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Abstract

Troglitazone, which possesses two asymmetric carbons, is obtained as a mixture of four isomers present in equal amounts.
Troglitazone (Lot T003) has two melting points, about 120 and 175◦C. To increase the bioavailability of insoluble troglitazone,
troglitazone-polyvinylpyrrolidone K30 (PVP) solid dispersions (SDs) were prepared with water by a unique closed melting
method. In this study, the effects of the water content in the physical mixture (PM) and the heating temperature on the apparent
crystallinity of troglitazone in SDs prepared by this method were investigated. When the water content in the PM was controlled
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t 3%, although the apparent crystallinity of troglitazone in the SD prepared by heating at 105◦C did not decrease (99%), that
he SDs prepared by heating at 130 and 150◦C were reduced to 54 and 11%, respectively. This result indicated that the m
f troglitazone varies depending on the heating temperature. The apparent crystallinity of troglitazone in the SDs decre

ncrease in water content in the PM. In particular, SDs prepared by heating at 130 and 150◦C showed 0% apparent crystallini
hen the water content in the PM were more than 13 and 8%, respectively. When the heating temperature used w

han the glass transition temperature of PVP plasticized with water, troglitazone crystals were dissolved in the rubb
herefore, even if the heating temperature is lower than the melting point of troglitazone during preparation, contro
ater content in the PM at a high level can produce a troglitazone SD with 0% apparent crystallinity.
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1. Introduction

Troglitazone is an oral antidiabetic drug (Yoshioka
et al., 1989, 1991) that improves insulin sensitivit
and responsiveness. Troglitazone also lowers he
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Fig. 1. Chemical structures of troglitazone and polyvinylpyrrolidone. Asterisks represent asymmetric carbons.

glucose production. This compound is not only effec-
tive in insulin-dependent diabetes mellitus patients,
but also in non-insulin-dependent diabetes mellitus
patients (Fujiwara et al., 1988; Suter et al., 1992).

Troglitazone has characteristic physical changes,
depending on thermal change. It has two asymmetric
carbons as shown inFig. 1, and is present as four iso-
mers in equal amounts. These isomers are composed
of two crystalline forms. One is the RR/SS form. The
other is the RS/SR form. These crystalline forms have
different melting points. The RR/SS crystal and the
RS/SR crystal of troglitazone (Lot T003) melt at about
120 and 175◦C, respectively (Suzuki et al., 2002). On
the other hand, the solubility of each isomer of troglita-
zone is about 10�g/mL in water, which low solubility
results in low bioavailability (Suzuki et al., 2002).

Solid dispersions (SDs) have traditionally been used
as an effective method to improve the dissolution prop-
erties and bioavailability of poorly water-soluble drugs
(Chiou and Riegalman, 1971; Serajuddin, 1999; Leuner
and Dressman, 2000). The melting technique is one of
the most widely used methods to prepare amorphous
solid dispersions although drug degradation must be
taken into account as high temperature conditions are
used (Hancock and Zografi, 1997; Serajuddin, 1999).
In order to lower the heating temperature, a twin-screw
extruder has been developed as one solution. The twin-
screw extruder can apply shear force to the physical
mixture (PM) of drug and carrier and produce an SD at
a lower temperature than the melting point of the drug
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polymer would allow for the preparation of amorphous
solid dispersions by heating below the melting temper-
ature of the drug. Therefore, using a plasticizer to act
with the polymer is thought to be effective to decrease
drug degradation in the SD. Various compounds such as
water, ethanol, triacetin and polyethylene glycol (PEG)
are used as plasticizers. It was also revealed that the
Tg decreases significantly with increasing weight frac-
tions of water or PEG (Hamaura and Newton, 1999).
However, adding a plasticizer lowers theTg of SDs,
and this can thus easily induce drug crystallization.
Volatile plasticizers such as water and ethanol can be
used to inhibit drug crystallization as they can be evap-
orated after preparing the SDs. In particular, water has
the advantage of being a non-organic solvent from the
viewpoint of the environment.

In this study, water was selected as a volatile plas-
ticizer, and SDs of troglitazone with polyvinylpyrroli-
done K30 were prepared by a unique closed melting
method. The effects of the water content in the phys-
ical mixture (PM) and the heating temperature on the
apparent crystallinity of troglitazone in SDs prepared
by this method were investigated.

2. Materials and methods

2.1. Materials

Troglitazone (Lot T003) was manufactured by
S as
p
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P er.
Nakamichi et al., 2002). However, in this study, SD
btained using a unique closed melting method w
repared in order to confirm the effects of water con
nd temperature in the PM without shear stress.

Various polymers and saccharides are gene
sed as carriers for SDs. In the case of using a w
oluble polymer as a carrier for SDs, it is expected
owering the glass transition temperature (Tg) of the
ankyo Co. Ltd. Polyvinylpyrrolidone K30 (PVP) w
urchased from BASF Japan Ltd. (Tokyo, Japan).

.2. Preparation

.2.1. Physical mixtures (PMs)
PMs were prepared by mixing troglitazone w

VP in a weight ratio of 1:2 using a high shear mix
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2.2.1.1. Solid dispersions (SDs) prepared by closed
melting method. One gram of the PM was weighed
into glass ampoules (20 mL) and the water content was
controlled by storing at various equilibrium relative
humidity levels (adsorption method) or by adding some
water directly (charging method). The glass ampoules
were sealed. And the glass ampoules were heated for
90 min at 105, 130 or 150◦C in an oven to prepare
the SDs. The caps of the ampoules were opened and
then the SDs were dried for 10 min at each tempera-
ture in order to eliminate the water from the SD sys-
tems. The resultant SDs were sieved through a 300�m
sieve.

2.2.1.2. Solid dispersions prepared by unsealed melt-
ing method. These samples were prepared according
to the adsorption method in Section2.2.1.1without
sealing of the glass ampoules.

2.2.2. Solid dispersions prepared by the solvent
method

About 5 g of PM was dissolved in 20 mL of a 1:2
mixture of ethanol and acetone. This solution was
dried in a Rotavapor RE-111 rotary evaporator (Shi-
bata, Tokyo, Japan). The resultant solid dispersion was
used as it was.

2.3. Characterization
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Table 1
Solubility of troglitazone drug substance at various pHs (1.2–9.7)

pH Dissolved amount (�g/mL)

1.2 <1
6.8 <1
8.0 6
8.5 13
9.0 41
9.7 151

Apparatus No. 2 (rotating paddle method). The dissolu-
tion media consisting of phosphate buffer (pH 9) was
maintained at 37± 0.5◦C. About 250 mg of hydrox-
ypropyl methylcellulose (HPMC) was added into the
media to inhibit the crystallization of troglitazone.
As troglitazone is an acidic compound, its solubility
increases at high pH range as shown inTable 1. The
pH of the test solution, pH 9, was determined based
on the solubility of troglitazone. Each sample (PM or
SD) containing 100 mg of troglitazone was added to
500 mL of dissolution medium in a 1000-mL cylin-
drical beaker. The paddle rotation speed was set to
250 rpm. Samples were withdrawn at 5 min intervals
for 60 min. The concentration of troglitazone in the
medium was determined using a UV-1600 UV spec-
trophotometer (Shimadzu).

2.3.3. Differential scanning calorimetry (DSC)
DSC measurement of troglitazone was carried out

in hermetically sealed aluminum pans using a Thermo
plus 8230L (Rigaku, Tokyo, Japan) calibrated with
indium. Troglitazone was heated under a dry nitrogen
gas purge between 40 and 200◦C at a rate of 10◦C/min.
The glass transition temperature (Tg) of the PVP was
controlled for water content by sealing aluminum pans
to prevent water loss during the DSC experiments. The
samples were heated under nitrogen atmosphere and
heated to 10–25◦C above theirTg. They were subse-
quently cooled at 20◦C/min to 0 or−50◦C and then
reheated. The first heating run exhibited an enthalpy
r -
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o
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.3.1. Solubility
About 10 mg of troglitazone sample was put i
glass tube. Ten millilitres of phosphate buffer w

dded and the suspension was incubated at 37◦C. After
0 min, 1 mL of suspension was filtered with a PV
lter Mini-UniprepTM (5 mm in inside diameter, an
ore size of 0.45�m, Whatman Inc., USA). The fi

rate was immediately measured by HPLC. The O
olumn used was 4.6 mm i.d.× 150 mm, particle size
�m (Beckman Coulter Inc., USA). The mobile ph
as water:acetonitrile:glacial acetic acid (400:60
ith a flow rate of 1 mL/min. The wavelength of the U
etector (Shimadzu, Kyoto, Japan) was set at 225
nd the injection volume was 10�L.

.3.2. Dissolution
The dissolution of troglitazone from solid disp

ions and physical mixtures was determined u
elaxation endotherm at around theTg value. There
ore, theTg value of each sample was determined f
he second heating cycle and defined as the mid
f transition.

.3.4. Powder X-ray diffraction (PXRD)
The PXRD of the samples at various temperat

30, 100, 120, 130, 150 and 175◦C) was measured b
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a Geiger Flex Rint-2200 diffractometer (Rigaku) with
Cu K� radiation at 40 KV/40 mA. After the sample was
kept at each temperature for 3 min, it was step-scanned
at 0.02◦ intervals from 5.00◦ to 40.00◦ (2θ) at the rate
of 4.00◦ min−1.

2.3.5. Water content (Karl Fischer)
The water content of the samples was determined

using a Hiranuma AQ-7 Aquacounter (Hiranuma
Sangyo Co. Ltd, Ibaraki, Japan). Hydranal Aqualyte
RS and Hydranal Coulomat CG were used as an anolyte
and a catholyte, respectively. About 0.1 g of sample was
weighed accurately, transferred to the titration vessel
quickly, and dissolved in the anolyte.

2.3.6. Moisture sorption isotherm
One gram of troglotazone, PVP and PM were

weighed into glass bottles and stored at 25◦C with vari-
ous equilibrium relative humidity levels until a constant
weight was obtained. Then, the water content was esti-
mated by the Karl Fischer method. Theoretical value
of PM was calculated from the water content of trogli-
tazone and PVP.

2.3.7. Apparent crystallinity of troglitazone drug
substance estimated from PXRD

The apparent crystallinity of troglitazone drug sub-
stance at various temperatures (30, 100, 120, 130, 150
and 175◦C) was estimated from the peak area/total area
of PXRD. The apparent crystallinity at 30 and 175◦C
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melting method was calculated using the equation of
this regression curve.

3. Results and discussion

A typical DSC thermogram of troglitazone drug
substance (Lot T003) is shown inFig. 2. There were
two endothermic peaks at about 120 and 175◦C. It has
been reported from a hot stage microscopic study that
these endothermic peaks were attributed to the melting
of troglitazone (Hasegawa et al., 2004). Troglitazone
has two asymmetric carbons as shown inFig. 1, and
exists as four isomers in equal amounts. It has been
reported that the endothermic peak of the troglitazone
drug substance at about 120◦C is due to the melting
of the RR/SS form and the other peak at about 175◦C
is due to the melting of the RS/SR form (Suzuki et al.,
2002). In this paper, the RR/SS form with melting point
at about 120◦C and the RS/SR form with melting point
at about 175◦C are abbreviated as the L form and the
H form, respectively.

The PXRD patterns of troglitazone drug substance
(Lot T003) at various temperatures (30, 100, 120, 130,
150 and 175◦C) are shown inFig. 3a. Although there
were few changes in the PXRD at 30 and 100◦C, the
2θ peaks at 8.6◦, 10.3◦, 10.7◦ and 12.6◦ disappeared
and the 2θ peaks at 5.5◦, 19.6◦, 21.5◦ and 22.1◦ were
remarkably decreased at 120◦C. This results from the
fact that the L form crystals melted at 120◦C. The
P at
ere specified to be 100 and 0%, respectively.

.3.8. Apparent crystallinity of troglitazone in SD
stimated from dissolution

As the SD prepared by the solvent method
onfirmed to be completely amorphous by DSC
XRD, this SD was used for the calculation of app
nt crystallinity. The apparent crystallinity of the P
nd SD prepared by the solvent method were spec

o be 100 and 0%, respectively. The SD and PM w
ixed in a certain ratio, such that the SDs had ap
nt crystallinity of 0, 10, 20, 30, 40, 50, 60, 70, 80,
nd 100%, respectively. A dissolution test of the re

ant mixtures was conducted. A regression curve
btained by plotting the mixture ratio and percent
olution at 60 min. There was a negative relation
etween the mixture ratio and the percent dissolu
he apparent crystallinity of the SDs prepared by
XRD pattern at 130◦C was not changed from th

Fig. 2. DSC thermogram of troglitazone.
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Fig. 3. (a) PXRD data of troglitazone at various temperatures and (b) relationship between temperature and area ratio (peak area/total area).

of 120◦C. The whole peak intensity was decreased at
150◦C as a part of the H form crystals melted at even
150◦C, as determined from the result of the DSC exper-
iment on troglitazone. There were no peaks at 175◦C as
not only the L form but also most of the H form crystals
melted. Since the crystallinity of troglitazone changed
at each temperature level, apparent crystallinity was
calculated from the peak area/total area and was plot-
ted against temperature as shown inFig. 3b. The peak
area/total area was 0.44 at 30◦C and was reduced to
0.25 at 120◦C owing to melting of the L form crystals.
Moreover, it was reduced to 0.08 at 175◦C owing to
the melting point of the H form crystals. The appar-
ent crystallinity of troglitazone was reduced to almost
half (48%) at 120◦C, to 36% at 150◦C and to 0% at
175◦C depending on the change in the physical state
of troglitazone.

In this study, SDs were prepared by the unique
closed melting method. Attention was paid to the
changes in the physical state (crystallinity) of trogli-
tazone at each temperature used for the preparation of
the SDs (105, 130 and 150◦C). To be more precise,
neither the L form nor the H form melts at 105◦C, only
the L form melts at 130◦C, and the L form and a part
of the H form melt at 150◦C.

Fig. 4 shows a typical dissolution profile of the
PM and its SDs. The dissolution percent of the PM

remained at an extremely low level (about 3%). On the
other hand, the dissolution percent of troglitazone from
the SDs prepared by heating at 130◦C with an amount
of water increased remarkably compared to that from
the PM. Moreover, there is a great difference in the
dissolution percent, depending on the water content in
PMs. The dissolution rate of the SD prepared by heating
at 130◦C with 2.9 and 18.4% of water were about 40

Fig. 4. Typical dissolution profiles of troglitazone from PMs and
SDs. SDs were prepared from PMs containing a certain amount of
water (2.9–18.4%) by heating at 130◦C.
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Fig. 5. Effect of water content in PM on dissolution percent of
troglitazone at 60 min. Samples were prepared by heating at 130◦C
under the various conditions. Triangle: open, circle: closed (charging
method), square: closed (adsorption method).

and 100%, respectively. The dissolution rates increased
with an increase in water in the PMs. The solubility
of troglitazone at pH 9 was 41�g/mL as shown in
Table 1. The theoretical concentration was 200�g/mL
in each vessel in this study, at which concentration
troglitazone was dissolved completely in the dissolu-
tion media. Therefore, the dissolution of troglitazone
from the SDs was supersaturated. This supersaturation
was maintained for 60 min. Without HPMC, the disso-
lution percent of troglitazone decreased gradually with
time (data not shown). It has been reported that HPMC
could strongly inhibit the precipitation (recrystalliza-
tion) of drugs (Usui et al., 1997). From the dissolution
pattern, the dissolution property could be evaluated
using the dissolution percent at 60 min (D60 min) in sub-
sequent evaluation.

Fig. 5 shows the relationship between water con-
tent in the PM and theD60 min of SDs prepared by
heating at 130◦C. The D60 min of SDs prepared in
sealed glass ampoules was increased with an increase
in water content in the PM. There were no differences
in dissolution by controlling for water content in PMs
stored at various equilibrium relative humidity levels
(adsorption method) or by adding water directly (charg-
ing method). It was speculated that both adsorbed and
charged water in the PMs was redistributed in sealed
glass ampoules during heating at 130◦C. Thus, sub-
sequent experiments were conducted by the charging
method. In contrast, theD60 min of SDs prepared in

Fig. 6. Effects of water content in PM and heating temperature on
dissolution percent of troglitazone at 60 min. Triangle: 105◦C, circle:
130◦C, square: 150◦C.

unsealed glass ampoules was scarcely dependent on
the water content in the PM because of water volatiliza-
tion during heating. Since half of the crystals (L form)
melted at 130◦C and changed to amorphous state in
the SDs, dissolution of SDs prepared in unsealed glass
ampoules was improved to around 40% in the case of
2.9–13.7% water content in the PM. It was speculated
that the water had evaporated before playing a role as
a plasticizer. In the case of 18.7% of water content in
the PM, dissolution of the SDs prepared in unsealed
glass ampoules was improved to 57% as it took time
for water to evaporate.

As shown inFig. 6, the effects of water content and
the heating temperature on theD60 min of SDs were
examined. The dissolution property of SDs prepared by
heating at 150◦C was satisfactory (not less than 90%)
even when the water content in the PM was low. The
D60 min of the SDs prepared by heating at 130◦C was
slightly below 50% when the water content in the PM
was about 4%. However, it increased with an increase
in water content in the PM and was almost 100% when
the water content in the PM was 12.5% and above.
TheD60 min of SDs prepared by heating at 105◦C was
extremely low and was the same as that of PM with
water content of below 6.5%. TheD60 min increased
with an increase in water content in the PM but only
up to 68% within the range of the water content in PM
in this study. Commonly, in the melting method, amor-
phous solid dispersion is prepared by heating above the
melting point of the drug and cooling off. However, in
t pare
his study, it was shown that it was possible to pre
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Fig. 7. Relationship between the water content in PVP and glass
transition temperature. The line represents the fit to polynomial
regression.

a solid dispersion whose dissolution percent was 100%
even when the heating temperature during the prepara-
tion was 130◦C, below the melting point of the H form.
It is preferred that the heating temperature during the
preparation is as low as possible from the viewpoint of
avoiding degradation of the drug. Why was it possible
to prepare a solid dispersion whose dissolution percent
was 100% even when the heating temperature during
the preparation was below the melting point of the H
form? It is speculated that glass transition temperature
(Tg) of PVP is a factor.

Fig. 7shows a negative relationship between water
content and theTg of PVP. Glass transition of polymers
occurs within a broad temperature range. Therefore,
Tg was defined as the middle point between the onset
and the end of theTg in this study. TheTg of PVP
decreased with an increase in water content. This result
indicated that water acted as a plasticizer for PVP, and
theTg of PVP can be controlled by the water content.
It has been reported that the Gordon–Taylor equation
is not suitable to predict theTg values of a PVP–water
system above a water fraction of around 0.1 (Hamaura
and Newton, 1999). Therefore, the curve fitting was
performed using polynomial regression in this study.

The moisture adsorption isotherm (25◦C) of trogli-
tazone, PVP and PM is shown inFig. 8. Troglitazone
had the non-hygroscopicity at any relative humidity
while PVP had the hygroscopicity. There is a simi-
larity in adsorption pattern of PM between the actual
and calculated value. Additionally, as the DSC ther-
m der

Fig. 8. Moisture sorption isotherm (25◦C) of troglitazone, PVP and
PM. Triangle: troglitazone, square: PVP, open circle: PM (actual),
closed circle: PM (calculated).

closed conditions did not change (data not shown), it
was considered that there was little interaction between
troglitazone and water. Therefore, it was thought that
water mainly interacted with PVP and acted as a plas-
ticizer for PVP.

Therefore, as the water content in PVP could be
calculated from that in the PM, theTg value of PVP
could be estimated. In order to correlate the physical
state of PVP with theD60 min of SDs, the plots inFig. 6
were converted to a relationship between the physical
state of PVP andD60 minusing the relationship between
water content in PVP andTg, as shown inFig. 9. The
difference between the heating temperature andTg of
plasticized PVP is used as an indicator of the physical
(glass or rubber) state of PVP (Lai et al., 1999). When
this value is plus, the physical state of PVP is thought
to be a rubbery state that shows high mobility. In con-
trast, when this value is minus, the physical state of PVP
is thought to be a glassy state that shows low mobil-
ity. D60 min remarkably increased with increase in this
indicator at around zero irrespective of heating tem-
perature. This indicates that the physical change (glass
to rubber) of PVP affects the dissolution property of
SDs. TheD60 min of SDs prepared by heating at 105◦C
(below the melting point of the L form) was extremely
low when the indicator was minus, which showed PVP
was the glassy state. Once the indicator changed to plus,
theD60 min increased with an increase in the indicator.
When the indicator was 51◦C, theD60 minwas 68%. It is
speculated that the plasticized PVP having high mobil-
i and
ogram of troglitazone in the presence of water un
 ty dissolved troglitazone crystals during heating
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Fig. 9. Relationship between the physical state of PVP during heat-
ing (heating temperature,Tg of plasticized PVP) and dissolution
percent of troglitazone at 60 min. Triangle: 105◦C, circle: 130◦C,
square: 150◦C.

amorphous SDs were obtained although some crystals
existed without change. By the same token, theD60 min
of SDs prepared by heating at 130◦C (above the melt-
ing point of the L form and below the melting point of
the H form) increased with an increase in the indica-
tor and was 100% when the indicator was 53◦C and
above. When the sample showing aD60 min of 100%
(high water content) was heated at 130◦C, it was a
limpid liquid. It has been reported that the dissolution
property of a drug is improved by preparing its solid
dispersions by dissolving the drug in a melted carrier
such as PEG (Owusu-Ababio et al., 1998; Joshi et al.,
2004). TheD60 minof the SDs was about 50% when the
water content was as low as 5% since the L form melted
even though almost all of the H form had not dissolved
into the PVP that was in the glassy state at this tem-
perature. As a result, it was speculated that half of the
troglitazone crystals (L form) were transformed to an
amorphous state. Heating the PM at 150◦C caused the
SDs to have aD60 minof not less than 90%, as some part
of the H form of troglitazone started to melt at 150◦C.

Next, the relationship between the dissolution prop-
erty of the SDs and the apparent crystallinity of trogli-
tazone is discussed. It has already been confirmed that
troglitazone in an SD having a crystallinity of 36%
exists in two physical states, crystal and amorphous,
using microthermal analysis (�TA) (Hasegawa et al.,
2004). As the SD prepared by the solvent method was

Fig. 10. Dissolution percent of troglitazone at 60 min from the sam-
ples of PM (crystallinity: 100%) and SD (crystallinity: 0%) mixed
in certain ratios.

confirmed to be completely amorphous by DSC and
PXRD, this solid dispersion was used for the calcula-
tion of apparent crystallinity.Fig. 10shows the relation-
ship between the apparent crystallinity of troglitazone
in SD and the dissolution percent of troglitazone from
the SD at 60 min. There was a negative relationship
between apparent crystallinity and dispersion percent.
In turn, theD60 min of SD increased with an increase in
amorphous troglitazone in SD. Considering the disso-
lution pattern inFig. 4, it was speculated that only the
amorphous part in SD dissolved in a few minute and the
crystal part hardly dissolved since the dissolution of the
PM having an apparent crystallinity of 100% remained
at an extremely low level. Thus, the amorphous content
in SD could be estimated from the regression curve. In
order to determine a relationship between the physical
state of PVP and the apparent crystallinity of trogli-
tazone in SDs, the plots inFig. 9 were converted, as
shown inFig. 11. When the PVP was in the glassy
state, although the apparent crystallinity of troglita-
zone in the SD prepared by heating at 105◦C did not
decrease (99%), that of the SDs prepared by heating at
130 and 150◦C were reduced to 54 and 11%, respec-
tively. The difference in pattern at each temperature
was speculated to be dependent on the physical state of
troglitazone during heating. The apparent crystallinity
of troglitazone in the SDs decreased with an increase in
water content in the PM. In particular, SDs prepared by
heating at 130 and 150◦C showed 0% apparent crys-
tallinity when the water content in the PM were more
t
han 12.5 and 8.1%, respectively.
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Table 2
Comparison of apparent crystallinity estimated from PXRD and dissolution

Temperature during
sample preparation (◦C)

Apparent crystallinity
of troglitazonea (%)

Apparent crystallinity of troglitazone in SDsb

(Physical state of PVP)

2.9c 6.5c 13.7c 18.4c

105 89 99 (G) 97 (G) 45 (R) 29 (R)
130 46 54 (G) 36 (R) 1 (R) 0 (R)
150 36 11 (R) 2 (R) 0 (R) 0 (R)

a The apparent crystallinity of troglitazone estimated from the PXRD of the drug substance is based on the data presented inFig. 3b.
b The apparent crystallinity of troglitazone in SDs estimated from their dissolution is based on the data presented inFig. 10. The physical state

of PVP is described in parentheses. Glassy state and rubbery state are abbreviated as G and R, respectively.
c Water content in PM (%).

The apparent crystallinity of troglitazone deter-
mined by PXRD and dissolution from SDs is summa-
rized in Table 2. The physical states of PVP during
heating are also shown in this table. The apparent crys-
tallinity of troglitazone in SDs prepared by heating at
105 and 130◦C with 2.9% of water showed good agree-
ment with that calculated from PXRD. In this case,
the water content was so low that it could not plasti-
cize PVP. At 130◦C, only the L form of troglitazone
melted and it became amorphous in the solid disper-
sion irrespective of the physical state of PVP since
PVP was in the glassy state that showed low mobility
during heating. On the other hand, there is a differ-
ence (36 and 11%) in the case of heating at 150◦C.
Since the apparent crystallinity of troglitazone drug

F ring
h nt
c
s

substance estimated from PXRD changed from 46 to
36%, 10% of troglitazone drug substance (H form) was
thought to be in liquid form when the heating temper-
ature was changed from 130 to 150◦C. Regarding the
apparent crystallinity of troglitazone in SDs, PVP was
in a rubbery state that showed high mobility during
heating at 150◦C and a number of the H form crystals
dissolved in it during heating. As a result, more trogli-
tazone became amorphous in the SDs when solidified.
A decrease in the apparent crystallinity of troglitazone
in SDs prepared by heating at 105◦C was caused by
only dissolution of troglitazone crystals into rubbery
state PVP during heating irrespective of the physical
change of troglitazone. An entire amorphous SD could
not be prepared by heating at 105◦C in this study, but
may be prepared by increasing the water content in the
PM which would increase the liquidity of PVP.

4. Conclusions

Both the water content in the PM and heating tem-
perature affected the dissolution property and apparent
crystallinity of troglitazone in SDs via changing the
physical state of troglitazone and PVP during heating
preparation. By heating at a temperature lower than the
melting point of the H form of troglitazone and con-
trolling the water content in the PM at a certain level
during heating, a troglitazone SD with an apparent crys-
tallinity of 0% can be obtained.

R

C ns of
ig. 11. Relationship between the physical state of PVP du
eating (heating temperature,Tg of plasticized PVP) and appare
rystallinity of troglitazone in SDs. Triangle: 105◦C, circle: 130◦C,
quare: 150◦C.
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