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Amphotericin B as a lipid complex and as a deoxycholate suspension (Fungizone) was tested against murine
blastomycosis. All doses of each form prolonged survival (P < 0.05 to 0.001). Fungizone was more effective
than lipid complex at doses of 0.8 mg/kg of body weight. However, lipid complex at 12.8 mg/kg was not toxic
and superior in efficacy (P < 0.001) to 2.0 mg of Fungizone per kg (a toxic dose), and it cleared all animals of
infection. Lipid complex is an effective therapy for murine blastomycosis.

The incidence of mycoses that require therapy has risen
dramatically. Various factors, such as AIDS, the increased
use of immunosuppressive regimens for transplantation, and
glucocorticoid use, have contributed to this, making appar-
ent the need for better antifungal therapies. A number of
avenues have been explored. Several azole drugs that cause
few side effects have shown efficacy in treatment of various
mycoses (6, 19). Relapses have been reported (6, 19),
demonstrating the need for fungicidal drugs.

Amphotericin B has broad activity and has been the
standard antifungal agent against which others are measured
(2). However, its application is limited by associated toxic-
ities (2). Mechanisms to lessen the toxicity of amphotericin
B, such as chemical derivatization (1, 4, 7, 9) or intercalation
into lipid-based carriers (3, 8, 10-13, 15-17, 20, 21), have
proven useful. Experimental and clinical studies have shown
the utility of administering amphotericin B in lipid carriers
that reduce associated toxicities (10, 12, 15, 21). The reduc-
tion of toxicities allows greater doses, which compensate for
the reduced efficacy of these preparations, to be given.
Because of difficulties in preparation and standardization of
lipid delivery systems and because of reports of treatment
failures (10, 11, 20), an optimal lipid delivery formulation is
being sought.

In the present study, we compared amphotericin B lipid
complex (Bristol-Myers Squibb Co., Princeton, N.J.) with
amphotericin B as a micellar deoxycholate suspension (Fun-
gizone; Squibb) against murine pulmnonary blastomycosis.
Lipid complex is a preparation of dimyristol-phosphatidyl-
choline and dimyristol-phosphatidylglycerol in a 7:3 molar
ratio, with 33 mol% amphotericin B; the average particle size
is 1.6 to 6,m.

Activities of these drugs in vitro against the isolate used in
these studies were similar. The MIC in broth dilution and
minimum fungicidal concentration (18) of Fungizone were
0.5 and 1.0 ,ug/ml, and the MIC and minimal fungicidal
concentration of lipid complex were 0.25 and 1.0 ,ug/ml,
respectively.
To initiate the model, 4-week-old male CD-1 mice (Charles

River Breeding Laboratories, Inc., Portage, Mich.) (average
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weight, 26.7 g) were infected intranasally with 19,950 CFU
of Blastomyces dermatitidis ATCC 26199. This is a modifi-
cation of the model described previously, which used
BALB/c mice (5). This inoculum was used to establish a
disease resulting in a 50% lethal dose or greater mortality,
with most deaths occurring between days 10 and 28 postin-
fection, as determined from preliminary studies (data not
shown). Therapy was initiated 4 days postinfection and
given intravenously (i.v.) or intraperitoneally (i.p,) in 0.1 ml.
Groups of 10 infected mice received treatments Monday,
Wednesday, and Friday for 2 weeks. Controls were either
untreated or given saline, the diluent for lipid complex, alone
i.v. No Fungizone diluent controls were included, because
preliminary studies showed them to be no different from
untreated controls (data not shown). Fungizone was recon-

stituted per the package insert instructions, diluted in sterile
5% glucose to the desired concentrations, and stored at
-20°C until needed. Mice received either 6.3 or 0.63 mg of
Fungizone per kg of body weight i.p. or 2.0, 0.8, or 0.2 mg/kg
i.v. Lipid complex as a colloidal suspension in saline was
stored at 40C and diluted in saline on the day of treatment.
Lipid complex was given i.v. at 12.8, 0.8, or 0.2 mg/kg. The
maximum doses of Fungizone given i.p. and lipid complex
given i.v. were those shown in prior studies to be without
toxicity. All doses are expressed as milligrams of amnphoter-
icin B.

Deaths were scored for 49 days postinfection. At the end
of this period, all survivors were killed by cervical disloca-
tion and were necropsied. The lungs were rgmoved asepti-
cally, weighed, and homogenized in. 5 ml of saline with a
Tissumizer (Tekmar Co., Cincinnati; Ohio). Diluted suspen-
sions were placed onto sheep blood agar plates. The residual
burden of B. dermatitidis was determined by counting the
number of colonies arising and was expressed as the number
of CFU (log1o) per lung. Differences in treatment group
mortalities were analyzed by Wilcoxon rank sums tests, and
differences in organ burdens were analyzed by Mann-Whit-
ney U tests (14).
The cumulative mortalities of the mice in the various

groups are presented in Fig. 1. All mice given Fungizone at
6.3 mg/kg i.p. or 0.8 mg/kg i.v. or lipid complex at 12.8 mg/kg
i.v. survived through day 49. Other treatment regimens were
less effective. One death, due to acute toxicity, occurred in
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FIG. 1. Cumulative mortalities of CD-1 mice infected intranasa

complex.

the group given 2.0 mg of Fungizone per kg i.v. All therapy
regimens except doses of 0.2 mg of Fungizone or lipid
complex per kg prolonged survival of treated groups over
that of untreated controls (P < 0.05 or 0.01, dependent on
the dose), and all regimens prolonged survival of treated
groups over that of saline controls (P < 0.001, except with
lipid complex at 0.2 mg/kg, for which P was <0.05). Fungi-
zone at 6.3 but not at 0.63 mg/kg i.p. was superior to 0.2 mg
of Fungizone per kg i.v. or 0.2 mg of lipid complex per kg (P
< 0.05). Fungizone at 0.8 mg/kg i.v. was equivalent to 0.8 mg
of lipid complex per kg but superior to 0.2 mg of either drug
per kg (P < 0.05). The 0.2-mg/kg regimens were inferior to
12.8 mg of lipid complex per kg (P < 0.05).
To assess further the efficacy of the treatment regimens,

the residual CFU of B. dermatitidis in the lungs of surviving
mice were determined (Table 1). No surviving untreated
controls were free of infection. In contrast, 80 and 70% of
mice given 6.3 or 2.0 mg of Fungizone per kg, respectively,
were free of infection. Lower doses cleared 10 or 20% of the
mice of infection. Treatment with 12.8 mg of lipid complex
per kg cleared all mice of B. dermatitidis. However, lower
doses were much less effective.
Note that although Fungizone was pushed to toxicity at

the 2.0-mg/kg dose given i.v., it was not curative for all mice
(Fig. 1 and Table 1). Upon gross examination, all survivors
in this group had evidence of renal damage in the forms of
partial atrophy and capsular paleness as well as paleness of
the myocardium consistent with loss of tissue mass. No
tissue damage in any lipid complex-treated mice or in mice
treated with other regimens of Fungizone was noted.

In statistical comparisons of the residual burdens, a value
of log1o 8 was assigned to datum points missing because of
the death of the animal during the study, except if death was
associated with acute toxicity. This value is the approximate
number of CFU in the lungs just prior to death, and it was
established from previous studies (data not shown). It also
ensures that the rank assigned to animals that die is lower
than that assigned to those that survive with any size burden.
Analysis of the residual burdens of B. dermatitidis with the

TION
ally with B. dermatitidis. Abbreviation: ABLC, amphotericin B lipid

various therapy regimens demonstrated that 12.8 mg of lipid
complex per kg or 6.3 mg of Fungizone per kg i.p. was
superior to control treatments (P < 0.001) as well as to
Fungizone at 0.63 (P < 0.001), 0.8 (P < 0.001 or 0.01), or 0.2
(P < 0.001) mg/kg and to lipid complex at 0.8 or 0.2 mg/kg (P
< 0.001). Similarly, 2.0 mg of Fungizone per kg i.v. reduced
residual burdens (P < 0.01 to 0.001) better than the latter five
regimens and control treatments. However, both acute and
chronic toxicities were observed with this regimen, indicat-
ing that it is not desirable. At doses of 0.8 mg of amphoter-
icin B per kg, Fungizone was superior to lipid complex (P <
0.01). Fungizone at 0.2-mg/kg doses was not superior.
The Fungizone results were confirmed in another experi-

ment of the same design (data not shown) in which 90% of

TABLE 1. Recovery of B. dermatitidis from the lungs
of surviving mice

Total no. surviving Geometric meanTrseatmentkan Route (no. surviving and logl0 CFU in
dosea(mg/kg)and Rout culture free)a lungs

None 3 (0) 4.20

Saline i.v. 0

Fungizone i.p.
6.3 10 (8) 0.24
0.63 7 (1) 4.24

Fungizone i.v.
2.0 9 (7) 0.27
0.8 10 (2) 3.69
0.2 4 (1) 4.90

Lipid complex i.v.
12.8 10 (10) 0
0.8 6 (0) 5.62
0.2 5 (1) 4.46

a Of a total of 10 mice.
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mice treated with 5% glucose and 100% of untreated controls
died. Fungizone at 1.2, 0.8, 0.6, 0.4, and 0.2 mg/kg per dose
produced survival rates of 100, 100, 80, 60, and 0%, respec-
tively, and sterilized 70, 30, 0, 0, and 0% of surviving mice,
respectively.

In summary, lipid complex was found to be efficacious as
a treatment for pulmonary murine blastomycosis. Lipid
complex caused no overt toxicity at a dose of 12.8 mg/kg and
is estimated to be greater than 6.4-fold less toxic than
Fungizone. On a basis of milligrams per kilogram, lipid
complex and Fungizone were not equivalent. Lipid complex
was less active than Fungizone; with the same dosage,
Fungizone caused a greater reduction in residual burden.
However, even though less active, lipid complex could be
given in greater doses that proved to be efficacious, clearing
all mice of residual burdens, whereas neither 2.0 mg of
Fungizone per kg given i.v., a clearly toxic dose, nor 6.3 mg
per kg given i.p. cleared all animals of infection. Lipid
complex shows promise for the treatment of systemic my-
coses and should be tested in other animal models and in
clinical trials.

We thank Linda H. Hanson and Alon M. Perlman for technical
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