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ABSTRACT

Itraconazole, a poorly water soluble antimycotic agent, is promising agent for various diseases.
To improve the solubility of itraconazole, the inclusion compound of Itraconazole with B-
cyclodextrin was prepared by spray drying, solvent evaporation, kneading, lyophilization,
physical mixture method and characterized by solubility, scanning electron microscopy,
differential scanning calorimetry, FTIR and dissolution study. DSC and FTIR confirmed the
formation of complex. The solubility of the prepared complex was found to be improved.
Itraconazole complex by spray drying method and Itraconazole showed 95.65 % and 80.55% of
drug release at the end of 48 h in dissolution study. It was concluded that the complex of
itraconazole may be of potential use for improving the solubility of itraconazole and hence its
bioavaibility.
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INTRODUCTION

Itraconazole, a lipophilic, imidazole derivative, is an antimycotic agent with broad spectrum.
Mainly Used in the treatment of various fungal Infections like blast mycosis, Histoplasmosis and
onychomycosis. Itraconazole when administered orally, exhibits large difference in

bioavailability due to its low aqueous solubility (0.42%)."

Cyclodextrin complexation has been extensively applied to enhance the solubility, dissolution

rate and bioavailability of slightly water-soluble drugs.””** The cyclodextrin complexes with

slightly water-soluble drugs have been prepared using co-precipitation, kneading, lyophilization,

kneading, spray drying and freeze drying method .**** Among them, spray drying has been

extensively applied to prepare the inclusion complexes, since it has many advantages of a good

yield in a short operating and suitability for extension to manufacturing scale.’

Thus, in this study, to enhance the oral bioavailability of Itraconazole, the inclusion complex of
itraconazole with B-cyclodextrin was prepared by spray drying method. The phase solubility and

dissolution of inclusion complex were carried out.
MATERIAL AND METHODS

Itraconazole and B-Cyclodextrin were provided by Torrent Research centre, Gandhinagar. HP f3-
Cyclodextrin was provided by Roquette Freres, France. Methanol and Dichloromethane were
obtained from Baroda chemical industrial Itd. All other chemicals were of reagent grade and
used without further purification.

Preparation and Physicochemical Properties of Inclusion Complex

Table 1 formulation of itraconazole-g-cyclodextrin inclusion complex.

Ingredient Quantity
Itraconazole 0.2g
Dichloromethane 100 ml
B-cyclodextrin 164
Water 100 ml

Preparation

A Buchi 190 nozzle type mini spray dryer (Flawil, Switzerland) was used for the preparation of
itraconazole-B-cyclodextrin inclusion complex. In brief, 0.2 g of itraconazole and 1.6 g of B-
cyclodextrin (molar ratio, 1:2) were dissolved in 100 ml dichloromethane and 100 ml water,
respectively, and then mixed. The resulting clear solution was delivered to the nozzle at a flow

rate of 5 ml/min using a peristaltic pump and thereafter spray-dried at 120°C inlet temperatures
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with a flow rate of 10 ml/min. The residue, itraconazole-B-cyclodextrin inclusion complex was

collected.”®

On the other hand, the physical mixture of itraconazole and B-cyclodextrin (molar ratio 1:2) was
prepared by gentle mixing 0.2 g of itraconazole and 1.6 g of B-cyclodextrin in a mortar.

Complex by kneading method was prepared by geometric mixing of powders, Itraconazole with
B-CD and then kneaded with 1:1 mixture of dichloromethane — water to obtain a mass with a
pasty consistency, which was dried in hot air oven at 45 to 50°C. The dried mass was sieved
through 100 #.

For complex by solvent evaporation method, dichloromethane and water were used as solvents.
The required quantity of Itraconazole with B-CD was dissolved in dichloromethane and water
respectively. Both the solutions were mixed and solvents were evaporated by controlled heating
at 45 - 50°C. The resultant solid was pulverized and then sieved through 100 #.

Solution of drug and B-CD has previously been frozen to be dried under a vacuum in
lyophilisation method, drug and B-CD was dissolved in dichloromethane and water. The product
was prepared in three steps, freezing, drying (sublimation) and secondary drying.

DSC curve

The formation of inclusion complex was confirmed by DSC (Shimadzu 60 with TDA trend line
software, Japan.) at a heating rate of 10/min over a 25-250 temperature range. A nitrogen purge,
20 cm*/min was maintained throughout runs and base line optimization was performed before
each run.’

Solubility

To determine the change in solubility due to complexation, solubility of itraconazole and
itraconazole-p-cyclodextrin complex was determined in pH 1.2 HCI buffer and n-octanol by the
shake-flask method. Itraconazole (100 mg) (and 100 mg equivalent in case of complex) was
placed in a 100-mL conical flask. HCI buffer pH 1.2 (100 ml) was added and then stirred for 15
minutes. The suspension was then transferred to a 250 ml separating funnel with 100 ml n-
octanol and was shaken well for 30 minutes. Then the separating funnel was kept still for about

Table 2 Solubility study of Itraconazole -g-cyclodextrin complex

Drug Solubility in aqueous layer(in pg/ml)*

Itraconazole 4.2 £0.52
Itraconazole-B-cyclodextrin complex 27.31+1.98

*Data expressed as mean values and standard deviations (xSD); n=3.
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30 minutes. Concentration of the drug was determined from the aqueous layer

spectrophotometrically at 258 nm and shows four times increase in solubility.

Scanning electron microscopy (SEM)

The surface morphology of raw materials (itraconazole, Hp-Rcd) and binary systems was
examined by means of a scanning electron microscope (Jeol, JSM 5310, Tokyo, Japan). The
samples were fixed on a brass stub using double-sided tape and then made electrically
conductive by coating in a vacuum with thin layer of copper. The photographs were taken with a
Pentax (model MZ-10) camera atan excitation voltage of 10 kV and magnification factors of 200
and 3500.

Infrared Spectroscopic Analysis

FTIR spectra for the various powders were obtained on a FTIR spectrometer (FTIR — 8400S
model, Shimadzu, Japan) in transmission mode with the wave number 4,000-500 cm-*. KBr
pellets were prepared by gently mixing 1 mg sample powder with 100 mg KBr.

Dissolution

Itraconazole powder (50 mg) and inclusion complex (0.45 g) (equivalent to 50 mg itraconazole)
were packed in semi permeable membrane and placed in a dissolution tester (Veego UDA-8D
USP standard), respectively. Dissolution test was performed at 36.5°C using the paddle method
at 50 rpm with 500 ml of phosphate buffer (pH 7.4) as a dissolution medium. At appropriate time
intervals, 5 ml aliquots of solution were withdrawn, filtered immediately through a membrane

filter and analyzed directly by UV/visible spectrophotometer at 258 nm.” ™ *

DsC Thermal Analysis Result
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Figure 1 DSC Spectra of Physical mixer (A) Kneading product (B) Lyophilized (C)

Solvent evaporated (D) Spray dried (E) Itraconazole (F) R-CD (G).
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RESULTS AND DISCUSSION:

The Itraconazole -B-cyclodextrin (1:2) inclusion complex was prepared easily by spray-drying

0.2 g itraconazole and 1.6 g B-cyclodextrin. Figure 1 illustrates DSC thermal curves of
itraconazole, B-cyclodextrin and inclusion complex (1:2, molar ratio).

The DSC curve of itraconazole shows one characteristic sharp endothermic peak at around
169.89°C indicating the melting point of the drug. DSC curve showed that the sharp endothermic
peak at around 169.89°C, which was observed for itraconazole, decreased in the inclusion
complex (1:2). Furthermore, the wide peak at 90.24°C, which was observed for B-cyclodextrin,
shifted to 79.73°C in the inclusion complex, indicating that the inclusion complex did not contain
a much residue of itraconazole or - cyclodextrin and thus suggesting that the drug is well

dispersed in the B-cyclodextrin cavity.”™

Water solubility of itraconazole from itraconazole-B-cyclodextrin complex was found to be much
higher than that of itraconazole. Table 2 provides the solubility data. This data illustrates that the
apparent solubility of itraconazole-B-cyclodextrin complex (27.31+ 1.98) is six fold higher than
that of itraconazole drug (4.2 + 0.52). These findings suggested that the formation of the soluble
itraconazole-p-cyclodextrin inclusion complex with 1:2 stoichiometric according to Highuchi
and Connors (1965)."

Scanning electron micrographs of the complex are shown in Figure 2(A to F) itraconazole-f

cyclodextrin complexes were found to be irregular or disc shaped with rough surface

morphology. The complex was found to involve free flowing particles.
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Figure 2(B): SEM of polymer B-CD

7 T
: le h":{% ‘ > : p N

Viaix e = R, N
= "AccV Spot Magn Det WD
. 430.0kv 50 1000x GSE 105 0.8 Torr Vb
F TS S . a

Figure 2(C): SEM of Itraconazole- g-CD complex by spray drying technique.
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Figure 2(D): SEM of Itraconazole- g-CD complex by solvent evaporation technique.
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Figure 2(F): SEM of Itraconazole- -CD complex by kneading method.
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FTIR techniques have been used here to study the physical and chemical interaction between

drug and polymer used. Infrared (IR) spectra of Itraconazole, -R-CD, spray dried product of
itraconazole & 3-CD are shown in figure. Infrared absorption spectroscopy (IR) itraconazole
showed sharp band at 1679.41,1511.28, and 1226.77 cm™ due to stretching vibration bands of
C=0, N-O, C-O respectively. From the figure it was observed that there were no changes in
these main peaks in IR spectra of mixture of drug and polymer, which show there were no
physicochemical interaction between drug and polymer because of some bond formation

between drug and polymers.
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Figure 3(A): FTIR Spectra of Standard drug Itraconazole
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Figure 3(B): FTIR Spectra of 3-CD
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Figure 3(C): FTIR Spectra of Spray dried product.
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Figure 3(D): FTIR Spectra of Solvent evaporation product.
FEsHimanz=zu
,mj . ey
] \{m R
4 ‘ L / \
m{ | \ n “’1
3 .\\‘M‘“u |/ \ f}l N
a—: }/ 2 \‘)\‘ W! /“ \
&0 —] \ | f n
B } : l \ "/' \ [av)
50 —| i _1
40 - ) 'f(/

Figure 3(E): FTIR Spectra of kneading method product.
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Figure 3(E): FTIR Spectra of lyophilized method product.
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Figure 3(F): FTIR Spectra of physical mixture method product.
To evaluate whether inclusion compound affected the dissolution rate of itraconazole, the
dissolution studies were performed for itraconazole powder, B-cyclodextrin and inclusion
compound (1:2). The dissolution profiles of itraconazole from the itraconazole loaded
preparations are illustrated in Figure 4 the dissolution rate of itraconazole in the inclusion
compound increased greatly compared to itraconazole powder in pH 1.2 HCI buffer solution.
The amounts of itraconazole dissolved from inclusion complex in pH 1.2 HCI buffer solution
for 48 h increased about compared to itraconazole powder (80.55+1.6 vs. 95.65+5.7%). The
significant enhancement in the dissolution rate of itraconazole from the inclusion complex
could be explained from the increased solubility wettability of the drug by the inclusion

complexation.""” Furthermore, the increased dissolution rate of itraconazole in physical mixture

might be possibly attributable to the wetting effect of the B-cyclodextrin at the initial stage of

the dissolution process.”™® Thus, the inclusion complexation was useful for improving the

dissolution rate of poorly water-soluble itraconazole.
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Figure 4 Dissolution study of itraconazole from the B-cyclodextrin complex.
CONCLUSION:

In the present study, an itraconazole - B-cyclodextrin complex was prepared by a spray drying
method and evaluated for various physicochemical parameters. Physicochemical investigations
showed that itraconazole formed a stoichiometric complex with B-cyclodextrin with improved
solubility and dissolution profile. DSC and FTIR studies confirmed the formation of the
complex. Thus it can be concluded that the complex of itraconazole may be of potential use for
improving dissolution.
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