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Amphotericin B was infused into normal rabbits or rabbits made hypercholesterolemic by diet. There was

no difference in amphotericin B-induced toxicity between these two groups. Amphotericin B given in a mixture
with human low-density lipoproteins was more toxic than when given without lipoproteins.

Amphotericin B (AmB), a polyene antibiotic, is currently
the preferred therapeutic agent in the treatment of most
systemic fungal infections (2). The cytotoxicity of AmB is
probably related to its binding to the sterols in the mem-

branes of eucaryotic cells (6). Although AmB binds prefer-
entially to ergosterol, the sterol in fungal cell membranes, it
also binds to cholesterol, the sterol in mammalian cells (8, 9).
Recent in vitro experiments done in our laboratory indicate
that AmB also complexes with cholesterol in lipoproteins
(3). The formation of these complexes has two conse-

quences. (i) During brief incubations, the addition of
lipoproteins protects erythrocytes against AmB-induced
damage. (ii) In longer incubations, binding to cholesterol in
lipoproteins protects AmB from inactivation and preserves
its biological activity. These results suggest that levels of
cholesterol in blood might also influence the cytotoxicity of
AmB in vivo. In the work described here, we examined this
possibility with an animal model. We studied the effects of
elevation of serum cholesterol and administration of AmB
complexed to lipoproteins on AmB-induced toxicity in rab-
bits.
AmB (Fungizone; E. R. Squibb & Sons, Princeton, N.J.)

was given to three groups of uninfected New Zealand White
rabbits (purchased from Eldridge Rabbitry, Barnhart, Mo.)
weighing 2 to 3 kg each. In the first group, 10 rabbits were

fed a diet of Rabbit Chow (Ralston Purina, St. Louis, Mo.)
and received once each day, Monday through Friday for 2
weeks, 6.5 mg of AmB per kg in 50 ml of 5% glucose given
over 4 h intravenously through a marginal ear vein. A
maximum of 65 mg of AmB per kg was administered to each
rabbit. A second group of 10 rabbits was made hypercholes-
terolemic by the procedure of Shore et al. (7). They were fed
Rabbit Chow supplemented with 2% cholesterol for 2 weeks
before the period of the AmB infusions. This supplementa-
tion was achieved by adding cholesterol (Sigma Chemical
Co., St. Louis, Mo.) dissolved in diethyl ether to the chow
and then removing the ether by evaporation. Total choles-
terol (free and esterified) values in serum measured enzy-
matically (1) rose from the normal level of 43 ± 17 mg/100 ml
to 923 ± 151 mg/100 ml just before the onset of AmB
administration. The rabbits were then given AmB according
to the regitnen described previously. A third group of eight
rabbits received the Rabbit Chow and the same regimen of
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the AmB, but AmB was complexed to low-density
lipoproteins (LDL) before administration. The LDL, har-
vested by flotation (3) from serum obtained by plas-
mapheresis of a patient with Type IIa hyperlipidemia, was

filtered through a 0.22-,im Nalgene filter and stored at 4°C in
EDTA-saline. The total cholesterol concentration of the
LDL preparation, measured by the same procedure as for
cholesterol determination in serum, was 600 mg/100 ml.
Before infusion into the rabbits, the daily dose of AmB was

incubated with 8 ml of the LDL preparation for 30 min at
room temperature. The AmB-LDL mixture was then made
up to 50 ml with 5% glucose in water and infused into the
rabbits.

Survival rates and elevations of creatine levels in serum
served as measures of AmB-induced toxicity.
Of 10 animals in the group with normal serum cholesterol,

1 died 6 days after onset of AmB treatment, and 1 of 10
hypercholesterolemic animals treated with AmB in 5% glu-
cose died 8 days after onset of AmB treatment. The results
in these two groups were combined and compared with those
in the third group. Four of the eight rabbits that received the
AmB-LDL mixture died: one on day 3, one on day 4, and
two on day 5 ofAmB treatment. LDL without AmB given to
a fourth group of five animals was without toxicity, and there
were no deaths in this group. When the frequency of death in
normal and hypercholesterolemic rabbits treated with AmB
without LDL was compared with the frequency of death in
normal rabbits treated with AmB-LDL by the Fisher exact
test, the difference was statistically significant (P < 0.02).
Serum creatinine measurements (4) obtained before ther-

apy, during therapy, and just after the last dose of AmB are
shown in Table 1. Rabbits in all three groups had elevated
creatinine levels in serum at the end of therapy. The creati-
nine levels in sera from normal and hypercholesterolemic
rabbits were similar. The creatinine levels in serum of the
four surviving rabbits in the AmB-LDL group were higher
than those of the rabbits in the other two groups, but the
differences were not statistically significant. However, the
creatinine levels in serum in the rabbits that eventually died
were much higher than those in surviving animals. In two
rabbits treated with AmB-LDL, creatinine values in serum

just before death were 4.8 and 6.8 mg/100 ml.
In summary, the incidence of fatal reactions and eleva-

tions of serum creatinine suggest that (i) hypercho-
lesterolemia (the 20-fold increase in the level of cholesterol
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TABLE 1. Concentrations of creatinine in rabbit seruma
Creatinine levels in serum (mg/100 ml)

Rabbit group and regimen
Pretherapy AmB dose 2 AmB dose 4 Immediatelyposttherapy

Normal
AmB 0.9 ± 0.1 2.2 ± 1.5 1.8 ± 0.3 2.6 ± 0.8
AmB + LDL 0.9 ± 0.1 (P > 0.1) 2.9 ± 1.6 (P > 0.1) 2.2 ± 1.2 3.5 ± 0.8 (P > 0.1)

Hypercholesterolemic (AmB) 0.9 ± 0.1 (P > 0.1) 1.2 ± 0.3 (P > 0.1) 2.4 ± 1.2 2.4 ± 0.9
a Results are mean ± standard error from measurements done in duplicate on sera of all the surviving rabbits in each group. P values shown are determined by

the Student t test comparing the creatinine values of the rabbits in the three groups on the same day of therapy.

circulating in blood) induced by diet does not influence the
toxicity ofAmB for rabbits, and (ii) AmB given with LDL is
more toxic than AmB given alone. There are at least two
possible explanations for the latter result. First, the LDL
may have protected AmB from decomposing during admin-
istration; hence animals dosed with this mixture may have
been given more active drug. This is unlikely because we
found in separate experiments with Saccharomyces cer-
evisiae that the antifungal activities of the AmB-LDL mix-
ture and AmB in 5% glucose at the conclusion of the
infusions were equal. In addition, AmB levels in sera 1 and
24 h after infusion of 16 mg of AmB, determined by an agar
diffusion assay with Paecilomyces varioti as the index organ-
ism (2), were similar in all three groups (1.5 to 3.0 ,ug/ml 1 h
after the dose and 0.2 to 0.5 ,ug/ml 24 h after the dose). A
second and more likely explanation is that the tissue distri-
bution of AmB given with LDL was different from the
distribution of AmB given alone, and more drug was deliv-
ered to critical host cells. Formation of aggregates com-
prised ofAmB and LDL may have been responsible for this.
Tissue distribution of AmB is known to be affected by the
method of delivery. When AmB was given encapsulated in
liposomes (5), its increased uptake into the reticuloendo-
thelial system apparently decreased toxicity to the host.
Utilization of LDL as a delivery system had the opposite
effect, and toxicity was increased. Therefore, the in vitro
protective effects of LDL against the toxicity of AmB for
host cells which we have previously demonstrated were not
reproduced in the in vivo rabbit model used in the present
experiments.
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