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An intravenous (i.v.) formulation of itraconazole was evaluated in disseminated fungal infection models in
guinea pigs. In acute disseminated Candida albicans and Aspergillus fumigatus infections, treatment at 5 mg/kg
of body weight twice a day (b.i.d.) significantly prolonged survival. In these models and in animals with chronic
disseminated cryptococcosis, itraconazole given i.v. at 2.5 and 5 mg/kg b.i.d. greatly reduced the proportions of
organs with culture-detectable fungal burdens. The efficacy of i.v. itraconazole in these animal models justifies
its further investigation for the treatment of life-threatening mycoses in humans.

Itraconazole is a broad-spectrum antifungal agent used clin-
ically for a variety of serious fungal infections in normal and
immunocompromised hosts, including aspergillosis, blastomy-
cosis, coccidioidomycosis, cryptococcosis, histoplasmosis, para-
coccidioidomycosis, sporotrichosis, and disseminated Penicil-
lium marneffei infections (3, 8, 13–15). Orally administered
itraconazole has shown efficacy equivalent to that of flucon-
azole in the treatment of oral Candida infections in AIDS (10,
20), and the oral agent has been used by some authors for the
treatment of candidemia (4). However, for management of
candidemia and other opportunistic mycoses, the absence of
an intravenous (i.v.) formulation of itraconazole has been a
limitation, since many neutropenic and other immunocompro-
mised patients have difficulty swallowing the oral capsule for-
mulation of the drug (4, 13).

A novel, i.v. formulation of itraconazole solubilized in hy-
droxypropyl-b-cyclodextrin (HPBCD) has successfully under-
gone clinical evaluation (11, 19, 21) and has recently been
approved for clinical use. i.v. administration of itraconazole
should facilitate the establishment of high and dependable
levels of the compound in plasma, an objective some authors
regard as desirable for optimum antifungal prophylaxis and
therapy (5, 7).

This study is a first evaluation of the efficacy of i.v. itracon-
azole-cyclodextrin in experimental disseminated Aspergillus
fumigatus, Candida albicans, and Cryptococcus neoformans
infections. The animal host chosen is the guinea pig, since
efficaceous oral doses of itraconazole in this host are similar
to those used in human patients. Studies of oral itraconazole
in mice have rarely indicated activity for this agent. Al-
though 100% survival was reported in experimental murine
paracoccidioidomycosis treated with itraconazole at 10 mg/kg
of body weight (9), three studies of murine aspergillosis found
no activity even at daily doses of 100 mg/kg (1, 2, 12). By
contrast with its poor efficacy in mice, itraconazole has consis-
tently shown high activity when given orally or intraperitone-

ally (i.p.) to guinea pigs infected with many different fungal
pathogens (16, 17). Use of guinea pigs necessitated implanta-
tion of a venous catheter for repeated i.v. infusions of itracon-
azole, the same mode of administration used for human pa-
tients, as opposed to bolus injection, which would be necessary
with mice and which was used in previous experiments with
itraconazole-cyclodextrin given i.p. to guinea pigs (17).

Specific-pathogen-free, DH guinea pigs, weighing 350 to
450 g (Charles River Associates, Brussels, Belgium), were
housed in individual cages and provided with food and water
ad libitum. Conditions were approved by the Animal Wel-
fare Committee of the Janssen Research Foundation. Ani-
mals were anesthetized with pentobarbital sodium (Nembutal),
given i.p. at 15 mg/kg, and Thalamonal, given intramuscularly
at 0.9 ml/kg, and their necks were shaved and disinfected with
isobetadine antiseptic. An incision was made at the site of the
jugular vein, and a liver biopsy needle was pushed under the
skin to emerge at a central position in the back. Through the
bore of the biopsy needle, a fine, sterile catheter (PhysioCath
small-animal vascular catheter, 6 by 10 in; Baxter Health Care
Corporation, Deerfield, Ill.) was passed through to the opening
in the neck. The biopsy needle was now removed. The jugular
vein was dissected carefully from surrounding tissue, two sur-
gical threads were placed under it, and the distal thread was
used to tie off the vein close to the jaw of the animal. The vein
was now opened with a fine, bent needle, and the catheter was
pushed into the vein to a distance of approximately 3 cm and
tied in place with the proximal thread. The opening was su-
tured and disinfected with antiseptic powder. A proprietary
elasticated jacket was placed around the animal to fix the
dorsal exit site of the catheter against the movements of the
animal. The catheter passed through a hollow spring to a swivel
mechanism that allowed the animal full movement within its
cage, and the catheter was coupled to an infusion pump (Grase-
by syringe pump 3200) which was used to provide a continuous
infusion of pyrogen-free physiological saline. The animals were
kept warm under infrared lamps until they had recovered from
the operation anesthesia and were then placed in special cages
designed to hold the catheter swivel mechanism centrally.

The i.v. itraconazole-cyclodextrin solution (Janssen Research
Foundation, Beerse, Belgium) contained itraconazole at 10
mg/ml in 40% HPBCD; a 40% HPBCD solution was used as a
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placebo. The i.v. line was flushed with 0.5 ml of 15% HPBCD,
and then the i.v. itraconazole solution or the placebo was
infused via the pump over a 30- to 60-min period. After each
infusion the line was flushed with a 15% HPBCD solution over
30 min to minimize precipitation of itraconazole at the cathe-
ter-vein junction. At autopsy examination, approximately 25%
of animals with indwelling catheters were found to have small
accumulations of fluid in the thorax, presumably the conse-
quence of prolonged irritation from the catheter and the infu-
sions given. In a minority of animals (details are given below),
the irritation led to a sterile pneumonia. All treatments were
given twice a day (b.i.d.) at dose levels of the same order as the
200 mg b.i.d. recommended for initial human therapy with i.v.
itraconazole.

A fumigatus infections. A. fumigatus B19119 was grown on
potato-dextrose agar (Difco Laboratories, Detroit, Mich.) at
35°C for 6 days. Conidia for inoculation were suspended in ste-
rile physiological saline containing 0.05% (vol/vol) Tween 80,
and concentrations were adjusted by hemocytometer counts.
Groups of 3 or 6 animals were infected with 4,000 CFU/g via
the indwelling catheter.

Under these conditions, placebo-treated animals died at an
average of 5.8 days after infection (Fig. 1; Table 1). Mean
survival times were slightly prolonged for animals treated i.v.
with itraconazole at total daily doses of 2.5 and 5 mg/kg (Table
1), but the difference was not statistically significant, and it is
evident from the survival curves (Fig. 1) that neither of these
doses given i.v. affected overall survival. For animals treated
for 13 days with 10 mg/kg, mean survival time was significantly
prolonged (Table 1). This dose also effected a significant in-
crease in mean survival time over that observed with placebo
treatment in animals that had been immunosuppressed with
mechlorethamine hydrochloride given i.p. at 0.25 mg/kg 5 days
and 4 days before challenge (Table 1). At all treatment doses,
the percentages of homogenized organs in which A. fumigatus
was undetectable by postmortem culture were higher than those
in placebo-treated animals (Table 1). The results obtained with
this model are comparable with effects previously achieved
with oral (16) and i.p. (17) itraconazole doses half as great as
those used in the present study.

C. albicans infections. C. albicans B2630 was grown in Sa-
bouraud broth (Oxoid, Basingstoke, United Kingdom) for 24 h
at 30°C with constant rotation and then diluted into sterile
physiological saline, and the concentration was adjusted by
spectrophotometry. Groups of three or six guinea pigs were
infected via the i.v. catheter with 104.2 to 104.6 CFU/g.

When i.v. itraconazole treatment was begun 1 h after infec-
tion and continued for 9 days, daily doses of 2.5 and 5 mg/kg
resulted in a dose-related prolongation of survival of animals
relative to those in the placebo-treated group that was statis-

FIG. 1. Mortality curves for guinea pigs with disseminated aspergillosis that
were treated from day 0 to day 13 with itraconazole-cyclodextrin given i.v. Open
circles, placebo treatment; squares, 1.25 mg/kg b.i.d.; triangles, 2.5 mg/kg b.i.d.;
diamonds, 5 mg/kg b.i.d.; filled circles, immunosuppression with mechloreth-
amine hydrochloride and treatment with i.v. itraconazole at 10 mg/kg b.i.d.

TABLE 1. Results of i.v. itraconazole treatment in guinea pigs with disseminated fungal infections

Fungus
infection

Itraconazole
treatment

(mg/kg b.i.d.)

First day of
treatment

Last day of
treatment

Day on which
expt ended n MSTa 6 SD

(days)
Organs

sampledb

% Organs with no
detectable fungus

(90% CI)c

A. fumigatus Placebo 0 13 14 9e 5.8 6 1.9 K, L, S 3.7 (2.3–9.7)
A. fumigatus 1.25 0 13 14 6 7.8 6 4.2 K, L, S 38.9 (20.0–57.8)
A. fumigatus 2.5 0 13 14 6 7.0 6 2.4 K, L, S 55.6 (36.3–74.8)
A. fumigatus 5 0 13 14 6 11.0 6 3.7* K, L, S 88.9 (76.7–100)
A. fumigatus 5d 0 13 14 6 9.8 6 3.9* K, L, S 72.2 (54.9–89.6)
C. albicans Placebo 0 9 10 11e 4.9 6 1.4 B, K, L, S, Sk 1.8 (1.1–4.8)
C. albicans 1.25 0 9 10 6 5.5 6 2.4 B, K, L, S, Sk 33.3 (19.2–47.5)
C. albicans 2.5 0 9 10 6 8.8 6 2.9* B, K, L, S, Sk 80.0 (68.0–92.0)
C. albicans 2.5 1 13 17 5 17 6 0.0* B, K, L, S, Sk 100.0
C. albicans 5 1 13 17 6 17 6 0.0* B, K, L, S, Sk 100.0
C. albicans 2.5 3 13 17 6 9.7 6 6.0 B, K, L, S, Sk 40.0 (25.3–54.7)
C. neoformans Placebo 0 9 10 3 NA B, Ly, M, Sk 33.3 (10.9–55.7)
C. neoformans 2.5 0 9 10 6 NA B, Ly, M, Sk 95.8 (89.1–100)
C. neoformans 5 0 9 10 5 NA B, Ly, M, Sk 100.0
C. neoformans Placebo 0 29 30 3 NA B, Ly, M, Sk 25.0 (10.5–39.5)
C. neoformans 2.5 0 29 30 4 NA B, Ly, M, Sk 100.0
C. neoformans 5 0 29 30 5 NA B, Ly, M, Sk 100.0
C. neoformans 2.5 10 29 30 6 NA B, Ly, M, Sk 20.8 (7.2–34.5)
C. neoformans 5 10 29 30 8e NA B, Ly, M, Sk 62.5 (48.4–76.6)

a MST, mean survival time. Asterisks indicate significant prolongation of survival over that of the placebo-treated group (Mann-Whitney U test, P , 0.05). NA, not
applicable; no fatalities.

b B, brain; K, left kidney; L, liver; Ly, lymph; M, muscle; S, spleen; Sk, skin.
c CI, confidence interval.
d Animals immunosuppressed by pretreatment with mechlorethamine hydrochloride.
e Data pooled from two experiments.
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tically significant at the higher dosage (Table 1). The percent-
age of organs in which C. albicans was undetectable at the
time of death also rose in a dose-dependent manner (Table 1).
These results are similar to those obtained by 14 days of oral
itraconazole treatment at 1.25 and 2.5 mg/kg in a comparable
model (16).

When i.v. treatment was initiated 1 day after infection and
continued through day 13, animals treated with a daily dose of
5 or 10 mg of itraconazole per kg all survived until day 17
(Table 1). For these groups, no C. albicans could be detected
in any of five organs per animal sampled by culture at autopsy.
When initiation of treatment at doses of 2.5 mg/kg b.i.d. was
delayed until 3 days after C. albicans challenge, the survival of
the animals was prolonged and the percentages of culture-
negative organs increased relative to those of controls, but not
to the level of statistical significance. Previous studies with oral
and i.p. treatment in this guinea pig C. albicans model have
reported only results obtained with treatment started on or
before the day of infection (16, 17).

Sterile pneumonias were seen postmortem in one placebo-
treated animal and in one animal treated with 2.5 mg/kg b.i.d.
starting on day 1. Results from these animals were not included
in the analysis in Table 1.

C. neoformans infections. C. neoformans B42419 was grown
on Sabouraud agar at 37°C for 2 days, resuspended in physio-
logical saline, and injected i.v. at 200 CFU/g of body weight to
give a chronic infection with no fatalities by 10 days, even
among placebo-treated animals. Early treatment with i.v. itra-
conazole, initiated on the day of infection, resulted in a dose-
related increase in the percentage of tissues with no C. neofor-
mans detectable in culture 10 and 30 days after infection, by
comparison with placebo-treated animals (Table 1). When ini-
tiation of therapy was delayed to 10 days after infection, a daily
dose of 10 mg/kg was required to reduce the detectability of
the fungus in tissues below control levels (Table 1). Oral and
i.p. treatment with itraconazole in the same animal model
begun 3 days after challenge previously showed results, dose
for dose, that were intermediate between those achieved with
therapy starting on day 0 and on day 10 in the present study
(16, 17). In the cryptococcosis experiments, 5 of the 45 animals
had extensive thoracic fluid accumulations at autopsy, and
results from these animals were not included in the analysis.

Plasma itraconazole concentrations. Three noninfected
guinea pigs with implanted i.v. catheters were infused with
itraconazole-cyclodextrin i.v. at a dose of 2.5 mg/kg. Measure-
ment of itraconazole and hydroxy-itraconazole concentrations
by high-performance liquid chromatography (HPLC) (18, 21)
on plasma pooled from the three animals showed itraconazole
levels of 1,040, 516, and 443 ng/ml and hydroxy-itraconazole
levels of 0, 21, and 37 ng/ml at 0, 2, and 4 h postinfusion,
respectively. The HPLC assay has a within-assay precision of
1.2 to 1.5% and an interday precision of 3.6 to 4.8% (18). In
humans given 200-mg i.v. itraconazole infusions twice daily,
doses equivalent to 3 to 4 mg/kg in a person weighing 50 to 70
kg, trough levels of the two compounds combined were on the
order of 1 mg/ml (19). These data suggest that itraconazole is
metabolized more rapidly by guinea pigs than by humans, a
difference that needs to be taken into consideration in com-
paring the present animal studies with the potential effects of
itraconazole in humans.

Throughout our experiments, direct comparison of i.v. with
oral or i.p. itraconazole treatment in matched groups of ani-
mals was not attempted in view of the high cost and complex-
ity of establishing and maintaining i.v. catheterization in the
guinea pigs. The same limitation also restricted the numbers of
animals in each experimental group. Without the catheteriza-

tion procedure, it would have been technically impossible to
administer repeated infusions of i.v. itraconazole-cyclodextrin.

The animals undoubtedly sustained a stress burden from the
permanently implanted i.v. catheter that would be expected to
reduce the robustness of innate host defenses against the ex-
perimental infections and therefore lower the apparent anti-
fungal efficacy of itraconazole treatment. Despite this, the agent
unequivocally showed efficacy under various conditions across
all three experimental models, confirming its inherent potency
in vivo, which has been confirmed for oral therapy in objective
clinical trials (3, 14, 15). The availability of an i.v. itraconazole
formulation should extend the advantages of its use to patients
who are unconscious or otherwise unable to ingest oral med-
ications.

We conclude that the high efficacy of i.v. itraconazole in vivo
supports the continuing investigation of the antifungal efficacy
of this formulation in life-threatening Candida, Aspergillus, and
Cryptococcus infections in humans.
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