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We compared various amphotericin B formulations (no treatment or 0.8 mg of Fungizone [conventional
deoxycholate amphotericin B] per kg of body weight, or 0.8, 4, or 8 mg of Amphocil, AmBisome, or Abelcet per
kg of body weight) for treatment of systemic murine aspergillosis. In two studies, all formulations prolonged
survival, with the results for AmBisome nearly equivalent to those for Fungizone; Amphocil and Abelcet were
less effective or equivalent depending on the severity of infection. No survivors were cured in both kidneys and
brain, but each formulation showed efficacy, especially in the kidneys. Although higher doses could be given,
no lipid-based formulation showed consistent superiority over Fungizone or over each other.

In spite of present therapeutic options, the mortality rate
from invasive aspergillosis is high (13–15). Despite the intro-
duction of newer agents into the therapy of aspergillosis, con-
ventional deoxycholate-formulated amphotericin B (AMB;
Fungizone) remains a principal therapeutic and comparator in
clinical trials. However, its well-described toxicities can limit its
usefulness (19).

The following lipid-carried formulations of AMB have re-
duced toxicities (20, 24, 30): Amphotec (Amphocil [ABCD];
Intermune, Inc., Burlingame, Calif.), a discoidal complex of
cholesteryl sulfate and AMB (21, 22); AmBisome (AmBi;
Gilead Sciences, Foster City, Calif.), a true unilamellar lipo-
some (1, 33); and Abelcet (ABLC; Enzon, Fairfield, N.J.), a
ribbon form of dimyristoyl phosphatidyl choline and dimyris-
toyl phosphatidyl glycerol with AMB (27, 35). Each formula-
tion has been reported to have efficacy against aspergillosis
equal to or better than that of conventional AMB (3, 4, 18, 25,
29, 32). However, no studies comparing the four formulations
against aspergillosis have been done.

Systemic model. Murine models of systemic aspergillosis
were established in 6-week-old female CD-1 mice (average
weight, 24.2 g) by intravenous injection of 8 � 106 (high inoc-
ulum) or 3.6 � 106 (low inoculum) conidia of Aspergillus fu-
migatus isolate 10AF (16, 23). Therapy began 1 day after in-
fection, with groups of 10 or 11 mice receiving either no
treatment, 0.8 mg of conventional AMB per kg of body weight
(a dose just below toxicity in this model), or 0.8, 4, or 8 mg of
ABCD, AmBi, or ABLC per kg. All dosages were based on an
equivalent number of milligrams of AMB per kilogram of body
weight. Four doses were administered intravenously every
other day, as AMB has a long half-life in all four preparations
(4, 21, 30, 33).

Deaths were tallied through 9 days of infection. All surviving
mice were then euthanatized by CO2 asphyxia, and the number
of CFU of A. fumigatus in the brain and kidneys was deter-
mined by quantitative plating of organ homogenates (16, 23);
the dilution procedures eliminated drug carryover.

Statistics. Evaluation of survival was done by using a log-
rank test and a comparison of the number of CFU by a Mann-
Whitney U test. For the quantification of CFU burdens, to
ensure that death was considered as a worse outcome than
survival with any amount of burden, a log value of 5 was
assigned to data points missing due to death from infection
(28). This value has been determined to be the approximate
number of CFU in the organ just prior to death (16, 23).

High-inoculum model. The first deaths occurred on day 3
and continued through day 9. Ten of 11 untreated animals
died, whereas all animals treated with conventional AMB sur-
vived (Fig. 1). The survival for those given a lipid-based for-
mulation varied from 40 to 90%, with no formulation providing
complete protection, even at 8 mg of AMB per kg. In compar-
ison with results for the controls, 8 mg of ABCD per kg and 0.8
mg of ABLC per kg showed no significant prolongation of
survival (P � 0.05). All other regimens provided significant
prolongation (P values of 0.05 to 0.0002, depending on the
comparison). At equal doses of AMB, the lipid formulations
were not different. A dose of 0.8 mg of conventional AMB per
kg was superior to all doses of ABCD or ABLC (P values of
0.029 to 0.002, depending on the comparison). Each dose of
AmBi was equivalent to 0.8 mg of conventional AMB per kg.
A dose of 8 mg of AmBi per kg was superior to 8 mg of ABCD
per kg (P � 0.025) and 0.8 mg of ABLC per kg (P � 0.02).

No survivor was free of detectable infection in the kidneys
(primary target organ), whereas six mice given conventional
AMB had no detectable infection in the brain, compared with
two or fewer animals given any lipid-based AMB regimen (Fig.
2A and B). Conventional AMB was superior to all other treat-
ments in clearing the brain (P values of 0.01 to 0.0004, depend-
ing on the comparison), except for a dose of 0.8 mg of AmBi
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per kg (P � 0.05); no regimen of ABCD or ABLC was superior
to results for the controls. Among lipid formulations, 8 mg of
AmBi per kg was superior to ABCD at all doses (P values of
0.04 to 0.008). Except for the preceding comparison, at equal
AMB doses, the three lipid-based formulations were equiva-
lent (e.g., 0.8 mg of ABCD, AmBi, or ABLC per kg had
equivalent results).

In the kidneys, conventional AMB proved superior to equiv-
alent dosages of ABCD and ABLC (P values of 0.023 and
0.011, respectively), whereas all other treatment regimens of
ABCD, AmBi, or ABLC were equivalent to treatment with
conventional AMB. Comparisons among the lipid formula-
tions based on equal doses showed them equivalent (P � 0.05).
ABCD and ABLC were effective in clearing the kidneys at
doses of 4 and 8 mg/kg, respectively (P � 0.03 versus un-
treated), but only AmBi was effective at all three doses (P �
0.01). No dose responsiveness was observed in the reduction of
CFU for any formulation (Fig. 2).

Low-inoculum model. In a second study, the infection was
less severe and lethal. Fewer control animals died (i.e., only
50%), with deaths occurring between days 5 and 7, and 80 to
100% of treated animals survived. Doses of 0.8 and 8 mg of
ABCD per kg, 4 or 8 mg of AmBi per kg, and 8 mg of ABLC
per kg provided significant prolongation of survival compared
to results for the controls (P values of 0.05 to 0.012, depending
on the comparison). Although 80 or 90% of the animals in the
other regimens survived, there was no advantage, either by day
of death or number of survivors, compared to results for the
controls (P � 0.05). The lipid formulations were equivalent in
prolonging survival.

All survivors in all regimens carried residual infection in one
or both organs (Fig. 2C and D). In the brain, conventional
AMB at a dose of 0.8 mg/kg and AmBi at a dose of 4 or 8
mg/kg were efficacious compared to no treatment (P values of
�0.05 to 0.01, depending on the comparison); no regimen of
ABCD or ABLC proved better than no treatment (P � 0.05).
Additionally, the four preparations were equivalent at equal
doses of AMB except for AmBi; 4 or 8 mg of AmBi per kg was
superior to ABCD at the same dose (P � 0.05). No dose of a
lipid preparation was superior to 0.8 mg of conventional AMB
per kg.

In the kidneys, no treatment cured more than a single ani-
mal, and all regimens proved efficacious in the clearance of
infection (P values of �0.01 to 0.001, depending on the com-
parison) (Fig. 2). However, only a dose of 8 mg of AmBi per kg
was better than 0.8 mg of conventional AMB per kg (P �
0.001). Neither ABCD nor AmBi showed dose responsiveness
in the clearance of infection. ABLC showed modest dose re-
sponsiveness, with results for doses of both 4 and 8 mg/kg
superior to results for the dose of 0.8 mg/kg (P value of �0.05
or 0.01, respectively). In comparisons of equal doses of AMB,
none of the preparations had significantly different results ex-
cept that conventional AMB was superior (P � 0.01) to ABLC.

Each of these preparations has been reported to be useful
for the treatment of aspergillosis (18, 24, 31, 32, 34, 36, 37, 39).
In the murine model, the primary target of infection is the
kidney, with central nervous system disease also occurring; this
is a model of acutely fatal disease, with most deaths occurring
between days 3 to 11 (16, 23). Central nervous system infection
spontaneously clears in mice that survive 15 to 20 days of

FIG. 1. Cumulative mortality of mice infected with a high inoculum
of A. fumigatus and given no treatment or treated with conventional
amphotericin B (AmB) and ABCD (A), AmBi (B), or ABLC (C). For
the untreated control group, n � 11; for all other groups, n � 10.
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infection; kidney infection clears to a lesser extent (16, 23).
Because we wished to assess therapeutic efficacy with respect
to the clearance of the infectious burden, the studies were
ended on day 9 after infection to minimize the difficulties in
interpretation presented by spontaneous clearance of fungal
burden.

Overall, these studies indicate that the lipid preparations are
equivalent in efficacy when given at equal doses of AMB. No
formulation was consistently superior in either the prolonga-
tion of survival or clearance of infection, and no formulation at
any dosage effected a cure of any animals in either study. No
formulation showed a consistent clear dose responsiveness
over the 10-fold range tested, further indicating that the ques-
tion of optimal dosing of lipid-based formulations of AMB for
treatment of aspergillosis remains to be answered (for a re-
view, see reference 17). In comparison with conventional
AMB, ABCD and ABLC might be considered about 10-fold
less efficacious, whereas AmBi might be considered equivalent
for the prolongation of survival and (if equal doses are com-
pared) as �10-fold as efficacious (if 8 mg of AmBi per kg is
compared with 0.8 mg of AMB per kg). However, clearance of
the infectious burden showed that no regimen of a lipid prep-
aration was superior to conventional AMB, even at 10 times
the dose, in both studies. Taken together, the results suggest

that ABCD and ABLC are less potent than conventional AMB
on the basis of milligrams of AMB per kilogram of body
weight, whereas AmBi was nearly equivalent to conventional
AMB in potency.

These results are similar to those we described in a study of
cryptococcosis, although the lipid formulations showed greater
efficacy against brain infection, particularly at the higher dos-
ages (12). The difference may be the progressive meningitis
caused by Cryptococcus neoformans compared to more acute
parenchymal abscess formation in aspergillosis or the result of
the different treatment duration and dosing schedule (i.e., four
doses rather than six or more and given every other day rather
than daily), or it may reflect how refractory A. fumigatus is to
treatment.

The lack of cure indicates that additional studies using dif-
ferent treatment durations and schedules are needed to deter-
mine if cure can be attained. The lack of dose responsiveness
may reflect the attainment of the maximal activity against A.
fumigatus at a relatively low dosage or altered pharmacokinet-
ics in the presence of infection.

No preparation showed overt toxicity at the doses adminis-
tered, and all provided some measure of protection, similar to
the results of previous work (2–4, 27, 32, 36, 38). Whether the
early deaths in the high-inoculum study in the ABCD group

FIG. 2. CFU recovered from the organs of each surviving mouse in the high-inoculum model of infection (A and B) and CFU recovered from
the organs of each surviving mouse in the low-inoculum model of infection (C and D). The values of 5 represent mice that succumbed to infection.
A value of 0 indicates that there was no detectable infection, which is approximately 10 or fewer CFU per organ. The bars represent the medians.
In the untreated control group in panels A and B, n � 11; for all other groups, n � 10.

VOL. 48, 2004 NOTES 1049



dosed at 8 mg/kg may have been due in part to drug toxicity is
unknown. More frequent dosing might magnify potential drug
toxicities that would appear during severe infection. Regard-
less, all formulations were nontoxic at dosages 10-fold greater
than a near-toxic dosage of conventional AMB, similar to data
previously reported against other models of fungal infection
(5–12, 26). Lastly, each formulation showed efficacy at dosages
similar to those in present clinical usage recommended for
treatment of aspergillosis (34). Although we found no differ-
ences in the effectiveness of the lipid formulations, head-to-
head clinical studies will be required to determine whether
there is any advantage of a particular formulation. If there are
differences for the preparations relative to each other in their
pharmacokinetics in humans, compared to their pharmacoki-
netics in mice, the application of the present observations to
clinical practice would need to be guarded.

These studies were funded in part by a grant from Sequus Pharma-
ceuticals, Inc., Menlo Park, Calif.
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