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A Microcalorimetric Study on Interaction of y-Cyclodextrin with
Paeonol and Two of Its Isomers in Aqueous Solution
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Abstract The interaction between y-cyclodextrin (y-CD) and paeonol (Pag) as well as two of its isomers
[4'-hydroxyl-3'-methoxyacetophone (Ace) and 2'-hydroxyl-5'-methoxyacetophone (Hma)] in agueous solu-
tion has been studied with nano-Watt-scale isothermal titration calorimetry (ITC) at 298.15 K. The micro-
cosmic structure of the host-guest combination has been characterized by *H NMR spectra at 298 K. The
experiments indicate that y-cyclodextrin binds with each drug molecule in the same 1 : 1 stoichiometry. The
binding processes of Pae and Hma with y-cyclodextrin are enthalpy driven while that of Ace with
y-cyclodextrin is predominantly entropy-driven. The '"H NMR spectra data have provided clear evidence of
the inclusion interaction of y-cyclodextrin with Pae and Ace, which shows that Pae molecule penetrates into
the molecular cavity of the y-CD from the secondary rim whereas Ace does from the primary rim. But Hma
binds with y-cyclodextrin by weak interaction rather than inclusion interaction. Therefore, both thermody-
namic parameters and *H NMR spectra demonstrate that y-CD molecule can evidently recognize the three
kinds of isomer molecules.
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Figurel Molecular structure of the three chemicals
(a) paeonol (Pae); (b) acetovanillone (Ace); (c) 2-hydroxyl-5-methoxyace-
tophone (Hma)
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Figure 2 (a) A recorder plot of heat flue power (uW) vs. time
(h), titrant: 1.00X 10 2 molsdm 2 y-CD; titrand: 1.00x 10 3
molsdm 3 Pae; (b) Rate of reaction heat (Q) changing with
amount of M versus the ratio of concentration [ )»CD]/[Pag], the
line is the result of simulation, and the point is gotten from ex-
periment
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Figure 3 Partid H NMR spectra of jCD and the complex
y-CDeAce
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Tablel Thermodynamic parameters of interaction between three guests (Pag, Ace and Hma) and )+CD in aqueous solution at 298.2 K

Guest  Reaction model AH® I(kJmol %) fl(dm®mol ) AG® /(kJmol ) TAS° /(kJemol 1)
Pae M +L=ML —27.6+0.683" 94.4 —11.3 —16.3

Ace M +L=ML —2.324+0.023 1.60% 10" —24.0 21.7

Hma M +L=ML —34.3+042 734 —106 —237

3 =y-CD, M=Pae/Ace/Hma; ® The error of each AH° isfrom calculation according to results of three replicates.
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Figure 4 The contributions of enthalpy and entropy changes to
the Gibbs energy change in the binding of each drug to y-CD
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Table 2 Variation in *H chemical shift (A0=dcomplex ™ Otree) Of
+CD protons during complexation

Guest H-1 H-2 H-3 H-4 H-5 H-6

Pae —0.042 —0.014 —0.089 —0.034 —0.106 —0.058
Ace —0.006 —0.004 —0.042 —0.002 —0.034 —0.031
Hma 0024 0027 0020 0.024 0019 0.014

HiR 3 &, 9 B PAAAER, HihD TP
DR DA VA AW S N WA N 7L VA 2 A 7 A
B M52 5] p- PR 20 5 B m N 7 451
T S0P, Hord Pae 55 Ace KB F AL 1A
DR, KB AR TR ENT
y-CD . 1 Hma 71 B 51 L 2 LB AR A,
YHIE Y y-CD Z I A 98.

#£ 3 IERAEEYE B T TH ARSI RS R AR
Table 3 Variation in *H chemical shift (Ad =Ocomplex ™ Ofres) OF
guest molecule during complexation

Ha Hp H. H(COCHz) H (OCHs)
Pee —0.140 —0.102 —0.170 —0.060 —0.063
Ace —0192 —0051 —0112 —0.057 —0.029
Hma —0.009 —0.014 —0.062 —0.001 0.005

298.15K I, M A AGEN E T y-CD & Pae S H
) 43 e K4 Ace, Hima 757KV oAH AT FH (1 S50~
WHOMBS SR, I HNMR EE. 8 T a8
PTG AR, S5 R, p-FRMDRG X = ol [ 4 S 4 4 L
H R TR ThRE: y-CD 5 =R o> 1K ifk 2%
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