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Introduction

Cyclodextrins are cyclic oligosaccharides with a hydro-
philic external surface and a hydrophobic cavity interior. 
β-Cyclodextrin (β-CD) is the most widely used because it 
is readily available; moreover, it provides pharmaceutically 
useful complexation characteristics with the widest range 
of drugs. This may improve physical and chemical prop-
erties of the inside guest molecule such as stability, solu-
bility, and bioavailability (Loftsson and Brewster, 1996). 
However, its rather low aqueous solubility and toxicity is 
a serious barrier in its application in the pharmaceutical 
field (Szejtli, 1994). To overcome those difficulties, the 
hydrophilic cyclodextrin derivatives have been extensively 
developed to enhance the solubility, chemical stability, and 
oral bioavailability of poorly water-soluble drugs (Loftsson 
et al., 1994; Thompson, 1997; Ventura et al.,1997). But only 
a few derivatives, such as hydroxypropyl-β-cyclodextrin 
(HP-β-CD) and sulfobutylether-β­-cyclodextrin (SEB-

β-CD), have been investigated for pharmaceutical appli-
cations (Rajewski and Stella, 1996; Irie and Uekama, 1997; 
Marcus et al.,2008; Peeter at al., 2002; Robert et al., 1998; 
Savolainen et al., 1998).

However, a special member of chemically modified 
hydrophilic cyclodextrin derivative called water-soluble 
β-cyclodextrin polymer (β-CDP) has been attracted by 
many researchers in recent years (Uekama et  al., 1985; 
Renard et  al., 1997), which can simultaneously offer the 
advantages of the amorphous state and CD-type complex-
ation without toxic effects (Szeman et al., 1987; Fenyvesi, 
1988). β-CDP is a kind of high-molecular-weight compound 
that consists of repeat unit of β-CD. This kind of polymer 
remains the cavity structure of β-CD, which makes it pro-
vided with the capability of forming inclusion complexes 
with a variety of guest molecules. They are prepared by 
reacting β-CD with epichlorohydrin (EP) in alkaline media 
resulting in products that consist of a mixture of monomeric 
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species and of polymeric fraction (Renard et al., 1997). The 
polymeric fraction of EP cross-linked β-CD with an average 
molecular mass up to about 20,000 appears highly water 
soluble, and showed to be useful for increasing solubility 
and dissolution rate of poorly water-soluble drugs (such 
as butylparaben, hydrocortisone, cinnarizine, tolnaftate, 
acetohexamide, and furosemide), often more effectively 
than the parent β-CD or dimethyl-β-CD (Duchêne, 1987; 
Szeman et  al., 1987; Szente and Szejtli, 1999; Mura et  al., 
2002). In our study, the newly β-CDP we prepared pos-
sessed some advantages over parent cyclodextrin and 
other cyclodextrin derivatives. The β-CDP exhibited a 1:1 
binding constant with neutral form of poorly water-soluble 
drugs, which were comparable with or higher than those 
observed for the neutral HP-β-CD.

Glipizide, an oral hypoglycemic agent, is an effective 
drug in the treatment of patients with type II (non-insu-
lin-dependent) diabetes mellitus. It belongs to class  II 
of Biopharmaceutical Classification System (BCS) hav-
ing low water solubility, which is rate-limiting step in 
absorption of drug in gastrointestinal (GI) tract (Bhosale 
et al., 2009) and also considered to be a main factor con-
tributing to its very limited oral bioavailability (Rajan and 
Vermal, 2004). To avoid this problem in previous work, 
inclusion complex of glipizide with β-CD or HP-β-CD has 
been proved to increase the solubility in phosphate buf-
fer and water solution (Adel et al., 2003; Tan et al., 2004; 
Zhang et al., 2008). In this article, glipizide was used as 
a model drug to evaluate whether water-soluble β-CDP 
could be a useful additive to significantly increase the 
aqueous solubility of poorly soluble drugs. To the best of 
our knowledge, no information was available on the com-
parison study of complex forming properties between 
β-CDP and HP-β-CD. The advantages of water-soluble 
β-CDP on the capability of solubility and dissolution rate 
of glipizide were investigated in this article, by compris-
ing with HP-β-CD. The influence of β-CDP complexation 
on the in vivo bioavailability was also first evaluated for 
the glipizide/β-CDP complexes after oral administration 
to beagle dogs.

Materials and methods

Materials
Glipizide was obtained from the No. 10 Shanghai chemical 
reagent factory. β-CD and HP-β-CD (average molar sub-
stitution, 0.6 MW = 1383 g/mol) were supplied by Xinda 
Institute of Pharmaceutical and Chemical (Shandong, 
China). EP was purchased from Bodi Fine Chemicals 
Company (Tianjin, China). All other reagents used in this 
study were of analytical grade and used as received.

Methods
Synthesis of water-soluble β-CDP
β-CDP was synthesized by a one-step condensation 
polymerization developed from previous methods 
(Renard et al., 1997). A typical synthesis procedure was 
described below: in a thermostated reactor vessel, a 

mixture of β-CD (20g) and NaOH solution (50% w/w) 
(32 mL) was stirred for 24 h at 25°C. The mixture was 
heated to 30°C and 24 mL of EP was added rapidly, and 
then vigorously stirred vigorously with a magnetic stirrer 
for 6 h at 30°C. The reaction was stopped by the addition 
of acetone. After decantation, acetone was removed. The 
solution was kept at 50°C overnight. After cooling, the 
solution was neutralized with 6 N HCl and ultrafiltrated 
(molecular weight cutoff 3500) in order to eliminate salt 
and low-molecular-weight compounds. The solution 
obtained was evaporated and precipitated by adding 
dehydrated ethanol. The white product was dried under 
vacuum at 60°C for 24 h, crushed, and finally granulated 
to particle sizes of 1–2 mm in diameter. The mean molec-
ular weight of β-CDP was determined as 18,000 by gel 
permeation chromatography.

13C-NMR studies of β-CDP
Nuclear magnetic resonance (NMR) spectra were con-
ducted in D

2
O using a Bruker ARX-300 MHz spectrom-

eter (Switzerland) operated at 600 MHz for 13C-NMR. The 
number of scans ranged from 8 to 128 with a relaxation 
delay of 3 sec.

Preparation and physicochemical properties of inclusion 
complex

Preparation  The solid inclusion complexes were pre-
pared at a 1:40 weight ratio of glipizide to HP-β-CD or 
β-CDP. Ten milligrams of glipizide was dissolved in 
methanol (10 mL) and added to water (40 mL) containing 
400 mg of cyclodextrin. The suspension was maintained 
under stirring for 4 h at 60°C. The solvent was then evapo-
rated under vacuum at 40°C with a rotary evaporator and 
residue was kept in a desiccator until used. The content 
of glipizide in each complex was determined by UV spec-
troscopy at 275 nm (Shimadzu, Japan).

Phase solubility  Phase-solubility studies were performed 
by the method previously described by Higuchi and 
Connors (Higuchi and Connors, 1965). In brief, an excess 
amount of glipizide was added to 10 mL of aqueous solu-
tions containing various concentrations (0–10%, w/v) 
of HP-β-CD or β-CDP. The suspensions were vigorously 
shaken at 25 ± 1°C for 72 h in order to reach equilibrium. 
After equilibrium was attained, the samples were filtered 
through a 0.45-μm Millipore membrane filter, and glip-
izide concentration was determined by UV spectroscopy 
at 275 nm. Each experiment was carried out in triplicate. 
The apparent 1:1 stability constant, K

s
, was calculated 

from the phase-solubility diagrams using the equation:

K slope/intercept (1 slope)s  � (1)

 where the intercept corresponds to the intrinsic solubil-
ity (S

0
) of glipizide at 25°C.

DSC curve  A physical mixture consisting of glipizide 
and β-CDP in the same weight ratio as the complex 
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was prepared. The glipizide and β-CDP were admixed 
together in a mortar and pestle for 30 min to obtain a 
homogeneous blend.

The DSC curves of pure drug, β-CDP, physical mix-
tures, and complexes were performed using a Shimadzu 
DSC-60 Systems (Shimadzu, Kyoto, Japan) with a DSC 
equipped with a computerized data station TA-50WS/
PC. The thermal behavior was studied by heating all 
samples in a sealed aluminum pan, using an empty 
pan sealed as reference, over the temperature range of 
30–300°C, at a rate of 10°C/min and under a nitrogen 
flow of 20 cm3/min.

Dissolution  The dissolution behavior of the complexes 
was compared with that of pure glipizide and of physical 
mixtures containing quantities of formulation equiva-
lent to 10.0 mg of glipizide. The dissolution studies were 
carried out according to USP 23 apparatus 2 (rotating 
paddle method) with a ZRS-8G intelligent dissolution 
tester (Tianjin university Radio Factory, Tianjin, China). 
Distilled water (250 mL) was used as the dissolution 
medium, which was maintained at 37°C and stirred at 
50 rpm. Powdered samples containing 10.0 mg of glipiz-
ide or its equivalent in complex or physically mixed form 
with HP-β-CD and β-CDP were used. At appropriate time 
intervals, 5 mL samples were withdrawn and filtered rap-
idly through a 0.8-μm membrane filter. The concentra-
tion of glipizide was determined by UV spectroscopy at 
275 nm, directly or diluted when needed. All experiments 
were made in triplicate.

Pharmacokinetic study
In vivo study
The in vivo evaluation was performed by a standard 2 × 2 
crossover treatment, in randomized order crossover, in 
six healthy beagle dogs (weighing 20 ± 2.5 kg) with a 
7-day washout period. All studies were conducted in 
accordance with the Principles of Laboratory Animal 
Care (NIH publication no. 85-23, revised in 1985) and 
were approved by the Department of Laboratory Animal 
Research at Shenyang Pharmaceutical University. The 
beagle dogs were fasted overnight for at least 12 h, 
although free access to water was allowed. During the 
course of the experiment, food was not given until 4 h 
after administration of the two preparations. The two 
preparations were (1) glipizide/β-CDP complex cap-
sule (5 mg/capsule, self-made) (test preparation) and 
(2) the commercial glipizide capsule (5 mg/capsule; 
Hainan Jinxiao Pharmaceutical Ltd. Co., China) (refer-
ence preparation). Both treatments contained 10 mg of 
glipizide and both preparations were orally adminis-
trated with 20 mL of water. Blood samples (4 mL) were 
taken prior to drug administration and at 0, 0.5, 1, 1.5, 
2, 2.5, 3, 4, 6, 8, 10, 12 h after dosing into heparinized 
microcentrifuge tubes. Plasma was separated by cen-
trifugation (4000 rpm, 10 min) and stored at −20°C until 
analyzed.

Assay of glipizide in plasma samples
The glipizide in plasma was assayed as following: plasma 
(0.5 mL) was mixed by vortexing with 10 µL of internal 
standard (50 µg/mL gliclazide) and 0.2 mL of 0.5 M HCl 
solution for 2 min. Diethyl ether (3 mL) was added for 
extraction. After 3 min of vortex, the mixture was cen-
trifuged for 10 min at 4000 rpm. The supernatant was 
transferred into a clean glass tube and evaporated to 
dryness in a water bath at 60°C under a flow of nitrogen. 
The residue was resuspended in 100 µL mobile phase 
by vortexing for 3 min and a 20 µL volume was injected 
into a Diamonsil C

18
 column (200 mm × 4.6 mm, I.D. with 

5 μm packing material C
18

). The mobile phase was mix-
ture solution of 100 mL methanol, 550 mL distilled water, 
and 350 mL acetonitrile, containing 1% (v/v) acetic acid 
and 0.08% (v/v) triethylamine. The solvent was filtered 
through a 0.45-µm filter and degassed. The chromato-
graph was operated at a flow rate of 1.0 mL/min and the 
eluent was monitored spectrophotometrically at the 
UV maximum of glipizide (275 nm). All the determina-
tions were performed at 30°C. Analysis methods were 
validated according to the established international 
guidelines and requirements (Validation of Analytical 
Methods: Definitions and Terminology, ICH Topic Q2A, 
and Validation of Analytical Procedure: Methodology, 
ICH Topic Q2B).

Pharmacokinetic and statistical analyses
The maximum plasma concentration (C

max
) and the time 

to reach peak concentration (T
max

) were obtained directly 
from the concentration–time data of each dog. The areas 
under the serum concentration–time curve (AUC

0–12 h
) 

were calculated by the trapezoidal method. The elimina-
tion constant (K

e
) was estimated from the elimination 

segment of the curve, as the slope of the plot of logarithm 
of concentration versus time, while the half-time (T

1/2
) 

was calculated as 0.693/K
e
. The relative bioavailability 

(F
rel

) was calculated by [(AUC
test

)/(AUC
ref

)] × 100%, where 
“test” and “ref” correspond to the self-made preparation 
and commercial preparation, respectively.

Data were expressed as the means of six separate 
experiments, and were compared by analysis of variance 
(ANOVA). A P-value <0.05 (or <0.01) was considered 
statistically significant in all cases. All data analysis was 
performed with Microsoft Excel.

Results and discussion
13C-NMR studies
EP, which contains two reactive functional groups, can 
react with β-CD molecules and/or itself (polymeriza-
tion step). The possible structure of β-CD polymer was 
β-CD cross-linked by epichlorohydrin and polymerized 
epichlorohydrin. In order to confirm this assumption, 
we have investigated the structure of these water-soluble 
polymers by 13C-NMR spectroscopy. The 13C-NMR spec-
trum of β-CDP in D

2
O was presented in Figure 1.

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/3

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Enhancement of dissolution rate and oral bioavailability  609

According to the assignation by Renard et al. (1997), 
the signals in the region between 60 and 70 ppm can be 
observed, which was attributable to C-6 in the glucose 
unit of β-CD and the hydroxymethyl group of EP. The 
small signal at 62 ppm in the 13C-NMR spectrum has been 
assigned to non-reacted C-6 of β-CD. The result of sub-
stitution taking place at C-6 of the β-CD was a downfield 
chemical shift. The distinguishable signal at 62.5 ppm 
could be attributable to the –CH

2
-OH of the EP terminal 

residue. The substitution at the C-2 and C-3 of the β-CD, 
appearing at 79 and 77 ppm respectively, produced a 
downfield chemical shift. This information suggested that 
the substitution occurred on the primary and secondary 
hydroxyl group of β-CD with EP.

Phase-solubility studies
Solubility experiments were carried out to investigate 
the interaction of glipizide with β-CDP and HP-β-CD. 
The phase-solubility profiles obtained for glipizide/β-
CDP systems and glipizide/HP-β-CDP systems were 
presented in Figure 2. The obtained diagram indicated 
that the apparent solubility of glipizide increased lin-
early with increasing β-CDP concentration and showed 
an A

L
-type profile (Higuchi and Connors, 1965). This 

suggested the formation of a 1:1 complex over the con-
centration range studied. The results were consistent 
with previous reported finding (Gan et  al., 2002; Adel 
et al., 2003).

When the apparent stability constant (K
s
) was applied 

to evaluate the solubility of β-CDP using the Equation (1), 
the molar concentration of β-CDP was calculated by tak-
ing the β-CD repeat unit as its molecular weight to convert 
the units of β-CDP concentration from mass concentra-
tion (w/v) to molar concentration (mol/L) (Mura et  al., 
2002). In other words, the β-CD repeat unit instead of the 
entire polymer chain served as the host. Thus, the K

s
 of 

β-CDP and HP-β-CD could be compared. According to 
Equation (1), the apparent stability constant (K

s
) of the 

glipizide/β-CDP and glipizide/HP-β-CD complex formed 
was found to be 665.53 M−1 and 342.33 M−1, respectively. 
The binding potential of β-CDP with glipizide was higher 
than that of HP-β-CD because the polymer fragments of 
β-CDP extended the hydrophobic cavity of the β-CD.

After included with β-CDP, glipizide solubility was 
increased up to 300.376 μg/mL, about 36.65 times higher 
than the original value (8.195 μg/mL). When glipizide 
was included by HP-β-CD, the relative increase of glip-
izide solubility was about 20.87 times. Under the same 
experimental conditions, β-CDP exhibited a better solu-
bilizing activity than that observed in HP-β-CD.

DSC studies
Solid inclusion complexes of glipizide with β-CDP were 
prepared easily by the co-evaporation method.The DSC 
thermograms of glipizide, β-CDP, physical mixtures, 
and their inclusion complexes were shown in Figure 3. 
Glipizide exhibited a sharp endothermic peak at 220°C, 
corresponding to the melting point of the drug. The DSC 
curve of β-CDP showed that β-CDP could be an amor-
phous substance. The DSC curve of the physical mixtures 
was the superposition of the individual components. The 
thermal characteristic peak of drug was clearly distin-
guishable in the physical mixtures and its intensity was 
reduced. These little changes may suggest a weak inter-
action between glipizide and β-CDP during the mixing or 
heating for DSC scanning. However, the complete disap-
pearance of the drug endothermal effect was observed in 
glipizide/β-CDP complex, which may be attributed to an 
amorphous state and thus suggesting that the drug was 
well dispersed in the β-CD cavity.

Dissolution rate studies
To evaluate whether inclusion complexes affected the 
dissolution rate of glipizide, the dissolution studies 
were performed for glipizide powder, physical mixture, 
and inclusion complexes with β-CDP and HP-β-CD. 
The dissolution profiles of glipizide from the glipizide-
loaded preparations were illustrated in Figure 4. The 
solid complexes and physical mixtures between glipizide 
and β-CDP enhanced glipizide dissolution rates in the 
tested dissolution mediums compared with a crystal-
line glipizide. It was evident that the complexes showed 
faster dissolution rates than the corresponding physical 

Figure 1.  13C-NMR spectrum of the β-CDP in D
2
O.
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Figure 2.  Phase-solubility diagrams for glipizide in the presence 
of β-CDP (■) and HP-β-CD (▴) in purified water at 25°C.
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mixtures. The dissolution rates of physical mixtures were, 
however, considerably greater than those of the cor-
responding drugs, probably due to the wetting effect 
of the cyclodextrin at the initial stage of the dissolution 
process (Stella and Rajewski, 1997; Ozkan et  al., 2000).
Thus, the inclusion complexation with β-CDP was useful 

for improving the dissolution rate of poorly water-soluble 
glipizide.

The ANOVA showed that there were significant differ-
ences among the formulations. The corresponding mean 
values of the 60 min dissolution efficiency (DE60) (Khan, 
1975) were ranked as follows: complexes (β-CDP) > com-
plexes (HP-β-CD) > physical mixtures (β-CDP) > physical 
mixtures (HP-β-CD) > glipizide powder. The increment in 
drug dissolution from the glipizide/β-CDP systems was 
higher than from the corresponding ones with HP-β-CD. 
This could be due to greater water solubility and com-
plexion power of β-CDP than that of HP-β-CD.

In vivo pharmacokinetics study
Validation of the analysis methods
Figure 5  showed representative chromatograms of 
extracts of blank dog plasma and plasma sample after 
oral administration of drug. Glipizide and the internal 
standard were well separated without any interference 
of endogenous under the experimental conditions, with 
retention times of 13.4 and 21.8 min, respectively. Blank 
plasma samples spiked with seven different concentra-
tions of glipizide were processed as described in the 
“Methods” section. All chromatograms obtained were 
estimated by peak area measurement. The calibration 
curves obtained with peak area ratio (A) of glipizide to 
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Figure 3.  DSC thermograms of glipizide/β-CDP systems: (a) 
glipizide; (b) β-CDP; (c) physical mixture; and (d) inclusion 
complex.
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Figure 4.  Dissolution curves of pure glipizide, physical mixture, and inclusion complexes of glipizide/β-CDP and glipizide/HP-β-CD 
systems in distilled water at 37°C.

Figure 5.  Chromatograms of glipizide (1) and internal standard (gliclazide) (2) in dog plasma by HPLC. (A) Blank plasma, (B) blank plasma 
spiked with glipizide and internal standard, and (C) one plasma sample after oral administration of glipizide preparation.
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internal standard vs. drug concentration(C ng/mL) were 
found to be linear (A = 0.0012C + 0.0379, r = 0.9983) when 
evaluated by linear regression analysis using Microsoft 
Excel 2000 (Microsoft Corp.) in the concentration range 
of 50–2000 ng/mL in plasma. The precision and accuracy 
of the assay were estimated by performing the quality 
control (QC) samples with low, middle, and high con-
centrations. The concentrations of QC samples were 
calculated from the calibration curve performed on the 
same day. The intra-day precision (RSD) ranged from 
1.84% to 2.56% and inter-day precision (RSD) was 5.24% 
or better. The extraction recovery of glipizide was within 
the range 80–85% with RSD < 10%. The limit of quantifi-
cation (LOQ) was 40 ng/mL glipizide in plasma.

Pharmacokinetic and bioavailability studies
Plasma concentration–time profiles for glipizide after 
oral administration of commercial glipizide capsule 
(composed of pure drug) or self-made glipizide/β-CDP 
solid inclusion complex capsule (equivalent dose of glip-
izide, 10 mg) were illustrated in Figure 6. The pharma-
cokinetic parameters derived from the plasma data were 
presented in Table 1. The plasma levels of glipizide after 
administration of inclusion complex was clearly faster 
and higher than those achieved with an equal glipizide 
dose given alone. In particular, the C

max
 after adminis-

tration of commercial glipizide capsule was observed 
at 2.42 h; on the other hand, glipizide complex resulted 
in the rapid appearance of glipizide in plasma, attain-
ing the C

max
 after 1.67 h. In addition, the value of C

max
 for 

the complex (1736.8 ± 21.38 ng/mL) was more than that 
of commercial glipizide capsule (1275.2 ± 16.36 ng/mL).
The differences in the mean of C

max
 and T

max
 between two 

formulations were statistically significant (P < 0.01). The 
higher T

1/2
 values for the complex could be attributed 

to the more complete drug dissolution upon complex-
ation with β-CDP. The AUC

0–12 h
 of complex was found to 

be about 1.33-fold greater than that of the commercial 
glipizide capsule. The statistical study demonstrated that 
there were significant differences in these areas between 
two formulations (P < 0.05). Previously, Adel et al. (2003) 
reported that addition of NaCMC to tablets containing 
glipizide-β-CD complex significantly decreased glucose 
levels of mice compared with those that had been given 
the formulation of pure glipizide.

Since only the free form of drug can pass through the 
lipid barrier of the GI tract, the effect of cyclodextrin com-
plex on drug absorption is largely dependent upon the 
magnitude of K

s
 as well as the solubility and dissolution 

rate of the inclusion complex. The use of drug–CD 
complexes characterized by a high apparent stability 
constant might lead to a retarding effect on drug bioavail-
ability (Bekers et  al., 1991; Szejtli, 1994). In the present 
study, since the K

s
 value of complexes might be too small 

(665.53 M−1) to lead to a decrease in the absorption rate 
of glipizide, it seems very unlikely that they have some 
negative influence on drug oral bioavailability. Then, we 
could conclude that the higher drug solubility, increased 
drug dissolution rate, and relative lower K

s
 magnitude of 

the complex were attributed to this enhancement in AUC 
value of glipizide.

Conclusions

The aim of present investigation was to evaluate the 
potential of a newly modified cyclodextrin derivative, 
water-soluble β-cyclodextrin–epichlorohydrin poly-
mer (β-CDP), as an effective drug carrier to enhance 
the dissolution rate and oral bioavailability of glipizide. 
Phase-solubility method proved that β-CDP had better 
properties of increasing the aqueous solubility of glip-
izide compared with HP-β-CD. The complex formation 
between glipizide and β-CDP was confirmed by DSC 
and dissolution measurements. The glipizide/β-CDP 
complexes showed higher drug dissolution rate com-
pared with the pure glipizide and the physical mixtures 
of glipizide with β-CDP, and the increment in drug disso-
lution from the glipizide/β-CDP systems was also higher 
than from the corresponding ones with HP-β-CD. The 
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Figure 6.  Mean plasma concentration–time curves of glipizide in 
beagle dogs (n = 6) after single oral administration of glipizide/β-
CDP complex capsule (test) and commercial glipizide capsule 
(reference).

Table 1.  Pharmacokinetic parameters and relative bioavailability of glipizide after single oral administration of glipizide/β-CDP complex 
capsule (test) and commercial glipizide capsule (reference) (equivalent to 10 mg of glipizide) to beagle dogs.a

System C
max

 (ng/mL) T
max

 (h) K
e
 (h−1) T

1/2
 (h) AUC

0–12
 (ng·h/mL)

Relative 
bioavailability (%)

Reference 1275.18 ± 223.18 2.42 ± 0.38 0.130 ± 0.015 5.39 ± 0.57 5261.16 ± 1049.17  
Test 1736.552 ± 1736.82 1.67 ± 0.26 0.102 ± 0.013 6.85 ± 0.81 7011.48 ± 659.68 133.27
ANOVA P < 0.01 P < 0.01 P < 0.05 P < 0.05 P < 0.05  
aEach value represents the mean ± SD for six dogs.
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enhanced bioavailability by glipizide/β-CDP complex 
in beagle dogs suggested that the β-CDP could be con-
sidered a useful carrier to deliver glipizide in a pattern 
that allows fast dissolution and better absorption in GI 
tract. Taking into account these results, water-soluble 
β-CDP might have a great pharmaceutical potential as 
a substitute excipient for commercial HP-β-CD based 
on its important modifications on the physicochemical 
and biological properties of poorly water-soluble drugs. 
Further studies will focus on evaluating the feasibility of 
bioavailability enhancement by β-CDP inclusion com-
plexes for other poorly water-soluble drugs.
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