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a b s t r a c t

The purpose of this work was to explore the feasibility of preparing itraconazole hydrochloride to improve
the solubility and dissolution rate. Itraconazole dihydrochloride was synthesized by bubbling anhydrous
hydrogen chloride gas into the acetone suspension of itraconazole. Results of the elementary analysis
gave the molecular formula of C35H38Cl2N8O4·2HCl and its structure was confirmed by Fourier transform
infrared (FTIR), thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC). Powder
X-Ray diffraction (PXRD) suggested that a new crystalline form of the salt was formed. The morphology
and mean size distribution study by scanning electron microscopy (SEM) and dynamic light scattering
(DLS) confirmed that the salt was dispersable nanoparticle aggregation. Aqueous solubility measurements
showed that the solubility of the salt, its 1:1, 1:2 and 1:3 (w/w) physical mixtures with beta-cyclodextrin
olubility
issolution rate

(�-CD) was 6, 99, 236 and 388 times greater than itraconazole. More than 94% of itraconazole was dissolved
out of the salt/�-CD 1/3 physical mixture after 60 min. The stability studies indicated that the physical
mixture remained stable for 24 months in assay, the related substances and dissolution. Based on the
present results, it is concluded that hydrochloride formation can significantly increase solubility and
dissolution rate of itraconazole, and the formulation of itraconazole dihydrochloride/�-CD (1/3) would
be an environment-friendly, economic and practical alternative to the commercially available itraconazole
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capsules (Sporanox®).

. Introduction

Itraconazole (C35H38Cl2N8O4) is an active triazole antifun-
al agent. Because of the highly hydrophobic characteristics and
xtremely weak basicity, its aqueous solubility is estimated at
pproximately 1 ng/ml at neutral pH and approximately 4 �g/ml
t pH 1. The pKa4 is determined to be 4, pKa3 is calculated to
e 1.5–2, while its other ionizable nitrogens (pKa1 and pKa2)
re not protonated between pH 2 and pH 10 (Peeters et al.,
002). In the formulation of commercially available itraconazole
apsules (Sporanox®), the solid dispersions of the drug and hydrox-
propylmethylcellulose (HPMC) were developed to enhance its
olubility and dissolution (Gilis et al., 1997). The toxic solvent
ichloromethane was used to form a uniform drug/HPMC solu-

ion. This solution was sprayed on the sugar beads, dried to
emove the organic solvents. Polyethylene glycol (PEG)20000 in
ichloromethane and ethanol was sprayed on the drug-coated
ugar beads to prevent sticking of the beads. The twice-coated

∗ Corresponding author. Tel.: +86 21 55514600; fax: +86 21 65420806.
E-mail address: taotaosipi@hotmail.com (T. Tao).
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eads were filled into hard-gelatin capsules. The above manufac-
uring process of Sporanox® included several drying steps for long
eriods of time in order to remove of hazardous dichloromethane.

In order to avoid the organic solvents, melt extrusion technol-
gy offers a promising alternative (Verreck et al., 2003; Six et al.,
003,2005). Solid dispersions made up of itraconazole and HPMC
40:60, w/w) were manufactured by hot-melt extrusion and filled
n gelatin capsules. However, high temperature, long residence time
nd high shear force might result in drug and matrix degradation.

Supercritical carbon dioxide (SC CO2) (Hassan et al., 2004) was
eported to replace toxic solvents. In the study, SC CO2 was added to
ollowing formulation ingredients: itraconazole, PEG20000, HPMC,
odium starch glycolate and glycerol (1:2.75:0.25:0.25:0.75) in
rder to form a uniform itraconazole solution, which is highly
orous when solidified. Itraconazole dissolution of 100% at 1-h was
chieved. But the process needed high temperature (135 ◦C) and
ressure (300 atm) for 30 min, which may not be a practical method

or large scale manufacture.

Besides the solid dispersions, the inclusion complex of itra-
onazole with beta-cyclodextrin (�-CD) using SC CO2 was reported
Al-Marzouqi et al., 2006; Hassan et al., 2007). At a temperature
f 130 ◦C and pressure of 45 MPa, the maximum inclusion yield

http://www.sciencedirect.com/science/journal/03785173
http://www.elsevier.com/locate/ijpharm
mailto:taotaosipi@hotmail.com
dx.doi.org/10.1016/j.ijpharm.2008.09.034
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Excess amounts of itraconazole and itraconazole dihydrochlo-
ride were added to 8 ml of simulated gastric fluid (pH 1.2 ± 0.02).
10 T. Tao et al. / International Journa

as only 8.28%, although the molecular ratio of drug: �-CD was
:2. However, the enhancement of in vitro dissolution and in vivo
ioavailability was not significant.

Salt formation is often used to increase drug solubility in par-
nteral and other liquid formulations. It is also the most common
pproach of increasing solubility, dissolution rate of poorly water-
oluble drugs in solid dosage forms. Of approximately 300 new
hemical entities approved by the FDA during the 12 years from
995 to 2006 for marketing, 120 were in salt forms. In addition,
ut of the 101 approved salts of basic drugs, 54 salts were pre-
ared with hydrochloric acid, indicating the hydrochloride was the
redominant salt form (Serajuddin, 2007).

The purpose of present work was to explore the feasibility of the
ydrochloride salt to improve the solubility and dissolution rate of

traconazole. Itraconazole dihydrochloride was prepared by bub-
ling anhydrous hydrogen chloride gas into the acetone suspension
f itraconazole, and characterized by scanning electron microscopy
SEM), powder X-ray diffraction (PXRD) and differential scanning
alorimetry (DSC). Physical mixtures containing different ratios of
traconazole dihydrochloride and �-CD were prepared. The formu-
ations were evaluated for their solubility, in vitro dissolution and
tability.

. Materials and methods

.1. Materials

Itraconazole (purity more than 99.5%) was provided by
epartment of medicinal chemistry, Shanghai Institute of Phar-
aceutical Industry. Commercially available itraconazole capsules

Sporanox®, 100 mg/capsule) were purchased from Xian Janssen
harmaceutical Ltd. (Xian, China). �-CD was purchased from
uangdong Yunan Cyclodextrin Ltd. (Guangdong, China). All other
hemicals were of analytical grade.

.2. Preparation of itraconazole dihydrochloride

Itraconazole (40 g) was suspended in 800 ml of acetone, and into
he suspension heated under reflux, the anhydrous gas of hydrogen
hloride was bubbled slowly. After about 30 min, the suspension
ecame a solution and in another 5–10 min, the precipitate of the
alt was formed. The pass of hydrogen chloride lasted for 2 h and
he mixture was allowed to stand overnight at room temperature.
he product was collected by filtration, washed with acetone and
ried at 105 ◦C.

.3. Fourier transform infrared (FTIR) spectroscopy

FTIR absorption spectra of itraconazole and itraconazole dihy-
rochloride were recorded using a spectrometer (Nexus 670,
icolet Instrument Co.) equipped with a DTGS detector. KCl disks
ere prepared (2 mg sample in 200 mg KCl) and scanned over a

ange of 400–4000 cm−1 with a resolution of 4 cm−1.

.4. Thermogravimetric analysis (TGA)

The weight loss of itraconazole dihydrochloride upon heat-
ng was determined by thermogravimetric analyzer (TGA 7,
erkinElmer Inc.) with nitrogen flow rate of 40 ml/min and a heat-
ng rate of 10 ◦C/min from 50 to 300 ◦C.
.5. Differential scanning calorimetry (DSC)

Thermal behavior of itraconazole and itraconazole dihydrochlo-
ide were recorded using a differential scanning calorimeter (DSC

T
s
fi
a
i
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, PerkinElmer Inc.) with nitrogen flow rate of 40 ml/min and a
eating rate of 10 ◦C/min from 25 to 400 ◦C.

.6. Powder X-Ray diffraction (PXRD)

The PXRD patterns of itraconazole and itraconazole dihy-
rochloride were measured by the X-ray diffractometer (D/max-rB,
igaku), with CuK� radiation, voltage 40 KV, current 60 mA, scan
ange 3–50◦, scan rate 4◦/min.

.7. Scanning electron microscopy (SEM)

SEM photomicrographs were taken to compare the crystal mor-
hology of itraconazole and itraconazole dihydrochloride. SEM
icrographs were taken using scanning electron microscopy (XL30,

hilips Analytical Inc.). Samples were coated with gold before
xamination.

.8. Dynamic light scattering (DLS)

The mean diameter and diameter distribution of itraconazole
ihydrochloride were determined by dynamic light scattering in
icompTM 380 ZLS particle sizer (Particle Sizing Systems Inc.,
anta Barbara, CA, USA). 10 mg of itraconazole dihydrochloride was
uspended in 10 ml of acetonitrile. The sample suspension was son-
cated for 10 min, and determined promptly.

.9. Preparation of physical mixtures

Physical mixtures of itraconazole dihydrochloride with �-CD
ere prepared by passing the raw drug with �-CD (1:1, 1:2,
:3 (w/w), respectively) through a 60-mesh sieve repeatedly
ntil homogeneous mixtures were obtained. The physical mix-
ure of itraconazole with �-CD (1:3) was prepared by the same

ethod.

.10. UV spectroscopy

Quantitative analysis of itraconazole in solubility and dissolu-
ion testing were performed by UV spectrophotometry at 254 nm.
he method validation results showed that �-CD did not interfere
ith the spectrophotometric determination.

.11. High performance liquid chromatography (HPLC)

The assay and related substances of itraconazole dihydrochlo-
ide and its capsules were determined by reverse phase HPLC
Waters, USA) in Supelco C18 column (5 �m, 25 cm × 4.6 mm
D). The mobile phase consisting of methanol/0.5% ammonium
cetate (80:20, v/v) was filtered through a membrane filter
0.22 �m), and degassed by ultrasonication before use. The flow
ate was 1.5 ml/min, and the UV detection wavelength was
60 nm.

.12. Solubility measurement
he suspensions were sonicated for 15 min and were shaken at con-
tant temperature (37 ± 0.5 ◦C). After 72 h, the suspensions were
ltered through a disposable syringe filter (0.45 �m) and appropri-
tely diluted with simulated gastric fluid. The amount of dissolved
traconazole was quantified by UV spectroscopy.
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Fig. 4 showed PXRD patterns of itraconazole and itraconazole
dihydrochloride. The new sharp peaks, significantly differing from
the original base in position and intensity, was observed in the
PXRD patterns of the salt, which was contributed to a new crys-
talline form of the salt.

Fig. 2. FTIR spectra of itraconazole and itraconazole dihydrochloride.
Fig. 1. The schematic presentation o

.13. Dissolution testing

Dissolution profiles of itraconazole, itraconazole
ihydrochloride/�-CD physical mixtures and Sporanox® were
etermined in simulated gastric fluid. Dissolution testing was
onducted in 37 ± 1 ◦C, 900 ml USP VII enzyme-free simulated
astric fluid (pH 1.2 ± 0.02). The accurately weighed samples
quivalent 100 mg of itraconazole were filled in size 0 gelatin cap-
ules. The capsule was placed in basket sinker of USP dissolution
pparatus. The dissolution media was stirred at 100 rpm in the
addle method. 5 ml dissolution samples were collected at 5, 10,
0, 30, 45, 60 and 80 min, respectively, through 0.45 �m membrane
lters, meanwhile an equal volume of fresh dissolution media
aintained at the same temperature was added after withdrawing

ample to keep the volume of dissolution media constant. 2 ml of
ltered samples were diluted to 10 ml with simulated gastric fluid.
amples of the diluted solutions were analyzed for itraconazole
oncentrations by UV spectroscopy.

.14. Stability testing

Stability testing was conducted under the storage condition of
5 ± 2 ◦C/65 ± 5% RH. Itraconazole dihydrochloride and its capsules
lled with the physical mixture (salt: �-CD 1:3, w/w) were pack-
ged in closed aluminum-polyethylene laminated bags. Assay and
he related substances were evaluated by HPLC. Dissolution was
ssessed as described above. Assay, related substances and disso-
ution were tested on 0, 3, 6, 9, 12, 18 and 24 months.

. Results

.1. Salt formation

42 g of white powder was obtained with a yield of 95%. Elemen-
ary analysis (%, found/calculated based on C35H38Cl2N8O4·2HCl,
ig. 1) C: 53.70/53.99; H: 5.20/5.18; N: 14.46/14.39; Cl: 18.20/18.22.

.2. FTIR spectra

Fig. 2 showed the FTIR spectra of itraconazole and itraconazole
ihydrochloride. The characteristic absorption peak of hydrochlo-
ide salt was observed at 2161 cm−1. And 3403 cm−1 might be
ttributed to O–H bond stretching vibration, implying a small
mount of adsorbed water in the sample. The other characteris-
ic absorptions in the FTIR spectra of itraconazole dihydrochloride
ere similar to those of itraconazole.

.3. TGA plot
TGA data of itraconazole dihydrochloride showed the weight
oss of 0.391% in the temperature interval 60–80 ◦C, and 9.581% in
he temperature interval 108–255 ◦C. The former might result from
small amount of adsorbed water in the sample, the latter implied
onazole dihydrochloride formation.

he complete dehydrochlorination of the salt, since the hydrochlo-
ide acid contributed 9.37% by weight in itraconazole dihydrochlo-
ide, almost equal to the weight loss between 108 and 225 ◦C.

.4. DSC curves

Fig. 3 showed the DSC curves of itraconazole and itraconazole
ihydrochloride. Itraconazole was characterized by a single, sharp
elting endotherm at 171 ◦C, in agreement with its melting point

mp). However, the salt did not show any characteristic endotherm
eak. This was confirmed by mp determination of itraconazole
ihydrochloride, in which no sharp mp was observed.

.5. PXRD patterns
Fig. 3. DSC curves of itraconazole and itraconazole dihydrochloride.
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Fig. 6. Diameter distribution profile of itraconazole dihydrochloride.

Table 1
Effects of hydrochloride formation and physical mixing with �-CD on solubility of
itraconazole in 37 ◦C simulated gastric fluid.

Solubilitya in 37 ◦C simulated
gastric fluid (�g/ml)

Itraconazole 11.58 ± 0.07
Itraconazole/�-CD 1/3 (w/w) physical mixture 720.73 ± 33.20
Itraconazole dihydrochloride (Itra·2HCl) 73.51 ± 6.94
Itra·2HCl/�-CD 1/1( w/w) physical mixture 1142.80 ± 32.03
Itra·2HCl/�-CD 1/2 (w/w) physical mixture 2729.45 ± 158.00
I

3

Fig. 4. PXRD patterns of itraconazole and itraconazole dihydrochloride.

.6. SEM study

The SEM photomicrograph of itraconazole revealed solid
ubes (Fig. 5a), which was similar to Al-Marzouqi’s reports (Al-
arzouqi et al., 2006). In contrast, the morphology of itraconazole

ihydrochloride was the aggregated nanoparticles (Fig. 5b). To
nvestigate the nano behavior, the bulk salt was dispersed in ace-
onitrile as described above, the dispersoid was then dried in a
acuum, coated with gold and measured (Fig. 5c). The high magni-
cation SEM morphology revealed dispersed salt particles with a
eometric diameter of <1000 nm.

.7. DLS study
Itraconazole dihydrochloride had a sharp diameter distribution
round its average diameter of 546 nm (Fig. 6). The DLS result con-
rmed the nanostructure of itraconazole dihydrochloride powder
bserved by SEM study.

i
I
a
t

Fig. 5. SEM micrographs of itraconazole
tra·2HCl/�-CD 1/3 (w/w) physical mixture 4490.83 ± 63.00

a Each solubility data represents mean ± S.D. (n = 3).

.8. Solubility study

Table 1 illustrated that hydrochloride formation significantly

mproves the solubility of itraconazole in simulated gastric fluid.
n 37 ◦C simulated gastric fluid, the solubility of itraconazole was
bout 11 �g/ml. Meanwhile itraconazole dihydrochloride was six
imes more soluble than its base.

and itraconazole dihydrochloride.
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Table 2
Pharmacokinetic parameters (mean ± S.D.) of itraconazole after the randomized
cross-over administration of Sporanox® and itraconazole dihydrochloride capsules
in 20 healthy volunteers.

Parameters Sporanox® Itraconazole dihydrochloride capsules

tmax (h) 4.2 ± 0.70 3.9 ± 0.70
Cmax (�g/l) 77.8 ± 45.2 81.4 ± 60.0
t
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ig. 7. Dissolution profiles of itraconazole/�-CD physical mixture, itraconazole
ihydrochloride/�-CD physical mixtures and Sporanox® in 900 ml of simulated gas-
ric fluid (pH 1.2) and a stirring of 100 rpm. Results were expressed as mean ± S.D.
n = 6).

In the solubility study of itraconazole dihydrochloride, viscous
ulk drug precipitates were observed, indicating that salt nanopar-
icle structure was destroyed in simulated gastric fluid. To stabilize
he nanoparticles against aggregation and agglomeration, �-CD
as selected as a disperser. It might function as a solubilizer, too,

ince cyclodextrins was reported to solubilize itraconazole by inclu-
ion (Peeters et al., 2002; Al-Marzouqi et al., 2006). As seen from
able 1, the solubility increased with increasing �-CD concentra-
ion in drug/�-CD physical mixtures. The maximum solubility was
491 �g/ml when itraconazole dihydrochloride was mixed with
-CD (1:3, w/w).

.9. Dissolution testing

Fig. 7 presented the dissolution profiles of itraconazole/�-CD
hysical mixture, itraconazole dihydrochloride/�-CD physical mix-
ures and Sporanox®. Less than 10% of itraconazole was dissolved
ut of itraconazole/�-CD 1/3 (w/w) physical mixture after 60 min,

howing that dispersing and solubilizing effects of �-CD was not
nough to provide an efficient dissolution. After hydrochloride for-
ation, the dissolution rate increased as a function of �-CD content

n physical mixtures, the rank of dissolution rate of the four test-
ng formula was as follows: 1/3 > 1/2 > 1/1 > 1/0. More than 94% of

i
r
e
c
f

Fig. 8. The schematic process of inclusion complex form
1/2 (h) 29.3 ± 5.81 29.3 ± 5.62
UC0–72 h (�g h/l) 1174.3 ± 701.9 1199.4 ± 649.6
UC0–∞ (�g h/l) 1386.1 ± 735.8 1414.0 ± 815.2

traconazole was dissolved from itraconazole dihydrochloride/�-
D 1/3 (w/w) physical mixture after 60 min, while only 87.8% of

traconazole was dissolved for Sporanox® under the same condi-
ion.

.10. Stability study

No significant change of assay, related substances and dissolu-
ion occurred during 24 months’ testing at the long-term storage
ondition. The results indicated that itraconazole dihydrochloride
nd its physical mixture with �-CD (salt: �-CD 1:3, w/w) were
hemically and physically stable.

. Discussion

Clinical study of itraconazole dihydrochloride/�-CD physical
ixture (salt: �-CD 1:3, w/w) capsules was performed (Miao

t al., 2006). A randomized, crossover study of 20 healthy vol-
nteers receiving single oral dose of 200 mg itraconazole was
onducted with in vivo blood concentrations determined by HPLC-
uorescence detection. The pharmacokinetic parameters for the
esting itraconazole dihydrochloride capsules and the reference
poranox® were listed in Table 2. There were no significant dif-
erences in main pharmacokinetics parameters between the two
reparations, except in tmax from analysis of variance and one-side
nd two-sides t-tests. The relative bioavailability of the test-

ng itraconazole dihydrochloride capsule was 105.3 ± 23.4%. The
esults demonstrated that formation of dihydrochloride salt could
ffectively improve the in vivo absorption and bioavailability of itra-
onazole.Recently, nanotechnology is emerging as an effective tool
or resolving challenge in delivering poorly water soluble drugs.

ation of itraconazole dihydrochloride and �-CD.
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anoCrystal technology can improve the bioavailability of drugs
y milling drug particles using a wet-milling technique to less than
000 nm, and stabilizing the nanoparticles against agglomeration
sing surface adsorption of suitable stabilizers (Arnum, 2007).This
tudy implies that salt formation may be a versatile approach of
reparing nanocrystals of poorly water soluble itraconazole, and
yclodextrins will be a valuable stabilizer of nanocrystals because of
heir well-known solubilizing effects. The profound improvements
n the solubility and dissolution of itraconazole may be attributed
1) to the nanocrystal nature of itraconazole dihydrochloride salt:
educed particle size and increased surface area, (2) to the dis-
ersing effects of �-CD on the hydrochloride salt, preventing the
alt nanocrystal of aggregation and agglomeration and (3) to the
nclusion effects of �-CD on itraconazole dihydrochloride (Fig. 8).

. Conclusion

Based on the present results, it is concluded that formation
f hydrochloride salt could significantly improve the solubility
nd dissolution rate of itraconazole, and the salt/�-CD 1/3 (w/w)
hysical mixture formulation would be an environment-friendly,
conomic and practical alternative to Sporanox®.
cknowledgments
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