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ABSTRACT: A semisolid self-emulsifying system (SES) of itraconazole consisting of oleic acid,
polysorbate 80 and coajuvant (citric acid) was prepared by a hot-melt technique and then compared
with hydroxypropylmethylcellulose (HPMC) solid dispersion (SD) coated onto inert sugar spheres
as a reference formulation for in vitro and in vivo disposition in rats. The optimal SES greatly
increased dissolution rates in gastric (pH 1.2) and intestinal fluid (pH 6.8) by forming a
microemulsion (150–250 nm), whereas that of SD was minimal. The tissue uptake of itraconazole
from SES in whole intestine, liver and Peyer’s patches of the rats was more favorable than that from
SD and linearly increased as a function of administering dose. Interestingly, the uptake ratio of
Peyer’s patches relative to liver also increased linearly in the case of SES while that of SD was
almost unchanged. After repeated dosing for 1 week, both SES and SD increased the areas of
Peyer’s patch region in intestinal tissues but no distinct histopathological damage of the intestine
was observed except the hepatocytes. Due to the biopharmaceutical differences of SES in terms of
efficient solubilization, easy dispersibility and higher lymphatic transport, the in vivo bioavailability
of SES was about twice greater than that of SD in rats. Copyright # 2007 John Wiley & Sons, Ltd.
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Introduction

Itraconazole is a synthetic triazole antifungal
agent and is used to treat various fungal diseases,
such as histoplasmosis, blastomycosis and ony-
chomycosis [1,2]. Chemically, it is a basic drug
and has low solubility ðpKa ¼ 3:7Þ in water and
simulated intestinal fluid, but much higher
solubility in acid media [2,3]. The oral bioavail-
ability of itraconazole is also low due to its poor
solubility and hepatic metabolism. Sporanox1

capsule is commercially available worldwide.

Various solid dispersions (SD) of itraconazole
have been investigated extensively to improve
dissolution and bioavailability [4–8]. The SD
carriers include hydroxypropylmethylcellulose
(HPMC), Eudragits, polyvinylpyrrolidone (PVP)
VA64, 2-hydroxypropyl-b-cyclodextrin, poly-
ethylene glycol (PEG) and phosphoric acid.
Alternatively, a self-emulsifying system (SES)
containing a mixture of fatty acid and surfactant
can be more efficient for increasing the dissolu-
tion rates of poorly water-soluble drugs by
forming an emulsifying environment [9–11].
Furthermore, a long-chain fatty acid such as oleic
acid in the SES may also increase the oral
bioavailability of highly lipophilic drugs by
forming chylomicrons (80–1000 nm) within the
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enterocytes during the digestion and absorption
of lipids, resulting in the stimulation of transport
into Peyer’s patches for systemic circulation
directly without experiencing hepatic metabo-
lism [12,13]. The physicochemical properties of
the itraconazole semisolid dosage forms pre-
pared using a hot-melt technique without using
harmful organic solvents were recently observed
[11]. So far, no detailed in vitro and in vivo
evaluations of the SES dosage form of itracona-
zole have been done. The biopharmaceutical
differences in the SES and SD dosage forms to
modify the bioavailability of poorly water-solu-
ble drugs are their efficiency of solubilization,
easiness of dispersibility and possibility of tissue
uptake, especially by Peyer’s patches in the
gastrointestinal tract. Concerning these points, it
is interesting to compare the biopharmaceutical
characteristics of SES and SD dosage forms
containing itraconazole.

In this study, semisolid SES was prepared by a
hot-melt technique consisting of oil (oleic acid),
surfactant (polysorbate 80) and coajuvant (citric
acid), which can easily constitute an emulsion/
microemulsion in gastrointestinal fluid. The
itraconazole SD with HPMC coated onto inert
sugar spheres from a marketed Sporanox1

capsule was chosen as a reference [5,7]. There-
after, dissolution, in vivo tissue disposition and
bioavailability of the SES were compared with
itraconazole SD after oral administration to rats.
For tissue dispositions, drug levels in the liver,
intestine and Peyer’s patches were determined.
Histopathological changes in intestinal tissues
(duodenum, jejunum, ileum and colon) and liver
were also examined.

Materials and Methods

Materials

Itraconazole was obtained from Kukje Pharma-
ceutical Company (Seoul, Korea). n-Heptane,
isoamyl alcohol, citric acid, oleic acid and
polysorbate 80 were purchased from Sigma (St
Louis, MO, USA). Acetonitrile (HPLC grade) was
purchased from Fisher Scientific (Pittsburgh, PA,
USA). Diethylamine was purchased from Showa
(Kyoto, Japan). The econazole nitrate as an

internal standard was obtained from Seoul
Pharma (Seoul, Korea). Sulfuric acid was pur-
chased from Shinyo Pure Chemicals (Kyoto,
Japan). All other chemicals were of reagent grade
and were used without further purification.

HPLC analysis of itraconazole

The Jasco HPLC unit (Tokyo, Japan) consisted of
a pump (PU980), a UV-VIS spectrophotometric
detector (UV-1575), an autosampler (AS-950-10)
and a degasser (DG-980-50). Reverse phase
columns, i.e. Haisil1 100 (C18, 5 mm,
150� 4.6 mm, Higgins Analytical, Inc., Mountain
View, CA) and Sinergi (C18, 4 mm Hydro-RP,
150� 4.6 mm, Phenomenex1 Torrance, CA) were
used for plasma and tissue samples, respectively,
to analyse the itraconazole concentration. The
mobile phase consisting of acetonitrile and 0.1%
diethylamine buffer (65: 35 v/v/%) was filtered
using a 0.45 mm nylon membrane filter (What-
man1, England) and degassed under vacuum for
10 min. The flow rate of the mobile phase was
1 ml/min, and itraconazole concentrations were
determined at 263 nm. Sample aliquots of 20 ml
were injected into the HPLC system.

Preparation of SES

SES was prepared using a hot melt process
without adding organic solvents. The weight
ratio of drug, citric acid, oleic acid and poly-
sorbate 80 was 1:1:0.5:x (w/w). The polysorbate
80 ratios used were 3, 4, 5, 6 and 7. The citric acid
and polysorbate 80 (40% total weight) melted
homogeneously without stirring at 1508C in
temperature-controlled Pyrex. Itraconazole
was added to the above transparent-yellow
or brown melted mixtures without stirring.
The mixtures were then immediately cooled to
60–808C. The remaining polysorbate 80 (60% total
weight) and oleic acid were then added and
gently stirred. The resulting mixtures were
degassed by sonication for 10–20 min and then
aged for 24 h at room temperature. The SES
obtained was then milled three times in a Three-
Roll Milling Unit (Exakt Co., Norderstedt, Ger-
man). The SES prepared was then filled in #0
hard gelatin capsules for in vitro dissolution
studies.
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Dissolution studies

Studies on the dissolutions of SES and SD
containing itraconazole were carried out accord-
ing to the USP guideline. The USP dissolution II
paddle method was used at a rotation speed of
100 rpm in a DST-600A dissolution tester (Labfine
Co., Seoul, Korea). The media used were 900 ml
of dissolution media at 37� 0.58C, simulated
gastric (pH 1.2� 0.1) and intestinal fluids (pH
6.8� 0.1). Aliquots (1 ml) of media were col-
lected for 2 h in gastric fluid and for 6 h in
intestinal fluid, respectively, and then replaced
with equal volumes of fresh medium. The
collected samples were centrifuged at
10 000 rpm for 2 min to remove any impurities
in the suspension. The supernatants obtained
were immediately diluted with acetonitrile.
Itraconazole concentrations in media were deter-
mined by HPLC within 24 h as mentioned
previously.

Animal treatment

Male Sprague-Dawley rats 7–10 weeks old,
weighing 285–380 g, were purchased from Dae-
han Biolink Co. (Chungbuk, Korea). Rats were
housed under a 12 h light-dark cycle (8:00–20:00)
in temperature-controlled rooms (25� 28C) and
allowed free access to food and tap water. The
animals were fasted for 24 h before the experi-
ment but had free access to tap water. The
detailed animal treatment was followed accord-
ing to the Guide for the Care and Use of
Laboratory Animals.

Comparative tissue dispositions

Rats were randomly divided into five rats per
group. The SES or SD equivalent of 2.5, 5 or
10 mg of itraconazole per kg of body weight was
administered p.o. by oral sonde together with
1 ml of water. The rats were killed by cervical
dislocation at 4 h post-administration. The whole
intestine and liver were carefully dissected and
thoroughly rinsed with phosphate-buffer saline
(pH 7.4). The Peyer’s patches were also collected
from the intestine of each animal and combined
for tissue analysis. The number of Peyer’s
patches was about 18–20/animal. Buffer solution
remaining on tissue surfaces was removed with

blotting paper. Tissue samples were then stored
in a deep freezer at �708C for 24 h. The tissue
specimens were then freeze-dried for 24 h.

Extraction and drug analysis in tissues and
plasma

For calibration purposes, blank plasma or freeze-
dried tissue samples (liver, Peyer’s patches, small
intestine) were spiked with known itraconazole
solutions in acetonitrile (0.1–10 mg/ml itracona-
zole per mg tissue) into the HPLC unit. The peak
area ratios of itraconazole to internal standard
solution (320 mg/ml of econazole nitrate) were
plotted as a function of drug concentration and
used to assay the itraconazole concentration.

The extraction procedure used for itraconazole
in plasma or tissue samples was a modification of
a previously described method [14]. Freeze-dried
tissue samples of liver (0.1 g), small intestine
(0.02 g) or Peyer’s patches (0.02 g) were weighed.
1 ml of acetonitrile/water (60:40 v/v %) was then
added and vortexed for 40 s. For rat plasma
samples, 270 ml of rat plasma was mixed with
30 ml of acetonitrile for 40 s. The resulting solution
was mixed with 100 ml of an internal standard
solution (320 mg/ml of econazole nitrate) and
500 ml of 0.05m of phosphate buffer (pH 7.8), and
vortexed for 40 s. 4 ml of n-heptane/isoamyl
alcohol (98.5:1.5, v/v) was added, and the
resulting solution was mixed for 40 s and then
centrifuged at 2500 rpm for 10 min. This extrac-
tion procedure was then repeated twice. The
combined organic layers were then extracted
with 4 ml of 0.05m sulphuric acid. After discard-
ing the organic layer by centrifugation at
2500 rpm for 10 min, the aqueous acidic phase
was alkalinized with 0.6 ml of concentrated
ammonia to pH >9. The resulting solution was
then re-extracted twice with 4 ml aliquots of the
above n-heptane/isoamyl alcohol and centri-
fuged at 2500 rpm for 10 min. The organic layers
were combined and then evaporated to dryness
under a gentle stream of nitrogen at 408C. The
residues were redissolved in 100 ml of HPLC
mobile phase (described above) and mixed for
40 s. Finally 20 ml aliquots were injected into the
HPLC system. Itraconazole concentrations in
tissue samples are expressed as mg/g of lyophi-
lized tissue sample.
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Histopathological examination

After the repeated dosing of SES or SD (equiva-
lent to 10 mg of itraconazole/kg) for 1 week once
a day, the rats were killed by cervical dislocation.
The four different intestinal sites (duodenum,
jejunum, ileum and colon) and liver were care-
fully dissected and then immediately dipped in
10% formalin solution. Formalin-fixed and par-
affin-embedded tissues were sectioned at 4 mm
using a microtome and then stained with Harris
hematoxylin-eosin solution. Histopathological
examination was carried out using an Olympus
Bx microscope (Tokyo) linked with imaging
software (Baumer Twain Ver. 1.0, Humin Tech
Corp., Seoul) in the Central Laboratory, Kangwon
National University at a magnification of � 40.
Areas of Peyer’s patch regions were determined
visually.

Comparative pharmacokinetics of dosage forms

Under anesthesia induced by ether inhalation, a
polyethylene cannula (i.d. 0.58 mm: o.d. 0.96 mm,
Dural Plastics) was surgically introduced into the
left femoral artery to obtain blood samples
(0.5 ml) at various sampling times (0.25, 0.50, 1,
2, 3, 4, 5, 6, 7 and 8 h) after oral dosing. Blood
samples were centrifuged at 10 000 rpm for
10 min to obtain plasma samples. The itracona-
zole concentrations in plasma were then deter-
mined as described above. Noncompartmental
pharmacokinetic parameters were obtained as
follows. The maximum plasma concentration
(Cmax) and the time to reach the maximum
plasma concentration (Tmax) were directly read
from the plasma concentration-time profiles of
itraconazole. Areas under the plasma concentra-
tion-time curve (AUC0–8 h) were calculated using
the classical trapezoidal method.

Statistical analysis

All data were presented as mean� standard
deviation. The statistical significance of differ-
ences was performed using analysis of variance
(ANOVA) test and then assessed by a Duncan’s
multiple range test. A probability level at 5%
(p50.05) was considered to be statistically
significant.

Results and discussion

Comparative dissolution

According to the Biopharmaceutic Classification
System, itraconazole is a class II compound due
to its low solubility and high intestinal perme-
ability (Peff 3.8� 10�6 cm/s) [7]. Low water
solubilities and poor dissolution rates may result
in low and variable bioavailabilities. Thus en-
hanced dissolution rates improve the bioavail-
ability of itraconazole. The effect of the ratio of
polysorbate 80 and oleic acid on the dissolution
of itraconazole from SES in simulated intestinal
fluid (pH 6.8) is shown in Figure 1. As the ratio of
polysorbate 80 and oleic acid was increased,
dissolution rates at 1 and 2 h gradually increased.
The present study showed that the solubility of
itraconazole could be improved by increasing
polysorbate 80 levels in the SES by so-called
micellar solubilization. The increased dissolution
by the polysorbate 80 in SES was due to forming
a more efficient emulsifying environment [10,11].
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Figure 1. Effect of ratio of polysorbate 80 and oleic acid on the
dissolution of itraconazole from SES in simulated intestinal
fluid (pH 6.8)
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Maximal dissolution was achieved when the
ratio of polysorbate 80 to oleic acid was 10. So
the optimal ratio of polysorbate 80 and oleic acid
in SES was invariably fixed at 10.

The dissolution profiles of the SES were
compared with SD in simulated gastric and
intestinal fluid (Figure 2). The dissolution rate
of SES and SD was comparable in the gastric
fluid. The dissolution rate of SD was over 70%
and the optimal SES was almost 100% over 2 h in
gastric fluid. However, the dissolution rate of SD
was nearly zero in simulated intestinal fluid,
whereas the optimal SES had a highly increased
dissolution rate of 80% after 2 h. The main reason
for forming the SES microemulsion was to
increase dissolution rates. A physical change of
itraconazole in the semisolid preparations from
crystalline to amorphous forms would also be a
contributing factor as discussed previously [11].

In the case of SES, the microemulsion solution
turned transparent and slightly turbid. The mean
size of the formed emulsion in gastric fluid was
about 150–200 nm, whereas the mean size in the
intestinal tract was about 200–250 nm (as deter-
mined by laser scattering).

Comparative tissue dispositions

Tissue disposition of itraconazole in the intestine,
liver and Peyer’s patches after a single oral
administration of SES or SD to rats is compared
in Figure 3. The tissue uptake of itraconazole
from SES in whole intestine, liver and Peyer’s
patches was more favorable than that from SD.
This tissue uptake increased with increasing
doses from 2.5 to 10 mg/kg in SES, suggesting
passive uptake. The uptake of SES was almost 2.1
times higher in intestine and 1.4 times in liver
compared with SD at the same doses. The main
reason for the higher uptake of SES was its higher
solubilization in the intestinal tract and easy
dispersibility. Although the bioavailability is
determined by the uptake over the intestinal
membrane and first-pass metabolism, this tissue
distribution can be an indirect way to compare
the biopharmaceutical differences of the SES and
SD dosage forms.
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Figure 2. Comparative dissolution of the SES and SD in
simulated gastric and intestinal fluids
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Figure 3. Tissue dispositions of itraconazole in whole intes-
tine, liver and Peyer’s patches 4 h after a single oral
administration of SES or SD to rats ðn ¼ 5Þ. ap50.05,
significantly different from 2.5 mg/kg dose SES; bp50.05,
significantly different from SD
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The Peyer’s patches, a part of M-cell with
irregularly shaped microfolds are collections of
sub-epithelial lymphoid follicles burgeoning
among villi and distributed throughout the small
intestine [15]. In this study, the number of Peyer’s
patches collected from the small intestine of each
rat was about 18–20 and combined for tissue
analysis. The uptake of SES in Peyer’s patches
was about 3.4 times higher than that of SD. It is
assumed that the SES provided an increased
exposure to Peyer’s patches due to its higher
solubilization and easy dispersion. It was re-
ported that enhanced lymphatic uptake may be a
function of efficient solubilization, enhanced
absorption leading to increased membrane per-
meability and the partitioning of drugs into
lymph chylomicron/lipoprotein [12,13].

For drugs experiencing first-pass hepatic me-
tabolism via the mesenteric vein, the uptake ratio
of Peyer’s patches relative to liver (CPeyer’s patch)/
(Cliver) could provide an index of bypassing
hepatic metabolism. The ratio of the cumulative
amount of itraconazole taken up in Peyer’s
patches and liver (CPeyer’s patch/Cliver) as a
function of the SES dose administered p.o. to
rats is compared in Figure 4. Interestingly, as the

administered dose of drug was increased, the
CPeyer’s patch/Cliver ratio also increased linearly in
the case of SES, while the SD was almost
unchanged. It was evident that the SES should
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Figure 5. Histopathological views of duodenum, jejunum, ileum and colon tissues after repeated oral administrations of SES or
SD for 1 week. A Peyer’s patch is indicated by PP
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function of SES doses administered p.o. to rats
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be more favorable than the SD for lymphatic
absorption.

Histopathological view

Although enhanced dissolution and uptake by
intestine, Peyer’s patches and liver were clearly
observed, the SES or SD could potentially induce
histopathological changes in intestinal epithelia
and hepatic cellular membranes and alter Peyer’s
patch function by repeated dosing. The incor-
poration of pharmaceutical excipients in SSD
such as polysorbate 80, oleic acid and citric acid
is unlikely to cause any histological changes in
these areas, because these excipients are known
to be safe and not to induce any hepatotoxicity

even at high concentrations. The oral lethal doses
(LD)50% of polysorbate 80, oleic acid and citric
acid in rats are 25 g, 74 g and 3 g/kg, respectively
[16].

So, it is also very desirable to examine protein
or lipid release from membranes at the cellular
level. However, in this study, any potential
histopathological changes of tissues were visua-
lized for preliminary information.

Histopathological views of duodenum,
jejunum, ileum and colon tissue after oral
administration of SES or SD are shown in Figure
5. After repeated dosing, no distinct evidence of
histopathological damage was observed in in-
testinal enterocytes. No Peyer’s patch regions
were observed in blank duodenum tissue.
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[Blank]
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Figure 6. Histopathological views of the hepatic central and portal vein areas after repeated oral administrations of SES or SD to
rats for 1 week, equivalent to 10 mg itraconazole/kg ðn ¼ 5Þ
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Contrarily, fractional Peyer’s patch regions of
blank jejunum, ileum and colon tissues com-
prised 15%, 25% and 15%, respectively. Interest-
ingly, both SES and SD increased the areas of
Peyer’s patch region in intestinal tissues. Frac-
tional Peyer’s patch regions in duodenum,
jejunum, ileum and colon were 25%, 30%, 35%
and 35%, respectively, when SES was adminis-
tered. For SD, fractional Peyer’s patch regions in
duodenum, jejunum, ileum and colon tissue were
35%, 35–40%, 45% and 25%, respectively.

Although microparticles or soluble lipid-based
formulations can deliver drugs to the systemic
circulation via Peyer’s patches, no report on the
proliferation of Peyer’s patch regions by repeated
dosing is available. Peyer’s patch fractions after
SES and SD formulations showed no significant
differences, although the uptake of SES through
Peyer’s patches was about 3.39 times greater than
that of SD at the same doses.

Itraconazole is metabolized by the liver to
produce the active metabolite, hydroxyitracona-
zole. It is well-known that itraconazole should be
avoided in patients with hepatic disease due to
possible hepatotoxicity [17]. Histopathological
views of the hepatic central and portal vein areas
were compared after an oral administration of
SES or SD (Figure 6). Hepatocytes from the tissues
of untreated rats showed no significant conges-
tion or inflamed monocytes in these areas.
However, SES induced minor congestion in these
regions. Minor inflamed monocytes were also
observed. On the other hand, severe congestion
and extension of sinusoids in the central vein
areas were observed when SD was administered.
Severe congestion and inflamed monocytes also
occurred in portal vein tissues. The SES showed
less hepatic damage than the SD, possibly by
avoidance of hepatic uptake by passing an
alternative route through Peyer’s patches (see
Figure 3). The detailed mechanism of the hepa-
totoxicity and histopathology of itraconazole by
the difference of dosage formulations should be
validated at the molecular level in the future.

Comparative bioavailability

Mean plasma concentration-time profiles follow-
ing a single oral administration of SES or SD to
rats are shown in Figure 7. Pharmacokinetic

parameters are summarized in Table 1. The AUC
and Cmax of SES were about 2.2 and 2.4 times
higher than those of SD. The Tmax of SES was
smaller than that of SD. It was evident that the
bioavailability provided by SES was much
improved versus SD, due to its increased
dissolution, easy dispersion and improved up-
take into intestines as well as high possibility of
Peyer’s patch absorption.

In conclusion, the SES were more favorable
than the SD in terms of dissolution and tissue
uptake in whole intestine, liver and Peyer’s
patches of itraconazole. After repeated dosing
for 1 week, both SES and SD increased Peyer’s
patch fractions in intestinal tissues but their
histopathologies were not altered by the different
delivery systems, except those of hepatocytes.
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Figure 7. Mean plasma concentration-time profiles following
a single oral administration of SES or SD, equivalent to 10 mg
itraconazole/kg ðn ¼ 5Þ

Table 1. Summary of pharmacokinetic parameters after a
single oral administration of SES or SD to rats, equivalent to
10 mg itraconazole/kg ðn ¼ 5Þ

Parameter SES SD

Cmax (mg/ml) 0.50� 0.08a 0.221� 0.09
Tmax (h) 2.50� 0.12 3.50� 0.51
AUC0–8h (mg-h/ml) 3.09� 0.14a 1.36� 0.26

a Significantly different from SD.
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These biopharmaceutical differences of SES re-
sulted in much higher bioavailability than the
SD. The current SES dosage forms would be
preferable to SD to improve the bioavailability of
poorly water-soluble drugs.

Acknowledgements

This work was partially supported by a grant of
the Ministry of Science and Technology-NRL
program (M10300000-06J0000-31910). The authors
are very grateful to Mr Yin-Yuan Piao for his
helpful contributions to the experiments. We also
thank the Research Institute of Pharmaceutical
Sciences, Kangwon National University for
allowing the use of the Three-Roll Milling Unit.

References

1. Heykants J, Van Peer A, Van de Velde V. The clinical
pharmacokinetics of itraconazole: an overview. Mycoses
1989; 32: 67–88.

2. Koks CHW, Meenhorst PL, Bult A, Beijnen JH. Itracona-
zole solution: summary of pharmacokinetic features and
review of activity in the treatment of fluconazole-resistant
oral candidosis in HIV-infected persons. Pharmacol Res
2002; 46: 195–201.

3. Van Peer A, Woestenborghs R, Heykants J, Gasparini R,
Gauwenbergh G. The effects of food and dose on the oral
systemic availability of itraconazole in healthy subjects.
Eur J Clin Pharmacol 1989; 36: 423–426.

4. Woo J-S, Yi H-G. Antifungal oral composition containing
itraconazole and process for preparing same. United States
Patent 6,039,981; 21 March 2000.

5. Kapsi SG, Ayres JW. Processing factors in development of
solid solution formulation of itraconazole for enhance-
ment of drug dissolution and bioavailability. Int J Pharm
2001; 229: 193–203.

6. Rambali B, Verreck G, Baert L, Massart DL. Itraconazole
formulation studies of the melt-extrusion process with
mixture design. Drug Dev Ind Pharm 2003; 29: 641–652.

7. Six K, Daems T, de Hoon J, et al. Clinical study of solid
dispersions of itraconazole prepared by hot-stage extru-
sion. Eur J Pharm Sci 2005; 24: 179–186.

8. Wang X, Michoel A, den Mooter GV. Solid state
characteristics of ternary solid dispersions composed of
PVP VA64, Myrj 52 and itraconazole. Int J Pharm 2005; 303:
54–61.

9. Attama AA, Nzekwe IT, Nnamani PO, Adikwu MY,
Onugu CO. 2003. The use of solid self-emulsifying
systems in the delivery of diclofenac. Int J Pharm 2003;
262: 23–28.

10. Heo M-Y, Piao Z-Z, Kim T-W, Cao Q-R, Kim A, Lee B-J.
Effect of solubilizing and microemulsifying excipients in
polyethylene glycol 6000 solid dispersion on enhanced
dissolution and bioavailability of ketoconazole. Arch
Pharm Res 2005; 28: 604–611.

11. Sang-Young Shim, Chang-Won Ji, Hongkee Sah, Eun-Seok
Park, Beom-Jin Lee. Characterization of itraconazole
semisolid dosage forms prepared by hot melt technique.
Arch Pharm Res 2006; 29: 1055–1060.

12. Caliph S, Charman WN, Porter CJH. Effect of short-
medium-and long-chain fatty acid-based vehicles on the
absolute oral bioavailability and intestinal lymphatic
transport of halofantrine and assessment of mass balance
in lymph-cannulated and non-cannulated rats. J Pharm Sci
2000; 89: 1073–1084.

13. Porter CJH, Charman WN. Intestinal lymphatic drug
transport: an update. Adv Drug Del Rev 2001; 50: 61–80.

14. Woestenborghs R, Lorreyne W, Heykants J. Determination
of itraconazole in plasma and animal tissues by high-
performance liquid chromatography. J Chromatogr 1987;
413: 332–337.

15. Hussain N, Jaitley V, Florence AT. Recent advances in the
understanding of uptake of microparticulates across the
gastrointestinal lymphatic. Adv Drug Del Rev 2001; 50:
107–142.

16. Rowe RC, Sheskey PJ, Weller PJ. Handbook of Pharmaceu-
tical Excipients, 4th edn. Pharmaceutical Press: London,
UK, 2003.

17. Yoo SD, Kang E, Hun H, Shin BS, Lee KC, Lee KH.
Absorption, first-pass metabolism and disposition of
itraconazole in rats. Chem Pharm Bull 2000; 48: 798–801.

COMPARATIVE DISPOSITION OF ITRACONAZOLE DOSAGE FORMS 207

Copyright # 2007 John Wiley & Sons, Ltd. Biopharm. Drug Dispos. 28: 199–207 (2007)
DOI: 10.1002/bdd


