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Abstract

Three lipid-based delivery systems (AmBisdtndmphocil, and Abelcet) for amphotericin B (AmB) have been marketed
to overcome the disadvantages associated with the clinical use of AmB. However, to show their efficacy, they need to be
administered at higher doses than the conventional dosage form, Furfyizotigs study, we compared LNS-AmB, our new
low-dose therapeutic system for AmB using lipid nano-sphere @)N®&ith these commercial formulations in terms of their
pharmacokinetics and efficacy. The plasma AmB levels yielded by LNS-AmB after intravenous administration to rats were much
higher than those yielded by Amphocil or Abelcet, and similar to those yielded by AmBisome, but in dogs LNS-AmB yielded
plasma AmB concentrations about three times higher than did AmBisome. In a carrageenin-induced pleurisy model in rats,
LNS-AmB yielded AmB levels in the pleural exudate over 20 times those yielded by Amphocil or Abelcet, and similar to those
yielded by AmBisome. From these pharmacokinetic results, it is clear that Amphocil and Abelcet are based on a quite distinct
drug-delivery concept from LNS-AmB. In a rat model of localized candidiasis, LNS-AmB significantly inhibited the growth of
Candida albicansn the pouch, whereas AmBisome did not, even though the AmB concentrations in the pouch were similar.
This difference in antifungal activity between LNS-AmB and AmBisome was also found in vitro. That is, the antifungal activity
of LNS-AmB againstC. albicanswas similar to that of Fungizone and dimethyl sulfoxide-solubilized AmB, while AmBisome
showed weaker antifungal activity than did other formulations. Based on these results, the release of AmB from AmBisome
was judged to be slow and slight. In a mouse model of systemic candidiasis, LNS-AmB (1.0 mg/kg) was much more effective
than AmBisome (8.0 mg/kg) or Fungizone (1.0 mg/kg). These results suggest that LNS-AmB maintained the potent activity of
AmB against fungal cells even though the AmB was incorporated into LNS particles. We conclude that LNS-AmB may offer
an improved therapeutic profile at lower doses than Fungizone and commercial lipid-based formulations.
© 2003 Elsevier B.V. All rights reserved.
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In spite of the recent introduction of several new anti-
fungal agents, amphotericin B (AmB) remains one of
the most effective and widely used agents for treating
systemic fungal infections, as it has been for nearly
40 years YValsh and Pizzo, 1998Its selective ac-
tivity against fungal cells is a result of its preference
for binding ergosterol, the major sterol of fungal cell
membranes, over cholester@dlard, 1986; Kerridge,
1986. Although AmB is available as a colloidal
dispersion with sodium deoxycholate (FungizZBhe

its clinical use is limited by renal toxicity and other
side-effects Gallis et al., 1991
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injectable vehicle Rukui et al., 2003p LNS is com-
posed of fine particles, 25-50 nm in diameter, which
can avoid uptake by the reticuloendothelial system
(RES) and can be transferred to the inflamed sites
after intravenous administratiorséki et al., 199/
We have already shown that LNS incorporating AmB
(LNS-AmB) yielded higher plasma concentrations of
AmB than did Fungizone after intravenous adminis-
tration to mice, rats, dogs, and monkefsiKui et al.,
20033. In addition, LNS-AmB was less toxic than
Fungizone in in vitro hemolysis tests and in vivo
vomiting-toxicity tests in dogs, although both formu-

To overcome these side-effects, three lipid-based lations had nearly equal antifungal activity against

parenteral formulations of AmB, AmBisorfie (a
liposomal preparation), Ampho@il (a disk-shaped
complex), and Abelcét (a ribbon-type lipid com-
plex) have been introduced into clinical uSalle 1
Hillery, 1997). Although these industrial preparations,
which differ in composition and physicochemical
properties, are less toxic than Fungizomtéiefnenz
and Walsh, 1998; Bekersky et al., 1999lnigher

doses are needed to treat systemic fungal infec-

tions. However, since AmB itself is toxic to normal
cells, and repeated administration would lead to its
accumulation due to its slow elimination from the
body (Atkinson and Bennett, 1978we think that a
low-dose therapeutic system for AmB is desirable to
reduce its side-effects.

To develop such a system, we selected our origi-
nal lipid emulsion, lipid nano-sphere (L% as an

fungal cells both in vitro and in vivo.

In this paper, we present the results of a compara-
tive study of LNS-AmB and commercial formulations
in which we investigated the AmB concentrations in
plasma and inflamed sites and the efficacy of AmB
both in vitro and in vivo, and we show that a low-dose
therapeutic system with LNS-AmB has significant ad-
vantages over commercial high-dose lipid-based for-
mulations and Fungizone.

2. Materials and methods

2.1. Materials

AmB was purchased from Dumex (Copenhagen,
Denmark) and egg lecithin from QP Corporation

Table 1
Characteristics of LNS-AmB and commercial AmB formulations (frétitiery, 1997)
Product Composition Structure Size Dbgeng/kg)
LNS-AmB Soybean oil (1g), egg lecithin (1g), Lipid emulsion 25-50nm ?
and AmB (10 mg)
Fungizon® Sodium deoxycholate (41 mg) and  Colloidal dispersion Approximately Am 0.5-1.0
AmB (50 mg)
AmBisomé& Hydrogenated soy Liposome 50-100 nm 3.0
phosphatidylcholine (213 mg),
distearoylphosphatidylglycerol
(84 mg), cholesterol (52 mg), and
AmB (50 mg)
Amphocil® (ABCD) Sodium cholesteryl sulfate Disk-shaped complex 122 nm in diameter 3.0-4.0
(26.4mg) and AmB (50 mg) and 4 nm thick
Abelcef (ABLC) Dimyristoylphosphatidylcholine Ribbon-type lipid complex 2-pm 5.0

(68 mg),
dimyristoylphosphatidylglycerol
(30mg), and AmB (100 mg)

a8 From manufacturer’s instruction.
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(Tokyo, Japan). All other ingredients were of phar-

103

freeze-dried in the presence of certain cryoprotectants

maceutical grade. Carrageenin was purchased fromand completely rehydrated with no observed change.

Sigma Chemical Company (St. Louis, MO) and
1-amino-4-nitronaphthalene from Aldrich (Milwau-

In addition, lyophilized LNS-AmB was stable at
25°C for at least 2 years with no change in visual ap-

kee, WI). The solvents and reagents used in the study pearance, reconstitution time, pH after reconstitution,

were of the highest commercially available grade.
14C-amphotericin B ¥*C-AmB) was produced by
Streptomyces nodosdeom [2-1C] sodium acetate
and used after purification by HPLC. The specific
radioactivity was 1.3 MBg/mg, and the radiochemical
purity, determined by thin-layer chromatography, was
more than 95%.

Pharmaceutical preparations of AmB were obtained
from Bristol-Myers Squibb, Princeton, NJ (Fungi-

particle size, zeta potential, or AmB concentration.
Based on these data, the shelf-life of lyophilized
LNS-AmB is thought to be greater than 2 years at
controlled room temperature.

2.3. Animals

Slc:ddY mice (4 weeks old), Sprague—-Dawley
rats (7 weeks old) and beagle dogs (ca. 10-12kg)

zone), Nexstar Pharmaceuticals, Cambridge, Englandwere used. For experiments on fandida albicans

(AmBisome), Sequus Pharmaceuticals, Menlo Park,
CA (Amphocil), and The Liposome Co., Prince-

ton, NJ (Abelcet), and reconstituted according to
the manufacturer’'s instructions. The concentration
of AmB in the dosage was adjusted to 0.5 mg/ml by
further dilution with sterile 5% dextrose in water.

2.2. Preparation of LNS-AmB

AmB, egg lecithin and soybean oil were dissolved
in chloroform—methanol (2:1, v/v). LNS-AmB con-
tained 50 mg each of egg lecithin and soybean oail in
1 ml of the final dispersion. Organic solvent was re-

moved under a stream of nitrogen gas and then under
reduced pressure for 17 h. Complete evaporation re-

sulted in the formation of a lipid paste, to which ster-

infected carrageenin pouch model only, 3-week-old

rats were used. In all experiments, unfasted male an-
imals were used. Mice and rats were purchased from
Japan S.L.C. (Hamamatsu, Japan) and dogs from Ni-
hon Nosan Kogyo (Yokohama, Japan). The animals
were allowed to acclimate to a standard environment
in the animal-care room for 1 week (mice and rats)

or more than 3 weeks (dogs) before the study. All an-
imals were allowed to take water and standard pellet
chow ad libitum.

2.4. Plasma concentration profiles of AmB
in rats and dogs

All AmB formulations (LNS-AmB, Fungizone,
AmBisome, Amphocil, or Abelcet) were administered

ile 5% dextrose was added. The crude dispersion wasintravenously to rats at a dose of 1.0 mg/kg and the

emulsified with a probe-type sonicator (Sonifier model
250D, Branson Ultrasonic Corporation, Danbury, CT)
in an ice-water bath for about 60 min. The final dis-
persion was obtained after filtration through a p.2r
membrane, and the final concentration of AmB in the
emulsion was 0.5 mg/ml. LNS-AmB was diluted with
5% sterile dextrose if necessary.

LNS-AmB was found to be a homogeneous emul-
sion with mean particle diameters ranging from
25 to 50nm by both electron microscopy (Hi-
tachi H-7100 transmission electron microscope)
and dynamic laser light scattering spectrophotome-
try (Otsuka DLS-7000) Kukui et al., 2003p The
zeta potential of LNS-AmB as determined by laser
dopplermicro-electrophoresis method (Malvern Ze-
tasizer 2000) was—46 mV. LNS-AmB could be

plasma AmB concentrations monitored as a function
of time. LNS-AmB, Fungizone, or AmBisome was
administered to dogs. Venous blood was collected in
heparin tubes, and plasma was obtained by centrifu-
gation at 3000 rpm for 10 min. The pharmacokinetic
parameters were obtained by fitting the plasma con-
centrations to the two-compartment modésj. (1) by
nonlinear least-squares regression.

Co = D(kZl - O{) e_at D(k21 - ﬁ) e_ﬁ[
P Vie - B) Vi(B — )

whereC, is the plasma concentratiol; is the dose;
a, B and kp; are the rate constants;is time after
administration; and/; is the distribution volume of the
central compartment. The half-lives of the distribution
phasefy,2, o) and the elimination phasgf,, ) were

@
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calculated from In (2¢) and In (28), respectively, and

the area under the plasma concentration—time curve

(AUC) was calculated by a trapezoidal rule.
2.5. Carrageenin-induced pleurisy model in rats

Rat pleurisy was induced by the injection of 0.1 ml
of 2% carrageenin in saline into the thorax. All AmB
formulations were administered intravenously at a
dose of 1.0mg/kg 2 h after intrapleural injection of
carrageenin, and AmB concentrations in the pleural
exudate were monitored for 6 h after AmB adminis-
tration.

2.6. Carrageenin-induced inflammation pouch model
infected with C. albicans in rats

Ten milliliters of 1% carrageenin containii@ albi-
cans(1.0 x 10* cells/ml) was injected subcutaneously
into the back of each of four rats to induce can-
didiasis in the carrageenin-induced inflamed pouch.
LNS-AmB, Fungizone, or AmBisome was adminis-
tered intravenously at a dose of 1.0 mg/kg 3.5 h after
C. albicansinoculation. The fluid in the pouch was
collected at several time points to determine the con-
centration of AmB, and the fungal count in the pouch
was determined 24 h after drug administration. Sta-
tistical analysis of the fungal counts was carried out
according to Sheffe’s test.

2.7. Determination of AmB in biological samples

The concentration of AmB in plasma, pleural ex-
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2.8. In vitro antifungal activity

The in vitro efficacy of LNS-AmB, Fungizone,
AmBisome, and AmB solubilized by dimethyl sul-
foxide (DMSO) was evaluated by the inhibition of
growth of C. albicans Growth inhibition was mea-
sured by the decrease in optical density at 540 nm
in Sabouraud dextrose broth buffered with 0.165M
3-morpholinopropanesulfonic acid, pH 7.0, after in-
cubation at 35C for 24 h.

2.9. In vivo antifungal activity

Before fungal inoculation, mice were immuno-
suppressed by intraperitoneal administration of cy-
clophosphamide at a dose of 150 mg/kg. Systemic
candidiasis was then introduced by intravenous inoc-
ulation of C. albicans(2.5 x 10* cells/mouse). LNS-
AmB, Fungizone, or AmBisome was administered
intravenously at a dose of 1.0 mg/kg for LNS-AmB
and Fungizone and 8.0mg/kg for AmBisome 4h
after fungal inoculation. The mice were observed for
7 days and the in vivo systemic antifungal activity
was evaluated by monitoring their survival. Statistical
analysis of the survival rates was performed by a log-
rank test.

2.10. Tissue distribution of AmB

LNS-AmB containing#C-AmB (LNS-“C-AmB)
or a colloidal dispersion containin§’C-AmB pre-
pared according to the formulation of Fungizone
(DOC-4C-AmB) was administered intravenously to

udate, and candidiasis-pouch fluid was determined rats at a dose of 0.5mg/kg. After rats were killed
by high-pressure liquid chromatography as described by collecting blood from the aorta under deep ether

by Otsubo et al. (1999) Briefly, samples were
deproteinized with methanol containing 1-amino-

4-nitronaphthalene as an internal standard. After cen-

anesthesia, tissues were removed and weighed.
Plasma samples (0.1 ml) were evaporated at(0
under a gentle stream of nitrogen and the residues

trifugation, the supernatant was dried and redissolved dissolved in 0.5ml of distilled water. The radioac-

in methanol for injection onto a reverse-phase col-
umn. The mobile phase was a mixture of acetonitrile
and 10mM sodium acetate buffer, pH 4.0 (11:17,
v/v), and the flow rate was 1.0 ml/min. The eluent was
monitored at 408 nm. The detection limit was 5 ng/ml
and the interday and intraday coefficients of variation
were 5% or less, between 5 and 400 ng/ml. In this
method, free AmB and AmB retained in carrier are
not determined separately.

tivity of the plasma samples was measured after the
addition of 10ml of liquid scintillator (Emulsifier
Scintillator Plus, Packard Instrument Co., Down-
ers Grove, IL). Tissue samples (about 0.2g; liver,
spleen, kidney, cerebrum, and muscle) were dried
under reduced pressure, after which each sample
was solubilized with 1 ml of Solvable (Packard In-
strument Co.). A portion of each sample was decol-
orized by the addition of 0.2ml of 30% J@,. For
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radioactivity measurements, 10ml of Hionic-Fluor

(Packard Instrument Co.) was added to each sam-
ple and the radioactivity measured in a Tri-Carb

3100TR liquid scintillation counter (Packard Instru-

ment Co.) for 2 min. Counting efficiencies were cor-

rected automatically by the external-standard-ratio
method.

3. Results

3.1. Plasma concentrations of AmB in rats
and dogs

In rats, the plasma AmB levels vyielded by
LNS-AmB were higher than those yielded by Fun-
gizone, Amphocil, or Abelcet at all times up to 10h
(Fig. 1), and LNS-AmB and AmBisome showed
similar AmB plasma profiles. In dogs, LNS-AmB
yielded plasma AmB concentrations about three times
higher than did AmBisomeHig. 2). Pharmacokinetic
parameters for plasma AmB in rats and dogs are
summarized iffable 2

3.2. Carrageenin-induced pleurisy model in rats

After intravenous administration of LNS-AmB,
AmB concentrations in the pleural exudate were

100.00 @: LNS-AmB

O: Fungizone
A\: AmBisome

- A: Amphocil

£ 10.00 <>: Abelcet
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Fig. 1. Plasma concentrations of AmB after intravenous adminis-
tration of LNS-AmB, Fungizone, AmBisome, Amphocil, or Abel-
cet at a dose of 1.0mg/kg to rats. Each point represents the
meant S.D. of three rats.

105
100.00 @: LNS-AmB
O: Fungizone
A: AmBisome
£ 10.00
ES)
2
[an]
£ 1.00
<
©
e
3
£ o010

24

001 T T T T T T T T T T T T
4 8 12 16 20
Time after administration (h)

Fig. 2. Plasma concentrations of AmB after intravenous admin-
istration of LNS-AmB, Fungizone, or AmBisome at a dose of
1.0mg/kg to dogs. Each point represents the me&m. of three
dogs.

higher than those obtained after the administration
of Fungizone, Amphocil, or Abelcet, and similar to
those obtained after the administration of AmBisome
(Fig. 3). The values ofCyax and AUG g observed
for LNS-AmB were about five times those observed
for Fungizone and more than 20 times those yielded
by Amphocil or Abelcet Table 3.

3.3. Carrageenin-induced inflammation pouch
model infected with C. albicans in rats

In an experimental model of localized candidiasis,
the AmB levels in the infected site (the pouch-fluid)
after intravenous administration of LNS-AmB were
about four times higher than those yielded by Fun-
gizone and similar to those yielded by AmBisome
(Fig. 4, left panel). The AUG_24n values were
3.73pg h/ml for LNS-AmB, 1.03.g h/ml for Fungi-
zone, and 3.88.g h/ml for AmBisome.

Although both LNS-AmB and Fungizone had sig-
nificantly inhibited the growth ofC. albicansin the
pouch 24 h after administration compared with the
control (P < 0.05), there was no significant differ-
ence between AmBisome and contrélid. 4, right
panel). In addition, the inhibitory effect of LNS-AmB
was significantly greater than that of Fungizone
(P < 0.05).
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Table 2
Pharmacokinetic parameters for plasma AmB after intravenous administration on LNS-AmB, Fungizone, AmBisome, Amphocil or Abelcet
at a dose of 1.0 mg/kg to rats and dogs

Formulation Rat Dog
Csmin (taj2, @) (taj2, B) AUCo 241 Csmin (t1/2, @) (t1/2, B) AUCo-24hn
(rg/mi) (h) (h) (g h/mi) (pg/mi) (h) (h) (rgh/mi)
LNS-AmB 25.93 0.68 12.53 33.94 11.82 1.07 15.24 40.17
Fungizone 2.52 0.16 66.92 5.96 1.10 0.09 25.85 6.95
AmBisome 20.70 0.41 12.09 35.52 6.31 0.36 7.58 13.05
Amphocil 0.43 0.13 48.74 2.13 ND
Abelcet 0.20 0.12 61.55 1.48 ND

Each value was calculated from the mean plasma concentration curve for three afigalsis the plasma concentration 5min after
administration, tj,2, «) and ¢1/2, B) are the half-lives in the distribution phase and the elimination phase, respectively, and Ak
the area under the plasma concentration—time curve up to 24 h after administration.

@ Not determined.

@: LNS-AmB
Q: Fungizone
257 A: AmBisome
A: Amphocil
<1 Abelcet

AmB in pleural exudates (pg/mL)

_ ———
0 1 2 3 4 5 6

Time after administration (h)

Fig. 3. Concentrations of AmB in pleural exudate after intravenous administration of LNS-AmB, Fungizone, AmBisome, Amphocil, or
Abelcet at a dose of 1.0 mg/kg to rats with carrageenin-induced pleurisy. Each point represents tHeSfizaof four rats.

3.4. In vitro antifungal activity
Table 3 ) o )
Cmax and AUC for AmB in pleural exudate up to 6h af- The antifungal activity of LNS-AmB against
ter intravenous administration of LNS-AmB, Fungizone, AmBi- C. albicanswas similar to that of Fungizone and
some, Amphocil, or Abelcet at a dose of 1.0mg/kg to rats with DMSO-solubilized AmB. while AmBisome showed
carrageenin-induced pleurisy weaker antifungal activityRig. 5).

Formulation Cmax (rg/ml) AUCoy_6h (g h/ml)

LNS-AmB 1.94 8.30 3.5. In vivo antifungal activity

Fungizone 0.42 1.71

AmBisome 1.60 8.20 All untreated mice died within 2 days of fungal in-
Amphocil 0.07 034 oculation Fig. 6). Although Fungizone at 1.0 mg/kg
Abelcet 0.08 0.38

or AmBisome at 8.0mg/kg did not significantly
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Fig. 4. Concentrations of AmB (left panel) and the fungal count (right panel) in flui€.oélbicansinfected carrageenin pouch after
intravenous administration of LNS-AmB, Fungizone, or AmBisome at a dose of 1.0 mg/kg to rats. The fungal count was measured 24 h
after drug administration. Each point represents the me&D. of four rats. ¢): P < 0.05 compared with control; (#)P < 0.05
compared with Fungizone.
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Fig. 5. Antifungal activity of LNS-AmB, Fungizone, AmBisome, and DMSO-solubilized AmB in vitro. The growth inhibitiotC.of
albicanswas measured by the change in optical density at 540 nm in SD-MOPS broth after a 24-h incubati6€.aR85ults are the
mean of two experiments.
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Fig. 6. Survival of mice infected witlC. albicansand treated with LNS-AmB, Fungizone, or AmBisome. Treatment was started 4 h after
fungal inoculation. 4): P < 0.05 compared with AmBisome; (# < 0.01 compared with Fungizone.

improve survival compared with the untreated control,
LNS-AmB at 1.0 mg/kg greatly improved the survival

be removed by filtration through a QuZn-membrane
because the AmB is hardly soluble in water. There-

rate and so was much more effective against systemicfore, we concluded that free AmB hardly exists in

candidiasis than was either AmBisom@ & 0.05) or
Fungizone P < 0.01).

4, Discussion

We have shown in a previous study that LNS-AmB

LNS-AmB formulations and that an additional pro-
cedure for removing free AmB is not necessary for
this study. Similarly, some investigators report that
there is almost no free AmB in commercial lipid-based
formulations (anoff et al., 1988; Guo et al., 1991;
Adler-Moore and Proffitt, 1993 The lack of free AmB

in these formulations is attributed by these workers to

has the potential to become a low-dose therapeutic the insolubility of AmB in water as well as its affinity

system for AmB Eukui et al., 2003a)bIn the present
study, we try to make clear the merits of LNS-AmB
over commercial lipid-based formulations, which are

to lipids.
Inrats, LNS-AmB and AmBisome showed the high-
est plasma AmB concentrations among the formula-

themselves reported to be a significant advance in thetions tested Kig. 1, Table 3, while Amphocil and

treatment of systemic fungal infectiortdillery, 1997;
Hiemenz and Walsh, 199%8by comparing their phar-
macokinetics and efficacy.

In comparative studies of these delivery systems,
it is important to bear in mind their physicochemical
characteristics, especially the drug-to-lipid ratio, par-
ticle or vesicle size, and existence or otherwise of free
drug. We found that more than 98% of the AmB and
96% of the lipids from LNS-AmB co-eluted in a sin-

Abelcet yielded lower plasma AmB concentrations
than did Fungizone. These results are consistent with
previous reportsKielding et al., 1991; Olsen et al.,
1991; van Etten et al., 1995; Wang et al., 1995; Bhamra
et al., 1997; Adler-Moore and Proffitt, 20p2The
reason for lower AmB concentrations with Amphocil
and Abelcet is probably that these formulations are
mainly delivered to the RES of the liver and the spleen
(Fielding et al., 1991; Olsen et al., 199 AmBisome

gle peak by size-exclusion chromatography, and that is also reported to be delivered to the RES, but it
the ratio of AmB to lipid was almost constant across might have produced higher plasma AmB concentra-
the peak. In addition, even if small amounts of free tions than did Fungizone because the extent of its dis-
AmB exist in the LNS-AmB formulation, they can tribution to the RES is lower than that of Amphocil
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Fig. 7. Tissue concentrations of radioactivity after intravenous administration of #8$\mB (a) or DOC*C-AmB (b) at a dose of

0.5mg/kg to rats. Each point represents the mean of two rats.

and Abelcet due to its small particle sizBaswell
et al., 1998a; Bekersky et al., 1999a

In a preliminary study of the tissue distribution
with 14C-AmB (Fig. 7), we found that only 15%
of the radioactivity administered had accumulated
in the liver 5min after intravenous administration
of the LNS14C-AmB. By contrast, in the case of
DOC-“C-AmB, about 40% of the radioactivity ad-
ministered was recovered from the liver 5min after
intravenous administration. We, therefore, consider
that the long circulating lifetime of LNS-AmB is
explained by its avoiding uptake by the RES due
to its small particle size. Since there was not much
difference in the amounts of radioactivity in the kid-
ney between LNS#C-AmB and DOCC-AmB at
an equal dose (0.5mg/kg), LNS-AmB is expected
to deliver lower AmB concentrations to the kidney,
and therefore to have reduced nephrotoxicity, if it
is administered at lower doses than Fungizone. In
fact, we have already reported that the nephrotoxic-
ity of LNS-AmB is weaker than that of Fungizone
in a toxicity study of daily intravenous infusion for
14 consecutive days in rats when the two formula-

sistent with the radioactivity observed in the plasma
and tissues after intravenous administration to rats of
LNS containing a radioactive tracer. In addition, we
have found by size-exclusion chromatography that
AmB was retained in LNS particles in the serum
after intravenous administration of LNS-AmB to
rats Fukui et al., 2003p Therefore, the pharma-
cokinetics of AmB as a component of LNS-AmB
is thought to reflect that of the LNS particles
themselves.

Based on the plasma AmB levels in rats, it is clear
that the drug-delivery concept of Amphocil and Abel-
cet is very different from that of LNS-AmB. That
is, in the case of Amphocil and Abelcet, the liver
retains AmB in a form with reduced toxicity that
serves as a reservoir of AmB from which AmB is
slowly released Kielding et al., 1991; Olsen et al.,
1991). Therefore, we did not administer Abelcet or
Amphocil in the experiment to compare the plasma
AmB levels yielded by LNS-AmB and AmBisome in
dogs. In this experiment, LNS-AmB yielded plasma
AmB levels about three times higher than did Am-
Bisome Fig. 2 Table 3. Although the reason for

tions were administered at doses that yield almost the the species difference in the plasma levels yielded by

same AmB concentrations in the plasnraiui et al.,
20038.

We have also reported on the pharmacokinet-
ics of LNS particles themselves using a radioactive
tracer Eukui et al., 2003p The results pertaining
to LNS-AmB obtained in the present study are con-

AmBisome is not clear, the difference observed in
dogs between LNS-AmB and AmBisome might be
explained by the difference in particle size (25-50 nm
for LNS-AmB versus 50-100nm for AmBisome).

From the fact that AmBisome yields high plasma
AmB concentrations in humanSBékersky et al.,
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2002, LNS-AmB would also be expected to, and this lease of AmB from AmBisome is slow and slight, the
property is desirable for a low-dose therapeutic system AmB retained by AmBisome might be unable to show
for AmB. its strong antifungal activity even though AmBisome
To evaluate the transfer of AmB to the inflamed can deliver high levels of AmB to the infected site.
site after the administration of various formulations, We think that this is why high doses of AmBisome
we prepared a carrageenin-induced pleurisy model are required in the treatment of systemic fungal infec-
in rats. In this model, LNS-AmB and AmBisome tions.
yielded higher AmB concentrations in the pleural The mechanism of AmB transfer from LNS-AmB
exudate than did Fungizone, and both Amphocil and or AmBisome to fungal cells is not well understood.
Abelcet yielded only very low AmB concentrations We have reported that LNS-AmB caused no hemol-
(Fig. 3). Thus, the transfer of AmB to the inflamed ysis in vitro (Fukui et al., 2003y and AmBisome
site directly reflected the plasma AmB concentra- also caused no hemolysi8dqswell et al., 1998p
tions. In addition, LNS-AmB and AmBisome were Therefore, we assume that the difference in antifungal
judged to be able to permeate leaky blood vessels atactivity between LNS-AmB and AmBisome results
inflamed sites because their particle or vesicle size from a selective transfer of AmB regulated by the
was very small. With its high plasma AmB levels physicochemical characteristics of the carrier and the
and passive targeting characteristics, LNS-AmB is target cells. According to our hypothesis, LNS-AmB
expected to be highly efficacious in the treatment in the presence of ergosterol-rich fungal cells readily
of systemic fungal infections, which are usually releases AmB because the AmB has a higher affin-
accompanied by inflammation. Amphocil and Abel- ity for ergosterol than for LNS particles. Conversely,
cet were not compared in the subsequent experi- LNS-AmB in the presence of cholesterol-rich mam-
ments because we knew from the AmB levels in the malian cells retains the AmB because the AmB has
plasma and inflamed sites that these formulations area higher affinity for LNS particles than for choles-
based on quite distinct drug-delivery concepts from terol. On the other hand, AmBisome retains the

LNS-AmB.

AmB in the formulation and not readily release it

We also prepared a rat carrageenin pouch model even in the presence of fungal cells because the lipid

infected withC. albicansto evaluate the distribution
of AmB to the actual infected site and the antifun-
gal effect of LNS-AmB and AmBisome. LNS-AmB
and AmBisome could deliver high levels of AmB to
the infected pouch after intravenous administration
(Fig. 4, left panel). However, although LNS-AmB
and Fungizone significantly decreased the fungal
count in the pouch compared with the contrél &
0.05), AmBisome did not produce a significant de-
crease Fig. 4, right panel). The difference in fungal
count between LNS-AmB and Fungizone clearly re-
flected the difference in AmB concentrations in the
pouch.

In an in vitro antifungal study, AmBisome showed
weaker antifungal activity than did LNS-AmB or Fun-
gizone Fig. 9, a result that is consistent with the find-
ings of Carrillo-Mufioz et al. (1999)This suggests
that LNS-AmB retains the potent activity of AmB
against fungal cells even though the AmB is incorpo-
rated into LNS particles. Therefore, LNS-AmB in the

components of AmBisome, such as cholesterol and
distearoylphosphatidylglycerol (phase-transition tem-
perature, about 58C; Szoka and Papahadjopoulos,
1980, might keep the structure of AmBisome
rigid (Adler-Moore and Proffitt, 2002 In contrast,
LNS-AmB is judged to be able to release AmB
adequately because LNS particles are soft, being
composed of only egg lecithin (phase-transition tem-
perature—15 to —7°C; Szoka and Papahadjopoulos,
1980 and soybean oail.

To assess the therapeutic potential of LNS-AmB,
we evaluated its in vivo antifungal activity in a
C. albicansinfected mouse model. Several doses of
LNS-AmB, Fungizone, or AmBisome, were tested
and the survival rates at an optimal dose for each for-
mulation determined. Although the survival rate for
AmBisome (8.0 mg/kg) was greater than that for Fun-
gizone (1.0 mg/kg), LNS-AmB (1.0 mg/kg) showed
the best results in spite of the fact that the dosage used
was eight times lower than that of AmBisontéd. 6).

presence of fungal cells might be expected to release This result suggests that LNS-AmB maintained the

AmB in sufficient amounts. By contrast, since the re-

potent activity of AmB against fungal cells in vivo.
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The potential advantage of LNS-AmB lies in the
high concentrations of AmB it maintains in the

plasma and infected sites and its unchanged antifun-

gal activity when administered intravenously. That is,

the reduced dose is not accompanied by a decrease

in therapeutic efficacy but is accompanied by a de-
crease in toxicity. LNS-AmB may, therefore, prove
useful as a replacement for Fungizone, AmBisome,
Amphocil, or Abelcet at lower doses in the treatment
of systemic fungal infections. To follow up these
promising results, we plan to evaluate an optimal
dose of LNS-AmB in terms of efficacy and toxicity
in comparison with other preparations.
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