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Abstract—Physicochemical properties for the inclusion complex of chenodeoxycholic acid(CDCA)
and it’s 7B-hydroxy epimer ursodeoxycholic acid(UDCA) with B-cyclodextrin(B-CyD) were studied.
The formation of the complex in the solid state were confimed by polarized microscopy and di-
fferential scanning calorimetry(DSC). Proton nuclear magnetic resonance(*H-NMR)spectroscopy
showed that CDCA and UDCA form an inclusion complex with B-CyD in aqueous solution. The
1 . 1 stoichiometry of the complex was dextermined by the continuous variation method. From DSC
and 'H-NMR studies, there were not any differences between CDCA and UDCA. Complex of CDCA
and UDCA showed increase in solubility and dissolution compared with CDCA and UDCA alone,
respectively. Solubility pattern of UDCA complex was pH independent but, CDCA complex was
like that of CDCA. Dissolution rate increased markedly in case of UDCA complex compared with
CDCA complex, especially in acidic pH value.

Keywords [] ursodexycholic acid, chenodeoxycholic acid, B-cyclodextrin, inclusion complex, po-
larized microscopy, differential scanning calorimetry, nuclear magnetic resonance spectro-

scopy, solubility, dissolution rate.
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* CHENODEOGHYCHOLIC ACID
MU : Co4H4904 (392.6)

OH * URSODEOXYCHOLIC ACID
ML : C24H4304 (392.6)

Chart 1—Chemical structure of CDCA and UDCA.
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Fig. 1—Phase solubility diagram of UDCA at different
pH value.
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Table I—Molar ratio of B-CyD/UDCA and B-CyD/
CDCA obtained from phase solubility diagram
at different pH

pH 3.0 pH 4.0 pH 5.0 pH 6.0 pH 7.0 pH 8.0 pH 9.0

UDCA 2122 1932 1586 1506 1522 1.700 1.730
CDCA 1963 1574 1272 1079 1019 1107 1118
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Fig. 3~Polarized microphotographs of UDCA, B-CyD UDCA-PM and UDCA-IC(X 100).
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Fig. 4—Polarized microphotographs of CDCA, B-CyD CDCA-PM and CDCA-IC(X 100).
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sical mixture(C) and complex(D). sical mixture(C) and complex(D).
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Fig. 7—Proton shift induced by $-CyD and bile acid
(400 MHz NMR).

Table II—'H-NMR proton shifts of B-Cyclodextrin in-
duced by UDCA and CDCA

B-CyD UDCA-IC CDCA-IC

ppm  ppm (Appm) ppm (Appm)
1-H 5011 5012 (0.00) 5013  (0.002)
2-H 3571 3578 (0.007) 3576  (0.005)
3-H 3912 3900 (—0.012) 3.89% (—0.016)
4-H 3538 3536 (—0.002) 3533 (—0.005)
5-H 3836 3825 (—0.011) 3822 (—0.014)
6-H 3811 3803 (—0.008) 3.797 (—0.014)
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Table III—"H-NMR proton shifts of UDCA and CDCA 10.0
induced by B-Cyclodextrin

CDCA _CDCA-IC  UDCA  UDCA-IC -9

ppm  ppm (Appm) ppm ppm (Appm) 8ol /“’“\'/
18-H 0699 0820 (0.121) 0698 0.847 (0.149) - UDGA-IC
19-H 0915 0955 (0.040) 0961 0988 (0.027) ‘
21-H 0955 0927 (—0.028) 0950 0938 (—0012) %  eof
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Fig. 8—Proton shift induced by B-CyD(200 MHz
- NMR).
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Fig. 9—Solubility of UDCA-IC and CDCA-IC at diffe-
rent pH value.
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Table IV—Solubility of UDCA, CDCA, UDCA-IC and CDCA-IC at different pH unit: %
pH 3.0 pH 4.0 pH 5.0 ph 6.0 pH7.0 pH 8.0 pH 9.0
UDCA 0.002 0.003 0.007 0.021 0.073 0.234 0.531
UDCA-IC
as UDCA 132 144 1.57 1.56 157 1.59 1.59
as complex 7.20 7.40 8.22 827 8.14 8.46 8.56
CDCA 0.001 0.003 0.005 0.018 0.084 0.374 0.990
CDCA-IC
as CDCA 0.12 0.21 0.34 0.53 1.07 1.24 1.34
as complex 1.28 112 143 2.12 418 4.88 5.28
2.0
100 | —0O e}
UDCA-IC A o
% L " . -
g ——@—— @ / o/ /Cl
bl /o/ sorm
. CDCA-IC A .2 | ¢
2 L // . 1° / ® UDCA-IC pH7.2
: R & 6ot o B UOCA-IC pH12
2 ]
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2 ! 5 ]
2 2 O UDCA-PM pH12
? CDCA / 2 o lT
! ‘:3' f + uDcA pHT2
!
aor F +
05 re
/ I Q/D +/
A Ay 20 —
! ‘/ , / ,O/ UDCA 10 J +/+
- & d o
00 e = N . o 2 s s —
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Fig. 10—Comparison of UDCA and CDCA solubility
with UDCA-IC and CDCA-IC as bile acid.
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Fig. 11—Dissolution profiles of UDCA-IC, UDCA-PM
and UDCA at pH 1.2 and pH 7.2.
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Table V—The time(tss) to release 50% of UDCA and CDCA from the disk during dissolution test wunit ! mins
UDCA UDCA-PM UDCA-IC CDCA CDCA-PM CDCA-IC
pH 1.2 N.D. 47.68 444 N.D. 137.76 99.71
pH 7.2 327.53* 11.86 3.22 472.42* 71.10 26.46
o4z} zko} B-CyDel i3t UDCA, CDCAS) 43
100 | e—o o =z} o5 B-CyD ZAHEIHAA UD(‘JA-ICQJr
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Fig. 12—Dissolition profiles of CDCA-IC, CDCA-PM
and CDCA at pH 1.2 and pH7.2.
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