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Solubilization and Dissolution Enhancement of Benzimidazole
Antnelmintic Drugs by Cyclodextrin Complexation

In Koo Chun®* and In Sook Park
College of Pharmacy, Dongduck Women's University, 23-1, Hawolgok-dong, Sungbuk-ku, Seoul 136-714, Korea

Abstract— Complex formations of practically insoluble antelmintic drugs such as mebendazole
(MBZ), albendazole (ABZ) and flubendazole (FBZ) with dimethyl-B-cyclodextrin (DM-B-CyD) and
2-hydroxypropyl-B-cyclodextrin (HP-B-CyD) together with a-, - and y-cyclodextrins (CyDs) in buf-
fered solutions were investigated by solubility method. A; type phase solubility diagrams were
obtained in all cases except for the complexation (B, type) of FBZ with y-CyD. The highest stability
constants were obtained with DM-B-CyD, followed by a-CyD > B-CyD > HP-B-CyD > y-CyD for
ABZ, and HP-B-CyD > y-CyD > B-CyD > a-CyD for FBZ at pH 1.2. On the other hand, solid disper-
sion systems of ABZ and FBZ with B- and DM-B-CyDs were prepared by solvent evaporation
method and evaluated by dissolution, differential thermal analysis and powder x-ray diffractometry.
The dissolution rates of ABZ- and FBZ-DM-B-CyD solid dispersions were much faster than those
of drugs alone, corresponding physical mixtures and tablets on market both at pH 1.2 and 6.8.
Although dissolution rates of all samples at pH 6.8 were by far lower than those obtained at pH 1.2,
as explained by pH-solubility profiles for ABZ and FBZ. the dissolution rates at pH6.8 of ABZ
from B- and DM-B-CyD solid dispersions exceeded the respective equilibrium solubility (23.9
ug/mi). Fast dissolution of ABZ from solid dispersions with CyDs was attributed to the reduction
of drug crystallinity and particle size which was supported by DTA and powder x-ray diffractome-
try. Consequently these results suggest that solid dispersion systems with CyDs may provide
useful means to markedly enhance the solubility and dissolution of benzimidazole antelmintic drugs.

Keywords [ ] Mebendazole, albendazole, flubendazole, complex formation, cyclodextrins, modified
cyclodextrins, solid dispersion, dissolution, pH-solubility, thermal analysis, x-ray diffractometry.
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Chart 1—Chemical structures of various benzimida-
zole antelmintic drugs.
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Fig. 1—Dissolution profiles of commercially available
albendazole tablets in the first (pH 1.2, closed
marks) and second fluids (pH 6.8, open marks)
at 37C.
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Fig. 2—Dissolution profiles of commercially available
flubendazole tablets in the first (pH 1.2, closed
marks) and second fluids (pH 6.8, open marks)
at 37C.
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Fig. 4—Phase-solubility diagrams of mebendazole-cyc-
lodextrin systems in the first (pH 1.2) (A) and
second fluids (pH 6.8) (B) at 37C.
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Fig. 6—Phase-solubility diagrams of flubendazole-cyc-
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second fluids (pH 6.8) (B) at 37C.
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Table I—Apparent Stability Constants (K') for the Complexation of Mebendazole (MBZ), Albendazole (ABZ) and
Flubendazole (FBZ) with Cyclodextrins in the First (pH 1.2) and Second (pH 6.8) Fluids at 37C

Apparent Stability Constant (K')

CyD MBZ ABZ FBZ
pH 1.2 pH 6.8 pH 1.2 pH 6.8 pH 1.2 pH 6.8
a-CyD — —~ 542 655 19 -
B-CyD 446 264 363 1076 162 80
y-CyD 64 66 37 2755% 27 -
DM-B-CyD 932 766 656 2093 700 201
HP--CyD *9 * 296 1420 117 57

Y Did not show solubility increase.
2B, type of phase solubility diagram was observed above 4X10 °M y-CyD.
# Not determined.
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Fig. 7—Dissolution profiles of mebendazole-cyclodextrin systems in the first (pH 1.2) (A) and second fluids (6.8)
(B) at 37C.
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Fig. 12—Powder X-ray diffraction patterns of albenda-
zole-dimethyl-B-cyclodextrin systems.
Key: A, ABZ alone; B, DM-B-CyD alone; C.
ABZ-DM-B-CyD (1:1 molar ratio) solid dis-
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