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The oral absorption and disposition of itraconazole were studied in rats, rabbits and dogs.
Serum levels of itraconazole and its active metabolite, hydroxyitraconazole, were determined
by a validated HPLC method. The absorption of itraconazole was relatively rapid in rats and
dogs but was slower in rabbits. The terminal elimination half-life (T4,.), time to the peak con-
centration (T,..,), dose and weight normalized area under the curve (AUC) and the peak con-
centration (C,.) of itraconazole found in the dog were comparable to those reported in
humans. As in humans, the metabolite to parent drug AUC ratios in rats and dogs were greater
than unity but was less in rabbits. The dog appears to be an appropriate animal model while
the rat, not the rabbit, may be used as an alternative animal model in predicting the oral
absorption of itraconazole in humans.
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INTRODUCTION binding (<99%) (Heykants et al, 1987, 1990). In
humans and animals, it is biotransformed to more than
It+iconazole is an orally active, systemic triazole 30 metabolites. Of these, hydroxyitraconazole is the
antfingal agent indicated in the treatment of major active metabolite possessing the antifungal
blascomycosis, histoplasmosis, aspergillosis, oro- activity similar to that of the parent drug in vitro
pharyngeal and esophageal candidiases. It is a weakly (Heykants et al., 1987; Dupont and Drouhet, 1987).
basi: drug (pKa 3.7, m.w. 705.6), with high lipophilicity  Limited information is available on the metabolism of
(loc ofw partition coefficient 5.66), and is soluble only itraconazole in animals and humans (Heykants et al.,
uncer extremely acidic conditions (Heykants et al, 1987; Lange et al., 1997; Yoo et al., 2000).
19&7). Upon administration, the gastric acidity is Despite extensive pharmacokinetic studies in humans,
reqJred for an adequate dissolution and absorption of only few studies have examined on the oral absorption
itracnazole in the gastrointestinal tract (Haria et al, kinetics of itraconazole in laboratory animals (Heykants et
19%€)). The absolute oral bicavailaility of itraconazole in  al., 1987; Yoo et al., 2000). Furthermore, no discussion
solurion is 55% (Heykants ef al., 1989). Reduced has been made in the literature on the suitability of animal
absc rption is observed when administered in the fasting  models useful in the preclinical evaluation of oral dosage
state, with AUC and C,, being approximately 60% of forms. Therefore, the purpose of this study was to
thos 2 obtained after food (Grant and Clissold, 1989; Van  evaluate the oral absorption and dispositon of
Peer et al., 1989; Barone et al, 1993). Itraconazole itraconazole in several laboratory animals such as rats,
extidits a large volume of distribution and high protein  rabbits and dogs. The pharmacokinetic parameters of
itraconazole and hydroxyitraconazole obtained in these
animals were compared with those reported in humans.
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MATERIALS AND METHOD

Chemicals

Acetonitrile, methylene chioride and methanoi (HPLC
grades) were purchased from J.T. Baker (Phillipsburg,
NJ). Ketamine, xylazine, diethylamine, t-butyl methyl ether
and acetic acid were obtained from Sigma Chem. Co. (St.
Louis, MO). ltraconazole, hydroxyitraconazole and
ketoconazole were synthesized at Choongwae Pharma
Co. and were used without further purification (purity
>99.2%). All other chemicals used in the study were of
analytical grade.

Animals

Male Sprague Dawley rats (7-9 weeks of age, 250-325
g, SPF) and New Zealand White rabbits (4-5 months of
age, 3.0-3.5kg) were obtained from Japan SLC Inc.
(Shizuoka, Japan). The rats and rabbits were kept in
plastic rat cages and stainless steel rabbit cages,
respectively, and were housed in an animal facility
(temperature 23 +2°C) with light/dark cycle of 12/12 hr
and relative humidity of 50 + 10%. The animals were fed
standard rat and rabbit diet (Daedong Co., Seoul, Korea)
and had free access to water. Beagle dogs (4-6 months of
age, 8.6-9.3 kg) were purchased from Jungang Animal
Co. (Seoul, Korea) and maintained in stainless steel dog
cages with free access to standard dog chow (DaeJong
Co., Seoul, Korea) and water.

Rat Study

After at least one week of acclimatization period, the
rats were anesthetized with i.m. injection of ketamine and
xylazine (90/10 mg/kg) and cannulated with PE tubing
(0.58 mm id. and 0.96 mm o.d.,, Natume Co., Tokyo,
Japan) in the right jugular vein (n=6). After surgery, at
least 2 days of recovery period was allowed prior to drug
administration. Before dosing, the animals were fasted
overnight (> 18 hr) and for at least 4 hr after drug
administration. Two mini capsules filled with the content of
Sporanox®  capsules were administered orally
(itraconazole 2.5 mg per mini capsule) with an aid of a
mini capsule injector (Natsume Co., Tokyo, Japan)
followed by ingestion of 0.4 mi of distiled water to
facilitate swallowing. The mini capsules had an external
diameter cap 2.55mm, length 7.3 mm and minimum
capacity 30 mm? (Natsume Co., Tokyo, Japan). Serial
blood samples (approximately 0.3 ml each) were taken
via the jugular vein catheter at 0, 5, 10, 15, 30 and 45 min,
1, 1.5, 2, 4, 8, 12, 24, 36 and 48 hr after dosing. Equal
volumes of saline were injected after each sampling.
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Serum samples were harvested by centrifugation at 1,500
g for 10 min and were kept at -20°C until drug analysis.

Rabbit Study

Prior to drug administration, the rabbits (n=4) were kept
collared to prevent coprophargy and fasted overnight
(> 12 hr), with the fasting continued for at least 4 hr after
administration. Capsules filled with the content of
Sporanox® capsules (itraconazole 50 mg doses) were
administered orally followed by ingestion of 3 ml of water
to facilitate swallowing. Serial blood samples
(approximately 0.5 ml each) were collected from the
marginal ear vein at 0, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 24, 36
and 48 hr after dosing. Serum samples harvested by
centrifugation at 1,500 g for 10 min were kept at -20°C
until drug analysis.

Beagle Dog Study

After overnight fasting (> 18 hr), Beagle dogs (n=4)
were  administered  with  Sporanox®  capsules
(itraconazole 100 mg doses) followed by ingestion of 10
ml of distilled water to facilitate swallowing. Food was not
given for at least 4 hr after drug administration. Serial
blood samples (approximately 0.5 ml each) were taken
from the lateral tarsal vein at 0, 0.25, 0.5, 1, 1.5, 2, 3, 5, 8,
12, 24, 36, 48, 72 and 96 hr after dosing. Serum samples
were obtained by centrifugation at 1,500 g for 10 min and
were kept at -20°C until analysis.

Drug Analysis

Serum concentrations of itraconazole and hydro-
xyitraconazole were determined by a validated HPLC
method. Briefly, to an aliquot (100 pl) of the serum sample
in borosilicate tubes were added 10w of the internal
standard solution (ketoconazole 15 pg/ml in mobile
phase) and 100 ul of 1 M carbonate buffer (pH 10). The
mixture was extracted with 2 ml of tbutyl methyl ether on
a vortex mixer for 70 sec and centrifuged at 4,000 g for 10
min. The resulting supernatant was transferred into a
fresh tube and dried at 45°C under nitrogen gas. The
residue was reconstituted with 125 pl of the mobile phase
on a vortex mixer for 90 sec. The reconstituted solution
was centrifuged at 1,500 g for 30 sec and a portion (40 ul)
was injected onto the chromatograph. The chro-
matographic system used in the study was a Hewlett
Packard 1100 series HPLC consisting of a model G1311A
quarternary pump, G1313A autosampler, G1315A diode
array detector, G1316A column compartment, G1322A
degasser and HP Chem Station (Ver. 4.02) chro-
matography manager software (Hewlett Packard, Santa
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Clara CA). Chromatographic separations were achieved
using a Lichrospher 100 RP 8 (Merck, 4.0 mm x 250 mm,
5 ur Darmstadt, Germany) and a guard column (HP, 4.0
mm > 4.0 mm, 5 um, Santa Clara, CA). The mobile phase
consisted of acetonitrile:0.05% diethylamine in deionized
water (6:4, viv) (Milli Q Plus System, Millipore, Milford,
MA) with pH adjusted to 6.0 by 30% acetic acid. The
mobilza phase was filtered and degassed by ultra
sonication under vacuum before use. The flow rate of the
mobilz phase was maintained at 2.0 ml/min at ambient
temperature and the effluent was monitored at a UV
detection wavelength of 263 nm. ltraconazole, hydro-
xyitraonazole and ketoconazole (internal standard) were
eluted, with the retention times of 2.8, 3.3 and 5.4 min,
respectively. The standard curve was linear over the
concentration range of 10-2,000 ng/ml, with a typical
corrz ation coefficient of r=0.9995. The extraction re-
covery was >87% and >93% for itraconazole and
hydrc xyitraconazole, respectively, and the intra- and inter-
day assay coefficients of variation were < 5.0% and
<2 1% for itraconazole and hydroxyitraconazole,
respectively, over the dose range studied (n=4 at each
concentration for the rat, rabbit and dog sera).

Data Analysis

Serum itraconazole and hydroxyitraconazole con-
cent-ation vs. time data were analyzed by a
noncompartmental method using WinNonlin (Scientific
Cons lting Inc., Cary, NC). Pharmacokinetic parameter
values were expressed as the mean + S.D. The statistical
sign'f cance was set at p < 0.05.

RESULTS AND DISCUSSION

Average serum concentration vs. time curves of
itraconazole and hydroxyitraconazole obtained in rats,
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Fig. 1. Average serum concentration vs. time curves of itraconazole (L)
and nvdroxyitraconazole (0) in rats (n=6) after administration of
capsules containing 5 mg doses of itraconazole.
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Fig. 2. Average serum concentration vs. time curves of itraconazole (A)
and hydroxyitraconazole (o) in rabbits (n=5) after administration of
capsules containing 50 mg doses of itraconazole.
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Fig. 3. Average serum concentration vs. time curves of itraconazole (A)
and hydroxyitraconazole (o) in Beagle dogs (n=4) after administration of
capsules containing 100 mg doses of itraconazole.

rabbits and dogs are shown in Fig. 1-3, respectively.
Pharmacokinetic parameters of the parent drug and the
metabolite are reported in Tables 1 and 2, respectively. As
in humans (Hardin et al., 1988; Zimmermann et al., 1994),
large inter-individual variations were observed in the
pharmacokinetic parameters of itraconazole in these
animals. The absorption of itraconazole was relatively
rapid in rats and dogs compared to rabbits. The T .y of
itraconazole was greater in rabbits (8.7 +3.0 hr) than in
rats (5.2 + 3.6 hr), dogs (3.3 £ 2.1 hr) and humans (3.0-3.9
hr) determined in the fasting state (Van Peer et al., 1989;
Barone et al., 1993; Zimmermann et al., 1994). The mean
terminal elimination half-life of itraconazole in the dog
(28.0+£ 2.9 hr) was comparable to that found in healthy
humans (range 21-24 hr) (Van Peer ef al., 1989; Barone
et al.,, 1993; Lange et al., 1997) but was longer than those
found in rats (5.2 + 1.8 hr) and rabbits (9.4 £ 3.5 hr).

For comparison purposes, AUC and C,. values of
itraconazole obtained in three animal species were
normalized by the miligram dose per kilogram body
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Table 1. Pharmacokinetic parameters (mean+ S.D.) of itraconazole
obtained after oral administration of itraconazole in the rats, rabbits
and dogs at 5, 50 and 100 mg doses, respectively

Parameter Rats (n=6) Rabbits (n=4)  Dogs (n=4)
Weight (kg) 0.27 £0.02 34+04 89104
AUC (ughr/mil) 46 +34 279+ 118 64127
AUMC (ughr¥/ml) 586+588 533912499 249.7+161.5
Cruax (ng/ml) 368.0+ 1085 12308+5332 371.7+1204
Tonax (h1) 52+386 87+30 3321
Tz (hr) 52+18 94+35 280+29
MRT,, (hr) 105145 186+39 36.7+£9.8
CIIF (Uhr) 16409 22+12 182+84
Cl/F (Lihrikg) 6.0+34 07+04 2109
VIF (L) 10309 268+100 7319+ 3464
VIF (Lkg) 386+34 79429 8221389
Table 2. Pharmacokinetic parameters (mean+S.D.) of hydro-

xyitraconazole obtained after oral administration of itraconazole in
rats, rabbits and dogs at 5, 50 and 100 mg doses, respectively

Parameter Rats (n=6) Rabbits (n=4) Dogs (n=4)
Weight (kg) 0.27 + 0.02 34+04 89+04
AUC (ughr/mi) 105+ 4.6 14.7+57 94114
AUMC (ugh®iml)  2233+1626 319.1+1121  777.9+401.1
Crnax (ng/ml) 4681+715 590.0+3006 2184 +103.7
Trax (1) 80+33 71+34 3815
Tina (hr) 118145 12.4 £ 31 57.5+49.1
MRT (hr) 193+64 222+44 88.6 £ 61.0
AUC/AUC, 27408 05+0.1 16+05

weight and compared with those calculated in humans
under the fasting state (Van Peer ef al., 1989; Barone et
al., 1993; Lange et al., 1997). The average dose- and
weight-normalized AUC in the dog (0.57 nghr/ml) was
within the range reported in humans (0.51-0.67 ughr/ml),
while it was lower in the rat (0.25 pghr/ml) and higher in
the rabbit (1.9 ughr/ml). Similarly, the average dose- and
weight-normalized C,. in the dog (33.1 ng/ml) was
comparable to those found in humans (range, 27.3-52.2
ng/ml), while it was lower in the rat (19.9 ng/mi) and
higher in the rabbit (83.7 ng/mi).

There were species-specific differences in the
pharmacokinetics of hydroxyitraconazole. The apparent
elimination half-life of hydroxyitraconazole was significantly
longer than for the parent drug in rats (11.8 + 4.5 hr vs.
5.2+ 1.8 hr) and dogs (57.5+49.1 hr vs. 28.0 £2.9 hr),
while in rabbits, they were comparable (12.4 £ 3.1 hr vs.
9.4+ 3.5 hr) (Table 1-2). The mean metabolite to parent
drug AUC ratios (AUC/AUC,) in the rat and the dog were
greater than unity (2.7 + 0.9 and 1.6 £ 0.5, respectively),
while it was less in rabbits (0.54 + 0.06). The mean AUC,/
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AUC; found in rats is comparable to that reported in
humans (mean ratio 2.48) (Barone et al., 1993). Fig. 4
shows the relationship between AUC/AUC,; and the oral
clearance of itraconazole (CI/F) in these three animal
species. Significant correlations were found in the rat (r2 =
0.765) and the dog (r? =0.902) but not in the rabbit (r2
=0.349) (Fig. 4). Assuming the systemic clearance of
hydroxyitraconazole is relatively consistent across
individual animals, the significant correlation found in rats
and dogs suggest that the formation of
hydroxyitraconazole may be a contributing factor in the
variations seen in the oral clearance of itraconazole, while
this is not the case in rabbits.

Itraconazole is soluble only under extremely acidic
conditions and, therefore, the gastric pH may play an
important role in its oral absorption. Alterations in the
gastric pH are known to significantly influence the oral
absorption of itraconazole (Lange et al, 1997). The
resting gastric pH in the rabbit (median pH 1.9) is similar
to that reported in humans (pH 0.9-1.53) but is higher in
the rat (pH 5.0) and the dog (pH 5.5) (Davies and Morris
1993; Lange et al., 1997). The similarity in the gastric pH
between humans and rabbits contradicts the poor
prediction of the oral absorption of itraconazole in
humans. This contradiction may be explained by much
longer gastric emptying time in the rabbit (Chiou et al.,
1969; Dressman and Yamada 1991; Aoyagi et al., 1992).
The prolonged gastric emptying time of itraconazole in
rabbits is consistent with the greater T, than found in
rats, dogs and humans. In humans, ingestion of food
decreases the median gastric pH (from 1.35 to 0.90) and
increases the gastric emptying time (from 0.50 hr to 5.59
hr), favoring the oral absorption of itraconazole
(Zimmermann et al., 1994). This observation suggests
that both the gastric emptying time and the gastric pH
may be important in the absorption of itraconazole.

In summary, there were differences in the absorption
and disposition kinetics of itraconazole and the elimination
of hydroxyitraconazole in rats, rabbits and dogs. The dog
may be an appropriate animal model to study the oral
absorption of itraconazole, given the comparable T ..,, Ty,
212, dose and weight normalized AUC and C,., between
the dog and humans. Considering the easy accessibility
and handling, the rat, but not the rabbit, may be an
alternative animal model in studying the oral absorption of
itraconazole based on similar T,, and AUC/AUC,
between humans and rats.
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