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Improvement of Solubility and Dissolution of Ketoconazole by
Inclusion with Cyclodextrin
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Inclusion complexes of ketoconazole (KT) with a-, B-cyclodextrin (CD) and dimethyl-B-cyclodextrin
(DMBCD) in"a molar ratio of 1:2 were prepared by freeze-dfying and solvent evaporation methods. The
interactions of KT with a-CD, $-CD and DMBCD in aqueous solution and in solid state were investigated
by solubility study, infrared (IR) spectroscopy and differential scanning calorimetry (DSC). The stability
constant of KT-DMBCD inclusion complex (IC) was found to be the largest among three inclusion com-
plexes. Clear differences in IR specira and DSC curves were observed between inclusion complexes
and physical mixtures (PM) of KT-CDs. It was also shown by IR spectra and DSC curves that solvent
evaporation method might be. superior to the freeze-drying method in preparing the inclusion complexes
of KT-CDs. The dissolution rate of KT was markedly increased by inclusion complex formation with
CDs in the buffer solution at pH 4.0 and pH 6.8. The mean disselution time (MDT,min), which represents
the rapidity of dissolution, was in the order of KT-DMBCD IC (3.20). < KT-B-CD IC (4.36) < KT-a-CD
IC (6.99) < KT-0-CD PM (1746) < KT-B-CD PM (19.36) < KT-DMBCD PM (28.53). The dissolution rates
of KT-CD ICsprepared by solvent evaporatlon method were faster than those of KT-CD ICs prepared

by freeze-drying method.
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* Solvent Evaporation Method

9.40X10°M KT
in 20 m/ of EtOH

(1) add 188X 10°*M CDs
(2) agitate well for 24 hr

at room temperature
(3) dry at 50C with

blowing N: gas
Product

* Freeze-Drying Method

940X 10°M KT
in 20 m/ of water

(1) add 188X 10°M CDs

(2) dissolve with 3 drops
of C-HCl

@) freeze fry

Product

in vacuo

Schem I—Method for preparation of KT-CD inclusion complexes.
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Flgue 2= DSC thermodlagrams of KT(1), 1: 2’ KT-€D physical mixtures(2); 1:2 KT-CD inclusion complexes prepared by
freeze-drymg method(3) and 1:2 KT-CD inclusion complexes prepared by solvent evaperation method(4).
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Figure 3 —1IR spectra of KT(1), KT-CD physical mixtures(2), KT-CD inclusion complexes prepared by solvent evaperation
method(3), KT-CD inclusion complexes prepared by freeze-drying method(4).
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Figure 4— Solubility of KT and 1: 2 KT-CD inclusion co-

mplexes as a function of pH of the buffer solutions at 37C.
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Figure 5—Effect of pH on the dissolution rates of KT at
37%.
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Figure 6—Effect of pH on the dissolution rates of KT in
the presence of 2% PEG at 37C.
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Figure 7—Effect of PEG concentration on the dissolution
behavior of KT at pH 4.0, 37C.
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Figure 8—Dissolution behaviors of various KT-additive
systems at pH 4.0, 37C.
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Figure 9—Dissolution behaviors of KT and 1:2 KT-CD
systems at pH 4.0, 37C.
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Figure 10— Dissolution profiles of KT and 1:2 KT- CD
inclusion complexes prepared by solvent evaperation me-
thod at pH 6.8, 37C.
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Table 1~ Staustical Moment Analysis for the Dissolution Rate Data of Ketoconazole-CD Systems at pH 4.0, 37¢

Statistical Moments

for finite time of 120

for infinite time

KT-CD system T"otal % MDT vDT Total % MDT VDT
dissolved dissolved
Ketoconazole 62.78 28.98 1182.07 67.76 39.50 2691.80
KT-0—CD (1:2) ICY 78.34 6.99 379.60 73.58 2.12 . 78.40
KT--CD(1:2) IC 78.54 4.36 144.93 76.30 3.24 71.35
KT-DMBCD (1:2) IC 86.69 320 54.09 86.95 3.75 166.00
KT-0-CD (1:2) PM 64.40 17.46 72343 65.70 20.24 1117.76
KT-f-CD(1:2) PM 68.68 19.38 778.05 70.13 22.18 1167.38
KT-DMBCD (1:2) PM 62.78 28.53 1159.06 67.28 37.93 2489.06

9. Inclusion complexes were prepared by solvent evaperation.
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