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Abstract

Objective: The aim of this study was to prepare the inclusion complex of genipin (GP) and B-cyclodextrin
(B-CD) with improved stability, solubility, and bioavailability and to study the pharmacokinetics of 3-CD
inclusion complex in mice. Methods: Lyophilization was employed in the preparation of the inclusion
complex of GP-B-CD, whose formation was confirmed by infrared, ultraviolet, differential scanning
calorimetry, X-ray diffraction, and phase solubility method. Comparative studies on the in vitro solubility
and stability and in vivo evaluation of GP in mice were investigated. Liquid-liquid extraction was used for
the isolation of GP in the assay of its concentration. After injection in the caudal vein at equal doses of the
inclusion complex of free GP, the drug concentration in mice plasma at fixed time after administration was
determined by high-performance liquid chromatography method. Results: The results demonstrated that
GP-B-CD solid powders showed improved stability and solubility in aqueous solution, when comparing
with free GP. The results of the in vivo study showed that the inclusion complex of GP--CD exhibited the
dissimilar pharmacokinetics from that of free GP after intravenous administration. The inclusion complex
of GP-B-CD displayed longer MRT,_,, and higher AUC,_,, than free GP did. Conclusions: The relative
bioavailability of the inclusion complex of GP-B-CD to free GP was 305.3%, which demonstrated that

GP formulations containing B-CD significantly increased the bioavailability.
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Introduction

Genipin (Figure 1), a metabolite derived from the herbal
medicine Gardenia’s active ingredient, genipinside, is an
iridoid, which can be prepared in vitro by enzymic
hydrolysis method."? GP has attracted considerable
attention because it has a variety of interesting activities
such as choleretic effects®>* preventing fulminant
hepatic failure,® anti-inflammatory effects,®’ repairing
myocardial defects,® inducing hepatoma cell apoptosis
optosis,” antifibrosis,'’ preventing neurotoxicity,'! and
antithrombotic effects.'> However, one undesired prop-
erty of this compound lies in its instability in aqueous
solution, especially in alkaline solution. Despite the wide
range of the pharmacological properties, its application
in pharmaceutical field is limited. Therefore, it is

essential to find an appropriate way to improve its stabil-
ity, so as to facilitate its clinical application.

In recent years, cyclodextrin complexation has been
successfully used to improve the chemical stability and
bioavailability of a number of drugs. Cyclodextrins
(CDs) are cyclic nonreducing, nonhygroscopic, water-
soluble oligosaccharides composed of o.-(1—4)-linked
a-D-glucosyl units,'® which present hydrophobic cavi-
ties with the appropriate size to accommodate another
molecule by forming inclusion compounds through
host-guest interactions. Formation of the inclusion
complex can increase the guest molecule’s stability
against hydrolysis, oxidation, photodecomposition, and
dehydration. Upon inclusion, the use of CDs in phar-
maceutical formulations has been shown to enhance
drug stability, solubility, and bioavailability. 422
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Figure 1. The chemical structure of genipin.

In this study, with an aim to improve the stability, solu-
bility, and bioavailability of GP, the inclusion complex of
GP-B-CD was prepared by lyophilization method. The
formation of GP-B-CD complex was evaluated by infrared
(IR) spectroscopy, ultraviolet (UV) spectra, differential
scanning calorimetry (DSC)?"%°, X-ray diffractometry
(XRD), and phase solubility method. A stability-compar-
ing test of the inclusion complex of GP-3-CD and free GP
in buffer with the pH of 6.8 was performed. In addition,
the pharmacokinetics study of free GP and the inclusion
complex of GP-B-CD in mice via intravenous administra-
tion had been carried out to compare their bioavailability,
whereas a sensitive high-performance liquid chromatog-
raphy (HPLC) method was developed to assay the con-
centration of GP in mice plasma.

Materials and methods

Materials

GP was purchased from Challenge Bioproducts Co.,
Ltd. (Taiwan, China). B-CDs were supplied by China
Pharmaceutical (Group) Shanghai Chemical Reagent
Co. Ltd. (Shanghai, China). Puerarin (internal standard,
IS) was purchased from the National Institute for the
Control of Pharmaceutical and Biological Products
(Beijing, China). Acetonitrile and methanol for HPLC
analysis were obtained from Merck (Darmstadt,
Germany). All other reagents and solvents were of ana-
lytical grade. Distilled water was used throughout the
experiment.

In vitro GP quantification

The Agilent 1100 HPLC system was used in the concen-
tration assay. The reversed-phase HPLC column
(Kromasil ODS, 4.6 mm X 250 mm, 5 um particle size),
equipped with a guard column (C,g, 4.6 mm X 10 mm),
was employed in the method. The mobile phase, con-
sisting of acetonitrile and water in a ratio of 15:85 (v/v),
was filtered through 0.45-um nylon filter (Alltech
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Associates, Inc., Deerfield, IL, USA) and degassed in an
ultrasonic bath (Branson, Shanghai, china) before use.
All samples were analyzed at a flow rate of 1 mL/min
after injected into a 20-uL loop, with UV detection
wavelength for GP at 238 nm and the column tempera-
ture 30°C.

Preparation of the inclusion complex of GP-3-CD

The inclusion complex of GP--CD was prepared by
lyophilization method. Briefly, 50 mg GP was dispersed
into 30 mL B-CD aqueous solution (7.5 mM), and the
obtained suspension was magnetically stirred for
2 hours at room temperature. After the suspension was
filtered through a 0.22-um polytetrafluoroethylene
(PTFE) filter, the filtrate was lyophilized.

Characterization of the inclusion complex of GP-3-CD

IR spectra measurement

Fourier transform infrared (FTIR) spectra of GP, 3-CD,
GP-B-CD physical mixture, and the inclusion complex of
GP-B-CD were taken with a AVATAR 330 FTIR spectro-
photometer (Thermo Nicolet Corporation, Waltham, MA,
USA). The prepared KBr disks contained 0.01 g of sample
per 0.1 g, scanning from 400 to 4000 cm™' spectral region.

UV spectroscopy

Inclusion complex formation between GP and -CD in
water was studied by the spectral shift method. In the
sample inclusion complex, the concentration of GP was
2 ug/mL whereas the B-CD concentration varied from
2to 15 mmol/L, respectively. After the mixtures were
stirred for 4 hours, the UV absorption spectra were
recorded by a UV-visible spectrophotometer (Hp8453E,
China Hewlett-Packard Co., Ltd., Beijing, China). As a
control, the absorbance peak of free GP in aqueous
solution was also obtained.

Differential scanning calorimetry

The thermal behaviors of the samples of GP-B-CD,
the physical mixtures at the molar ratio of 1:1, free GP,
and B-CD were studied by DSC (NETZSCH STA 409
PC/PG, German). The weighed samples were heated in
sealed aluminum pans with empty aluminum pans
sealed as reference, over the temperature range of 25-
300°C, at a rate of 1.80°C/min. Nitrogen was used as
the carrier gas. The sample size was 1.938, 3.080,
2.610, and 3.370 mg.

X-ray powder diffractometry

Powder X-ray diffraction (XRD) patterns were recorded
on an X-ray diffractometer (Rigaku-D/MAX-2550PC,
Rigaku Corporation, Tokyo, Japan) using a Ni-filtered
Cu K(o) radiation under a voltage of 40 kV and a
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current of 100 mA. The scanning rate employed was
0.02°s7! over the angle 26 range of 0-50°. The XRD
patterns of free GP, inclusion complex, and their physi-
cal mixtures were recorded.

Phase solubility study

The aqueous solubility of GP at various concentrations
of B-CD was studied according to the method reported
by Higuchi and Connors.?® The excess amount of GP
was added to B-CD aqueous solutions (50 mL) and
shaken at room temperature with increasing concentra-
tions (0-15 mmol/L), for a period of 48 hours, until
equilibrium was attained. The samples were prepared
by filtering through a 0.22-um PTFE filter and assayed
by HPLC for GP content.

The phase-solubility diagram was obtained by plot-
ting the solubility of GP versus the concentration of [3-
CD. The apparent 1:1 stability constant of the inclusion
complex of GP-B-CD was calculated from the phase-
solubility diagram:

_ slope
¢ §,(1-slope)
where K is the stability constant (M™!), slope is obtained
from the linear relationship between the concentration
of GP and B-CD and S, is GP solubility (25°C, M). Each
experiment was carried out in triplicate (RSD < 3%).

In vitro stability assessment

The inclusion complex of GP-B-CD (5 ug/mL of GP)
and free GP (5 pug/mL) were dissolved in aqueous solu-
tion at a temperature of 50°C. The concentration of GP
in both solutions was assayed by HPLC at proper time
intervals for 48 hours to compare the stability.

Pharmacokinetics in mouse plasma

Pharmacokinetic studies were performed on male
Kunming mice (22 £ 2 g) obtained from the Experimen-
tal Animal Center of Shanghai University of Traditional
Chinese Medicine (Shanghai, China). The animal
experimentation was approved by the Animal Ethics
Committee of Shanghai University of TCM (Shanghai,
China). Before the experiment, all the mice were adap-
tively fed for 1 week, 12-hour fasting for and free drink-
ing before the experiment. Seventy mice were randomly
divided into two groups, each group with 35 mice. For
intravenous administration, the inclusion complex of
GP-B-CD and the free GP were redissolved in liquor
natrii chloridi isotonicus. The intravenous bolus was
given to mice (n = 5) in the caudal vein at a dose of

10 mg/kg mice. Blood samples from mice were col-
lected via retro-orbital sinus into heparinized Eppendorf
tubes at 5, 10, 15, 30, 45, 60, and 90 minutes after
administration. Then the samples were immediatedly
prepared by centrifugation.

To assay GP, 200 puL plasma sample, after adding
20 UL hydrochloric acid (2 N) and 50 pL internal stan-
dard (Puerarin, 1.1 ug/mL) and vortexing for 1 minute,
was extracted with 3 mL of acetic ether by vortex mixing
for another 2 minutes and centrifuged at 4000 rpm for
5minutes in 5-mL centrifuge tubes. After centrifuga-
tion, the organic supernatant was poured into a clean
tube and evaporated to dryness under a gentle stream
of nitrogen. The resulting dry products were redissolved
with 200 uL mobile phase, and then 20 uL of it was sub-
jected to HPLC analysis. The pharmacokinetic parame-
ters were calculated by DAS VER 2.0 (Drug and Statistics
software, which was developed by Mathematical Phar-
macology Professional Committee of China and autho-
rized and supported by China’s State Food and Drug
Administration).

Results and Discussion

IR spectroscopy

The FTIR spectra of wave number from 4000 to 400 cm ™
are shown in Figure 2. The pure GP has intense absorp-
tions peaks at 3397.6, 3242.2, 1681.4, 1621.7, 1443.21,
and 1301.30 cm™!, which are the characteristic peaks for
identification. The spectrum of pure B-CD showed
characteristic peaks at 3404.6 cm™!. The spectrum of the
physical mixture is well matched with that of B-CD
spectrum in about 2944.1 cm™ and the crystalline drug
spectrum in about 3396.6 cm™!, which indicated that no
interaction occurred during simply physical mixing of
the free drug and B-CD. The spectrum of the inclusion
complex of GP-B-CD shows a broad peak at around
3400 cm™ and the less-intense absorption at around
1681, 1621, 1443, and 1301 cm™!, with the disappearance
of the sharp absorptions at 3400 and 3242 cm™!, which
were observed in the spectrum of GP. It led us to the
result that some groups of GP might be included in the
cavity of B-CD molecules to form the inclusion complex.

UV spectroscopy

The inclusion complex composed of GP and B-CD in
aqueous solution was characterized by using UV
spectroscopy. Figure 3 illustrates the effects of -CD’s
concentration on the spectra of GP in aqueous solution.
Absorption peak of GP in aqueous solution is exhibited at
238 nm. The absorbance of GP varied significantly
with the addition of B-CD. The increase in B-CD’s
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Figure 2. IR graphs of (a) GP, (b) physical mixture of GP-3-CD,
(c) the inclusion complex of GP-B-CD, and (d) B-CD.
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Figure 3. The effect of -CD concentration on the UV absorbance of
GP in aqueous solution; the B-CD concentration was (a) 2 mmol/L,
(b) 4 mmol/L, (c) 6 mmol/L, and (d) 15 mmol/L, respectively.

concentration from 2 to 15 mmol/L resulted in a different
decrease in the absorbance of GP, compared with that of
the free GP aqueous solution at equal concentration.
These changes might be partly attributed to the shielding
of chromophore groups in GP molecule, which is possi-
bly the results of the complex formation between GP and
B-CD through hydrophobic interaction.?*
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Differential scanning calorimetry

The thermograms of -CD, GP, the inclusion complex,
and the physical mixture are shown in Figure 4. The
DSC diagram of GP exhibited a sharp endothermic peak
at 123.7°C, indicating the melting point of GP. Another
sharp peak at 220.5°C was attained in the diagram,
which might be a degradation temperature of GP. The
thermogram of the inclusion complex showed a sharp
endothermic peak at the dissociation temperature of
214.8°C, without any trace of GP’s melting peak of
123.7°C, which indicated that guest-guest interactions
were completely replaced with guest-host interactions
and presented the formation of the complexation. How-
ever, after the investigation of the diagram of the physi-
cal mixture, it could be deduced that the melting peak
of GP still existed, which decreased to 110.7°C. The DSC
resulted gave the evidence that free GP was included
within the central cavity of the B-CD molecule in the
conclusion complex, whose thermal property was partly
similar to 3-CD.

X-ray powder diffractometry

X-ray powder diffraction patterns of plain GP, physical
mixture, corresponding to the inclusion complex and
B-CD, are shown in Figure 5. The XRD of physical mix-
ture was observed to be almost the overlap between that
of B-CD and that of free GP, which indicated that in the
physical mixture there was no formation of a new crys-
tal form. However, compared with the diffractogram of
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Figure 4. DSC thermogram of (a) GP, (b) physical mixture of GP-3-CD,
(c) the inclusion complex of GP-B-CD, and (d) B-CD.
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Figure 5. XRD patterns of (a) GP, (b) physical mixture of GP-B-CD,
(c) the inclusion complex of GP-B-CD, and (d) B-CD.

GP and the physical mixture, some sharp peaks were
missing, whereas other new dispersed peaks were
detected in the XRD pattern of GP-B-CD inclusion sys-
tem, which strongly suggested the formation of the
inclusion complex.

Phase solubility studies

The solubility of GP in distilled water was affected by
the presence of B-CD. The obtained GP’s apparent solu-
bility showed a linear relationship with B-CD concen-
tration (Figure 6) and conformed to Higuchi and
Connors’s results and could be classified as A; type,
where complexes formed were of the first order with
regard to the host molecule. The slope of solubility
diagram was less than 1; it was therefore presumed that
the solubility increase could be attributed to the forma-
tion of the 1:1 complex. Stability constant value (K_)
obtained for the GP-B-CD complex was 497 M~!, which
indicated that the GP-B-CD complex at a 1:1 ratio is
relatively stable.?!
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Figure 6. Phase solubility diagram of GP in 0-15 mmol/L B-CD
aqueous solution (mean + SD, n = 3).

In vitro dissolution studies

The in vitro dissolution profiles of the drug and inclu-
sion complex are shown in Figure 7. The solubility of
complexes was much better compared with the drug
alone. The solubility profile of the complex showed that
73.0% drug was released in 3 hours while that of the
pure drug showed 58.7%. This enhancement can
ascribe to the more hydrophilic property of the systems,
which may reduce the interfacial tension between the
drug and the dissolution media.?® Moreover, the GP-B-CD
inclusion complex dissolves more rapidly than the drug
at the early stage of the dissolution process. Hence, it
can act on the hydrodynamic layer surrounding the
drug particles, resulting in an in situ inclusion process
that improves the solubility of the drug.?® In fact, the
systems containing a greater amount of $-CD dissolve
relatively faster. Therefore, it must be pointed out that
the freeze-dried powder of GP-B-CD complex at the
molar ratio of 1:1 showed improved drug solubility
compared with its free drug.
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Figure 7. Dissolution profile of GP and the inclusion complex of
GP-B-CD (mean £ SD, n = 3).



In vitro stability

The in vitro stability of the drug and inclusion complex
is shown in Figure 8. The result demonstrated that the
inclusion complex formation of GP and B-CD could
significantly improve the stability of GP in aqueous
solution, with the data of 85.2% of GP detected in the
inclusion complex solution, while only 18% in the free
drug solution at the temperature of 50°C after 48 hours.

Pharmacokinetics in mouse plasma

The representative HPLC chromatograms of a plasma
sample after intravenous administration at a dose of
10 mg/kg of GP are shown in Figure 9. The calibration

—— GP-B-CD
—— GP

Genipin (%)

Genipin

40 50 60

0 1 1
0 10 20

30
Time (hours)

Figure 8. Stability of GP and the inclusion complex of GP-B-CD
(mean +SD, n =3).
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curve of GP was linear over the concentration range of
0.052-20.96 pg/mlL, fitting the equation: y = 2.3995x +
55.3743 (r = 0.9992). The relative standard deviation
(RSD) obtained for interday and intraday precision, at
low, medium, and high concentration solutions (0.055,
1.1, and 20.0 pug/mL, respectively), was less than 8.5%.
The recoveries of GP at the three concentrations (n = 5)
were 105 +8.9%, 85.6 = 7.3%, and 81.3 £ 6.4%, respectively.
The LOQ and LOD for GP were 0.05 and 0.04 pg/mlL,
respectively.

Results of GP in the plasma (Figure 10) showed sig-
nificant difference between the groups treated with the
inclusion complex of GP-B-CD and with free GP. In the

Plasmaconcentration (ug/mL)

0 20

40 60 100

Time (minutes)

80

Figure 10. Mean GP concentration-time curve in mouse plasma
after injection of GP (10 mg/kg) to mice. Each point indicates means
+ SD of five mice.
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Figure 9. (a) Blank plasma; (b) blank plasma with IS (8 ug/mL); (c) a representative chromatogram of GP (5 g/mL) and IS (8 ug/mL) added to
plasma; (d) representative chromatogram of GP and IS in pharmacokinetic sample. IS, internal standard, Puerarin.
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Table 1. Pharmacokinetic parameters following intra-
venous administration of the inclusion complex of
GP-B-CD or free GP to mice in a dose of 10 mg/kg.

Pharmacokinetic

parameters GP GP-B-CD
AUC,_, (mg/L) 0.882 1.71*
AUGC,_,(mg/Lh) 0.304 0.934*
AUG,_.. (mg/Lh) 0.321 0.98*
MRT,,_, (hours) 0.202 0.402*
MRT,_., (hours) 0.259 0.522*
t) 2, (hours) 0.078 0.354*
CL, (L/h/kg) 31.122 10.208*
V, (L/kg) 8.115 5.212

*P<0.01 versus GP.

free GP group, GP was quickly metabolized with the
reduced concentration of GP to a very low level (close to
the LOD) after 45 minutes of the administration. How-
ever, in the inclusion complex group, GP seemed to
keep relatively higher concentration level and eliminate
slowly in vivo, which could still be detected 1.5 hours
post-i.v. The pharmacokinetic parameters and statisti-
cal results are listed in Table 1. By comparison, the CL,
of the inclusion complex of GP-B-CD and free GP sug-
gests significant deviation (P < 0.01) between the two
groups and the reduced CL, increased t,,5,, MRT, and
AUC in the inclusion complex of GP-B-CD group.
Examining the results from the group analysis, the ;,,,
and MRT of GP of the inclusion complex of GP-B-CD
group was significantly prolonged than that of free GP
group (P <0.01). By comparing the AUC,_,, of GP between
the groups, the relative bioavailability of the inclusion
complex of GP-B-CD to free GP was as high as 305.3%.

Conclusion

The influence of solvent’s pH environment on the sta-
bility of GP aqueous solution was also investigated,
through detecting the GP concentration after preparing
some 11.8 ug/mL GP solutions by different pH buffers
(pH 3.8 PBS, pH 5.3 PBS, pH 7.2 PBS, pH 9.1 PBS) and
putting them at room temperature for about 24 hours.
The resulting detected concentrations of GP decreased
to 82.8%, 79.1%, 68.3%, and 12.3% of the initial concen-
tration, respectively, which showed significant influ-
ence of pH on GP aqueous solution. The results showed
that GP was more stable in acid solution (pH < 5.3)
whereas it degraded quickly in alkalized buffer solu-
tions. So, it could be deduced that GP was degraded in
plasma, which was a weak alkalized environment with
the pH of 7.4. Moreover, GP is unstable and prone to be
hydrolyzed in aqueous solution,?® which was verified in
our experiment. Our studied on GP indicated that the

inclusion complex of GP--CD was more stable than
free GP in aqueous solution, which had physicochemical
characteristics differentiating it from GP. In addition,
through inclusion with 3-CD, the dissolution of GP was
also improved to some extent in aqueous solution.

Complexes formation has been studied. The differ-
ences in UV spectra of GP-B-CD complex and of the free
GP indicated the interaction of the drug with B-CD, that
is, the formation of complex occurred. The difference of
IR spectroscopy between the inclusion complex of GP-
B-CD and the physical mixture of GP-B-CD notified the
formation of the inclusion complex. The SEM photomi-
crographs of the inclusion complex formed by GP and
B-CD, of the physical mixture of the crystalline
substance, implied the variations of the crystalline
structure, which hinted the formation of the inclusion
complex. The results obtained from XRD studies sug-
gested the formation of complex between GP and 3-CD.
The solid system of GP and B-CD prepared by lyo-
philization method presented a good stability and
solubility performance. The results obtained by differ-
ent characterization techniques clearly indicated that
the lyophilization led to the formation of complexes
between GP and B-CD. Moreover, the comparison of
pharmacokinetics of GP and its complex with B-CD in
mice indicated that the inclusion complex of GP-B-CD
had longer f,,,, and MRT_., and better bioavailability.
In conclusion, the results indicated that the inclusion
complex could significantly improve GP’s stability and
dissolution properties in vitro, and bioavailability in
vivo, which allowed us to conclude that the complex of
GP with B-CD is quite preferable and of an important
reference to the clinical application of GP, leading to a
better therapeutic prospect.

Acknowledgments

This study was supported by National Natural Science
Foundation of China (grant no. 30500667) and Shanghai
Science and Technology Committee (grant no.
05QMX1449).

Declaration of interest: The authors report no conflicts
of interest.

References

1. Lee SW, Lim JM, Bhoo SH. (2003). Colorimetric determination
of aminoacids using genip in from Gardenia jasminoides.
Analytica Chemica Acta, 480:267-74.

2. Cho HJ, Park YS, Kim MG. (2001). Isolation and characterization
the major colorant in Gardenia fruit. Dyes Pigments, 49:15-20.

3. Okadak, Shoda J, Kano M, Suzuki S, Ohtake N, Yamamoto M,
et al. (2007). Inchinkoto, a herbal medicine, and its ingredients



10.

11.

12.

13.

14.

15.

16.

dually exert Mrp2/MRP2-mediatedcholeresis and Nrf2-medi-
ated antioxidative action in rat livers. Am J Physiol Gastrointest
Liver Physiol, 292:G1450-63.

Yang L, Akao T, Kobashi K. (1995). Purification and character-
ization of a geniposide-hydrolyzing beta-glucosidase from
Eubacterium sp. A-44, a strict anaerobe from human feces. Biol
Pharm Bull, 18:1175-8.

Takeuchi S, Goto T, Mikami K, Miura K, Ohshima S, Yoneyama
K, et al. (2005). Genipin prevents fulminant hepatic failure
resulting in reduction of lethality through the suppression of
TNF-alpha production. Hepatol Res, 33:298-305.

Koo HJ, Lim KH, Jung HJ, Park EH. (2006). Anti-inflammatory
evaluation of gardenia extract, geniposide and genipin. J Eth-
nopharmacol, 103:496-500.

Koo HJ, Song YS, Kim H]J, Lee YH, Hong SM, Kim SJ, et al.
(2004). Antiinflammatory effects of genipin, an active principle
of gardenia. Eur ] Pharmacol, 495:201-208.

Chang Y, Chen SC, Wei HJ, Wu TJ, Liang HC, Lai PH, et al.
(2005). Tissue regeneration observed in a porous acellular
bovine pericardium used to repair a myocardial defect in the
right ventricle of a rat model. Thorac Cardiovasc Surg,
130:705-711.

Kim BC, Kim HG, Lee SA, Lim S, Park EH, Kim SJ, et al. (2005).
Genipin-induced apoptosis in hepatoma cells is mediated
byreactive oxygen species/c-Jun NH2-terminal kinase-
dependent activation of mitochondrial pathway. Biochem
Pharmacol, 70:1398-407.

Inao M, Mochida S, Matsui A, Eguchi Y, Yulutuz Y, Wang Y,
et al. (2004). Japanese herbal medicine Inchin-ko-to as a thera-
peutic drug for liver fibrosis. ] Hepatol, 41, 584-91.

Yamazaki M, Sakura N, Chiba K, Mohri T. (2001). Prevention of
the neurotoxicity of the amyloid beta protein by genipin. Biol
Pharm Bull, 24:1454-5.

Suzuki Y, Kondo K, Ikeda Y, Umemura K. (2001). Antithrom-
botic effect of geniposide and genipin in the mouse thrombosis
model. Planta Med, 67:807-10.

Aachmann FL, Otzen DE, Larsen KL, Wimmer R. (2003). Struc-
tural background of cyclodextrin-protein interactions. Protein
Eng, 16:905-12.

Wang JH, Li X., Xu SR. (2007). Characterization of the inclusion
complexes of nitrendipine with B-cyclodextrin. ] Chongqing
Univ (Natural Science Edition), 7:124-29.

Loftsson T, Fridriksdottir H, Olafsdottir BJ, Gudmundsson O.
(1991). Solubilization and stabilization of drugs through cyclo-
dextrin complexation. Acta Pharmaceutica Nordica, 3:215-7.
Loftsson T, Sigurdsson HH, Masson M, Schipper N. (2004).
Preparation solid drug/cyclodextrin complexes of acidic and
basic drugs. Pharmazie, 59:25-9.

The inclusion complex of genipin-3-cyclodextrin
17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.
28.
29.

30.

1459

Redenti E, Szente L, Szejtli J. (2000). Drug/cyclodextrin/
hydroxy acid multicomponent systems: Properties and phar-
maceutical applications. ] Pharm Sci, 89:1-8.

Buchanan CM, Buchanan NL, Edgar KJ, Lambert JL, Posey-
Dowty JD, Ramsey MG, et al. (2006). Solubilization and dissolu-
tion of tamoxifen-hydroxybutenyl cyclodextrin complexes.
J Pharm Sci, 95:2246-55.

Buchanan CM, Buchanan NL, Edgar KJ, Little JL, Malcolm MO,
Ruble KM, et al. (2007). Pharmacokinetics of tamoxifen after
intravenous and oral dosing of tamoxifenhydroxybutenyl-beta-
cyclodextrin formulations. ] Pharm Sci, 96:644-60.

Buchanan CM, Buchanan NL, Edgar KJ, Ramsey MG. (2007).
Solubility and dissolution studies of antifungal drug: hydroxy-
butenyl-beta-cyclodextrin complexes. Cellulose, 14:35-47.
Buchanan CM, Buchanan NL, Edgar K]J, Klein S, Little JL, Ruble
KM, et al. (2007). Pharmacokinetics of itraconazole after
intravenous and oral dosing of itraconazole-cyclodextrin for-
mulations. J Pharm Sci, 96:3100-66.

Wempe MF, Buchanan CM, Buchanan NL, Edgar KJ, Hanley
GA, Ramsey MG, et al. (2007). Pharmacokinetics of letrozole
in male and female rats: Influence of complexation with
hydroxybutenyl-beta-cyclodextrin. J Pharm Pharmacol,
59:795-802.

Higuchi T, Connors KA. (1965). Phase solubility techniques.
Adv Anal Chem Instrum, 4:117-212.

Liu J, Qiu LY, Gao JQ, Jin Y. (2006). Preparation, characteriza-
tion and in vivo evaluation of formulation of baicalein with
hydroxypropyl-B-cyclodextrin. Int ] Pharm, 312:137-43.

Mura P, Faucci MT, Parrini PL. (2001). Effects of grinding with
microcrystalline cellulose and cyclodextrins on the ketofen
physicochemical properties. Drug Dev Ind Pharm, 27:119-28.
Shigeaki F, Tomoko Y, Kunimasa K, Jun-ichi K. (1987). The
continuous hydrolysis of geniposide to genipin using immobi-
lized B-glucosidase on calcium alginate gel. Biotechnol Lett,
9:697-702.

Brandao AS, Malheiros TA, Dal Magro A, Filho C, Yunes A.
(2003). Characterization of sesquiterpene polygodial-beta
cyclodextrin inclusion complex. ] Incl Phenom Macro, 46:77-81.
Chowdary KP, Nalluri N. (2000). Nimesulide and -cyclodextrin
inclusion complex: Physicochemical characterization and disso-
lution rate studies. Drug Dev Ind Pharm, 26(11):1217-20.

Sri KV, Kondaiah A, Ratna JV, Annapurna A. (2007). Prepara-
tion and characterization of quercetin and rutin cyclodextrin
inclusion complex. Drug Dev Ind Pharm, 33:245-53.

Veiga F, Femandes C, Maincent P. (2001). Influence of the
preparation method on the physicochemical properties of
tolbutamide/cyclodextrin binary system. Drug Dev Ind Pharm,
27(6):523-32.



