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Abstract Pioglitazone hydrochloride (PIO) is an agonist
of the peroxisome proliferator-activated receptor y (PPARY),
used to treat diabetes. 'H-NMR spectroscopic analysis of
varying ratios of f-cyclodextrin (f-CyD) and PIO in D,O
confirmed the formation of f-CyD-PIO inclusion complex
in aqueous solution. The 1:1 stoichiometry of f-CyD-PIO
inclusion complex was determined by Scott’s plot method
and binding constant (K,,) was calculated to be 155 M~'.2D
ROESY experiments confirmed that the phenyl ring of PIO
act as a guest and deeply penetrate in $-CyD cavity from
wider as well as narrower rim side and form two 1:1 stable
inclusion complexes. Some of the PIO protons exhibited
splitting, in the presence of f-CyD, indicating chiral differ-
entiation of PIO by -CyD.

Keywords Pioglitazone hydrochloride - f-Cyclodextrin -
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Introduction

Pioglitazone (PIO), chemically known as [(Z)-5-[[4-[2-(5-
ethyl-2-pyridinyl)ethoxy]phenyl]methyl]-2,4-]thiazolidine-
dione monohydrochloride, belongs to a different chemical
class and has a different pharmacological action than the
sulfonylureas, metformin, or the «-glucosidase inhibitors.
PIO is an oral antibiotic drug effective for reactive
hypoglycemia and aggravated glycemic metabolism asso-
ciated with insulin resistance [1]. It is an agonist of the
peroxisome proliferator-activated receptor y (PPARY) that
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raises HDL-cholesterol plasma in humans [2]. It is light
sensitive, odourless, white crystalline powder and its sol-
ubility in water is 9.8 mg/mL.

Cyclodextrins (CyDs) are cyclic oligosaccharides com-
posed of 6(x), 7(f) or 8(y), a-(1—4)-linked glucose
residues and characterized by a truncated cone shape [3].
Each of the chiral glucose units is in the rigid “C;-chair
conformation, giving the macrocycle shape of a hollow
truncated cone with all the secondary hydroxyl group,
O(2)-H and O(3)-H (2n), located on the wider rim, while
all the primary hydroxyl groups, O(6)-H (n), on the nar-
rower rim [3]. The primary hydroxyls on the narrow side of
the cavity can rotate, thus partially blocking the cavity, in
contrast to the secondary hydroxyls, which are attached by
relatively rigid chains and thus cannot rotate. The H-3’, H-
5" and glucosidic oxygen are located inside the cavity
which is relatively hydrophobic. The other CyD protons
(H-1,2', 4, 6') are located outside the CyD cavity which is
hydrophilic. As a consequence of these features CyDs can
encapsulate a variety of hydrophobic molecule, or part of
it, inside their cavity through non-covalent interactions to
form inclusion complexes of host—guest type [3] (Fig. 1).

Complexation of pharmaceutical compounds with
CyDs, to form a host—guest complex, results in altered
physicochemical properties of the guest, like solubility,
stability, volatility and masking of undesirable properties
etc., which are desirable for their use as pharmaceuticals
[3, 4]. Moreover, these host—guest complexes are consid-
ered as new entities and are required to be characterized for
their approval as a drug. In pharmaceutical formulations,
CyDs are generally used as solubilizers but also sometimes
as stabilizers or to reduce local drug irritation [4].

There are various methods to study the inclusion com-
plexation but "H-NMR spectroscopy is one of the most
powerful analytical technique for investigating the
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interaction between CyD and a guest [5, 6]. This technique
provides a very clear picture of the inclusion complex
formation by CyDs in solution phase and has also been
used in chiral recognition and/or chiral discrimination
studies [5, 6]. The stoichiometry and association/binding
constant of the host—guest complex is readily achieved
from NMR titration data [7].

The 2D ROESY has been found very helpful for the
investigation of the interaction between CyD and guest
molecule since the NOE cross peaks are observed between
the protons that are closer than 0.4 nm in spaces in the
ROESY spectrum [5, 6, 8]. It gives information about the
part of the guest included inside the CyD cavity, the mode
of penetration, i.e. either from narrower or wider rim side,
the depth of penetration and orientation of the guest.

"H-NMR spectra of mixture of CyD and guest molecule
are recorded and changes in the chemical shift (Ad) of both
host as well as guest are studied. The upfield shift of cavity
protons namely H-3" and H-5" of CyDs and downfield shift
of guest protons gives clear evidences for the formation of
inclusion complex. Sometimes upfield shift changes of the
guest protons are also observed.

The agonist of the piroxisome proliferator-activated
receptor and efficient antidiabetic pioglitazone used as a
guest molecule is undoubtedly interesting and important
research object. In continuation of our work [9, 10], we
report here the high-resolution solution structures of
inclusion complex of pioglitazone hydrochloride and p-
cyclodextrin by using various NMR techniques.

Materials and methods

The pioglitazone hydrochloride (PIO) was generously
obtained from Amoli Organics, India, while the f-cyclo-
dextrin (f-CyD) was obtained from Geertrui Haest,
Cerestar Application Centre, Food & Pharma Specialities,
France, and these were used as obtained. Four samples of
mixtures of 5-CyD and PIO were prepared with molar ratio
[B-CyD]/[PIO] ranging from 0.2 to 3.7. The overall con-
centration of PIO was kept constant at 4.7 x 107> M while
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the concentration of f-CyD were varied. The chemical shift
values are reported in § (ppm) relative to the HDO peak at
4.800. All the "H-NMR experiments were recorded on
Bruker AMX operating at 400 MHz spectrometer while the
2D ROESY spectrum was recorded on Bruker-500 MHz
instrument in D,O at room temperature. The mixing time
for ROESY spectra was 500 ms under the spin lock con-
dition. Chemical shifts changes (Ad) were calculated
according to the formula: Ad = J(complex) — Ofree)-

Stoichiometry of complex

The stoichiometry of the f-CyD-PIO complex was deter-
mined by using the well known Scott’s plot method [11]. In
Scott’s equation,

[CyD],/Adqbs = [CyD],/Ad:. + 1/K,Ad.

where, [CyD]; = molar concentration of the CyD; Adgy,.
s = observed chemical shift difference for a given [CyD],
concentration; Ad. = chemical shift difference between
pure sample of complex and the free component at the
saturation.

The plot of chemical shift changes (Ad) for the PIO
proton (H-1 and H-6, 9) against [$-CyD] in the form of [f-
CyDJ/A¢ versus [f-CyD] gave excellent linear fit (Fig. 2)
confirming 1:1 stoichiometry for the f-CyD-PIO complex.
The overall binding constant K, = 155 M_l, and it is
estimated by the way that the slope of the plot of [-CyD]
is thus equal to 1/AJ. and intercept with the vertical axis to
/K Ab..

Results and discussion

The assignment of the f-CyD protons was made with the
help of their characteristic shapes, position of signals and
"H-NMR spectral data. Expansions of part of the spectra
showing f-CyD protons, in the presence as well as in the
absence of PIO, are shown in Fig. 3. A detail inspection of
'H-NMR spectra of mixtures of f-CyD and PIO, indicates
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Fig. 2 Scott’s plot for the S-CyD-PIO complex, confirming 1:1
stoichiometry
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Fig. 3 Expended part of the "H-NMR spectra (400 MHz) of -CyD
protons in the presence, as well as in the absence, of PIO

that the B-CyD cavity protons (namely H-3’ and H-5')
influences significant upfield shift changes. Other f-CyD
protons (namely H-1/, 2/, 4, 6') shows insignificant shift
changes. Moreover, the chemical shift changes for H-5'

were more pronounced compared to H-3'. The most
influenced B-CyD cavity protons (H-3’ and H-5) which
show highfield shift changes and concomitant shift changes
in the signals for PIO protons in the -CyD-PIO mixtures
can only be attributed to the ring current effect of aromatic
ring penetrating the f-CyD cavity, thus, confirming the
formation of -CyD-PIO inclusion complex in analogy to
previous studies [5, 6, 9, 10].

To know the clear structure of the f-CyD-PIO complex,
an ambiguous resonance assignment of PIO protons is
required. The assignment of resonances of PIO protons was
made with the help of "H-NMR spectra performed for a -
CyD-PIO mixtures. Part of the "H-NMR spectra showing
aromatic regions of PIO, in the presence as well as in the
absence of $-CyD is given in Fig. 4.

As expected, the signals for the pyridine ring protons
appeared downfield compared to phenyl ring. All the pro-
tons of the substituted pyridine ring are more deshielded
than the other ring and therefore well separated. One sin-
glet at 6 = 8.431 was assigned for H-1 proton of pyridine
ring. A doublet of doublet at 6 = 8.325 was assigned for
H-3 signal, due to the strong coupling with H-2 (d,
0 = 7.843) and weak coupling with H-1. Two doublets at
0 = 6.837 and 7.156 belong to H-6, 9 and H-7, 8 assigned
for phenyl ring, totally integrating for four protons,
respectively. The chemical shift change data for the aro-
matic protons of PIO protons in the presence of f-CyD is
given in Table 1.

In the presence of -CyD, all of the aromatic protons of
PIO significantly shifted downfield and exhibited splitting,
indicating some chiral differentiation of PIO by p-CyD
[12]. Other PIO protons shows insignificant shift changes.
These observations clearly indicates the involvement of
aromatic ring/s in complexation but which of these aro-
matic ring/s penetrates into [(-CyD cavity cannot be
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Fig. 4 Expanded part of the "H-NMR spectra (400 MHz) of aromatic
protons of PIO in presence, as well in the absence, of f-CyD
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Table 1 'H-NMR (400 MHz) chemical shift change (Ao) data of the
aromatic protons of PIO in presence of varying amount of -CyD

p-CyD/PIO H-1 H-3 H-2 H-7, 8 H-6, 9
0.2 0.0321 0.0162 0.0188 0.0125 0.0125
0.9 0.0688 0.0350 0.0375 0.0223 0.0271
2.1 0.1138 0.0625 0.0688 0.0375 0.0522
3.7 0.1375 0.0961 0.1069 0.0563 0.0659

confirmed by this data, because mostly, all the protons of
the guest, and not only the part that enters the f-CyD
cavity, show downfield shift changes upon complexation
with CyDs [13].

To ascertain whether phenyl or pyridine ring was
involved in complexation, 2D ROESY spectrum
(T = 500 ms) was performed on -CyD-PIO mixture. The
ROESY spectrum of f-CyD-PIO mixture exhibited inter-
molecular cross peaks between phenyl ring protons (H-6, 9
and H-7, 8) and B-CyD cavity protons (H-3' and H-5).
Other PIO ring protons did not show any cross peaks with
p-CyD cavity protons. Expansions of the part of the RO-
ESY spectrum of f-CyD-PIO mixture, showing cross
correlation peak between aromatic protons of PIO and f-
CyD cavity protons is given in Fig. 5.

On the basis of 1:1 stoichiometry, '"H-NMR titration
results and 2D ROESY spectroscopic data, it can be argued
that only phenyl ring penetrates in the f-CyD cavity resulting
in the formation of 1:1 f-CyD-PIO complex. As both the
cavity protons of $-CyD (H-3' and H-5") show the cross
peaks with H-6, 9 and H-7, 8, the penetration of phenyl ring is
suggested to be from wider (H-3' side) as well as narrower
rim (H-5' side) of f-CyD. Thus only two 1:1 $-CyD-PIO
inclusion complexes with similar geometry were considered.
The involvement of other PIO ring in -CyD-PIO com-
plexation was ruled out on the basis of 2D ROESY spectral
data. The structure of the two 1:1 -CyD-PIO inclusion
complexes was therefore, characterized as shown in Fig. 6.

Fig. 6 Possible structures of
two f-CyD-PIO inclusion

H;C
complexes
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Fig. 5 Expanded region of 2D ROESY spectrum (500 MHz) of f-
CyD-PIO mixture showing cross peaks of aromatic ring protons with
p-CyD cavity protons

Conclusion

The "H-NMR analysis of pioglitazone hydrochloride (PIO)
in the presence of f-cyclodextrin (-CyD) in D,O at room
temperature confirmed the formation of 1:1 f-CyD-PIO
inclusion complex, in which only phenyl ring acts as guest
and deeply penetrates in the S-CyD cavity. The stoichi-
ometry and association constant were determined using
Scott’s method by the treatment of 'H-NMR titration data.
Subsequently, 2D ROESY spectral data was analysed to
proposed the structure of two possible 1:1 S-CyD-PIO
inclusion complexes. The splitting of some of the signals of
PIO in the presence of f-CyD suggests some chiral dif-
ferentiation of PIO by -CyD.

Acknowledgements We are thankful to Dr. Mark E. Anderson,
NMRFAM, University of Wisconsin-Madison, USA; SAIF, IISc
Bangalore, India, and Prof. M.K. Mishra, IIT Bombay, India, for
obtaining some of the NMR data. Financial assistance to SKU from
UGC, Government of India, is gratefully acknowledged.

0

u HCl
NH

) 12



J Incl Phenom Macrocycl Chem (2008) 62:161-165

165

References

. Arii, K., Ota, K., Suehiro, T., Ikeda, Y., Nishimura, K., Kumon,
Y., Hashimoto, K.: Pioglitazone prevents reactive hypoglycemia
in impaired glucose tolerance. Diabetes Res. Clin. Pr. 69, 305-
308 (2005)

. Carreon-Torres, E., Juarez-Meavepeiia, M., Cardoso-Saldaiia, G.,
Huesca Gomez, C., Franco, M., Fievet, C., Luc, G., Juarez-
Oropeza, M.A., Pérez-Méndez, O.: Pioglitazone increases the
fractional catabolic and production rates of high-density lipo-
proteins apo Al in the New Zealand white rabbit. Atherosclerosis
181, 233-240 (2005)

. Szejtli, J.: Introduction and general overview of cyclodextrin
chemistry. Chem. Rev. 98, 1743-1753 (1998)

. Loftsson, T., Duchéne, D.: Cyclodextrins and their pharmaceu-
tical applications. Int. J. Pharm. 329, 1-11 (2007)

. Schneider, H.-J., Hacket, F., Rudiger, V., Ikeda, H.: NMR studies
of cyclodextrins and cyclodextrin complexes. Chem. Rev. 98,
1755-1786 (1998)

. Dodziuk, H.: Cyclodextrins and their Complexes. Chemistry,
Analytical Methods, Applications. Wiley-VCH, London (2006)
. Fielding, L.: Determination of association constants (K,) from
solution NMR data. Tetrahedron 56, 6151-6170 (2000)

10.

11.

12.

13.

. Neuhaus, D., Williamson, M.P.: The Nuclear Overhauser Effect

in Structural and Conformational Analysis, 2nd edn. VCH,
Weinheim (2000)

. Ali, S.M., Upadhyay, S.K.: Complexation study of midazolam

hydrochloride with f-cyclodextrin: NMR spectroscopic study in
solution. Magn. Reson. Chem. (2008). doi:10.1002/mrc.2231)
Ali, S.M., Upadhyay, S.K., Maheshwari, A.: NMR spectroscopic
study of the inclusion complex of desloratadine with fS-cyclo-
dextrin in solution. J. Incl. Phenom. Macro. Chem. 59, 351-355
(2007)

Scott, R.L.: Some comments on the Benesi—Hildebrand equation.
Recl. Trav. Chim. Pays Bas 75, 787-789 (1956)

Kitae, T., Nakayama, T., Kano, K.: Chiral recognition of «-amino
acids by charged cyclodextrins through cooperative effects of
Coulomb interaction and inclusion. J. Chem. Soc. Perkin Trans.
2, 207-212 (1998)

Veiga, F.J.B., Fernandes, C.M., Carvalho, R.A., Campos Geral-
des, C.F.G.: Molecular modelling and '"H NMR: ultimate tools for
the investigation of tolbutamide: fi-cyclodextrin and tolbutamide:
hydroxypropyl-f-cyclodextrin complexes. Chem. Pharm. Bull.
49, 1251-1256 (2001)

@ Springer


http://dx.doi.org/10.1002/mrc.2231

	Complexation studies of pioglitazone hydrochloride �and &bgr;-cyclodextrin: NMR (1H, ROESY) spectroscopic �study in solution
	Abstract
	Introduction
	Materials and methods
	Stoichiometry of complex
	Results and discussion
	Conclusion
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


