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The efficacy of SCH 39304 (SCH) against Aspergillus fumigatus was assessed with an immunosuppressed,
temporarily leukopenic rabbit model of invasive aspergillosis. Therapy with SCH at 10 or 15 mg/kg of body
weight per day was begun 24 h after lethal challenge and compared with therapy with amphotericin B at 1.5
mg/kg/day. Compared with untreated controls, SCH reduced mortality and also reduced the tissue burden of
A. fumigatus 100- to 1,000-fold in liver, kidney, and lung tissues. SCH at 15 mg/kg/day and amphotericin B
eliminated A. fumigatus in liver, kidney, and lung tissues. In addition, both dosages of SCH significantly
eliminated the organism from brain tissues, compared with controls. Both SCH and amphotericin B decreased
or eliminated circulating aspergillus antigen. These results show that new azoles can be as effective as
amphotericin B in eradicating the organism from tissues and offer promise in improving the treatment of
invasive aspergillosis.

Amphotericin B remains the drug of choice for the treat-
ment of invasive aspergillosis, but therapy with amphoteri-
cin B is often toxic and may not be effective, particularly in
immunosuppressed hosts (1, 14). Newer antifungal therapies
with improved efficacy and reduced toxicity are needed to
improve the treatment of invasive aspergillosis.
One approach to improving antifungal therapies has been

the development of newer azoles. These agents offer several
potential advantages over amphotericin B, including oral as
well as intravenous therapy, reduced toxicity, and a broad
therapeutic index (5). One of the newer azoles is SCH 39304
(SCH), a compound with a broad spectrum of antifungal
activity, a long terminal half-life, and excellent absorption
following oral administration (3).
We have developed a rabbit model of invasive aspergillo-

sis to evaluate the efficacy of antifungal therapy against this
disease (11). In our lethal, immunosuppressed model, rabbits
are made leukopenic and are further immunocompromised
with steroid therapy. Extensive infection in liver, kidney,
lung, and brain tissues similar to the clinical dissemination of
invasive aspergillosis develops (9, 10). The efficacy of ther-
apy is assessed by mortality, semiquantitative organ cul-
tures, and Aspergillus antigen measurement. In the present
study we used SCH in our rabbit model of invasive as-
pergillosis to assess the activity of this class of compounds in
an experimental model of lethal infection.

MATERIALS AND METHODS
Rabbit model. New Zealand White rabbits were immuno-

suppressed as previously described (10, 11) with a single
dose of cyclophosphamide (200 mg) given intravenously on
day 1 of the model. In addition, triamcinolone acetonide (10
mg) (Westwood Pharmaceuticals, Buffalo, N.Y.) was given
subcutaneously each day. With this immunosuppressive
regimen, the rabbits have reduced total leukocyte counts
through day 7, as previously reported (11). At 24 h after
immunosuppression (day 2 of the model), seven groups of
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five to eight rabbits were challenged intravenously with a
lethal inoculum of 106 Aspergillus fumigatus conidia. Each
group contained at least one untreated control rabbit. Anti-
fungal therapy was given as described below. Blood was
obtained daily for determining total leukocyte counts and
aspergillus antigen levels in serum. Ceftazidime (200 mg)
(SmithKline Beecham, Philadelphia, Pa.) was administered
intramuscularly each day beginning on the day of challenge
to prevent intercurrent bacterial infection. Renal toxicity
does not develop in the model (10). When rabbits were
untreated, this lethal challenge was fatal within 7 days, with
a mean (+ standard error) survival of 4.3 + 0.4 days (range,
3 to 7 days) after challenge.
Therapy with amphotericin B (Fungizone; E. R. Squibb &

Sons, Princeton, N.J.) or SCH (Schering-Plough Research,
Bloomfield, N.J.) was begun 24 h after challenge. Ampho-
tericin B was diluted with 5% glucose 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 through a lateral ear vein at
a dosage of 1.5 mg/kg of body weight per day for 4 to 7 days
(mean, 5.2 ± 0.3 days). SCH was dissolved in sterile water
and administered as an oral suspension via gastric gavage
tube (American Pharmaseal Company, Valencia, Calif.) at
dosages of 10 or 15 mg/kg/day (SCH 10 and 15, respectively)
for 5 days.

Tissue samples were cultured and histopathological exam-
inations were performed at the time of autopsy or sacrifice
(48 to 72 h after completion of therapy for the treated
rabbits). After being anesthetized with 35 mg of ketamine per
kg (Bristol Laboratories, Syracuse, N.Y.) and 10 mg of
xylazine per kg (Mobay Corp., Shawnee, Kans.), rabbits
were sacrificed by lethal exsanguination. 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 on Sabouraud dextrose and blood agar plates
or when semiquantitative cultures of tissue homogenates
contained over 10 CFU/g of tissue (11). The tissue burden of
A. fumigatus was evaluated with a modification (10, 11) of
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the semiquantitative culture technique of Graybill and
Kaster (6). 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 homoge-
nate were plated in duplicate on Sabouraud dextrose and
blood agar plates. The plates were incubated for 48 h at 37°C,
and colonies were counted. The combination of these meth-
ods detected from 2 to 20,000 CFU/g of tissue.
SCH levels. Levels of SCH in serum were measured by

using modifications of previously reported bioassay tech-
niques (13). Briefly, Candida kefyr (kindly provided by
Patrick Robinson) was grown overnight in Sabouraud dex-
trose broth at 37°C and diluted with saline to a concentration
of 5 x 105 cells with a hemacytometer. A 1:50 dilution of
cells was made with High Resolution medium (Pfizer Central
Research, Groton, Conn.) prepared according to the manu-

facturer's specifications. A 45-ml sample of the inoculated
medium was poured into plastic plates (150 by 25 mm) and
wells were cut with a 4-mm punch. A standard curve was
made by using known concentrations of drug ranging from
3.125 to 50 ,ug/ml. Samples and standards were placed in
duplicate into wells, and the plates were incubated at 30°C
for 24 h. Inhibition zones were measured, and sample zones
were compared with known standards. Blood for peak drug
levels in serum was drawn from immunocompromised and
challenged rabbits 1.5 to 2 h after the third dose of drug (7).
Trough levels were obtained from the same rabbits 48 h after
five doses of drug (which coincided with the time of sacri-
fice).

Inhibition ELISA for serum aspergilius antigen in serum.
The procedures for the inhibition enzyme-linked immuno-
sorbent assay (ELISA) and for its required antigen and
antibody preparation were performed as previously reported
(10-12).

Statistical analysis. The Fisher exact test and the Wilcoxon
rank sum test were used when appropriate. Statistical sig-
nificance was defined as P < 0.05.

100

80

60

h-
O 40

20

1i Control (n=10)

*1JE -- SCH 10(n=8)

* SCH15(n=10)

-*-- AmB (n=10)

o 1 2 3 4 5 6 7 8 9
4' Day of Model

Challenge
FIG. 1. Treatment studies. Cumulative mortality of lethally chal-

lenged rabbits treated with SCH and amphotericin B (AmB). Rab-
bits were challenged on day 2. Controls received no antifungal
therapy. Treated rabbits had AmB (1.5 mg/kg/day) or SCH 10 or
SCH 15 therapy initiated 24 h after challenge.

TABLE 1. Semiquantitative organ cultures from lethally
challenged rabbits given antifungal therapya

Treatment Colony counts (mean log1o CFU/g of tissue + SE) inc:
group (n)b Liver Lung Kidney Brain

Control (10) 3.6 + 0.2 2.8 + 0.3 3.3 + 0.2 1.1 t 0.3
SCH 10 (8) 0.8 t 0.4* 1.6 t 0.3t 1.3 t 0.4* <0.3
SCH 15 (10) <0.3* 0.6 t 0.4* <0.3* <0.3
AmB 1.5 (10) <0.3* 0.7 t 0.3* <0.3* 0.9 t 0.6

a Therapy was begun 24 h after challenge.
b n, number of rabbits per group; AmB 1.5, amphotericin B at 1.5

mg/kg/day.
*, P < 0.001; t, P < 0.01 (compared with controls).

RESULTS

Following three doses of therapy, peak levels of SCH 10 in
serum were 8.4 + 0.8 ,ug/ml, and levels of SCH 15 in serum
were 12.0 ± 0.7 ,ug/ml (mean ± standard error). Mean trough
levels, measured 48 h after five doses of therapy, for both
SCH 10 and SCH 15 were below the limits of detection by
bioassay (the minimum level of detection of this assay is
3.125 ,ug/ml).
The survival of rabbits treated with SCH or amphotericin

B begun 24 h after challenge is shown in Fig. 1. Survival was
significantly prolonged by day 6 of the model with SCH 10
and SCH 15 therapy (P = 0.008 and 0.005, respectively,
versus controls) and with amphotericin B at 1.5 mg/kg/day
(P = 0.005 versus controls). By day 9, mortality occurred in
10 of 10 untreated controls compared with 1 of 10 rabbits
treated with amphotericin B, 0 of 8 rabbits treated with SCH
10, and 0 of 10 rabbits treated with SCH 15 (for all three
treatments, P < 0.00001).

Semiquantitative results of organ cultures are shown in
Table 1. Extensive infection occurred in the liver, lung, and
kidney tissues of all untreated controls. SCH 10 and SCH 15
significantly reduced the tissue burden in livers, lungs, and
kidneys (100- to more than 1,000-fold) compared with un-
treated controls. These results were not statistically different
from those seen with amphotericin B, although colony
counts from rabbits receiving SCH 15 or amphotericin B
were lower than those from rabbits receiving SCH 10.
The numbers of infected organs in treated animals and

untreated controls are shown in Table 2. Although SCH 10
significantly reduced the tissue burden of A. fumigatus, liver
tissue in three of eight rabbits (P < 0.001 versus controls),
lung tissue in seven of eight rabbits, and kidney tissue in five
of eight rabbits remained infected, as did organs in untreated
controls. In contrast, SCH 15 effectively reduced levels of
the organism in most tissues below the limits of detec-

TABLE 2. Organ cultures of temporarily
immunosuppressed rabbits

Treatment No. of positive cultures/no. of rabbits testedb
group (n)0 Liver Lung Kidney Brain

Control (10) 10/10 9/10 10/10 5/10
SCH 10 (8) 3/8t 7/8 5/8§ 0/8§
SCH 15 (10) 0/10* 2/10f,11 0/10*,1j 0/10§
AmB 1.5 (10) 1/10* 3/10t 0/10*,|I 2/10

a n, number of rabbits per group; AmB, amphotericin B at 1.5 mg/kg/day.
b *, P < 0.0001; t, P < 0.001; t, P < 0.01; §, P < 0.02 (all compared with

controls, calculated by the Fisher exact test); 11, P < 0.05 (compared with SCH
10 values, calculated by the Fisher exact test).
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TABLE 3. Final aspergillus antigen levels in serum of
temporarily immunosuppressed rabbitsa

No. of rabbits with
Treatment >50 ng of antigen Mean concn of antigen
group (n)b per ml/no. of (ng/ml) + SE (range)d

rabbits testedc

Control (10) 10/10 4,200 ± 533 (1,000-5,000)
SCH 10 (8) 6/8 122 + 32t (15-290)
SCH 15 (10) 3/10* 40 ± 18t,§ (<10-145)
AmB 1.5 (10) 0/lot 13 ± 5t,II (<10-50)

a Antigen levels in serum were detected on day of sacrifice or in final sample
obtained prior to death.

b n, number of rabbits per group; AmB, amphotericin B at 1.5 mg/kg/day.
C, P < 0.0015; t, P < 0.001 (both compared with controls, calculated by

the Fisher exact test).
d t, p < 0.001 (compared with controls, calculated by the Wilcoxon rank

sum test); §, P < 0.05; ||, P < 0.001 (both compared with SCH 10, calculated
by the Wilcoxon rank sum test).

tion. Liver tissue in 0 of 10 rabbits (P < 0.0001 versus con-
trols), lung tissue in 2 of 10 rabbits (P < 0.01 versus
controls), kidney tissue in 0 of 10 rabbits (P < 0.0001 versus
controls), and brain tissue in 0 of 10 rabbits (P < 0.0001
versus controls) remained positive for A. fumigatus. SCH 15
was more effective in eradicating the organism from lung and
kidney tissues than SCH 10 (P < 0.05). Amphotericin B also
reduced detection in most tissues, although lung tissue in 3
of 10 rabbits and brain tissue in 2 of 10 rabbits remained
positive for A. fumigatus. None of the rabbits receiving
either dosage of SCH had positive brain tissues compared
with the untreated controls, half of which were infected (P <
0.02).
These dosages of SCH and amphotericin B significantly

reduced Aspergillus antigenemia compared with untreated
controls. The final antigen levels measured in serum samples
drawn at the time of sacrifice and in the last serum sample
drawn prior to death are shown in Table 3. Higher antigen
levels were measured in rabbits receiving SCH 10 than in
those receiving SCH 15 (P < 0.05) or amphotericin B (P <
0.001). Antigen levels of >50 ng/ml were detected in all 10
controls, with a maximum level of 5,000 ng/ml. In contrast,
a maximum antigen level of 290 ng/ml was seen in rabbits
treated with SCH 10, compared with 145 ng/ml for SCH 15
and 50 ng/ml for amphotericin B. Final antigen levels of >50
ng/ml were seen in only 3 of 10 rabbits treated with SCH 15
(P = 0.0015 versus controls) and in none of the 10 rabbits
receiving amphotericin B (P < 0.0001 versus controls).
Low levels of circulating antigen remained in the treated

rabbits, and these levels correlated with persistence of
infection. Antigen levels in the final samples drawn prior to
autopsy or sacrifice were less than 50 ng/ml for 14 of 15
rabbits with no detectable A. fumigatus in organ cultures. In
contrast, rabbits with one or two positive organs had 94 + 20
ng of antigen per ml, and those with three or four positive
organs had antigen levels of 4,200 + 533 ng/ml.

DISCUSSION
Antifungal agents with increased efficacy and decreased

toxicity are needed to improve the management of invasive
aspergillosis (2). Newer azoles offer several potential advan-
tages in the treatment of invasive fungal infection. SCH is
one of the newer azoles which demonstrates several of these
characteristics, including a broad spectrum of antifungal
activity, excellent absorption following oral administration,
minimal acute toxicity, and solubility characteristics which

could permit intravenous administration (3, 7). While the
potential for long-term toxicity may prevent further clinical
investigation of SCH (8), this study demonstrates that in
addition to the favorable pharmacokinetic characteristics of
these compounds, excellent activity against invasive patho-
gens including molds such as A. fumigatus can be demon-
strated.
Many of the newer antifungal compounds have recently

been shown to possess activity in vivo with animal models of
infection even when little or no activity can be demonstrated
in vitro by some techniques (5). These differences have been
seen particularly in the evaluation of molds and emphasize
the difficulty of predicting in vivo efficacy on the basis of
some in vitro results.
SCH has been shown to have inhibitory activity against A.

fumigatus, but the azoles, including SCH, are not usually
considered fungicidal against molds (4, 5). In a previous
study with a murine model of invasive aspergillosis, SCH
significantly reduced the tissue burden of infection but did
not sterilize tissues (3). However, results achieved with our
rabbit model demonstrated that this compound markedly
reduces the tissue burden, as significant numbers of organs
had no detectable Aspergillus colonies (according to an
assay system that detects as few as two colonies per g of
tissue. The success of this compound in rabbits may be due
at least in part to the prolonged half-life of this compound
(approximately 25 h), which results in high levels of this drug
in serum (7).

This model, like all models of lethal infection, is limited by
the fact that organs from untreated controls were not cul-
tured at the same time as organs from the treated rabbits.
Fungal burden in surviving rabbits may be reduced, in part,
by the return of circulating granulocytes. However, in other
studies using a sublethal challenge, we have shown that
untreated controls surviving until sacrifice have a tissue
burden virtually identical to that in controls cultured at
autopsy (9). It is important to note that SCH not only
reduced tissue burden but also improved survival and re-
duced antigen levels in serum, a fact which correlated with
the reduced tissue burden ofA. fumigatus. SCH 10, SCH 15,
and amphotericin B markedly reduced circulating aspergillus
antigen, compared with untreated controls. In contrast, all
untreated controls developed significant antigenemia with
maximum values ranging from 1,000 to 5,000 ng/ml com-
pared with a range of <10 to 290 ng/ml for treated animals.
SCH 15 was more effective in reducing or eliminating
antigenemia than SCH 10, which correlated with elimination
of A. fumigatus in tissues of rabbits receiving the higher
dosages of drug.

In these studies, SCH 15 was as effective as amphotericin
B in reducing the tissue burden of liver, lung, and kidney
tissues. However, with amphotericin B, 3 of 10 rabbits
continued to have Aspergillus organisms cultured from lung
tissues, and 2 of 10 rabbits had positive brain cultures. None
of the rabbits treated with either dosage of SCH had brain
cultures positive for A. fumigatus, compared with positive
brain cultures in half the untreated controls (P < 0.02). SCH
has excellent central nervous system penetration (7), which
may be an important advantage of azole compounds for the
management of disseminated infection.

In conclusion, SCH effectively prolongs survival, signifi-
cantly reduces antigenemia, and dramatically reduces the
tissue burden in an immunosuppressed rabbit model of
invasive aspergillosis. These studies show that the newer
azoles may offer a significant improvement in the treatment
of invasive aspergillosis.
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