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A Study on Inclusion Complexes of Hydroxypropyl-B-cyclodextrin with
Tanshinone IIA
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(Institute of Molecular Science, Key Laboratory of Chemical Biology of Molecular Engineering of Education Ministry,
Shanxi University, Taiyuan 030006)

Abstract The inclusion complex formation of tanshinone IIA with hydroxypropyl-g-cyclodextrin was
studied by using phase solubility method, and the formation constant for tanshinone IIA-hy-
droxypropyl-f-cyclodextrin was determined. The effect of temperature on the reaction was studied through
thermodynamics, and the change of entropy, enthalpy and free energy of the reaction were calculated. The
molecular modeling provided further evidence for the formation of the inclusion complexes. Stable inclusion
complex in solid state was characterized by IR spectra.
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Figurel The structure of tanshinone llA
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Figure2 Phase solubility curves of tanshinone I1A in HPCD
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Tablel The stability constants K, of tanshinone I1A at different
pH

pH 2k R r Ks

6.0 Y=5.07433X 10 “c—5.00869X< 10 ° 0.99753 9524
6.8 Y=6.17127X10 “c—3.15836Xx 10 ° 0.99937 6179
7.4 Y=6.78601X 10 “c—7.28468X 10 ° 0.99866 5699
8.0 Y=7.17752X10 “c—1.12359X10°° 0.99801 3712
9.0 Y=7.75837X10 c—8.94324X10°® 0.99852 1573

% 1 7, Tan IIA 5 HPCD 7£ pH i 6, 6.8 It /&
JSCE HUSER, 2 BV A0 i BR MR v A A 1 Ao
H i 2 7750, b pH FER, TERREE T Tan A 1)
WARTE W] e, HPCD (R b b s I i 2, (H i
TLOH TR EERE K, 10 FE Tan A 7K A -t i 5
PR AR 27 SN P4 SRR R, T Tan NA FRIZK A,
ffi#3 Tan HA WREEWDS, BRI aE Wi, NV
I A5 B N (R T T EAT, DR 5 M AR T R,
FIAE K AERE pH 1T STk /).

22 BIFAEEIMREESEAR

N Il e R LTSRS (B DA R S5 S/ i
TIRIAEAE OB )y . B KAEH . SR 5%, )
A LR FHFAB) D)2 0 5 ik o b ek 72, DU AT
(R BRARE SE IR . G . ) W S i 5 ol 88 ) A AT
Ak, e EEMRS) ) ESH e —, WATIAE)
R vE ARG L ek, AR vk



654 % %

i Vol. 64, 2006

010 AR SCR R AT IR AT
221 REAT QAR R

TEMHINE 5 280 T IR A SR R, TR
Fu A — AN EER R, Ol — R A ST
TANFEEEE R Tan Il A-HPCD It &t i, 7381 7 AR [H
W N OEY IR B K, Wi 3 R, K 3 W)
DAt B il 2R T, B A R BT B B2 Wk
AN, W EWRTREE T AR, 2R T SONIIRIRS I
WELBTE A KA, WEWRIAE MRS, MAEIHLEE L
RN, WTRESE TR TR 5 R Sy as sl i 3 20X
LS. It SEIGILZ T LIS I g5ie: Tl A
AT SN I HEAT

10000 \

8000 \

6000 1 \

40004 .

2000 \

0 T T T T T ]
290 295 300 305 310 315 320

/K

16000
14000
12000 4

K ¢/(L-mol-Y)

B3 Tan Il A-HPCD &4 11 TE R Ke B B2 (124K,
Figure3 Effect of temperature on the equalization constants K¢
of complexes of Tan [IA-HPCD
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Figure 4 The curves of In K¢ vs. UT of complexes of Tan
I1A-HPCD
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Table 2 Effect of temperature on K;, A,S,, AG, ad
AH,, of theinclusion complex of Tan Il A-HPCD

K¢l ASn ! AGn ! AHn !

TK 2 -2 11 -1 -1

(L%mol @)  (J»mol "eK™) (kJmol %) (kJmol °)
293 14192.9 —143.78 —23289 —65417
298 9524.28 —143.78 —22.698 —65544
303 6913.30 —143.78 —22272  —65.837
310 3808.92 —143.78 —21.250 —65.822
318 1661.71 —143.78 —18.386  —64.108
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Figure5 Thetwo most optimal inclusion modes of Tan Il A-HPCD (left: minor port; right: major port)
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Table3 Energy of the most optimal inclusion modes of Tan |1 A-HPCD

Total Internal Bond Angle Torsion  Out of plane  Nonbond VDW Electrostatic
Mode 1 781.74 701.11 72.17 352.71 275.64 0.59 80.63 77.19 3.43
Mode 2 728.39 665.63 67.45 331.33 266.44 0.42 62.76 72.59 —9.83
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Figure6 IR spectraof (1) HPCD alone, (2) Tan I1A aone, (3) mixture of HPCD and Tan I1A, and (4) inclusion complex
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