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The efficacy of ravuconazole, a new triazole antifungal agent, and the echinocandin LY-303366 were evalu-
ated in an immunosuppressed, temporarily leukopenic rabbit model of invasive aspergillosis. Oral therapy
with ravuconazole at a dosage of 30 mg/kg of body weight per day or the echinocandin LY-303366, given
intravenously in a dosage of 5 or 10 mg/kg, was begun 24 h after a lethal or sublethal challenge, and results
were compared with those for amphotericin B therapy and untreated controls. Prophylaxis was also studied
with LY-303366 given at a dosage of 5 or 10 mg/kg/day 48 h before lethal or sublethal challenge. Ravuconazole
eliminated mortality, cleared aspergillus antigen from the serum, and eliminated Aspergillus fumigatus organ-
isms from tissues of both lethally and sublethally challenged immunosuppressed animals with invasive
aspergillosis. Although LY-303366, at both doses, prolonged survival and reduced aspergillus antigenemia, it
did not eliminate aspergillus organisms from organ tissues. The half-lives of ravuconazole and LY-303366 in
rabbits were 13 and 12.5 h, respectively, and no accumulation of either drug was seen after 6 days of treatment.
Although LY-303366 showed activity in this rabbit model of invasive aspergillosis, ravuconazole was the more
active agent, comparable to amphotericin B. Additional studies are needed to determine the potential of
ravuconazole for use in the treatment of this infection.

Invasive aspergillosis is a common infection in immunocom-
promised patients and is associated with significant morbidity
and mortality, even when treated with amphotericin B, which is
the drug of choice for this infection (1, 3, 6, 7, 16). Thus, novel
antifungal therapies with less toxicity and improved efficacy are
needed to improve the treatment of invasive aspergillosis.

A number of new antifungal agents have been developed for
use in patients with serious fungal infections, particularly
newer azoles and echinocandins, which may prove to be effec-
tive and less toxic than amphotericin B (2, 10, 11). Some of
these newer agents have been or are currently being studied in
animal models of fungal disease and in patients with fungal
infections (2, 4). One of the newer azoles, ravuconazole (BMS-
207147; ER 30346), and a novel echinocandin (LY-303366)
have excellent in vitro activity against strains of Aspergillus
fumigatus (5, 9, 15, 17, 26).

A number of immunosuppressed and nonimmunosup-
pressed animal models of invasive aspergillosis have been used
to study the pharmacokinetics, toxicology, and therapeutic ef-
ficacy of newer antifungal agents (3). The present report de-
scribes the efficacies of ravuconazole (BMS-207147) and LY-
303366, compared with that of conventional amphotericin B, in
our well-established immunosuppressed-rabbit model of inva-
sive aspergillosis (3, 10, 11, 18–24). The infection in our model
mimics the clinical dissemination of invasive aspergillosis in
humans with extensive infection in the lung, liver, kidney, and
brain (3, 10, 11, 18–24). Therapeutic efficacy is determined by
the rate of survival, semiquantitative organ cultures to evaluate
the reduction or elimination of Aspergillus organisms from

specific target organs, and the kinetics of Aspergillus antigen-
emia in response to antifungal therapy compared to that in
untreated control animals (3, 10, 11, 18–24).

(Part of this research was presented at the 38th Interscience
Conference on Antimicrobial Agents and Chemotherapy, San
Diego, Calif., 24 to 27 September, 1998.)

MATERIALS AND METHODS

Pharmacokinetics. New Zealand White rabbits (2.0 to 3.0 kg) were each
immunosuppressed with a single intravenous dose of 200 mg of cyclophospha-
mide (Bristol-Myers Pharmaceutical Research and Development, Evansville,
Ind.) on the 1st day (day 1) of the experiment. Triamcinolone acetonide was
given subcutaneously at 10 mg per rabbit beginning on day 1 and was adminis-
tered daily for the duration of the experiment. With this immunosuppressive
regimen, the rabbits have a reduced leukocyte count through day 7 of the
experiment, with a nadir on day 4. Therapy with ravuconazole (Bristol-Myers
Squibb Pharmaceutical Research Institute, Wallingford, Conn.) (Fig. 1) or, in
separate experiments, LY-303366 (Eli Lilly and Company, Indianapolis, Ind.)
(Fig. 2) was initiated 48 h after immunosuppression with cyclophosphamide (day
3). Ravuconazole was prepared by dissolving 240 mg in 4.8 ml of ethanol, then
adding 1.2 ml of polysorbate 80, followed by 6.0 ml of polyethylene glycol 400 to
a final concentration of 20 mg/ml for oral administration. Three groups of four
rabbits each were treated once daily for 6 days with BMS-207147 at either 10, 20,
or 30 mg/ kg of body weight/day. Blood was obtained from central ear arteries at
0, 1, 3, 8, and 24 h after the first and after the final dose, and concentrations of
BMS-207147 in serum were quantified using high-performance liquid chroma-
tography (HPLC). These samples were used to determine single- and multiple-
dose pharmacokinetics as well as mean peak levels of ravuconazole.

LY-303366 was provided at a concentration of 10 mg/ml in dimethyl sulfoxide
(DMSO) by Eli Lilly and Company. The drug was diluted to the appropriate
concentration with 5% dextrose in water just prior to treatment. Three groups of
six rabbits each were treated with LY-303366 once daily for 6 days at either 1, 5,
or 10 mg/kg/day. In these experiments blood was also obtained from central ear
arteries at 10 min prior to treatment, and at 10 min and 1, 4, and 8 h after
treatment on the first and last days of treatment. Samples were taken at 24-h
troughs and 10-min peaks for all other doses. Final blood samples were taken at
24 and 48 h after the final day of therapy. Levels of LY-303366 in serum were
measured by HPLC. These results were used to determine single- and multiple-
dose pharmacokinetics as well as mean peak levels of LY-303366.

HPLC for ravuconazole had a lower limit of quantitation of 10 ng/ml and was
validated for a standard curve of 10 to 2,000 ng/ml. The relative standard
deviations for inter- and intra-assay precision were ,8%, and the accuracy was
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within 67% of expected values. HPLC for LY-303366 was validated for a stan-
dard curve of 20 to 5,000 ng/ml. The accuracy of the assay ranged from 100.4 to
103.2%, and the precision ranged from 1.2 to 4.7%.

Rabbit model. Our rabbit model has been described in detail previously (3, 10,
11, 18–24). Rabbits were immunosuppressed on day 1 as described above. On day
2 (24 h after immunosuppression with cyclophosphamide), rabbits were chal-
lenged intravenously with 106 (lethal model) or 105 (sublethal model) A. fumiga-
tus conidia. Untreated, lethally challenged rabbits succumb with disseminated
aspergillosis within 8 days. Rabbits were given 100 mg of ceftazidime (Smith-
Kline Beecham, Philadelphia, Pa.) per day and 20 mg of gentamicin (Schering-
Plough Research, Bloomfield, N.J.) per day intramuscularly to prevent oppor-
tunistic bacterial infection. Therapy with ravuconazole, given by gastric gavage,
was initiated 24 h after challenge and continued once daily for 6 days. Groups of
10 rabbits, lethally or sublethally challenged, were treated with ravuconazole at
30 mg/kg/day, prepared and administered as described above. Four untreated,
infected controls were used with each group of 10 ravuconazole-treated rabbits
along with 4 rabbits treated with amphotericin B (Fungizone) at a dose of 1
mg/kg. Amphotericin B was diluted with 5% dextrose in sterile water at a ratio
of 1 mg of drug to 10 ml of diluent and was given intravenously over 30 to 60 min
once daily for 6 days. Surviving rabbits were killed 72 h after the last dose of
ravuconazole (day 11) or amphotericin B by an overdose of ketamine (100 mg;
Bristol Laboratories, Syracuse, N.Y.) and xylazine (20 mg; Mobay, Shawnee,
Kans.). Tissue samples were cultured at the time of autopsy or sacrifice. Cultures
were obtained by placing minced organ samples directly on blood agar and on
Sabouraud dextrose agar plates. Samples were considered positive when more
than one colony of A. fumigatus was present on $1 g of minced organ tissues
plated directly onto Sabouraud dextrose or blood agar plates or when semiquan-

titative cultures of tissue homogenates contained .10 CFU/g of tissue as de-
scribed previously (3). The tissue burden of A. fumigatus was evaluated with a
modification (3, 10, 11) of the semiquantitative culture technique of Graybill and
Kaster (13). Samples of liver, kidney, lung, and brain tissues were manually
chopped, weighed, diluted 1:10 (wt/vol) with sterile saline, and homogenized for
25 s with an electric tissue homogenizer (TRI-R Instruments, Rockville Center,
N.Y.). Then 1.0- and 0.1-ml samples of each organ homogenate were plated in
duplicate on Sabouraud dextrose and blood agar plates. The plates were incu-
bated for 48 h at 37°C, and colonies were counted. The combination of these
methods detected 2 to 20,000 CFU/g of tissue. Blood was collected at intervals
and assayed for circulating levels of A. fumigatus antigen by our competition-
inhibition enzyme-linked immunosorbent assay (ELISA) (28), and leukocyte
counts were monitored.

Similar experiments were performed with the echinocandin LY-303366. Ther-
apy with LY-303366, given intravenously, was initiated 24 h after challenge and
was continued once daily for 6 days. Groups of rabbits, lethally or sublethally
challenged, were treated with LY-303366 at either 5 or 10 mg/kg/day, prepared
and administered as described above. Also, untreated infected controls were
studied with each group of treated rabbits, along with infected rabbits treated
with amphotericin B in a dose of 1 mg/kg, also prepared as described above and
given once daily for 6 days. Surviving rabbits were killed 72 h after the last
treatment dose and were studied exactly as the ravuconazole-treated rabbits
described above.

Similar experiments were also performed to evaluate LY-303366 as a prophy-
lactic agent in our model of invasive aspergillosis. Prophylaxis with LY-303366 at
either 5 or 10 mg/kg/day was given to groups of rabbits 48 h before lethal or
sublethal challenge, and results were compared with those for untreated infected

FIG. 1. Ravuconazole.

FIG. 2. LY-303366.
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rabbits as well as rabbits given prophylaxis with amphotericin B at 1 mg/kg/day.
Prophylaxis was given daily for eight days. Surviving rabbits were killed 72 hours
after the last dose of LY-303366 or amphotericin B and were studied as de-
scribed above.

Criteria for evaluation of efficacy. Three criteria were used to evaluate ther-
apeutic and prophylactic efficacy in the lethally challenged rabbits compared with
the lethally challenged, untreated controls: mortality, tissue burden of A. fumiga-
tus of the target organs, and antigenemia as determined by our ELISA. Only the
last two criteria were used to evaluate efficacy in the sublethally challenged
rabbits.

Statistical analysis. The Fisher exact test, the Wilcoxon rank sum test, and the
Kruskal-Wallis analysis were used when appropriate. Statistical significance was
defined as a P value of ,0.05.

RESULTS

Pharmacokinetics. (i) Ravuconazole (single dose). The
mean peak level of ravuconazole in serum (6 standard devia-
tion) after a single dose of 10, 20, or 30 mg/kg (four rabbits in
each group) was 1.25 6 0.57, 2.58 6 2.45, or 5.55 6 1.62 mg/ml,
respectively, at 1 h after oral administration (Fig. 3). At 3 h, the
mean levels of ravuconazole in serum, for the 10-, 20-, and
30-mg/kg groups, had fallen to 0.8 6 0.64, 1.83 6 1.04, and
1.48 6 0.8 mg/ml, respectively; at 8 h, the levels were 1.17 6
0.95, 1.03 6 0.76, and 0.8 6 0.59 mg/ml, respectively. Ravu-
conazole was detectable in the sera of all rabbits at 24 h after
single-dose therapy, i.e., at 0.65 6 0.29, 0.88 6 0.77, and 0.75 6
0.30 mg/ml for the 10-, 20-, and 30-mg/kg groups, respectively
(Fig. 3). These results suggest a half-life for ravuconazole of
approximately 13 h.

(ii) Ravuconazole (multiple dose). The mean peak level of
ravuconazole in serum (6 standard deviation) after the 6th day
of treatment with 10, 20, or 30 mg/kg (four rabbits per group)
was 2.6 6 0.22, 6.0 6 3.13, or 5.4 6 2.91 mg/ml, respectively, at

1 h after oral administration (Fig. 4). At 3 h the mean levels in
serum were 3.1 6 0.86, 5.2 6 2.63, and 4.55 6 1.96 mg/ml for
the 10-, 20-, and 30-mg/kg groups, respectively; at 8 h the levels
were 2.67 6 0.26, 4.5 6 2.05, and 7.13 6 2.67 mg/ml, respec-
tively; and at 24 h they were 0.4 6 0.08, 1.98 6 1.84, and 4.35 6
1.53 mg/ml for the 10-, 20-, and 30-mg/kg groups, respectively
(Fig. 4). There was no significant drug accumulation after 6
days of treatment. All animals appeared healthy at the end of
treatment, and no pathology was seen in any organs at autopsy.
Since ravuconazole did not produce grossly observable toxicity
even at the highest dose (30 mg/kg) studied, and since invasive
aspergillosis in our immunocompromised-rabbit model is
highly lethal, we chose to evaluate the efficacy of a high dose
(30 mg/kg) of ravuconazole. A dose of 30 mg/kg/day in rabbits
produces mean peak concentrations in serum similar to those
produced by a dose of 400 mg/day in human volunteers (un-
published observations).

(iii) LY-303366 (single dose). The mean peak level of LY-
303366 in serum (6 standard deviation) after a singe dose of 1,
5, or 10 mg/kg (three rabbits in each group) was 0.714 6 0.15,
2.20 6 0.15, or 2.10 6 0.30 mg/ml, respectively, for 10 min after
intravenous administration (Fig. 5). At 1 h the mean levels, for
the 1-, 5-, and 10-mg/kg groups, fell to 0.417 6 0.09, 1.71 6
0.16, and 1.99 6 0.24 mg/ml, respectively; at 8 h the levels were
0.20 6 0.08, 1.07 6 0.22, and 1.43 6 0.29 mg/ml, respectively.
LY-303366 was detectable in serum at 24 h after single-dose
therapy, i.e., at 0.139 6 0.04, 0.35 6 0.06, and 0.44 6 0.05
mg/ml for the 1-, 5-, and 10-mg/kg groups, respectively (Fig. 5).
These results suggest a half-life for LY-303366 of approxi-
mately 12.5 h.

(iv) LY-303366 (multiple dose). The mean peak level of
LY-303366 in serum (6 standard deviation) after the 6th day
of treatment with 1, 5, or 10 mg/kg (three rabbits in each

FIG. 4. Multiple-dose pharmacokinetics: mean serum ravuconazole levels in
four immunosuppressed rabbits at 1, 3, 8, and 24 h after 6 consecutive days of
treatment with 10, 20, or 30 mg of ravuconazole per kg.

FIG. 5. Single-dose pharmacokinetics: mean serum LY-303366 levels in
three immunosuppressed rabbits at 10 min and 1, 8, and 24 h after a single dose
of 1, 5, or 10 mg of LY-303366 per kg.

FIG. 6. Multiple-dose pharmacokinetics: mean serum LY-303366 levels in
three immunosuppressed rabbits at 10 min and 1, 8, 24 and 48 h after the sixth
dose of 1, 5 or 10 mg of LY-303366 per kg.

FIG. 3. Single-dose pharmacokinetics: mean serum ravuconazole levels in
four immunosuppressed rabbits at 1, 3, 8, and 24 h after a single dose of 10, 20,
or 30 mg of ravuconazole per kg.
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group) was 1.19 6 0.11, 2.41 6 0.20, or 2.90 1 0.57 mg/ml,
respectively, at 10 min after intravenous administration (Fig.
6). At 1 h the mean levels were 0.87 6 0.07, 2.4 1 0.20, and
2.7 6 0.55 mg/ml for the 1-, 5-, and 10-mg/kg groups, respec-
tively; at 8 h the levels were 0.51 6 0.08, 1.21 6 0.09, and
2.01 6 0.39 mg/ml, respectively; at 24 h they were 0.21 6 0.06,
0.52 6 0.06, and 0.74 6 0.08 mg/ml, respectively; and at 48 h
they were 0.03 6 0.01, 0.21 6 0.09, and 0.23 6 0.05 mg/ml,
respectively (Fig. 6). There was no significant drug accumula-
tion after 6 days of treatment. Although all treated rabbits
appeared to be well at the end of treatment, at autopsy one of
three rabbits treated with 5 mg/kg and all three treated with 10
mg/kg had mottled livers and necrotic lungs secondary to in-
farction. All three rabbits treated with 1 mg/kg appeared nor-
mal at autopsy. Since LY-303366 produced gross abnormalities
in the livers and lungs of all rabbits treated with 10 mg/kg, we
chose not to study LY-303366 at doses higher than 10 mg/kg/
day.

Mortality. (i) Treatment. The survival of rabbits treated with
ravuconazole beginning 24 h after challenge is shown in Table
1. By day 9, all 4 untreated lethally infected control animals
(challenged with 106 A. fumigatus conidia) had died, compared
with none of 10 rabbits treated with ravuconazole at 30 mg/kg/
day (P , 0.005). Also, all amphotericin B-treated animals sur-
vived. Similarly, by day 9, mortality occurred in 2 of 4 sub-
lethally infected control rabbits (challenged with 105 A. fumiga-
tus conidia) compared with none of 10 animals treated with
ravuconazole at 30 mg/kg/day and none of 4 rabbits treated
with amphotericin B at 1 mg/kg/day.

Similar survival was observed with LY-303366 (Table 1). By
day 9, all four untreated lethally infected control animals (chal-
lenged with 106 A. fumigatus conidia) had died, compared with
none of seven animals treated with LY-303366 at 5 mg/kg/day
and none of eight rabbits treated with 10 mg/kg/day. Also, all
amphotericin B-treated animals survived. Mortality results in
animals receiving a sublethal challenge (105 A. fumigatus
conidia) are also shown in Table 1. Three of four untreated
animals died, compared with none of eight rabbits treated with
LY-303366 at 5 mg/kg/day and none of seven treated with 10
mg/kg/day. All amphotericin B-treated animals also survived.

(ii) Prophylaxis. Mortality data for rabbits receiving LY-
303366 at either 5 or 10 mg/kg/day 48 h before lethal or sub-
lethal challenge are also shown in Table 1, and are compared
with those for untreated animals and those for animals given
prophylaxis with amphotericin B at 1 mg/kg/day. None of the
LY-303366- or amphotericin B-treated rabbits died.

Tissue cultures. (i) Ravuconazole. The results of semiquan-
titative cultures of liver, lung, kidney, and brain tissues from
lethally challenged animals are shown in Table 2. Extensive
infection with A. fumigatus was present in the liver, lung, kid-
ney, and brain tissues of all untreated control rabbits. Treat-
ment with ravuconazole at 30 mg/kg/day reduced the tissue
burden by approximately 2 to 3 log units in all organ tissues, as
did treatment with amphotericin B at 1 mg/kg/day. All organ
cultures from 9 of 10 ravuconazole- and 4 of 4 amphotericin
B-treated animals were sterile; only 1 of 10 ravuconazole-
treated rabbits had 10 or fewer CFU of A. fumigatus/g of tissue.

The results of organ cultures of liver, lung, kidney, and brain
tissues from sublethally challenged animals are also shown in
Table 2. Infection with A. fumigatus was present in liver, lung,
kidney, and brain tissues of all untreated control rabbits. Treat-
ment with ravuconazole at 30 mg/kg/day or with amphotericin
B at 1 mg/kg/day significantly reduced the tissue burden of A.
fumigatus in these organs. Similarly, fewer than 10 CFU/g of
tissue was recovered in only 1 of 10 ravuconazole-treated and
1 of 4 amphotericin B-treated animals; 9 ravuconazole-treated
and 3 amphotericin B-treated rabbits had sterile organ cul-
tures.

TABLE 1. Mortality of Aspergillus-infected rabbits treated with
ravuconazole, LY-303366, or amphotericin B

Group and inoculum
(no. of organisms)

Druga

(mg/kg/day)
No. dead/no.
tested (%)b

Ravuconazole treatment
Lethal (106) None 4/4 (100)

Rav (30) 0/10* (0)
AmB (1.0) 0/4* (0)

Sublethal (105) None 2/4 (50)
Rav (30) 0/10* (0)
AmB (1.0) 0/4 (0)

LY-303366
Treatment

Lethal (106) None 4/4 (100)
LY (5) 0/7* (0)
LY (10) 0/8* (0)
AmB (1.0) 0/4* (0)

Sublethal (105) None 3/4 (75)
LY (5) 0/8* (0)
LY (10) 0/7* (0)
AmB (1.0) 0/4 (0)

Prophylaxis
Lethal (106) None 4/4 (100)

LY (5) 0/6* (0)
LY (10) 0/6* (0)
AmB (1.0) 0/4* (0)

Sublethal (105) None 2/4 (50)
LY (5) 0/6 (0)
LY (10) 0/6 (0)
AmB (1.0) 0/4 (0)

a Rav, ravuconazole; AmB, amphotericin B; LY, LY-303366.
b *, P , 0.05 compared to controls using Fisher’s exact test.

TABLE 2. Results of organ cultures with ravuconazole or amphotericin B begun 24 h after challenge

Inoculum
Treatmenta

and dose
(mg/kg)

Colony counts
(mean log10 CFU/g of tissue 6 SE)

No. of rabbits with positive
cultures/total no.

Liver Lung Kidney Brain Liver Lung Kidney Brain

Lethal None (4) 2.92 6 0.00 3.32 6 0.22 3.08 6 0.94 2.28 6 0.65 4/4 4/4 4/4 4/4
Rav 30 (10) 0.11 6 0.33 0.07 6 0.21 0.17 6 0.37 0.14 6 0.31 1/10 1/10 1/10 1/10
AmB 1.0 (4) 0.00 0.00 0.00 0.00 0/4 0/4 0/4 0/4

Sublethal None (4) 2.82 6 1.35 2.44 6 0.06 1.72 6 0.91 0.80 6 0.71 4/4 4/4 4/4 2/4
Rav 30 (10) 0.09 6 0.20 0.14 6 0.26 0.06 6 0.13 0.09 6 0.14 1/10 1/10 1/10 1/10
AmB 1.0 (4) 0.41 6 0.64 0.00 6 0.00 0.60 6 0.59 0.30 6 0.42 1/4 1/4 1/4 1/4

a Rav, ravuconazole; AmB, amphotericin B.
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(ii) LY-303366. The results of semiquantitative cultures of
liver, lung, kidney, and brain tissues from lethally challenged
rabbits are shown in Table 3. Infection with A. fumigatus was
found in the liver, lung, kidney, and brain tissues of all un-
treated rabbits. Treatment with LY-303366 reduced the sizes
of A. fumigatus colonies grown on semiquantitative organ cul-
tures from the typical 0.5 to 1.5 cm in diameter to #0.1 cm in
diameter. These microcolonies were most numerous in the
liver and were also present in lung and kidney tissues, but not
in brain tissue. Treatment with LY-303366 at 5 or 10 mg /kg did
not significantly reduce the tissue burden in the brain. Treat-
ment with amphotericin B (1.0 mg/kg) significantly reduced the
tissue burden in the kidney and liver (P , 0.05 compared to
controls) and reduced the tissue burden in the brain and lung.

The numbers of positive organ cultures for all rabbits given
a lethal challenge of A. fumigatus are also shown in Table 3.
There was no significant difference between the recovery of
organisms from the organs of animals treated with LY-303366
and that from untreated control animals. Amphotericin B sig-
nificantly reduced the number of positive liver and kidney
cultures compared with that for controls (P , 0.05).

Results of semiquantitative cultures of liver, lung, kidney,
and brain tissues of sublethally challenged rabbits are also
shown in Table 3. Again, microcolonies were recovered from
the liver, lung, and kidney. There was no significant reduc-
tion in aspergillus organisms in brains of rabbits treated with

LY-303366 at 5 or 10 mg/kg. Treatment with amphotericin B
sterilized kidney tissues and significantly reduced the tissue
burden in the liver (P , 0.05).

The number of positive organ cultures for sublethally chal-
lenged rabbits treated with LY-303366 at 5 mg/kg was slightly
less than that seen in the lethally challenged rabbits treated
with the same dose of LY-303366 (Table 3). Treatment with
LY-303366 at 10 mg/kg significantly reduced the number of
positive liver cultures (P , 0.05), as did treatment with am-
photericin B (P , 0.05).

The results of semiquantitative cultures of liver, lung, kid-
ney, and brain tissues in lethally challenged rabbits given pro-
phylaxis with LY-303366 at 5 or 10 mg/kg/day are shown in
Table 4. Microcolonies of A. fumigatus were again recovered
from the liver, lung and kidney, whereas normal-sized colonies
of aspergillus were recovered from brain tissue. Lethally chal-
lenged rabbits given prophylaxis with amphotericin B had sig-
nificantly reduced tissue burdens of aspergillus in the liver and
lung. Similar results were observed in sublethally challenged
rabbits given prophylaxis with LY-303366 at either 5 or 10/kg/
day or amphotericin B (Table 4).

The numbers of positive organ cultures in lethally and sub-
lethally challenged rabbits given prophylaxis with LY-303366
or amphotericin B are also shown in Table 4. No significant
differences were observed between animals given LY-303366
prophylaxis and controls, except in the brain tissues of lethally

TABLE 3. Results of organ cultures with intravenously administered LY-303366 begun 24 h after challenge

Inoculum
LY-303366 dose,
in mg/kg (no. of

rabbits cultured)a

Colony counts
(mean log10 CFU/g of tissue 6 SE)

No. of rabbits with positive
cultures/no. cultured

Liver Lung Kidney Brain Liver Lung Kidney Brain

Lethal None (4) 3.36 6 0.5 2.11 6 0.04 2.78 6 0.5 1.66 6 0.5 4/4 4/4 4/4 4/4
10 (8) 2.72 6 0.4 2.64 6 0.3 2.10 6 0.5 1.10 6 0.4 8/8 7/8 6/8 5/8
5 (7) 2.30 6 0.6 1.86 6 0.4d 1.60 6 0.5 0.92 6 0.4 7/7 5/7 4/7 3/7
AmB 1.0 (3) 0.0b 0.75 6 0.6 0.26 6 0.2b 0.0 0/3c 1/3 0/3c 1/3

Sublethal None (4) 3.25 6 0.3 1.71 6 0.5 1.88 6 0.5 1.27 6 0.7 4/4 3/4 2/4 3/4
10 (7) 1.60 6 0.5 1.42 6 0.6 1.56 6 0.4 0.90 6 0.5 1/7c 5/7 4/7 1/7
5 (8) 2.10 6 0.6 2.01 6 0.5 1.69 6 0.5 1.41 6 0.3 5/8 6/8 5/8 2/8
AmB 1.0 (3) 0.10 6 0.08b 0.20 6 0.2 0.0b 0.95 6 0.4 0/3c 1/3 1/3 0/3

a AmB, amphotericin B.
b P , 0.05 compared to controls (Wilcoxon rank sum test).
c P , 0.05 compared to controls (Fisher’s exact test).
d P , 0.05 compared to LY-303366 at 10 mg/kg (Wilcoxon rank sum test).

TABLE 4. Results of organ cultures with intravenously administered LY-303366 begun 48 h prior to challenge

Inoculum
LY-303366 dose,
in mg/kg (no. of

rabbits cultured)a

Colony counts
(mean log10 CFU/g of tissue 6 SE)

No. of rabbits with positive
cultures/no. cultured

Liver Lung Kidney Brain Liver Lung Kidney Brain

Lethal None (4) 2.99 6 0.3 3.16 6 0.2 3.10 6 0.3 1.86 6 0.8 4/4 4/4 4/4 3/4
10 (6) 2.31 6 0.5 2.84 6 0.4 1.85 6 0.6 0.54 6 0.2 5/6 5/6 3/6 1/6d

5 (6) 3.18 6 0.4 3.04 6 0.4 2.38 6 0.5 1.81 6 0.5 6/6 6/6 6/6 5/6
AmB 1.0 (3) 0.0b 0.36 6 0.2b 1.31 6 0.6 0.10 6 0.08 0/3c 0/3c 1/3 0/3

Sublethal None (4) 2.82 6 0.5 1.58 6 0.2 1.08 6 0.2 1.01 6 0.5 3/4 3/4 4/4 1/4
10 (6) 1.92 6 0.4 2.12 6 0.5 1.00 6 0.4 0.61 6 0.3 5/6 4/6 5/6 2/6
5 (6) 2.01 6 0.6 1.81 6 0.5 0.95 6 0.4 0.56 6 0.3 6/6 3/6 1/6c,e 1/6
AmB 1.0 (4) 0.08 6 0.07b 0.73 6 0.3 0.42 6 0.2 0.23 6 0.1b 1/4 1/4 2/4 1/4

a AmB, amphotericin B.
b P ,0.05 compared to controls (Wilcoxon rank sum test).
c P ,0.05 compared to controls (Fisher’s exact test).
d P ,0.05 compared to LY-303366 at 5 mg/kg (Fisher’s exact test).
e P ,0.05 compared to LY-303366 at 10 mg/kg (Wilcoxon rank sum test).
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challenged rabbits given prophylaxis with 10 mg/kg/day and
in the kidney tissues of sublethally challenged rabbits given
prophylaxis with 5 mg/kg/day. Amphotericin B prophylaxis re-
duced the number of positive organ cultures (Table 4).

Antigenemia was dramatically reduced or eliminated in rab-
bits treated with ravuconazole at 30 mg/kg/day or amphotericin
B at 1 mg/kg/day compared with that in untreated controls,
whether they received a lethal or sublethal challenge with A.
fumigatus (Table 5). All control rabbits had .50 ng of circu-
lating aspergillus antigen per ml; median antigen values were
800 and 575 ng/ml for lethally and sublethally challenged ani-
mals, respectively. In contrast, none of 20 ravuconazole-
treated rabbits had circulating antigen values of .50 ng/ml,
and the median antigen values for all treated rabbits, both
lethally and sublethally challenged, were 0 ng/ml (Table 5).
These antigen values were similar to those observed for am-
photericin B-treated animals.

Antigenemia was also reduced or eliminated in rabbits
either treated or given prophylaxis with LY-303366 at 5 or
10 mg/kg/day or amphotericin B at 1 mg/kg/day compared with
that for untreated controls, whether they received a lethal or a
sublethal challenge with A. fumigatus (Table 6). Every control
animal had .50 ng of circulating aspergillus antigen per ml;
median antigen values on day 5 were 1,325 and 350 ng/ml for
lethally and sublethally challenged rabbits, respectively. Simi-
lar values were observed on day 9. In contrast, a number of
animals either treated or given prophylaxis with LY-303366 at
5 or 10 mg/kg/day had circulating antigen values of .50 ng/ml,
although the median antigen values in these groups of rabbits
were below 50 ng/ml. Only one group of lethally challenged
rabbits given prophylaxis with LY-303366 at 5 mg/kg/day had
median antigen values of 57.5 ng/ml on day 9 of this study
(Table 6). The remaining groups of rabbits had antigen values
similar to those observed for animals given amphotericin B
treatment or prophylaxis.

DISCUSSION

Immunocompromised patients with invasive aspergillosis
continue to have a poor prognosis despite therapy with anti-
fungal agents (1, 5, 7). Newer antifungal agents, as well as
newer preparations of older agents, have been developed in an
attempt to increase efficacy, decrease toxicity, and improve our
ability to treat invasive aspergillosis. The newer azoles and
echinocandins were developed because they appeared to offer

potential advantages in the treatment of invasive fungal infec-
tions, such as oral and intravenous preparations, minimal acute
toxicity, and reduced nephrotoxicity (11, 12).

Ravuconazole is a new oral triazole antifungal agent with
excellent broad-spectrum in vitro activity against most yeasts
and molds including Candida, Cryptococcus, and Aspergillus
spp. (9, 15, 27). Ravuconazole, like other azoles, exerts its an-
tifungal effect by inhibition of cytochrome P450-dependent
C-14 a-demethylase, which is responsible for the conversion of
lanosterol to ergosterol (2). An intravenous preparation of
ravuconazole is under development. LY-303366 is an investi-
gational, semisynthetic antifungal agent derived from echino-
candin B which has in vitro and in vivo activity against Candida
spp., including fluconazole-resistant isolates, A. fumigatus, His-
toplasma capsulatum, and Blastomyces dermatitidis but lacks
activity against cryptococci (2, 8). The echinocandins prevent
cell wall synthesis by noncompetitive inhibition of 1,3-b-glucan
synthase (2). Pharmacokinetic studies indicated a long half-
life, i.e., 13 h for ravuconazole and 12.5 h for LY-303366, in our
immunosuppressed rabbit model which permitted once daily
dosing. Levels in serum were higher with increasing doses of
both antifungal agents, and no significant drug accumulation
was observed after 6 days of therapy with either drug.

In earlier studies with our immunosuppressed rabbit model
of invasive aspergillosis, amphotericin B deoxycholate alone as
well as a liposomal preparation of amphotericin B, high-dose
fluconazole alone, saperconazole alone, an experimental azole,
SCH 39304, alone, and the new azole voriconazole (UK 109496)
alone significantly reduced mortality as well as the level of
aspergillus antigen in the serum, which correlated with a re-
duced tissue burden of A. fumigatus compared with that for
untreated control animals (3, 10, 11, 18–24, 28). However, in
these earlier studies, only amphotericin deoxycholate sterilized
tissues (3, 24, 25). In the present studies, oral treatment with

TABLE 5. Serum Aspergillus antigen values for temporarily
immunosuppressed rabbits infected with A. fumigatus

and treated with ravuconazole

Inoculum
(no. of

organisms)

Treatmenta

(mg/kg/day)

No. of rabbits
with .50 ng of
antigen per ml/

no. tested

Median ng of
antigen/ml

(range)

Day 5b Day 9c Day 5b Day 9c

Lethal (106) None 2/2 2/2 800 (600–1,000) 1,000 (1,000)
Rav (30) 0/10 0/10 0 (0–50) 0 (0–50)
AmB (1) 0/4 0/4 0 (0–33) 17.5 (0–40)

Sublethal (105) None 2/2 2/2 575 (450–700) 1,000 (1,000)
Rav (30) 1/10 0/9 0 (0–100) 0 (0–50)
AmB (1) 0/4 0/4 0 (0) 23.5 (0–50)

a Rav, ravuconazole; AmB, amphotericin B.
b Day 5 indicates that the median antigen levels were calculated from the 3rd

day of treatment.
c Day 9 indicates that the median antigen levels were calculated from the final

antigen concentration for each rabbit.

TABLE 6. Serum Aspergillus antigen values for temporarily
immunosuppressed rabbits infected with A. fumigatus

and treated with LY-303366

Inoculum
and group

Druga

(mg/kg/day)

No. of rabbits
with .50 ng of
antigen per ml/

no. tested

Median ng of
antigen/ml
(range)b

Day 5c Day 9d Day 5c Day 9d

Lethal None 4/4 4/4 1,325 (149–6,560) 1,325 (400–6,560)
Treatment LY (5) 1/4 1/7 12* (0–55) 13* (0–65)

LY (10) 4/8 0/8 49* (14–105) 22.5* (0–50)
AmB (1) 0/3 0/4 20* (0–33) 37.5* (0–44)

Prophylaxis LY (5) 3/6 4/6 40* (0–150) 57.5 (6–140)
LY (10) 0/6 0/6 2* (0–47) 10** (0–31)
AmB (1) 1/4 0/4 9* (0–80) 2** (0–22)

Sublethal None 4/4 4/4 350 (110–700) 385 (350–1,300)
Treatment LY (5) 2/8 2/8 11.5** (0–150) 34* (0–63)

LY (10) 3/7 0/7 29* (0–80) 11* (0–40)
AmB (1) 0/4 0/4 2* (0–12) 4.5* (0–11)

Prophylaxis LY (5) 1/5 0/6 0** (0–60) 14* (0–43)
LY (10) 0/5 1/6 0* (0–26) 2* (0–55)
AmB (1) 0/4 0/4 7* (0–31) 0* (0–21)

a LY, LY-303366; AmB, amphotericin B.
b P , 0.01 compared with controls by the Wilcoxon rank sum test; **, P ,0.05

compared with controls by the Wilcoxon rank sum test.
c Day 5 indicates that the median antigen levels were calculated from the 3rd

day of treatment.
d Day 9 indicates that the median antigen levels were calculated from the final

antigen concentration for each rabbit.
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ravuconazole at 30 mg/kg/day not only reduced mortality and
serum aspergillus antigen levels to zero but also significantly
reduced the tissue burden of Aspergillus organisms and steril-
ized these tissues in 90% of lethally and sublethally challenged
rabbits. The treatment dose of 30 mg/kg/day was selected based
on the pharmacokinetic experiments, which were performed
prior to the efficacy studies, i.e., peak serum drug levels in the
rabbit with this dose are comparable to those observed in
humans given a daily dose of 400 mg orally. These observations
were comparable to the results we observed with amphotericin
B deoxycholate therapy. These results also support the previ-
ous observations of the efficacy of ravuconazole in the treat-
ment of murine models of A. fumigatus, Candida albicans, and
Cryptococcus neoformans infections (14).

Intravenous treatment with the echinocandin LY-303366 re-
duced both mortality and serum aspergillus antigen levels in
lethally and sublethally challenged rabbits as well as in animals
given prophylaxis 2 days before challenge, compared with un-
treated controls. However, the tissue burden of Aspergillus or-
ganisms was not reduced. In fact, significant numbers of mi-
crocolonies of A. fumigatus were recovered from all organs
cultured at the end of the experimental period. Furthermore,
these microcolonies, after further in vitro incubation, reverted
to macrocolonies of A. fumigatus. Although mortality in LY-
303366-treated animals was reduced and serum aspergillus an-
tigen levels were lowered, antigen was not completely cleared
from the serum to the same extent as was observed in ravu-
conazole-treated rabbits. Our results with LY-303366 support
the previous observations of the efficacy of similar doses of
LY-303366 in a rabbit model of pulmonary aspergillosis re-
ported by others (25). In fact, our observation that neither the
5- nor the 10-mg/kg dose of LY-303366 given as treatment or
prophylaxis reduced the tissue burden of Aspergillus organisms
is consistent with the observations of Petraitis and colleagues
reported earlier (25). Furthermore, their studies identified a
dose-dependent damage of hyphal structures in lung tissues of
LY-303366-treated rabbits characterized by “a progressive re-
duction in length and increasing swelling of hyphal elements”
(25). These investigators also concluded that the individual
damaged hyphal units appeared to remain viable (25). Al-
though we did not perform similar histopathological studies,
our gross observations of microcolonies on culture, as well as
microscopic examination of these colonies, strongly support
their observations. Also, subcultures of these microcolonies
resulted in macrocolonies similar to the original organism used
to challenge the animals, indicating that the organisms recov-
ered as microcolonies were clearly viable.

Our experimental model, like all models of lethal infection,
does not permit simultaneous culturing of organ tissues from
untreated controls and from treated animals, since the un-
treated controls die before the final day of the experimental
protocol. However, in previous studies, using a sublethal chal-
lenge, we have shown that untreated control animals surviving
until sacrifice have a tissue burden virtually identical to that of
untreated controls for which cultures were made at autopsy
(20).

During the past 15 years we have used this immunosup-
pressed-rabbit model of invasive aspergillosis to study the ef-
ficacy of amphotericin B deoxycholate, liposomal amphotericin
B, and the azoles fluconazole, saperconazole, SCH 39304, itra-
conazole and UK 109496 (voriconazole) (3, 10, 11, 18–24, 28).
Only amphotericin B preparations consistently eliminated
A. fumigatus from organ tissues of both lethally and suble-
thally challenged rabbits. Based upon the observations report-
ed here, the new triazole ravuconazole is the only azole which
we have studied to date that has antifungal activity comparable

to that of amphotericin B in our immunosuppressed-rabbit
model of invasive aspergillosis.

In conclusion, the echinocandin LY-303366 prolonged sur-
vival and reduced aspergillus antigenemia but did not elimi-
nate aspergillus organisms from organ tissues. In contrast, the
new triazole ravuconazole eliminated mortality, cleared asper-
gillus antigen from the serum, and eliminated A. fumigatus
organisms from tissues in almost all immunosuppressed ani-
mals with invasive aspergillosis. Further studies are needed to
determine the therapeutic potential of ravuconazole in the
treatment of invasive aspergillosis.
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