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Abstract

The solid state forms of troglitazone drug substance and diastereomers were characterized using solid state nuclear magnetic resonance
(SSNMR) spectroscopic method. The SSNMR spectroscopy could distinguish the hydrated and the non-hydrated RR/SS forms more clearly
than powder X-ray diffractometry (PXRD). The SSNMR result supported that troglitazone drug substance consists of diastereomers as a
simple physical mixture. SSNMR spectroscopy was also able to characterize the solid state forms of troglitazone in tablets while PXRD was
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nable to because of interference from the pharmaceutical additives. Troglitazone was proved to exist in amorphous form in table
ts solid state form amorphous against heat and humidity. SSNMR spectroscopy thus provides very important information for the de
f the pharmaceutical formulation of troglitazone.
2004 Elsevier B.V. All rights reserved.
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. Introduction

The solid state form (i.e. crystalline, polymorphs, solvates
nd amorphous solids) of a drug substance can have a signifi-
ant impact on the drug’s solubility, dissolution rate, stability
n a pharmaceutical formulation, and bioavailability[1,2].
ormulation techniques have been developed to increase

he bioavailability and aqueous dissolution of poorly water-
oluble drugs by simultaneously reducing drug particle size
nd altering the drug crystal form[2,3]. One such technique

s called solid dispersion, which is dispersion of a drug (in the
esired solid state form) in an inert carrier matrix prepared
y a melting (fusion), solvent, or melting-solvent method

2,3]. The amorphous form of a drug is generally more sol-
ble, which is a useful property particularly if the drug has

ow aqueous solubility[2,4], however, amorphous solids are
ften susceptible to changes during storage. In some cases,
harmaceutical formulations placed under controlled storage
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conditions exhibit a slowing of dissolution because of c
tallization of the active pharmaceutical ingredient (API)[5].
Thus, it is important to evaluate the solid state forms not
of the drug substance but also the drug product and its s
samples.

Powder X-ray diffraction (PXRD) is well known as
technique for the physical characterization of pharma
tical solids. Regarding pharmaceutical formulations, h
ever, the PXRD method sometimes fails to represen
changes of the solid state form because of the interfer
of the diffraction peaks derived from pharmaceutical a
tives. Furthermore, a humidity-controlled system is nee
for the measurement of the solids that change their cr
structure easily by hygroscopicity due to humidity. Solid s
nuclear magnetic resonance (SSNMR) spectroscopy is
an useful techniques. Recently many application studie
ing this technique have been reported[6–9]. SSNMR spec
troscopy cannot only differentiate between different s
state forms of a material, but also intimately probes
structural aspects of each solid state form. Technically,
relatively easy to handle a powdered sample like pha
731-7085/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
oi:10.1016/j.jpba.2004.09.035
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Fig. 1. Chemical structure of troglitazone.

ceutical solids and subject them to SSNMR measurement.
Furthermore, this system would be rarely exposed to undue
humidity during the measurement since the sample for SS-
NMR spectroscopy is filled in a rotor tightly closed with an
end-cap.

Troglitazone is a novel oral antidiabetic drug that im-
proves insulin sensitivity and responsiveness[10,11]. It has
two asymmetric carbons, one at the 2-position of the chroman
ring and one at the 5-position of the thiazolidine ring in its
molecule as shown inFig. 1, and is produced as a mixture of
equal amounts of four optical isomers. The solid state form
of troglitazone drug substance is characterized as a simple
physical mixture of two diastereomers, and the water adsorp-
tion is due to the presence of the RR/SS diastereomer, which
adsorbs water easily as a monohydrate[12]. It was reported
that making troglitazone drug substance amorphous increases
the solubility of the four stereoisomers[3]. So a spray-drying
solid dispersion formulation technique was used for the man-
ufacture of troglitazone tablets.

The objective of this study was to demonstrate the charac-
terization of the solid state forms of the troglitazone drug sub-
stance, drug product and their hygroscopically treated sam-
ples by SSNMR.
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Aqualyte RS and Hydranal Coulomat CG were used as an
anolyte and a catholyte, respectively. About 0.1 g of sam-
ple was weighed accurately, transferred to the titration vessel
quickly, and dissolved in the anolyte.

All other reagents and solvents were commercially avail-
able and of analytical reagent grade.

2.2. Powder X-ray diffraction (PXRD)

The PXRD patterns of troglitazone were determined at
ambient temperature and atmosphere using a diffractometer
(RINT2200, Rigaku Corp., Japan) with Cu K� radiation at
40 mA and 45 kV. Each sample was packed into an aluminum
holder, and scanned with a diffraction angle of 2θ, increasing
from 5◦ to 40◦.

2.3. Solid state nuclear magnetic resonance (SSNMR)
spectroscopy

Solid state13C Cross polarization/magic angle spinning
(CP/MAS) NMR spectra were obtained using a Bruker
Avance 300 MHz spectrometer operating at a carbon fre-
quency of 75.476 MHz and equipped with a complete solids
accessory and a Bruker 7 mm double-tuned CP probe. The
total suppression of spinning sideband (TOSS) pulse se-
q mples
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. Materials and methods

.1. Sample and reagents

Troglitazone drug substance and diastereomers were
hesized by the Process Development Laboratories an
morphous form of troglitazone drug substance was obt

rom the Pharmaceutical Development Laboratories, Sa
o., Ltd. Troglitazone drug substance was placed into a

ccator of 75% RH at 25◦C, and picked up 10, 30, 60 min a
0 days after the placement for monitoring the change o
MR pattern. Other samples were placed into the desic

or 20 days in order to make a hydrated form. The pr
ation methods are described in a previous paper[12]. The
roglitazone drug product, 200 mg tablets (lot no. CH0
nd its additives for the formulation were obtained from
harmaceutical Development Laboratories, Sankyo Co.
The water content, expressed as % w/w, was measur

arl–Fischer titration using a Moisture Meter (model A
, Hiranuma Sangyo Co., Ltd., Ibaraki, Japan). Hydr
uence was used to suppress spinning sidebands. Sa
ere prepared in 7 mm zirconium rotors with PTFE e
aps. Measurement conditions were as follows: 90◦ proton
f pulse, 4.4�s; contact time, 2 ms; pulse repetition tim
s; MAS frequency, 5.0 kHz; spectral width, 24 kHz; a
cquisition time, 35 ms. The chemical shifts were refere

o the CH3 of hexamethylbenzene (δ = 17.3 ppm) by sam
le replacement. Spectral assignments were made by
aring chemical shifts observed in solution spectra[13]
ith those in the13C CP/MAS and interrupted decoupli
pectra.

. Results and discussion

.1. SSNMR spectroscopy of troglitazone diastereome

The RS/SR form of troglitazone has no hygroscopicity
he RR/SS form shows about 3.7% water uptake as a m
ydrate. The crystal structures of the RS/SR form and
onohydrate of the RR/SS form have been already stu

14,15]. Troglitazone has hydrophilic function only at t
oth edges of its molecule (6′′-OH and thiazolidinedione
nd the other groups are hydrophobic. The molecules are
ected by head-to-tail hydrogen bonds as a straight chain

he molecular chains are piled up two dimensionally in
rystals. And the hydrated water breaks the hydrogen b
ng into the lines of troglitazone molecules on hydration[16].
o, hydrated water would affect the chemical shifts of the
on of thiazolidine ring and 6-position of the chroman ring
SNMR spectra.Fig. 2shows the PXRD patterns andFig. 3



N. Suzuki, T. Kawasaki / Journal of Pharmaceutical and Biomedical Analysis 37 (2005) 177–181 179

Fig. 2. PXRD patterns of troglitazone diastereomers: (A) RS/SR form, (B)
RR/SS form and (C) hydrated RR/SS form.

shows the SSNMR spectra of troglitazone diastereomers. We
can find the differences on not only PXRD but SSNMR pat-
terns between the RS/SR and RR/SS forms. Although, the
PXRD patterns of the hydrated and the non-hydrated RR/SS
forms are slightly different, they are difficult to distinguish

F , (B)
R

from each other. However, the SSNMR results represent the
difference clearly during the hydration of the RR/SS form.
The chemical shifts of 170 and 172 ppm, which were esti-
mated to the 2-position of the thiazolidine ring, moved and
gathered at the neighboring peak derived from the 4-position
of the thiazolidine ring. At the same time, the chemical shift
pattern around 145 ppm, which was assigned to the 6- and 8-
position of the chroman ring, changed after hydration. These
results indicate that monohydration caused the rebuilding of
weaker hydrogen-bonding interactions, changed shielding,
and shifted the carbonyl resonance to a lower magnetic field,
and meet the hydrogen-bonding discussion from the reported
crystal structures. Therefore, SSNMR spectroscopy is supe-
rior to PXRD for the identification of the hydration of the
troglitazone RR/SS form.

3.2. SSNMR spectroscopy of troglitazone drug substance

Troglitazone drug substance has been characterized as a
simple physical mixture of the RR/SS and the RS/SR forms,
and the water adsorption is due to the hydration of the RR/SS
diastereomer composing 50% of the drug substance[12].
Fig. 4 shows the SSNMR spectra of troglitazone drug sub-
stance through the hygroscopic treatment. The SSNMR peaks
derived from the RS/SR form can be seen in both charts. All
o f the
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ig. 3. SSNMR spectra of troglitazone diastereomers: (A) RS/SR form
R/SS form and (C) hydrated RR/SS form.
f the moved chemical shifts corresponded to those o
R/SS form, which were described in the previous parag
his indicates that troglitazone drug substance consists
rystalline RS/SR form and a crystalline RR/SS form w
o interaction, like a “conglomerate”[17].

In this way, troglitazone drug substance is indicated
hysical mixture of diastereomers not only by DSC or PX
ut also SSNMR spectroscopy. Furthermore, SSNMR s
roscopy is thus proved to be a non-destructive way to

ig. 4. Changing SSNMR spectra of troglitazone drug substance sto
5◦C/75% RH: (A) initial, (B) 10 min, (C) 30 min, (D) 60 min and (E) h
rated troglitazone drug substance.
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Fig. 5. SSNMR spectra of (A) amorphous form of troglitazone, (B) additives
for the formulation, (C) troglitazone drug product and (D) troglitazone drug
product stored at 40◦C/75% RH for 6 months.

uate the hydration of the RR/SS form in troglitazone drug
substance.

3.3. SSNMR spectroscopy of troglitazone in tablets

We could not evaluate the solid state forms of troglitazone
in tablets by PXRD because it was difficult to deduct the
diffraction peaks derived from those of the pharmaceutical
additives.Fig. 5(A)–(C) shows the SSNMR spectra of the
amorphous form of troglitazone, additives for the formulation
and troglitazone drug product. Most peaks in the spectrum
of troglitazone drug product corresponded to the spectrum of
the amorphous form of troglitazone or the additives. This just
appeared to be like the superimposed pattern of the SSNMR
charts of these two samples. And such sharp peaks as shown
in Fig. 4(A), the spectrum of the crystalline troglitazone by
SSNMR spectroscopy, were not observed in the spectrum
of tablet as shown inFig. 5(C). These results indicate that
troglitazone exists not as crystals but in amorphous form in
the drug product, and not a very strong interaction occurs
between the troglitazone and its additives in the tablets.

3.4. Evaluation of the crystallographic stability of
troglitazone in tablets

The SSNMR spectra of troglitazone drug product stored at
40◦C/75% RH for 6 months are shown inFig. 5(C) and (D).
No significant change on the spectrum was observed during
the 6-month storage period. The peak width and the shape of
the peaks derived from troglitazone drug substance in tablets
were quite different from that of the crystalline troglitazone,
as shown inFig. 4. It is difficult to confirm the presence of
the slight amount of the crystalline troglitazone because the
peaks of the amorphous form are too broad, but troglitazone
was generally proved to keep its amorphous form in tablets
against heat and humidity. This provides very important in-
formation for the oral pharmaceutical formulation and assur-
ance of the solubility of the API of troglitazone drug product
during storage.

4. Conclusions

The SSNMR spectroscopy results for troglitazone drug
substance and diastereomers were consistent with other char-
acterizations previously reported[12,15]. Furthermore, SS-
NMR spectroscopy can distinguish the differences during the
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ydration of the RR/SS form. SSNMR spectroscopy i
ated that the solid state form of troglitazone in tablets k
ts amorphous form. Such information is very important
he pharmaceutical development of the oral dosage form
ecially for a low-soluble drug like troglitazone. In this stu
SNMR spectroscopy was proved to be a powerful techn

or evaluating the solid state forms of the API which is a
actor for pharmaceutical development.

cknowledgments

The authors thank Dr. Hiroyuki Kohno, Bruker BioSp
.K. for performing the measurements and advising a

he SSNMR spectroscopy.

eferences

[1] S.R. Byrn, Solid-State Chemistry of Drugs, Academic Press,
York, 1982.

[2] J.L. Ford, Pharm. Acta Helv. 61 (1986) 69–88.
[3] W.L. Chiou, S. Riegleman, J. Pharm. Sci. 60 (1971) 1281–130
[4] J.K. Haleblian, J. Pharm. Sci. 64 (1975) 1269–1288.
[5] R.J. Markovich, C.A. Evans, C.B. Coscolluela, S.A. Zibas, J. Ro

J. Pharm. Biomed. Anal. 16 (1997) 661–673.
[6] D.A. Middleton, C.S.L. Duff, F. Berst, D.G. Reid, J. Pharm. Sci.

(1997) 1400–1402.
[7] D.C. Apperley, R.A. Fletton, R.K. Harris, R.W. Lancaster, S. Tave

T.L. Threlfall, J. Pharm. Sci. 88 (1999) 1275–1280.
[8] T. Watanabe, N. Wakiyama, F. Usui, M. Ikeda, T. Isobe, M. Se

Int. J. Pharm. 226 (2001) 81–91.



N. Suzuki, T. Kawasaki / Journal of Pharmaceutical and Biomedical Analysis 37 (2005) 177–181 181

[9] K. Kimura, F. Hirayama, K. Uekama, J. Pharm. Sci. 88 (1999)
385–391.

[10] T. Yoshioka, T. Fujita, T. Kanai, Y. Aizawa, T. Kurumada, K.
Hasegawa, H. Horikoshi, J. Med. Chem. 32 (1989) 421–428.

[11] T. Yoshioka, Y. Aizawa, T. Fujita, K. Nakamura, K. Sasahara, H.
Kuwana, T. Kinoshita, H. Horikoshi, Chem. Pharm. Bull. 39 (1991)
2124–2125.

[12] N. Suzuki, K. Kasahara, H. Hasegawa, T. Kawasaki, Int. J. Pharm.
24 (2002) 71–80.

[13] H. Horikoshi, T. Yoshioka, T. Kawasaki, K. Nakamura, N. Mat-
sunuma, K. Yamaguchi, K. Sasahara, Annu. Rep. Sankyo Res. Lab.
46 (1994) 1–57.

[14] K. Vyas, A. Sivalakshmidevi, C. Prabhakar, G.O. Reddy, Acta Crys-
tallogr. C55 (1999) 411–413.

[15] K. Kobayashi, H. Fukuhara, T. Hata, Anal. Sci. 16 (2000) 443–444.
[16] K. Kobayashi, H. Fukuhara, T. Hata, A. Sekine, H. Uekusa, Y.

Ohashi, Chem. Pharm. Bull. 51 (2003) 807–814.
[17] H.G. Brittain, Pharm. Res. 7 (1990) 683–690.


	Evaluation of solid state form of troglitazone by solid state NMR spectroscopy
	Introduction
	Materials and methods
	Sample and reagents
	Powder X-ray diffraction (PXRD)
	Solid state nuclear magnetic resonance (SSNMR) spectroscopy

	Results and discussion
	SSNMR spectroscopy of troglitazone diastereomers
	SSNMR spectroscopy of troglitazone drug substance
	SSNMR spectroscopy of troglitazone in tablets
	Evaluation of the crystallographic stability of troglitazone in tablets

	Conclusions
	Acknowledgments
	References


