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We compared the experimental toxicities and activities of deoxycholate amphotericin B (d-AmB) dissolved
in glucose (Dd-AmB) or mixed with 20% Intralipid (ILd-AmB). In vitro, ILd-AmB was less toxic than Dd-AmB
against renal tubular cells in primary culture. In vivo, the toxicities and activities of Dd-AmB and ILd-AmB
were studied in DBA2 mice with cryptococcosis. The maximum tolerated dose of intravenously administered
d-AmB, i.e., the dose that induced less than 15% mortality because of toxicity, was 1.7 to 2.5 times higher when
it was administered as ILd-AmB than when it was administered as Dd-AmB. Both treatments given
intravenously at the same dose were equivalent for improving the survival of mice and reducing CFU counts
in infected tissue, but at maximum tolerated doses, ILd-AmB (2 mg/kg of body weight) was more effective than
Dd-AmB (0.8 to 1.2 mg/kg). AmB concentrations in spleen, liver, lung, and kidney were measured by
high-pressure liquid chromatography 4 and 24 h after a single injection of 1.2 mg of Dd-AmB per kg, 1.2 mg
of ILd-AmB per kg, or 2 mg of ILd-AmB per kg. In a given organ, AmB levels were similar after administration
of 1.2 mg of Dd-AmB or ILd-AmB per kg but were significantly higher after administration of 2 mg of ILd-AmB
per kg. The lower level of toxicity of ILd-AmB might be explained by circular dichroism experiments, showing
that ILd-AmB contained 10-fold less soluble oligomeric AmB, which is believed to be the toxic form of the drug,
than Dd-AmB. We conclude that ILd-AmB is as efficient as Dd-AmB and is better tolerated than Dd-AmB in
mice with experimental cryptococcosis. By allowing higher doses of AmB to be infused, Intralipid enhances

AmB concentrations in infected sites, and thus the therapeutic activity of the drug.

Amphotericin B (AmB) remains the drug of choice for
treating most systemic mycoses caused by opportunistic fungi
(13, 30), but its use is restricted because of severe side effects,
the most important being nephrotoxicity, which often limits the
duration of the treatment (10, 36). Nephrotoxic side effects
include reduction of the glomerular filtration rate, vasocon-
striction (6, 34), and abnormalities of tubular functions (5, 6,
12).

Several groups of investigators have shown that incorpora-
tion of AmB into liposomes reduces its toxicity, allowing larger
doses to be administered and thereby increasing its efficacy in
both experimental (29, 32, 37) and clinical (27, 28, 35) studies.
Some of these formulations are now available in clinical
practice. They display significant antifungal activity, but are not
devoid of drawbacks; they may exhibit some residual toxicity
(8, 21) and are expensive. Intralipid is a lipidic emulsion
commercially available for parenteral nutrition. Experimen-
tally, a delivery system of AmB emulsified in 20% Intralipid
(ILd-AmB) was shown to be less toxic and more effective in the
treatment of experimental candidiasis than the commercial
formulation of AmB for the intravenous route, i.e., deoxy-
cholate AmB (d-AmB) dissolved in glucose (Dd-AmB) (22). It
has been shown more recently, in neutropenic patients, that
d-AmB directly emulsified in 20% Intralipid (ILd-AmB) is
responsible for fever, rigors, and a decrease in creatinine
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clearance less often than Dd-AmB (31), whereas it remains
effective in the treatment of systemic candidiasis (7).

Cryptococcus neoformans is an encapsulated yeastlike fungus
responsible for meningoencephalitis. This severe disease is
observed in patients with AIDS, occurring in 30% of cases in
some countries (14). Although azoles represent an interesting
alternative therapy to Dd-AmB, treatment failures have been
reported in patients with severe forms of the disease (23), and
Dd-AmB is often indicated at the initial phase of the treatment
(9). Thus, a formulation of AmB that is less toxic than
Dd-AmB and that does not have the drawbacks of liposomal
AmB would be useful for improving the treatment of crypto-
coccosis. Since patients with AIDS differ from neutropenic
patients hospitalized in intensive care units, and since C.
neoformans infects the central nervous system, in contrast to
Candida albicans, it appears that the results obtained in
neutropenic patients with suspected or proven candidiasis
could not be directly extrapolated to patients with AIDS and
cryptococcal meningoencephalitis. Therefore, an evaluation of
ILd-AmB in an experimental model of C. neoformans ap-
peared to be important before considering clinical studies.

Here we report the experimental toxicity and activity of
ILd-AmB. Toxicity was evaluated in vitro against renal tubular
cells in primary culture and in vivo by determination of the
maximum tolerated dose of the drug in mice infected with C.
neoformans. Antifungal activity was assessed in vivo in the
model of cryptococcosis in mice. The toxicity and efficacy of
ILd-AmB were compared with those of Dd-AmB, the conven-
tional form of the drug for intravenous administration.
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(This work was presented in part at the 31st Interscience
Conference on Antimicrobial Agents and Chemotherapy, Chi-
cago, 111, 29 September to 2 October 1991 [18a].)

MATERIALS AND METHODS

Materials. Parenteral deoxycholate AmB (Fungizone) was
obtained from Squibb (Neuilly-sur-Seine, France). The 20%
Intralipid was obtained from Kabi Pharmacia (Saint Quentin
en Yvelines, France). Ethanolamine, insulin, transferrin, hy-
drocortisone, triiodothyronine, sodium selenite, Percoll, colla-
genase type I, and collagen type 1 were purchased from Sigma
Chemical Co. (St. Louis, Mo.). Radiolabeled tracer K,H*’PO,
was obtained from New England Nuclear (Boston, Mass.).
Culture media were from Flow Laboratories (Irvine, United
Kingdom).

Preparation of solutions. (i) Conventional AmB. Parenteral
AmB (Fungizone) was dissolved in 5% glucose (Dd-AmB) at a
concentration of 5 mg/ml and was further diluted in 5%
glucose for in vivo studies or in phosphate-buffered saline
(PBS; pH 7.4) for in vitro experiments.

(ii) ILd-AmB. Parenteral AmB was directly emulsified in
20% Intralipid (ILd-AmB) at a concentration of 5 mg/ml. The
vial was vigorously vortexed for at least 2 min, until a homo-
geneous yellow formulation was obtained. The initial prepara-
tion was further diluted in 20% Intralipid, and the mixture was
used immediately.

Determination of AmB binding to Intralipid by circular
dichroism analysis. We used circular dichroism as described
previously (20). ILd-AmB at an initial concentration of 5 mM
was added to 20% Intralipid diluted 500-fold in PBS, so that
the final concentration of AmB was 5 uM. At this concentra-
tion of d-AmB, the circular dichroism spectrum of free AmB
consisted of an intense dichroic doublet centered at 340 nm.
Since AmB bound to phospholipids does not exhibit this
dichroic doublet, the intensity of the doublet allowed us to
determine the amount of unbound drug present in each
formulation.

Toxicity against renal tubular cells in primary culture. (i)
Cell culture. Kidneys were excised from male New Zealand
rabbits (weight, 800 to 1,000 g; Evic Ceba, Blanquefort,
France) under anesthesia, and primary confluent monolayers
were grown from proximal tubule fragments in serum-free
medium as reported previously (16, 18). Serum-free medium,
referred to as culture medium, consisted of a 1:1 (vol/vol)
mixture of Ham’s F-12 medium and Dulbecco’s modified
Eagle’s medium supplemented with 25 mM HEPES (N-2-
hydroxyethylpiperazine-N’-2-ethanesulfonic acid)-21.5 mM
HCO; ™ -1 mM sodium pyruvate-4 mM L-glutamine-10 ml of
a 100X nonessential amino acid mixture per liter-50 IU of
penicillin per ml-50 pg of streptomycin per ml-100 nM sodium
selenite-35 mg of transferrin per liter-5 mg of insulin per
liter—100 nM hydrocortisone-20 uM ethanolamine. The cul-
tures became confluent in 5 to 6 days. All experiments
described here were carried out on day 7.

(ii) Exposure of cells to Dd-AmB and ILd-AmB. The culture
medium was changed on the day before the experiments. On
day 7, cells grown to confluence were incubated with fresh
culture medium containing the appropriate concentrations of
Dd-AmB or ILd-AmB for 1 h.

(iii) P; uptake. P; uptake was chosen as the marker of early
tubular toxicity, as described previously (16, 18). Dd-AmB or
ILd-AmB was removed after 1 h of incubation by washing, and
P; uptake was measured as reported elsewhere (16, 18). Briefly,
P; uptake was determined at 37°C in a buffered uptake solution
of the following composition (mmol per liter): 137 NaCl, 5.4
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KCl, 1 CaCl,, 1.2 MgSO,, and 15 HEPES (pH 7.4). Choline
chloride replaced sodium chloride in the sodium-free solution.
Cells were washed twice with 0.5 ml of the appropriate ice-cold
uptake solution per well and were then incubated for 10 min in
the presence of K,H**PO, (0.5 p.Ci/ml) and 0.1 mM unlabeled
KH,PO,. We verified previously that P; uptake increases
linearly with time up to 10 min. Uptake was stopped by
washing the cells twice with 1 ml of ice-cold buffer (137 mM
NaCl, 15 mM HEPES [pH 7.4]) per well. Cells were then
solubilized in 0.5% Triton X-100 (250 pl per well), and
aliquots were counted by liquid scintillation. The radioactive
counts in each sample were normalized with respect to the
protein content of each well, which was determined by the
method of Bradford (3). Each experiment was run in triplicate.

Experimental cryptococcosis. (i) Model. Experimental cryp-
tococcosis was induced in DBA/2 mice infected intravenously
with 2 X 10° C. neoformans, an inoculum responsible for a
delayed disease that is lethal in 15 days, as described previously
(24). Yeast cells were counted before infection, and the precise
number of viable cells injected was verified retrospectively by
plating the inoculum on Sabouraud-chloramphenicol agar.

(ii) Survival study. In each experiment, treated groups (at
least 10 mice per group) were compared with an untreated
control group. The treatment was administered intravenously 9
days after infection, when animals exhibited the first symptoms
of disease, and consisted of a single dose of Dd-AmB or
ILd-AmB. Cages were monitored at least once daily to evalu-
ate the viabilities of the animals.

We first studied rising doses of Dd-AmB or ILd-AmB in
order to determine the maximum tolerated dose of each
treatment, defined as the dose responsible for less than 15%
mortality because of toxicity. Death related to d-AmB admin-
istration always occurred within 48 h following intravenous
injection (data not shown). Since infected mice were treated 9
days following infection, mortality because of drug toxicity was
not observed after day 11 postchallenge. In untreated controls,
mortality because of infection did not occur before day 14
postchallenge. Therefore, the cause of mortality of infected
mice treated with d-AmB could be assigned to drug toxicity or
infection, depending on the time to death after infection.

Having determined the maximum tolerated dosage for each
formulation, we compared the activities of the dosages in the
treatment of cryptococcosis.

(iii) C. neoformans tissue counts. The number of viable fungi
in the major organs was determined 3 and 10 days after
treatment of DBA/2 mice infected with 2 X 10° C. neoformans
and treated with Dd-AmB or ILd-AmB. Mice were treated on
day 9 after infection and cryptococcal tissue counts were
measured in animals that had received the maximum tolerated
dose of Dd-AmB, the same dose of AmB given as ILd-AmB,
and the maximum tolerated dose of ILd-AmB. In each exper-
iment, values were compared with those obtained in mice
infected with the same inoculum and left untreated. Mice were
killed by cervical dislocation, and the CFU was counted after
10-fold dilutions of spleen, lung, kidney, and brain tissue
homogenates were plated in duplicate on Sabouraud-chloram-
phenicol agar. Colonies were counted after 48 h of incubation
at 37°C. The method was sensitive to =100 CFU/g.

Pharmacokinetic study. AmB concentrations in serum and
organs were determined in a group of mice infected with C.
neoformans and treated intravenously on day 9 with the same
dose of Dd-AmB or ILd-AmB as that given to mice whose
serum and organs were sampled for CFU determination. Mice
were killed by cervical dislocation. A 0.5-ml blood sample was
obtained via heart puncture, and the liver, spleen, left lung,
and left kidney were sampled. Samples were kept at —20°C for
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FIG. 1. Circular dichroism (A €) of 5 uM AmB without (straight
line) or with (irregular line) Intralipid.
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a duration that never exceeded 1 month. AmB was measured
by liquid chromatography following extraction as described
previously (26). Briefly, sera (100 wl) and tissue (50 to 150 mg)
were extracted with 300 ul of methanol. The chromatographic
system used a reverse-phase octadecylsilane column (Spheri-
sorb ODS2, 5 pum; 4.6 by 150 mm). The mobile phase consisted
of ammonium acetate buffer (1 mM; pH 6.6), tetrahydrofuran,
and methanol (210:105:15; vol/vol/vol) with a flow rate of 0.8
ml/min. The UV detector wavelength was set at 410 nm. The
method was linear from 0.1 to 2 pg/ml for serum and from 10
to 100 pg/g for tissues. The intraassay coefficients of variation
were 8.2 and 4.0% for 0.1- and 1-pg/ml concentrations in
serum, respectively, and 5.3 and 3.1% for 10- and 20-pg/g
concentrations in lung samples spiked with AmB, respectively.
Interassay coefficients of variation were 4.9% for 0.5-pug/ml
serum samples and 6.2% for 10-pg/g spiked lung samples. The
sensitivity of the method was 0.02 pg/ml and 0.5 pg/g for serum
and tissue, respectively.

Statistical analysis. Survival curves were compared by the
log rank test. Other data were analyzed statistically by using
StatView software on a Macintosh LC computer. The Scheffe
F-test was used for analysis of P; uptake results and to compare
the mean AmB concentrations measured in a given organ after
the different therapeutic regimens, when allowed by the F
value (analysis of variance). Fungal counts, expressed in log;,
CFU per gram of organ, were compared between two groups
by using the Mann-Whitney U-test, when the Kruskal-Wallis
test, performed on more than two groups, was significant. For
all of these tests, P < 0.05 was considered significant.

RESULTS

Measurement of the amount of free AmB in Dd-AmB and
ILd-AmB preparations. For a 5-uM AmB concentration, the
amount of free AmB was 10-fold lower in the ILd-AmB than
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in the Dd-AmB preparation, as shown by the measure of the
dichroic doublet characteristic of the free drug (Fig. 1).

In vitro renal toxicity. Unlike Dd-AmB, which induced a
significant decrease in P; uptake for concentrations greater
than 5 pg/ml, ILd-AmB was not toxic, even at 20 pg/ml, the
highest concentration tested (Fig. 2).

In vivo toxicity and antifungal activity. (i) Survival curves.
In the mouse experimental model used in the present study,
drug toxicity and infection were two causes of death that could
be differentiated according to the time to death following
infection. Dd-AmB at 2 mg/kg of body weight and ILd-AmB at
2.5 mg/kg induced more than 60% immediate lethality. The
maximum tolerated dose of ILd-AmB, defined as the dose
responsible for less than 15% lethality, was 2 mg/kg in all
experiments. The maximum tolerated dose of Dd-AmB dif-
fered slightly between the first and second sets of experiments
(0.8 and 1.2 mg/kg, respectively) (Table 1). Thus, ILd-AmB
was 1.7 to 2.5 times less toxic than Dd-AmB.

Figure 3 depicts a representative experiment in which the
maximum tolerated dose of Dd-AmB was 0.8 mg/kg. When
given at the same dosage (0.8 mg/kg), Dd-AmB and ILd-AmB
increased the survival of mice compared with that of controls
(P < 0.01), and the effect of treatment was indistinguishable.
However, the maximum tolerated dose of ILd-AmB was more
effective than the maximum tolerated dose of Dd-AmB (P <
0.001). A significant superiority of 2 mg of ILd-AmB per kg
over 1.2 mg of Dd-AmB per kg (P < 0.05) was also observed
in experiments in which the maximum tolerated dose of
Dd-AmB was 1.2 mg/kg (data not shown).

(ii) CFU counts in tissues. CFU counts in all tissues except
kidneys were obtained from two different experiments; kidneys
were studied in the second experiment only. These results
confirmed the results of the survival curves (Tables 2 and 3).

TABLE 1. Lethal toxicity of d-AmB administered intravenously in DBA/2 mice 9 days after infection with C. neoformans

No. of deaths/no. of treated mice (% mortality) after the following treatments (mg/kg):

Expt no. Dd-AmB ILd-AmB
0.8 1.2 1.6 2 0.8 12 2 2.5
1 3/21 (14) 7/8 (88) 6/6 (100) ND* 0/16 (0) 1/17 (6) 13/19 (68)
2 0/9 (0) 7/14 (50) ND ND 0/10 (0) ND 2/14 (14) ND

4 ND, not done.
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FIG. 3. Survival of DBA2 mice infected intravenously with 2 X 10°
C. neoformans and treated 9 days after infection with a single injection
of 0.8 mg of Dd-AmB per kg (A), 0.8 mg of ILd-AmB per kg (A), 2 mg
of ILd-AmB per kg (O), or PBS (H).

Three days after treatment, ILd-AmB at 2 mg/kg was more
effective than the optimal dosage of Dd-AmB (1.2 mg/kg) at
reducing CFU counts in the spleen (P < 0.05) and the brain (P
< 0.05), but it was as efficient as 1.2 mg of Dd-AmB per kg at
reducing the CFU counts in the lung and the kidney. Ten days
after treatment, ILd-AmB at 2 mg/kg was more efficient than
1.2 mg of Dd-AmB per kg at reducing CFUs counts in the
spleen (P < 0.05) and the lung (P < 0.05). CFU counts in the
spleen, kidney, lung, and brain were similar in mice treated
with 1.2 mg/kg of Dd-AmB or ILd-AmB at both 3 and 10 days
after treatment.

Pharmacokinetic study. Results of the pharmacokinetic
study were obtained from two different experiments and are
presented in Fig. 4. AmB concentrations in tissues were not
significantly different in mice treated with 1.2 mg of Dd-AmB
or ILd-AmB per kg. AmB levels measured 4 h after treatment
with the maximum tolerated dose of ILd-AmB (2 mg/kg) were
higher than those obtained with 1.2 mg of Dd-AmB or
ILd-AmB per kg in the spleen (P < 0.01), liver (P < 0.05), lung
(P < 0.001), and kidney (P < 0.01). Concentrations measured
in tissue 24 h after treatment remained significantly higher in
mice treated with 2 mg of ILd-AmB per kg than in mice treated
with 1.2 mg of Dd-AmB per kg for the spleen (P < 0.01), liver
(P < 0.001), lung (P < 0.001), and kidney (P < 0.001) and than
in mice treated with 1.2 mg of ILd-AmB per kg for the spleen
(P < 0.05), liver (P < 0.001), lung (P < 0.05), and kidney (P <
0.001). Levels in serum at 4 and 24 h after injection were not
significantly different between the three therapeutic groups
(data not shown).
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FIG. 4. (A) AmB concentrations in tissue measured in infected
mice 4 h after a single intravenous injection of 1.2 mg of Dd-AmB per
kg (M), 1.2 mg of ILd-AmB per kg (@), or 2 mg of ILd-AmB per kg
(R). (B) AmB concentrations in tissue measured in infected mice 24
h after a single intravenous injection of 1.2 mg of Dd-AmB per kg (W),
1.2 mg of ILd-AmB per kg (#), or 2 mg of ILd-AmB per kg ().
Histograms and bars are means + standard deviations obtained with
results for from five to eight mice.

DISCUSSION

Many studies have shown the possibility of using liposomal
AmB in the treatment of experimental systemic fungal and
parasitic infections (29, 32, 37). Incorporation of AmB into
liposomes usually leads to a formulation that is as effective as
or less effective than conventional AmB given at the same
dose. However, liposomes reduce the toxicity of the drug, and
increasing the unitary dose and/or the duration of therapy

TABLE 2. Organism counts in organs measured 3 days after treatment of mice infected with 3 X 10° C. neoformans

log,o CFU/g of organ (mean * SD)

Treatment
Spleen Kidney Lung Brain
Control 6.13 + 1.13 (n° = 6) 7.62 = 0.06 (n = 3) 7.68 = 0.17 (n = 4) 731 +032(n=7)
Dd-AmB (1.2 mg/kg) 4.84 = 0.63 (n = 8) 6.06 + 0.37° (n = 4) 7.11 + 0.23° (n=4) 7.01 + 0.11° (n = 8)
ILd-AmB (1.2 mg/kg) 5.10 = 0.65 (n = 8) 6.39 = 0.39° (n = 4) 6.91 + 0.18° (n=4) 7.00 + 0.18° (n = 8)

ILd-AmB (2 mg/kg) 3.97 + 0.60°4* (n = 8)

5.60 + 0.37%4 (n = 4)

7.11 + 0.05° (n = 4) 6.77 + 0.24%4 (n = 8)

% n is the number of mice studied per group.

b Significantly different from control (P < 0.05).

¢ Significantly different from control (P < 0.01).

4 Significantly different from ILd-AmB at 1.2 mg/kg (P < 0.05).
¢ Significantly different from Dd-AmB at 1.2 mg/kg (P < 0.05).
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TABLE 3. Organism counts in organs measured 10 days after treatment of mice infected with 3 X 10° C. neoformans

Treatment

log;o CFU/g of organ (mean + SD)

Spleen

Kidney Lung Brain

Dd-AmB (1.2 mg/kg)
ILd-AmB (1.2 mg/kg)
ILd-AmB (2 mg/kg)

5.03 + 0.92 (n° = 8)
490 + 0.80 (n = 8)
381 % 0.97° (n = 8)

5.77 + 0.18 (n = 4)
536 + 0.44 (n = 4)
5.14 + 036 (n = 4)

6.67 + 0.41 (n = 8)
6.48 + 0.67 (n = 8)
5.60 + 0.91% (n = 8)

6.47 = 0.59 (n = 8)
6.66 = 0.67 (n = 8)
5.60 + 091 (n = 8)

“n is the number of mice studied per group.
® Significantly different from Dd-AmB at 1.2 mg/kg (P < 0.05).
¢ Significantly different from ILd-AmB at 1.2 mg/kg (P < 0.05).

without inducing severe side effects results in an overall
beneficial effect of liposomal AmB. It has been shown that the
liposomal structure of the vehicle is not required to enhance
the therapeutic index of AmB (15). In an attempt to simplify
the preparation of an AmB lipidic emulsion, we directly
emulsified the commercial preparation of AmB, i.e., d-AmB, in
20% Intralipid, and the mixture was obtained after shaking by
hand. We did not remove the deoxycholate and did not use
additional methods in order to simulate conditions of easy
preparation of ILd-AmB for patients. Galenic studies were not
performed, and the type of interaction between AmB, deoxy-
cholate, and Intralipid remains to be determined. It must be
stressed that the effects of in vivo toxicity on mortality, in vivo
efficacy, and pharmacokinetics were reproducible from one
experiment to another, arguing for the reliability of the
preparation when it is used immediately after reconstitution
and infused as a bolus. The galenic modifications that may
have occurred over time remain to be determined.

Pharmacokinetic studies of ILd-AmB and Dd-AmB were
performed in infected mice in order to take into account the
potential alterations in vascular permeability related to infec-
tion. The distribution of AmB in tissues was not modified by
Intralipid, including the reticuloendothelial system organs,
when evaluated 4 and 24 h after treatment. This differs from
the results reported with small liposomes, which usually target
AmB in the reticuloendothelial system (11, 33). The most
striking differences between AmB concentrations measured
after administration of 2 mg of ILd-AmB per kg and 1.2 mg of
Dd-AmB per kg were observed in the lung, as described
previously with some liposomal AmB formulations (39).

In vivo toxicity experiments were also performed in infected
mice by using increasing doses of AmB given as the Dd-AmB
or the ILd-AmB formulation, and their effects on early mor-
tality were evaluated. Results showed that the maximum
tolerated dose (inducing less than 15% mortality) of AmB was
1.7 to 2.5 times higher with ILd-AmB than with Dd-AmB. In
vivo renal toxicity was not specifically evaluated. The lack of
alteration of drug diffusion in the kidney by Intralipid does not
preclude a protective effect against d-AmB nephrotoxicity; it
has been shown that decreased toxicity could be observed with
liposomes in the absence of a reduction in the concentration of
AmB in renal tissue (26, 33). Recent clinical studies have
confirmed the good renal tolerance to ILd-AmB in neutro-
penic patients receiving daily dosages in the range of 1 mg/kg
(31). However, a significant increase in serum creatinine levels
occurred in five of six human immunodeficiency virus-infected
patients treated with a daily infusion of 1.5 mg of ILd-AmB per
kg for cryptococcal meningitis (17).

Our in vitro results with renal tubular cells showed the
reduced toxicity of ILd-AmB compared with that of Dd-AmB,
and similar results have been obtained when the toxicity of
liposomal AmB was evaluated against these target cells (16,
18). The level of protection afforded by Intralipid against

d-AMB toxicity was higher in vitro than in vivo. In vivo, the
toxicity of d-AmB was 1.7- to 2.5-fold lower in the presence of
Intralipid, as shown by the comparison of the maximum
sublethal doses in mice (0.8 or 1.2 versus 2 mg/kg), whereas in
vitro, ILd-AmB remained less toxic than Dd-AmB, although
ILd-AmB was tested at a 4-fold increased concentration. This
apparent discrepancy might be explained by the binding of
AmB to lipoproteins in serum (4, 38); if the avidity of AmB is
higher for the lipid components in serum than for the lipid
components in Intralipid, a progressive transfer of the drug
may then occur from Intralipid to lipoproteins, back to the
conventional situation of lipoprotein-bound AmB which is
observed following intravenous infusion of Dd-AmB. Thus,
our in vitro results may simply be explained by the lower free
AmB fraction in the ILd-AmB formulation than in the Dd-
AmB formulation.

The in vivo antifungal activity of AmB was not reduced by
Intralipid, as shown by the similar efficacies of the same doses
of Dd-AmB and ILd-AmB for improving the survival of mice
or reducing CFU counts in infected tissues. The beneficial
effect of the high dose (2 mg/kg) of ILd-AmB compared with
that of the maximum tolerated dose (0.8 to 1.2 mg/kg) of
Dd-AmB was associated with the higher concentrations of
AmB measured in infected tissues. The decrease in the in vivo
toxicity of d-AmB by Intralipid was therefore sufficient to
improve the therapeutic index. This experimental model re-
flects rather well the systemic cryptococcosis observed in
patients with AIDS. ILd-AmB at 2 mg/kg was more efficient
than other regimens for reducing CFU counts in the brain on
day 3 only, but it was always more efficient than other
treatments in reducing CFU counts in the spleen. The reduc-
tion of the fungal burden in extracerebral foci of infection
appeared to be important for delaying the evolution of disease.
The small differences in the sizes of the CFU counts between
control and treated mice may easily be explained by the fact
that mice were treated with one injection of the drug; further-
more, this occurred late in the course of disease. However,
comparison of the efficacies of a single dose of each formula-
tion allows us to test the intrinsic in vivo activity of each
formulation.

The spectroscopic investigation shed light on the possible
mechanisms of protection afforded by Intralipid. Free (non-
protein-bound) AmB is present in aqueous medium in three
distinct physical states: soluble monomeric, soluble oligomeric,
and insoluble aggregated. The concentration of the soluble
oligomeric form of free AMB, which is thought to be the most
toxic form (1, 2, 25), was reduced 10-fold in the presence of
Intralipid, showing the existence of lipid-bound drug in the
preparation. Jullien et al. (19) have shown that the amount of
AmB remaining free in a preparation of liposomal AmB
influences the in vitro cellular effects of liposomal AmB
formulations. Since high concentrations of Intralipid pre-
vented the observation of AmB circular dichroism because of
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the strong scattering of the suspension, the lipid/AmB concen-
tration ratio used in spectroscopic experiments had to be lower
than that in the preparation of ILd-AmB used in toxicity and
efficacy experiments. However, we have previously shown (16)
with liposomes of pure phospholipid composition that increas-
ing the lipid/AmB ratio favors the binding of AmB to lipids.
We therefore anticipate that the amount of free AmB was
significantly reduced in the final preparation used for in vitro
and in vivo studies. Although the influence of deoxycholate on
the interaction between lipids and AmB was not investigated,
it is likely that it facilitated the solubility of unbound AmB in
the aqueous phase, and thus its diffusion toward the lipid
compartment.

In conclusion, ILd-AmB is a preparation of d-AmB which is
more effective than Dd-AmB in the treatment of experimental
systemic cryptococcosis when both drugs are given at the
maximum tolerated dose. Intralipid did not specifically target
AmB toward infected sites and did not alter the antifungal
effect of a given dose, but it reduced the acute toxicity of the
drug, permitting the administration of higher doses. The
influence of Intralipid on the physical states of AmB in the
ILd-AmB formulation remains to be evaluated. The efficacy of
ILd-AmB in the treatment of cryptococcosis is of particular
interest, since cryptococcosis is a severe infection in patients
with AIDS for which an optimal therapeutic regimen remains
to be determined. This is of particular importance in areas such
as Central Africa, where the disease is highly frequent and no
triazoles are available in case of Dd-AmB side effects, because
of the costs of triazoles.
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