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Abstract The influence of f-cyclodextrin (fCD) and its
hydrophilic  derivative  hydroxypropyl-f-cyclodextrin
(HPBCD) on the in vitro dissolution rate and in vivo an-
tihyperglycemic activity of a poorly water soluble drug,
repaglinide (RPG) was studied. Solid dispersions of RPG
were prepared by various methods such as physical mixing,
cogrinding, kneading, and coevaporation. The dispersions
were characterized by differential scanning calorimetry
(DSC), X-ray diffraction patterns, infrared spectroscopy,
nuclear magnetic resonance studies and optical micros-
copy. The DSC thermogram of HPSCD dispersion indi-
cated complete disappearance of melting endotherm of
RPG indicating complete amorphization. The dispersions
exhibited faster rates of dissolution compared to that of
physical mixtures. The kneaded dispersion with HPSCD
exhibited the fastest in vitro dissolution rate when com-
pared to other dispersions. In vivo studies revealed that the
kneaded dispersions with fCD and HPSCD showed sig-
nificant improvement in antihyperglycemic activity as
compared to RPG alone, thus confirming the advantage of
improved pharmacological activity of RPG when admin-
istered as a solid dispersion with cyclodextrin.
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Introduction

Repaglinide (RPG) is an oral prandial glucose regulator
agent for the management of type 2 diabetes mellitus
[1, 2]. RPG is developed in attempts to overcome the
adverse effects associated with existing antidiabetic com-
pounds which include hypoglycemia, secondary failure
and cardiovascular side effects [3]. RPG lowers blood
glucose levels by stimulating the release of insulin from
the pancreas by binding to a receptor site different from
that of sulfonylurea. Being a potent molecule it has good
therapeutic potential but its low solubility in water with
relatively low and variable bioavailability is a limitation
[1]. High inter-individual variability in RPG plasma con-
centrations has been reported in clinical trials [4, 5].
Improvement of aqueous solubility in such a case is a
valuable approach to improve the therapeutic efficacy.
Sinswat et al. have prepared nanostructured particles
containing amorphous RPG by controlled precipitation
using different polymers to improve the solubility and thus
the dissolution rate [6]. Purvis et al. have used the ultra-
rapid freezing technology to produce rapidly dissolving for-
mulation of poorly-water soluble drug RPG [7]. Nicolescu
et al. have prepared inclusion complexes of RPG with
p-cyclodextrin (fCD), 2-hydroxypropyl-f-cyclodextrin
(HPSCD) and randomly methylated p-cyclodextrin and
characterized by DSC, IR and NMR in order to evaluate
the possibility of enhancing RPG solubility [8]. However,
till date the influence of RPG cyclodextrin complexation
on its in vitro dissolution and in vivo activity is not yet
established. Cyclodextrins are commonly used in drug
formulations as solubility enhancers because of their
ability to form water soluble inclusion complexes with
poorly water-soluble molecules that fit partially or entirely
inside the cavity [9, 10]. By complexation, cyclodextrins
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can increase the solubility, stability, and bioavailability of
the guest molecule [11].

The objective of the present investigation was to explore
the potential of fJCD and HPSCD in improving the oral
delivery of RPG. SCD and HPSCD dispersions were pre-
pared by different methods and were characterized. The
ability of SCD and HPSCD to improve the antihypergly-
cemic activity of RPG was evaluated in diabetic rat model.

Experimental
Materials

RPG was obtained as a gift sample from USV India Ltd.,
Mumbeai, India. fCD (mol. wt 1135) was obtained as a gift
sample from Amaizo, USA and HPSCD (mol. wt 1371.5)
was obtained as a gift sample from Cerestar, Inc. (IA,
USA). All other reagents were of analytical reagent grade
purity. Double distilled water was prepared freshly when-
ever required.

Phase solubility studies

Phase solubility studies were carried out in water according
to the method described by Higuchi and Connors [12]. An
excess amount of RPG (20 mg) was added to 10 mL of
various concentrations (0—-15 mM) of cyclodextrins solu-
tions and shaken on an orbital shaker (Orbitek Scigenics) at
25 °C for 72 h. After equilibrium was achieved, the sam-
ples were filtered through 0.45 p filter. The concentration
of RPG in the samples was determined using HPLC (Jasco
Corporation, Japan) system with detection wavelength of
242 nm. Hi-Q-Sil C18V; 4.6 mm x 250 mm and 5 pm
particle size column was used as stationary phase
employing acetonitrile and pH 2.5 phosphate buffer (45:55,
v/v) as the mobile phase. The retention time of RPG was
found to be 11.2 min. The study was carried out in tripli-
cate. The apparent stability constant Ky was calculated
from the phase-solubility diagram according to the fol-
lowing equation.

K, = Slope
So(1 — Slope)

where, slope is obtained from the graph and S is the
equilibrium solubility of RPG in water.

Preparation of cyclodextrin dispersions

Following binary systems of RPG with fCD and HPSCD
were prepared in 1:1 M ratio.

@ Springer

Physical mixture (PM)

The physical mixture (PM) was prepared by geometric
mixing of RPG with fCD and HPSCD separately without
applying pressure.

Coground dispersion (CG)

The coground dispersion (CG) was prepared by mixing and
triturating RPG and cyclodextrin for 15-20 min each.

Kneading method (KN)

RPG and cyclodextrins were accurately weighed and
mixed in geometric proportion. The mixture of RPG with
each of the cyclodextrin was kneaded separately with
aqueous ethanol (1:1) to achieve pasty consistency. The
kneaded mass was triturated in mortar for about 15-20 min
followed by drying in a tray drier at 45 °C.

Co-evaporation method (CE)

BCD was dissolved in water and added to ethanolic solu-
tion of RPG. This mixture was evaporated with heating at a
temperature not greater than 45 °C on a rotary evaporator
(Buchi, Switzerland). The clear solution obtained was
further heated until nearly dry.

All the dispersions were prepared in triplicate and were
sieved through BSS 85# sieve (Sieve diameter: 180 pm)
and stored over anhydrous calcium chloride in a desiccator.

Characterization of solid dispersions
Differential scanning calorimetry (DSC) studies

RPG, pCD, HPSCD and solid dispersions, each weighing
in the range of 3-5 mg, were scanned at a rate of 10 °C/
min on a Shimadzu DT-40 Thermal Analyzer between 30
and 330 °C under an inert atmosphere of nitrogen.

Infrared (IR) spectroscopic studies

The infrared spectra of RPG, SCD, HPSCD and the dis-
persions were recorded on a Jasco FI/IR 5300 spectro-
photometer by potassium bromide (KBr) pellet method.

Powder X-ray diffraction (PXRD) studies

Powder X-ray diffraction patterns of RPG, fCD, HPSCD
and their dispersions were recorded using a Phillips X-ray
diffractometer using Ni-filtered, Cu Ko radiation, a voltage
of 40kV and a 25 mA current. The scanning rate



J Incl Phenom Macrocycl Chem (2011) 70:217-225

219

employed was 1° min~" over 10—40° diffraction angle (26)
range.

Nuclear magnetic resonance (NMR) studies

The 'H NMR spectra of RPG, SCD, HPSCD and kneaded
dispersions in D,O were recorded using Bruker AVANCE
500 DRX (500 MHz) Fourier Transform Nuclear Magnetic
Resonance (FTNMR) instrument at 298°K and 500 MHz.

Optical microscopy

Microscopic observation of the dispersions was performed
under a microscope (Metzer, India). The samples were
mounted on a glass slide and viewed under 45x magnifi-
cation and pictures were taken with Canon digital camera.

Dissolution studies

Dissolution profile of the dispersions was studied in pH 5.0
buffer containing 0.1% SLS at 37 £ 0.5 °C. The studies
were performed in USP type II apparatus (Electrolab,
India) rotating at 75 rpm by powder dispersion technique
[13]. The samples were withdrawn at fixed time intervals,
filtered through 0.45 u filter and analyzed for drug content
at 242 nm by HPLC. Each test was carried out in triplicate
(coefficient of variation (CV) < 3%). Dissolution effi-
ciency (DE) was calculated from the area under the dis-
solution curve at time t (measured using the trapezoidal
rule) and expressed as percentage of the area of the rect-
angle described by 100% dissolution in the same time [14].

Evaluation of in vivo antihyperglycemic activity

The protocol for animal studies was approved by the
Institutional ethical committee of Bombay College of
Pharmacy. Neonatal STZ wistar rats in weight range of
150-170 g, 6-8 weeks old were used for the study. The
animals were housed in cages in groups of six at a constant
temperature of 23 £ 2 °C and 55 + 5% RH humidity with
a light/dark cycle of 12 h. All the animals were given food
(pellet diet supplied by Hindustan Lever Ltd) and water
ad libitum. Rats were assigned to the groups in a ran-
domized order. Rats were fasted overnight (18 h) and not
fed during the study, although they had free access to water
during the night and during all the experimental protocols.
Oral glucose tolerance test (OGTT) was performed on
neonatal STZ rats to evaluate the antihyperglycemic action.
Blood was withdrawn from overnight fasted rats followed
by oral administration of test samples (RPG, kneaded dis-
persion of RPG with fCD and kneaded dispersion of RPG

with HPSCD) under light anesthesia. Glucose 2 g/kg was
administered 60 min post treatment to test samples. Blood
samples were collected via retro-orbital plexus at 30, 60
and 120 min after glucose administration. The serum glu-
cose levels were determined using glucose estimation kits
(Erba diagnostics, India).

Statistics

Pharmacological data was expressed as mean + SEM.
Data was calculated and analysed for statistical signifi-
cance using one-way analysis of variance (ANOVA) fol-
lowed by Bonferroni’s multiple comparison test. Values of
p < 0.05 were considered significant.

Results and discussion
Solubility studies

The phase-solubility graph of RPG with fCD and HPSCD
is shown in Fig. 1. The plot showed that aqueous solubility
of the drug increased linearly as a function of cyclodextrins
concentration. According to Higuchi and Connors, the
phase solubility profile can be considered as A; type. As
the slope of line in both the cases was less than unity, it was
assumed that the increase in solubility observed was due to
the formation of a 1:1 complex. Apparent stability constant
K,.; was found to be 227.51 M~ for fCD and 406.81 M~"
for HPSCD. The stability constant between the range of
100 and 1000 M~ is considered as an ideal value, smaller
values indicate weak interaction between drug and cyclo-
dextrin, while large value indicate incomplete drug release
from the inclusion complex [15].
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Fig. 1 Phase solubility curve of RPG with SCD and HPSCD at
25 °C. Each point is a mean (£SD) of three determinations

@ Springer



220

J Incl Phenom Macrocycl Chem (2011) 70:217-225

Characterization of solid dispersions
DSC studies

DSC thermogram of RPG showed a sharp melting endo-
therm at 138 °C indicating the crystalline nature of rep-
aglinide. A shallow endothermic peak at around 86.4 °C
was observed for SCD (Fig. 2b), which is related to loss
of water. The SCD dispersions showed a reduction in the
intensity of the melting endotherm, indicating partial
amorphisation of RPG. Thermogram of HPSCD did not
show any thermal event (Fig. 2c). The coground disper-
sion with HPSCD depicted reduction in the height and
broadening of the melting endotherm whereas melting
endotherm of RPG was not evident in thermogram of
kneaded dispersion with HPSCD (Fig. 2j) indicating
complete amorphization and stronger interaction with
HPSCD.
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Fig. 2 DSC thermograms of: a RPG, b fCD, ¢ HPSCD, d RPG-CD
physical mixture, e RPG-HPSCD physical mixture, f RPG-
PCD coground dispersion, g RPG-SCD kneaded dispersion, h RPG-
PCD coevaporated dispersion, i RPG-HPSCD coground dispersion,
Jj RPG-HPSCD kneaded dispersion, and k RPG-HPSCD coevaporated
dispersion
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Infrared (IR) spectroscopic studies

IR spectra of SCD dispersions did not show any significant
changes in the characteristic peaks when compared with
spectra of RPG and fCD (data not shown). In case of
HPSCD dispersions, the peak at 3,308 cm~! was not evi-
dent and could have been masked by the broad signal
observed at 3,406 cm ™. There are reports indicating lim-
ited use of this technique in identifying complexation with
cyclodextrins [16, 17].

Powder X-ray diffraction (PXRD) studies

The PXRD spectra of RPG and its solid dispersions with
SCD and HPSCD are shown in Fig. 3. It is evident from the
figure that RPG has crystalline nature as indicated by the
sharp peaks. The PXRD pattern of SCD also revealed

Intensity (Counis)
va

Fig. 3 PXRD patterns of: a RPG, b fCD, ¢ HPSCD, d RPG-SCD
physical mixture, e RPG-HPSCD physical mixture, f RPG-
PCD coground dispersion, g RPG-CD kneaded dispersion, h RPG-
PCD coevaporated dispersion, i RPG-HPSCD coground dispersion,
Jj RPG-HPJCD kneaded dispersion, and k RPG-HPSCD coevaporated
dispersion
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Fig. 4 Structure of RPG

several diffraction peaks attributed to its crystalline nature
while absence of any peak in diffraction patterns of
HPSCD indicated its amorphous state. The dispersions
with fCD and HPSCD showed reduction in the intensity of
prominent peaks of RPG. This may be due to partial loss of
crystalline nature of drug during the process of dispersion
preparation. Moreover, peaks with remarkably lower
intensity were observed for coground and kneaded dis-
persions with HPSCD. This is indicative of transformation
of RPG from crystalline to amorphous state which might be
due to its inclusion in the cyclodextrin cavity.

Nuclear magnetic resonance (NMR) Studies

In NMR analysis, formation of inclusion complexes of CDs
is normally evidenced by changes in chemical shifts of
both the host and guest molecules [18]. These chemical
shift changes may provide an insight into the inclusion
mode of the complex Fig. 4 gives the structure of RPG.
'"H NMR spectra of RPG, fCD, RPG- SCD complex,
HBCD and RPG- HBFCD complex are shown in Fig. 5.
Table 1 shows the chemical shift values of fCD protons in
presence and absence of RPG. The H3 and HS5 protons
located inside the cavity were found to experience highest
upfield shift in comparison to other protons. In case of
kneaded dispersion with SCD, a significant change was
observed in the peak shape in the region 7.2-7.3 ppm
which corresponds to ring B i.e. the aromatic ring attached
to carboxylic group (Fig. 6) of RPG. Due to change in peak
shape it was difficult to calculate the chemical shift values.
This is indicative of an interaction between ring B and
pCD.

In NMR spectrum of RPG in the presence of HPSCD,
appreciable chemical shift displacements were observed
due to some conformational changes having occurred via
complexation. The protons H3 and H5 located within the
cavity were markedly affected with Ad values of —0.024
and —0.134 ppm, respectively (Table 2). The signals of
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Fig. 5 'H NMR spectra in D,O of a RPG, b fCD, ¢ RPG-SCD
kneaded dispersion, d HPSCD, and e RPG-HPSCD kneaded

dispersion

Table 1 Chemical shift values of SCD protons in presence and

absence of RPG

ﬁCD protons 5Free 6C0mplex 4 5ppm

H-1 5.005 4.996 —0.009
H-2 3.585 3.576 —0.009
H-3 39 3.886 -0.014
H-4 3.519 3.509 —-0.01

H-5 3.791 3.779 —-0.012
H-6 3.818 3.813 —0.004

protons H1, H4 and H6 on the outer surface changed
slightly whereas for the proton H2, the Ao is —0.057.
A distinct change was observed in the NMR spectrum of
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Table 2 Chemical shift values of HPBCD protons in presence and
absence of RPG

HPSCD protons Ofree OComplex Abppm

H-1 5.013 5.000 —0.013
H-2 3.611 3.554 —0.057
H-3 3.897 3.873 —0.024
H-4 3.409 3.426 0.017
H-5 3.785 3.651 —0.134
H-6 3.812 3.83 0.018
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Fig. 7 '"HNMR spectra of a RPG and b RPG-HPSCD dispersion

ring B as was observed in case of SCD dispersion when
compared with NMR spectrum of the drug (Fig. 7).
Therefore, we can infer that a part of the molecule is
included in the cavity and the other part interacts with the
outer surface especially with the H2 proton.
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It is reported in literature that in certain cases, chemical
shifts displacements of external protons (H1, H2, and H4)
can be observed. Distinct change was observed for H2 and
H4 protons of fCD due to association between SCD and
Triton X-100 [19]. This is also observed when the encap-
sulated molecule has a large size and when it presents one or
more aliphatic chains which can remain outside the cavity
and interact with the external faces of cyclodextrins [20].

Optical microscopy

Optical microscopy was performed for the RPG, SCD,
HPfSCD, physical mixtures, fJCD and HPSCD solid dis-
persions in order to investigate the influence of complex-
ation on morphology of particles. In the photomicrograph
(Fig. 8), RPG appeared as needle shaped crystals. SCD
photomicrograph showed irregular flat plate like structures
whereas HPSCD appeared as spherical particles. In phys-
ical mixtures, the drug and cyclodextrins existed as two
separate entities. The kneaded dispersion with SCD
appeared as agglomerate which was totally different from
that of the physical mixture. In kneaded, coground and
coevaporated dispersion with HPSCD the original mor-
phology of the raw materials disappeared and it was not
possible to differentiate between the components. The
existence of dispersion in a different form than the physical
mixture may be attributed to the different kind of treatment
or processing that the binary system undergoes.

Dissolution studies

In order to obtain a discriminating dissolution medium,
sodium lauryl sulphate (0.1%) was incorporated in the
dissolution medium. The dissolution profile of various
RPG dispersions is presented in Fig. 9. The dissolution of
RPG dispersions was compared with their physical mix-
tures. The kneaded dispersion with SCD showed a maxi-
mum cumulative release of 78% at the end of one hour.
This was followed by co-evaporated dispersion that
released 69.52% of RPG. The superior dissolution profiles
observed for kneaded and co-evaporated dispersions are
attributed to the enhanced interaction of drug with the
carrier in the presence of solvent. The presence of solvent
during the preparation of solid dispersion allows intimate
contact between the drug and the carrier, thus providing
better molecular association.

The HPSCD dispersions released the drug faster in
comparison to its physical mixture. RPG dissolved rapidly
with ~69% release in 10 min from kneaded dispersion and
45% release from both coground and coevaporated dis-
persion in the same time duration. The significant
improvement in the dissolution profile of kneaded
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Fig. 8 Optical microscopy at magnification of 45x of a RPG, b fCD,
¢ RPG-SCD physical mixture, d RPG-SCD coground dispersion,
e RPG-CD kneaded dispersion, f RPG-fCD coevaporated dispersion,

dispersion is a result of complete drug amorphization with
significant molecular dispersion of the drug due to complex
formation. This result was found to be in agreement with
the observations of DSC and PXRD studies. The coground
and co-evaporated dispersions were equivalent in achiev-
ing an enhancement in drug dissolution rate (about 45% of
drug dissolved in 10 min). The improved solubility of the
coevaporated dispersion may be attributed to better inter-
action of drug with the carrier due to grinding and also due
to improved wetting of the drug particles due to presence of
soluble carrier leading to better drug dissolution.

The results of dissolution efficiency and percent of
active ingredient dissolved at 10 min are presented in
Table 3. This provides an insight about the ability of var-
ious carriers and dispersion types to solubilize RPG. The

g HPSCD, h RPG-HPSCD physical mixture, i RPG-HPSCD kneaded
dispersion, j RPG-HPSCD coground dispersion, and k RPG-HPfCD
coevaporated dispersion

dispersion with HPSCD was found to release significant
amount of RPG, ~70% within 10 min in comparison to
HPSCD dispersions prepared by other methods and SCD
dispersions with RPG. The dissolution efficiency values for
kneaded dispersion of repaglinide with SCD and HPCD
was 1.6 and 1.7 times more than their respective physical
mixtures. The dissolution efficiency values therefore indi-
cate the ability of the dispersions to enhance the dissolution
profile of drug.

Evaluation of in vivo antihyperglycemic activity

The kneaded dispersions of RPG with SCD and HPCD gave
faster drug release hence they were selected for invivo
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Fig. 9 Comparative dissolution profile of RPG dispersions

Table 3 Dissolution parameters of RPG dispersions with fCD and
HPSCD

Dispersion DPo DEg,
PMSCD 11.58 24.65
CGpCD 10.84 15.29
KNpCD 47.88 40.34
CEpCD 36.90 32.41
PMHPSCD 29.18 25.11
CGHPfSCD 45.38 29.98
KNHPSCD 69.95 43.43
CEHPpCD 4391 31.45

DP,, percent drug dissolved at 10 min, DEg, dissolution efficiency at
t = 60 min. Each value is an average of three determinations

evaluation using oral glucose tolerance test. The antihyper-
glycemic activity of RPG was evaluated on the basis of its
ability to prevent the increase in blood glucose levels after
administration of glucose load. Figure 10 illustrates the
antihyperglycemic activity of the drug and its dispersions.
After 30 min of glucose administration, groups admin-
istered with fCD and HPSCD dispersions were found to
significantly restrict the increase in blood glucose levels as
compared to rats treated with plain drug suspension and
vehicle control group (p < 0.001). The drug treated group
also significantly reduced the glucose levels (p < 0.05)
when compared to vehicle control group. The blood glu-
cose levels of all animals reached a peak at 60 min after
glucose load and thereafter a decrease was observed. The
dispersion treated groups at 60 min post glucose load were
found to inhibit the increase in glucose levels significantly
(p < 0.001) in comparison to control group and plain drug
treated group. This enhanced activity is due to improved
solubility of drug which would lead to faster absorption.
Thus, RPG complexes with SCD and HPSCD were found
to be more promising as they not only produced an early
onset but also an intense hypoglycemic effect due to
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Fig. 10 Antihyperglycemic activity of RPG and its dispersion with
SCD and HPSCD prepared by kneading. Each value is expressed as
mean =+ standard error of mean (n = 5). ¥ p < 0.001 when compared
to corresponding value of control

improved bioavailability of RPG as compared to pure drug
powder. These results corroborate the observations of in
vitro dissolution study.

Conclusion

In the present study, we proposed the use of SCD and
HPBCD to overcome the limitation of poor solubility of
RPG ABC-PC. The present study has demonstrated that
both SCD and HPSCD are able to interact with RPG in
solution and in the solid state. The kneaded dispersions
showed a remarkable improvement in the dissolution pro-
file of the drug. Oral administration of dispersions was
found to inhibit the rise in blood glucose levels of n-STZ
diabetic rats to greater extent than RPG. Thus, the utility of
cyclodextrins in improving in vitro dissolution rate and in
vivo antihyperglycemic activity of RPG on oral delivery
has been successfully established.

Acknowledgments Authors are thankful to USV India Ltd., for the
gift sample of RPG. We are thankful to Department of Biotechnology
(DBT) for providing fellowship. Thanks are due to Mr. Nilesh
Kulkarni for PXRD analysis and Dr. Sudha Srivastava of TIFR for
NMR studies.

References

1. Culy, C., Jarvis, B.: Repaglinide, a review of its therapeutic use in
type 2 diabetes mellitus. Drugs 61, 1625-1660 (2001)



J Incl Phenom Macrocycl Chem (2011) 70:217-225

225

10.

11.

. Malaisse, W.: Repaglinide, a new oral antidiabetic agent: a

review of recent preclinical studies. Eur. J. Clin. Invest. 29,
21-29 (1999)

. Blicklé, J.F.: Meglitinide analogues: a review of clinical data

focused on recent trials. Diabetes Metab. 32, 113-120 (2006)

. Marbury, T.C., Ruckle, J.L., Hatorp, V., Andersen, M.P., Nielsen,

K.K., Huang, W.C., Strange, P.: Pharmacokinetics of repaglinide
in subjects with renal impairment. Clin. Pharmacol. Ther. 67,
7-15 (2000)

. Marbury, T., Huang, W., Strange, P., Lebovitz, H.: Repaglinide

versus glyburide: a one-year comparison trial. Diabetes Res. Clin.
Pract. 43, 155-166 (1999)

. Sinswat, P., Matteucci, M.E., Johnston, K.P., Williams III, R.O.:

Dissolution rates and supersaturation behavior of amorphous
repaglinide particles produced by controlled precipitation.
J. Biomed. Nanotechnol. 3, 18-27 (2007)

. Purvis, T., Mattucci, M.E., Crisp, M.T., Johnston, K.P., Williams

111, R.O.: Rapidly dissolving repaglinide powders produced by the
ultra-rapid freezing process. AAPS PharmSciTech. 8(3), E1I-E9
(2007)

. Nicolescu, C., Arama, C., Monciu, C.M.: Preparation and char-

acterization of inclusion complexes between repaglinide and f-
cyclodextrin, 2-hydroxypropyl f-cyclodextrin and randomly
methylated f-cyclodextrin. Farmacia 58, 78-88 (2010)

. Loftsson, T., Brewster, M.: Pharmaceutical application of

cyclodextrins. I. Drug solubilization and stabilization. J. Pharm.
Sci. 85, 1017-1025 (1996)

Rajewski, R.A., Stella, V.J.: Pharmaceutical application of
cyclodextrins. II. In vivo drug delivery. J. Pharm. Sci. 85,
1142-1169 (1996)

Del Valle, EM.M.: Cyclodextrins and their uses: a review. Pro-
cess. Biochem. 39, 1033-1046 (2004)

12.

13.

14.

15.

16.

17.

18.

19.

20.

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

United States Pharmacopeia 24/NF19. The Official Compendia of
Standards, Asian ed. United States Pharmacopoeial Convention
Inc., Rockville, MD (2000)

Khan, K.A.: The concept of dissolution efficiency. J. Pharm.
Pharmacol. 27, 48-49 (1975)

Manca, M.L., Zaru, M., Ennas, G., Valenti, D., Cinico, C., Loy,
G., Fadda, A.M.: Diclofenac-f-cyclodextrin binary systems:
physicochemical characterization and in vitro dissolution and
diffusion studies. AAPS PharmSciTech. 6(3), E44-E472 (2008)
Gordon, B., Schep, L.J., Tan, M.Y.: Improvement of the in vitro
dissolution of praziquantel by complexation with o-, f- and
y-cyclodextrins. Int. J. Pharm. 179, 65-71 (1999)

Bekers, Q., Uijtendaal, E.V., Beijnen, J.H., Bult, A., Underberg,
W.J.: Cyclodextrins in the pharmaceutical field. Drug Dev. Ind.
Pharm. 17, 1503-1549 (1991)

Djedaine, F., Lin, S.Z., Perly, B., Wouessidjewe, D.: High-field
nuclear magnetic resonance techniques for the investigation of a
p-cyclodextrin:indomethacin inclusion complex. J. Pharm. Sci.
79, 643-646 (1990)

Smith, V.K., Ndou, T.T., De La Pefia, A.M., Warner, IL.M.:
Spectral characterization of f-cyclodextrin: Triton X-100 com-
plexes. J. Incl. Phenom. Mol. Recognit. Chem. 10, 471-484
(1991)

Jordheim, L.P., Degobert, G., Diab, R., Peyrottes, S., Perigaud,
C., Dumontet, C., Fessi, H.: Inclusion complexes of a nucleotide
analogue with hydroxypropyl-beta-cyclodextrin. J. Incl. Phenom.
Macrocycl. Chem. 63, 11-16 (2009)

@ Springer



	Repaglinide-Cyclodextrin complexes: Preparation, Characterization and in vivo evaluation of antihyperglycemic activity
	Abstract
	Introduction
	Experimental
	Materials
	Phase solubility studies
	Preparation of cyclodextrin dispersions
	Physical mixture (PM)
	Coground dispersion (CG)
	Kneading method (KN)
	Co-evaporation method (CE)

	Characterization of solid dispersions
	Differential scanning calorimetry (DSC) studies
	Infrared (IR) spectroscopic studies
	Powder X-ray diffraction (PXRD) studies
	Nuclear magnetic resonance (NMR) studies
	Optical microscopy


	Dissolution studies
	Evaluation of in vivo antihyperglycemic activity
	Statistics
	Results and discussion
	Solubility studies
	Characterization of solid dispersions
	DSC studies
	Infrared (IR) spectroscopic studies
	Powder X-ray diffraction (PXRD) studies
	Nuclear magnetic resonance (NMR) Studies
	Optical microscopy


	Dissolution studies
	Evaluation of in vivo antihyperglycemic activity
	Conclusion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


