-
centration at which there was an absence of visible fungal growth.
Pulmonary infection in mice. (i) Aspergillosis. The mice were immunosup-

pressed by the subcutaneous injection of 5-fluorouracil (5-FU Kyowa; Kyowa
Hakko Kogyo Co., Tokyo, Japan) at a dose of 200 mg/kg of body weight 7 days
before infection and at a dose of 100 mg/kg of body weight 4 days before
infection. On the day of infection, the mice were anesthetized intravenously with
ketamine hydrochloride (Sankyo Co., Tokyo, Japan) at 0.5 mg/kg of body weight.
The mice (n 5 10) were infected intranasally with 1.0 3 105 conidia, in a 50-ml
droplet, of A. fumigatus C.I.-8, A. fumigatus C.I.-10, and A. fumigatus N.H.K.-1 in
the respective experiments. Drugs were orally administered, in a volume of 0.2
ml per dose, twice daily for 3 consecutive days starting 1 h after infection. Control
groups received 10% DMSO in 0.5% CMC. The drugs were administered at
doses of 2, 8, and 32 mg/kg. The mice were sacrificed 24 h after administration
of the last dose, and the lungs were removed and homogenized in 3 ml of sterile
saline. Homogenates were serially diluted 10-fold, dilutions were plated onto
SDA plates containing 100 mg of ampicillin (Meiji Seika Co., Tokyo, Japan) per
ml, and the plates were incubated at 378C for 24 h. The number of CFU was
counted, and the number of CFU per total tissue was calculated as reported
previously (1).
(ii) Candidiasis. The mice were immunosuppressed and anesthetized on the

day of infection in the same way as described above for the pulmonary aspergil-
losis model. The mice (n 5 10) were infected intranasally with 1.8 3 105 cells, in
a 50-ml droplet, of C. albicans E81022 (fluconazole-susceptible strain) and C.
albicans E81113 (fluconazole-resistant strain) in the respective experiments.
Drugs were orally administered, in a volume of 0.2 ml per dose, twice daily for
2 or 3 consecutive days starting 1 h after infection. Controls received 10%DMSO
in 0.5% CMC. The drugs were administered at doses of 0.625, 2.5, and 10 mg/kg
in the model of infection caused by a fluconazole-susceptible strain and 40 mg/kg
in the model of infection caused by a fluconazole-resistant strain. Drug efficacy
was assessed in the same way as described above for the pulmonary aspergillosis
model.
(iii) Cryptococcosis. Healthy mice were used for the cryptococcosis model. On

the day of infection, the mice (n 5 5) were anesthetized in the same way as
described above for the pulmonary aspergillosis model. The mice were infected
intranasally with 1.03 105 cells, in a 50-ml droplet, of C. neoformansNo. 3. Drugs
were orally administered in the same way as described above for the pulmonary
aspergillosis model. The drugs were administered at doses of 8 and 32 mg/kg.
Drug efficacy was assessed in the same way as described above for the pulmonary
aspergillosis model. The number of CFU was counted after 48 h of incubation at
308C, and the number of CFU per total tissue was calculated as described above.
Intracranial cryptococcosis in mice. An animal model of intracranial crypto-

coccosis was induced basically as reported by Hector and Yee (13), with some
modifications. Healthy mice were used. On the day of infection, the mice (n5 5)
were anesthetized intravenously with ketamine hydrochloride at 0.5 mg/kg of
body weight. The inoculum was delivered intracranially by puncturing the cra-
nium with a 28-gauge needle and delivering 10-ml portions of the fungal suspen-
sion containing 1.0 3 104 cells of C. neoformans No. 3 as shallowly as possible.
Drugs were orally administered on the same schedule as described above for the
pulmonary cryptococcosis model. The mice were sacrificed 24 h after adminis-
tration of the last dose, and the brains were removed and homogenized in 3 ml
of sterile saline. Homogenates were serially diluted 10-fold, dilutions were plated
onto SDA plates containing 100 mg of ampicillin per ml, and the plates were
incubated at 308C for 48 h. The number of CFU was counted, and the number
of CFU per total tissue was calculated as described above.

Oral candidiasis in rats. An animal model of oral candidiasis was induced
basically as reported by Jones and Russell (17), with some modifications.
Namely, a 0.1% aqueous solution of tetracycline hydrochloride (Sigma Chemical
Co., St. Louis, Mo.) was given to rats beginning 7 days before infection, and the
concentration of tetracycline hydrochloride was reduced to 0.01% after infection.
The rats (n 5 8) were orally infected three times at 48-h intervals with 0.1 ml of
a saline suspension containing 108 cells of C. albicans E81022. Drugs were orally
administered, in a volume of 0.5 ml per dose, once daily for 3 consecutive days
starting 2 days after the last infection. Control groups received 10% DMSO in
0.5% CMC. Drugs were administered at doses of 1 and 4 mg/kg. Drug efficacy
was assessed 5 days after the last infection by measuring the number of C.
albicans organisms in oral swabs. The oral swabs were suspended in 2 ml of
sterile saline, the resulting suspension was serially diluted 10-fold, dilutions were
plated onto SDA plates containing 100 mg of tetracycline hydrochloride per ml,
and the plates were incubated at 378C for 48 h. The number of CFU was counted,
and the number of CFU per total swab was calculated.
Statistical analysis. Data for animals with pulmonary, intracranial, and oral

infections were analyzed by the Kruskal-Wallis test; this was followed by the
Tukey type comparison test. Statistical significance was defined as P , 0.05.

RESULTS

In vitro antifungal activity. The MICs for the strains of A.
fumigatus, C. albicans, and C. neoformans used throughout the
studies are presented in Table 1. The activity of ER-30346 was
two to four times higher than that of itraconazole against the
three strains of A. fumigatus and four to more than eight times
higher than that of itraconazole against C. albicans E81022 and
C. neoformans No. 3. Fluconazole demonstrated less in vitro
activity than the other two drugs against the strains tested. C.
albicans E81113 is fluconazole resistant, and the activity of
fluconazole against this strain was 128 times less than that
against fluconazole-susceptible strain E81022. The activity of
ER-30346 against strain E81113 was .128 times less than that
against strain E81022, and the activity of itraconazole was 32
times less.
Efficacy in the pulmonary infection model. (i) Aspergillosis.

The efficacy of ER-30346 against pulmonary aspergillosis in
mice is presented in Table 2. ER-30346 was the most effective
of the drugs tested against A. fumigatus C.I.-8. The lungs of
untreated mice contained 2.9 6 0.5 log CFU 3 days after
infection. ER-30346 at a dose of 32 mg/kg significantly reduced
the log number of CFU to 1.1 6 0.7 compared with numbers
in the lungs of mice receiving the control treatment and treat-
ment with itraconazole and fluconazole at 32 mg/kg. Itracon-
azole at 32 mg/kg significantly reduced the log number of CFU
to 1.9 6 0.4 compared with the numbers in mice receiving the
control treatment and fluconazole at 32 mg/kg.
The lungs of untreated mice infected with A. fumigatus

C.I.-10 contained 3.4 6 0.4 log CFU 3 days after infection.
ER-30346 at a dose of 2 mg/kg significantly reduced the log
number of CFU to 2.56 0.7, ER-30346 at 8 mg/kg significantly
reduced the log number of CFU to 2.3 6 0.7, itraconazole at 8
mg/kg significantly reduced the log number of CFU to 2.4 6

FIG. 1. Chemical structure of ER-30346.

TABLE 1. In vitro activities of ER-30346 and the other azoles
against strains causing experimental local infectionsa

Strains
MIC (mg/ml)

ER-30346 Itraconazole Fluconazole

A. fumigatus C.I.-8 0.39 0.78 .100
A. fumigatus C.I.-10 0.20 0.78 .100
A. fumigatus N.H.K.-1 0.20 0.78 .100
C. albicans E81022 #0.006 0.05 0.39
C. albicans E81113 0.78 1.56 50
C. neoformans No. 3 0.025 0.10 3.13

aMICs were determined by the broth microdilution method with RPMI 1640
medium, the inoculum size was 2.5 3 103 cells or conidia per ml, and incubation
was at 358C for 48 to 72 h.
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0.7, and fluconazole at 32 mg/kg significantly reduced the log
number of CFU to 2.66 0.7 compared with the numbers in the
lungs of mice receiving the control treatment. ER-30346 at 32
mg/kg significantly reduced the log number of CFU in the
lungs to 0.9 6 0.4 compared with the numbers in mice receiv-
ing the control treatment and fluconazole at 32 mg/kg. Itra-
conazole at 32 mg/kg significantly reduced the log number of
CFU to 1.76 0.5 compared with the numbers in mice receiving
the control treatment and fluconazole at 32 mg/kg.
The lungs of untreated mice infected with A. fumigatus

N.H.K.-1 contained 3.4 6 0.6 log CFU 3 days after infection.
ER-30346 at a dose of 8 mg/kg significantly reduced the log
number of CFU to 1.8 6 0.5 and at 32 mg/kg to 0.5 6 0.5
compared with the numbers in the lungs of mice receiving the
control treatment and fluconazole at 32 mg/kg. Itraconazole at
8 mg/kg significantly reduced the log number of CFU to 2.3 6
0.7 compared with the number in mice receiving the control
treatment. Itraconazole at 32 mg/kg significantly reduced the
log number of CFU to 1.2 6 0.7 compared with the numbers
in mice receiving the control treatment and fluconazole at 32
mg/kg.
ER-30346 and itraconazole thus demonstrated therapeutic

effects dose dependently. In general, ER-30346 was as effective
as or more effective than itraconazole against pulmonary as-
pergillosis and was more effective than fluconazole.
(ii) Candidiasis. The therapeutic effects of ER-30346 and

the reference drugs against pulmonary candidiasis are pre-
sented in Table 3. The lungs of untreated mice infected with
fluconazole-susceptible C. albicans E81022 contained 5.46 0.2
log CFU 2 days after infection. ER-30346 at a dose of 2.5
mg/kg significantly reduced the log number of CFU to 4.3 6
0.5 and at 10 mg/kg to 3.9 6 0.1 compared with the numbers in
the lungs of mice receiving the control treatment; ER-30346 at
2.5 mg/kg significantly reduced the log number of CFU com-
pared with the numbers in mice receiving itraconazole at 2.5
mg/kg. Itraconazole at 10 mg/kg significantly reduced the log
number of CFU to 4.6 6 0.1 compared with the numbers in
mice receiving the control treatment but not itraconazole at 2.5
mg/kg (5.45 6 0.15 log CFU). Fluconazole at 2.5 mg/kg signif-
icantly reduced the log number of CFU to 4.0 6 0.6 and at 10
mg/kg to 3.9 6 0.4 compared with numbers in mice receiving
the control treatment; fluconazole at 2.5 mg/kg significantly

reduced the log number of CFU compared with the numbers in
mice receiving itraconazole at 2.5 mg/kg. ER-30346 thus dem-
onstrated therapeutic effects dose dependently, as did the
other two drugs tested, and had efficacy comparable to that of
fluconazole and was more effective than itraconazole against
pulmonary candidiasis caused by fluconazole-susceptible C. al-
bicans.
ER-30346 was also effective against pulmonary candidiasis

caused by fluconazole-resistant C. albicans. The lungs of un-
treated mice contained 5.4 6 0.7 log CFU 3 days after infec-
tion. Only ER-30346 at a dose of 40 mg/kg significantly re-
duced the log number of CFU to 4.1 6 0.4 compared with the
numbers in the lungs of mice receiving the control treatment,
whereas itraconazole (4.8 6 0.8 log CFU) and fluconazole
(4.8 6 0.9 log CFU) did not. ER-30346 thus was effective
against pulmonary candidiasis caused by fluconazole-resistant
C. albicans.
(iii) Cryptococcosis. The therapeutic effects of ER-30346

and the reference drugs against pulmonary cryptococcosis are
presented in Table 4. In the first experiment, we compared the
therapeutic effect of ER-30346 with those of the two other
drugs at a dose of 8 mg/kg. The lungs of untreated mice
contained 5.9 6 0.1 log CFU 3 days after infection. ER-30346
significantly reduced the log number of CFU to 4.1 6 0.4 and
fluconazole significantly reduced the log number of CFU to
3.7 6 0.3 compared with the numbers in the lungs of mice
receiving the control treatment and itraconazole; itraconazole
did not significantly reduce the log number of CFU (5.5 6 0.2
log CFU) compared with the numbers in mice receiving the
control treatment. In the next experiment we used the drugs at
a dose of 32 mg/kg. The lungs of untreated mice contained
5.3 6 0.2 log CFU 3 days after infection. ER-30346 signifi-
cantly reduced the log number of CFU to 3.5 6 0.2 and flu-
conazole significantly reduced the log number of CFU to 3.66
0.2 compared with the numbers in mice receiving the control
treatment and itraconazole; itraconazole significantly reduced
the log number of CFU to 4.1 6 0.2 compared with the num-

TABLE 2. Efficacies of ER-30346, itraconazole, and fluconazole
against pulmonary aspergillosis in micea

Drug Dose
(mg/kg)

Log CFU/lung (mean 6 SD)

C.I.-8 C.I.-10 N.H.K.-1

Control 2.9 6 0.5 3.4 6 0.4 3.4 6 0.6

ER-30346 2 3.16 0.3 2.5 6 0.7b 2.9 6 0.5
8 2.6 6 0.3 2.3 6 0.7b 1.8 6 0.5b,c

32 1.1 6 0.7b,c,d 0.9 6 0.4b,c 0.5 6 0.5b,c

Itraconazole 2 2.96 0.6 2.9 6 0.4 3.0 6 0.8
8 2.8 6 0.2 2.4 6 0.7b 2.3 6 0.7b

32 1.9 6 0.4b,c 1.7 6 0.5b,c 1.2 6 0.7b,c

Fluconazole 32 2.86 0.3 2.6 6 0.7b 2.8 6 0.9

a The mice (n 5 10) were immunosuppressed by the subcutaneous injection of
5-fluorouracil and were infected intranasally with 105 conidia of A. fumigatus
C.I.-8, C.I.-10, or N.H.K.-1 in the respective experiments. Drugs were orally
administered twice daily for 3 consecutive days starting 1 h after infection.
b P , 0.05 compared with control treatment.
c P , 0.05 compared with treatment with fluconazole at 32 mg/kg.
d P , 0.05 compared with treatment with itraconazole at 32 mg/kg.

TABLE 3. Efficacies of ER-30346, itraconazole, and fluconazole
against pulmonary candidiasis in micea

Drug Dose
(mg/kg)

Log CFU/lung (mean 6 SD)

E81022 E81113b

Control 5.4 6 0.2 5.4 6 0.7

ER-30346 0.625 5.3 6 0.2
2.5 4.3 6 0.5c,d

10 3.9 6 0.1c

40 4.1 6 0.4c

Itraconazole 0.625 5.2 6 0.6
2.5 5.5 6 0.2
10 4.6 6 0.1c

40 4.8 6 0.8

Fluconazole 0.625 5.1 6 0.4
2.5 4.0 6 0.6c,d

10 3.9 6 0.4c

40 4.8 6 0.9

a The mice (n 5 5) were immunosuppressed by the subcutaneous injection of
5-fluorouracil and were infected intranasally with 1.8 3 105 cells of C. albicans
E81022 or C. albicans E81113 in the respective experiments. The drugs were
orally administered twice daily for 2 consecutive days starting 1 h after infection.
b Fluconazole-resistant strain.
c P , 0.05 compared with control treatment.
d P , 0.05 compared with treatment with itraconazole at 2.5 mg/kg.
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bers in mice receiving the control treatment. ER-30346 thus
had efficacy comparable to that of fluconazole and was more
effective than itraconazole against pulmonary cryptococcosis.
Efficacy in the intracranial cryptococcosis model. The effi-

cacy of ER-30346 against intracranial cryptococcosis in mice is
as follows. In this experiment, we compared the therapeutic
effect of ER-30346 with those of the other two drugs at a dose
of 8 mg/kg. The brains of untreated mice contained 6.4 6 0.2
log CFU 3 days after infection. ER-30346 significantly (P ,
0.05) reduced the log number of CFU to 3.9 6 0.2 and flucon-
azole significantly (P , 0.05) reduced the log number of CFU
to 3.9 6 0.3 compared with the numbers in mice receiving the
control treatment and itraconazole; itraconazole did not re-
duce the log number of CFU (5.7 6 0.7) compared with the
number in mice receiving the control treatment. ER-30346 and
fluconazole were more effective than itraconazole against in-
tracranial cryptococcosis.
Efficacy in the oral candidiasis model. The therapeutic ef-

fects of ER-30346 and the reference drugs against oral candi-
diasis in rats are presented in Table 5. In the first experiment,
we compared the therapeutic effect of ER-30346 with those of
the other two drugs given at doses of 1 mg/kg. Oral swabs of
untreated rats contained 3.56 0.4 log CFU 5 days after the last
infection. ER-30346 significantly reduced the log number of
CFU in swabs to 1.9 6 0.8 compared with the numbers in rats

receiving the control treatment and itraconazole. Fluconazole
significantly reduced the log number of CFU to 2.4 6 0.4
compared with the numbers in rats receiving the control treat-
ment. Itraconazole did not reduce the log number of CFU
(3.0 6 0.6) compared with the numbers in rats receiving the
control treatment. In the next experiment we used the drugs at
a dose of 4 mg/kg. The swabs of untreated mice contained
3.1 6 0.3 log CFU 5 days after infection. ER-30346 signifi-
cantly reduced the log number of CFU to 0.8 6 1.0, itracon-
azole significantly reduced the log number of CFU to 1.06 1.3,
and fluconazole significantly reduced the log number of CFU
to 0.3 6 0.7 compared with the numbers in rats receiving the
control treatment. In general, ER-30346 had efficacy compa-
rable to that of fluconazole and was more effective than itra-
conazole against oral candidiasis.

DISCUSSION

ER-30346 is a novel oral thiazole-containing triazole with a
broad spectrum of potent activity against major pathogenic
fungi, especially A. fumigatus, and shows good therapeutic ef-
ficacy against systemic infections caused by A. fumigatus (10).
The expanding population of immunocompromised patients
receiving immunosuppressive or anticancer therapy has re-
sulted in an increased incidence of opportunistic mycoses. Lo-
cal infections are becoming an increasing problem, as are sys-
temic infections caused by Candida spp. Invasive pulmonary
aspergillosis, for instance, is a life-threatening infection in-
creasingly recognized in immunocompromised patients (3, 8,
19), and pulmonary candidiasis and cryptococcosis have also
become problems in certain clinical settings (16, 20, 31). We
therefore developed experimental models of pulmonary infec-
tions with A. fumigatus (1, 28) and C. albicans (24, 25) in
immunosuppressed mice. We evaluated the efficacy of ER-
30346 against pulmonary infections caused by A. fumigatus, C.
albicans, and C. neoformans in comparison with those of itra-
conazole and fluconazole. 5-Fluorouracil treatment elicited
great reduction in the number of leukocytes, especially neu-
trophils, in mice (29), and pulmonary infection caused by
Pseudomonas aeruginosa was induced in 5-fluorouracil-treated
mice (26). 5-Fluorouracil treatment was therefore applied to
pulmonary aspergillosis and candidiasis models with a slightly
modified treatment schedule. The neutropenic pulmonary
model appears to more closely mimic the situation in clinical
settings. A pulmonary cryptococcosis model could be induced
in healthy mice (15, 27).
ER-30346 demonstrated good therapeutic effects dose de-

pendently in an experimental pulmonary aspergillosis model in
mice. Although itraconazole appears to be efficacious against
invasive aspergillosis (5, 6), additional effective antifungal
drugs against aspergillosis must also be developed. Interest-
ingly, ER-30346 was as effective or was more effective than
itraconazole in the pulmonary aspergillosis model. ER-30346
constantly reduced the log number of CFU more than itracon-
azole did against three strains of A. fumigatus, even though the
difference in the numbers of CFU between the animals receiv-
ing ER-30346 and itraconazole was less than 1 log. Further-
more, we confirmed that ER-30346 was the most effective of
the drugs tested against systemic infections caused by A. fu-
migatus (10).
ER-30346 is further characterized by its efficacy against flu-

conazole-resistant C. albicans infections in mice. Fluconazole-
resistant Candida spp. are reported to have emerged clinically
(2, 3, 12, 14, 30). ER-30346 proved to be effective against
pulmonary candidiasis caused by a fluconazole-resistant strain
of C. albicans in mice. With the present model, despite in vitro

TABLE 4. Efficacies of ER-30346, itraconazole, and fluconazole
against pulmonary cryptococcosis in micea

Drug Dose
(mg/kg)

Log CFU/lung
(mean 6 SD)

Control 5.9 6 0.1
ER-30346 8 4.16 0.4b

Itraconazole 8 5.56 0.2
Fluconazole 8 3.76 0.3b

Control 5.3 6 0.2
ER-30346 32 3.56 0.2b

Itraconazole 32 4.16 0.2c

Fluconazole 32 3.66 0.2b

a The mice (n 5 10) were infected intranasally with 1.0 3 105 cells of C.
neoformans No. 3. Drugs were orally administered twice daily for 3 consecutive
days starting 1 h after infection.
b P , 0.05 compared with control treatment and treatment with itraconazole.
c P , 0.05 compared with control treatment.

TABLE 5. Efficacies of ER-30346, itraconazole, and fluconazole
against oral candidiasis in ratsa

Drug Dose
(mg/kg)

Log CFU/swab (mean 6 SD)

1 day 5 days

Control 3.4 6 0.4 3.5 6 0.4
ER-30346 1 3.3 6 0.3 1.9 6 0.8b,c

Itraconazole 1 3.3 6 0.3 3.0 6 0.6
Fluconazole 1 3.3 6 0.3 2.4 6 0.4b

Control 3.5 6 0.3 3.1 6 0.3
ER-30346 4 3.3 6 0.2 0.8 6 1.0b

Itraconazole 4 3.4 6 0.3 1.0 6 1.3b

Fluconazole 4 3.4 6 0.3 0.3 6 0.7b

a The rats (n 5 8) were orally infected three times at 48-h intervals with 1.0 3
108 cells of C. albicans E81022. Drugs were orally administered once daily for 3
consecutive days starting 2 days after the last infection.
b P , 0.05 compared with control treatment.
c P , 0.05 compared with treatment with itraconazole.
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MIC and substantial levels in plasma, itraconazole was not
effective in reducing the numbers of CFU. One of the reasons
that ER-30346 but not itraconazole was effective may be the
long half-life of ER-30346 in mice, as described in our previous
report (10). The efficacy of ER-30346 against a C. albicans-
resistant strain was lower, however, than that against a flucon-
azole-susceptible C. albicans strain. Further study is needed to
confirm the efficacy of ER-30346 in other experimental models
of infection, such as systemic and oral infections caused by
fluconazole-resistant C. albicans. ER-30346 had efficacy com-
parable to that of fluconazole against pulmonary candidiasis
caused by a fluconazole-susceptible strain of C. albicans and
was more effective than itraconazole. ER-30346 also showed a
good therapeutic effect against pulmonary cryptococcosis, had
efficacy comparable to that of fluconazole, and was more ef-
fective than itraconazole.
Cryptococcal meningitis and oral candidiasis occur most fre-

quently in human immunodeficiency virus-infected patients
(8). Cryptococcosis, often occurring as relapsing meningitis, is
most lethal (22). Although oral candidiasis is not life-threat-
ening, the sustained immunosuppression in these patients fa-
cilitates the recurrence of infection (18). We developed exper-
imental models of these two infections and evaluated the
efficacy of ER-30346 against these infections in mice and rats.
ER-30346 demonstrated a good therapeutic effect in the mod-
els of cryptococcal meningitis and oral candidiasis. ER-30346
had efficacy comparable to that of fluconazole and was more
effective than itraconazole against intracranial cryptococcosis
in mice and oral candidiasis in rats.
ER-30346 was therapeutically as effective as or more effec-

tive than itraconazole against pulmonary infections caused by
A. fumigatus and fluconazole-resistant C. albicans in mice.
Against other infections caused by C. neoformans and flucon-
azole-susceptible C. albicans, ER-30346 was as effective ther-
apeutically as fluconazole and was more effective than itracon-
azole. These results suggest that ER-30346 may have potential
efficacy as therapy against aspergillosis, cryptococcosis, and
candidiasis.
ER-30346 is thus a very promising drug for the treatment of

fungal infections, and therefore, further studies on its pharma-
cokinetic and toxicological behaviors are warranted.
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