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Abstract

The aim of the present study was to investigate the phase behavior of solid dispersions made up of PEG 6000 and itraconazole
using DSC. Solid dispersions were prepared by solvent evaporation. DSC analysis of pure PEG 6000 showed three endothermic
events, representing the melting transitions of the three different crystal modifications. It was shown that itraconazole decreased
the formation of the polymer modifications with melting transitions at 56 and 59◦C but promoted the formation of the modification
with a melting transition at 63◦C. All dispersions investigated showed the presence of crystalline itraconazole indicating that
the drug is not molecularly dispersed in the polymer matrix. However, the presence of an endothermic peak in DSC curves of
all solid dispersions at approximately 85–90◦C showed that at least a second phase of pure itraconazole is present also: glassy
itraconazole. The protective effect of the polymer is clear at low concentration of drug since no recrystallisation exotherm can
be detected. However, at drug concentrations at or above 80%, a recrystallization exotherm at approximately 117◦C can be
detected. At least three different phases can be distinguished at room temperature: a polymer phase, crystalline itraconazole
and glassy itraconazole. The findings of the present study thus demonstrate the coexistence of multiple drug phases in a solid
dispersion.
© 2003 Elsevier B.V. All rights reserved.
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It is generally recognized that low solubility and/or
dissolution rate in the gastro-intestinal tract, compro-
mise oral bioavailability. Formulation of solid disper-
sions is a possible pharmaceutical strategy to increase
solubility and dissolution rate.

Although the use of solid dispersions has been
reported frequently in the pharmaceutical literature,
very few marketed products rely on the solid disper-
sion strategy. The main reason for this discrepancy
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is the physical instability of these structures that can
be metastable from a thermodynamical point of view.
Phase separation, crystal growth or conversion from
the amorphous (metastable) to the crystalline state
during storage, inevitably results in decreased solu-
bility and dissolution rate. There are many systems
described in literature dealing with solid dispersions
using PEG 6000 as carrier. The majority is described
as binary phase systems, made up of the polymer
and the drug. It is however a fact that a number of
systems that are reported as binary systems are not
truly binary. Indeed, in some cases the solid disper-
sion systems are poorly studied and coexisting drug
phases are therefore not noticed.
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The aim of the present paper is to report the phase
behavior of solid dispersions made up of PEG 6000
and the model drug itraconazole as an example of a
system with coexisting drug phases. In addition we
aim to stimulate thorough phase analysis in order to
upgrade our understanding of solid dispersions.

Itraconazole is a potent antifungal drug of the tria-
zole group. Because of its very low aqueous solubility
and poor dissolution rate, itraconazole shows a large
inter-individual difference in bioavailability after oral
administration (Grant and Clissold, 1989). Currently,
several formulations are being developed to overcome
the dissolution rate limiting oral absorption of itra-
conazole. In these formulations, the physical state of
the drug is changed from the crystalline to the glassy
state. The presence of the glassy state also leads to im-
proved dissolution properties because of the absence
of a crystalline lattice. The glassy form of itraconazole

Fig. 1. DSC curve of glassy itraconazole.

shows a particular thermal behavior. Besides the glass
transition at approximately 60◦C, glassy itraconazole
showed two endothermic transitions at 74 and 90◦C,
respectively (Fig. 1).

The purpose of the present study was to investigate
the phase behavior of binary solid dispersions of itra-
conazole and PEG 6000. Previous studies of our re-
search group showed that this drug forms a one phase
system with PVP-VA64, but a two phase system with
Eudragit E100 and with HPMC 2910 (Six et al., 2002,
2003a,b; Verreck et al., 2003; Six et al., 2004 in press).

In this study, solid dispersions of itraconazole and
PEG 6000 were prepared by dissolving different ratios
of drug and polymer in methylene chloride, followed
by solvent evaporation under reduced pressure at room
temperature in a rotovapor. The solid dispersions were
subsequently stored in a vacuum oven over P2O5 until
constant weight after which they were milled and an-
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Fig. 2. DSC curve of pure PEG 6000.

Table 1
Thermal characteristics of PEG 6000 in different dispersions with itraconazole

Itraconazole (%, w/w) T3 (◦C) T2 (◦C) T1 (◦C) % T3 % T2 % T1

0 63.37 59.53 57.03 75.79 19.34 4.86
63.70 59.70 57.03 76.78 19.16 4.06

5 64.33 63.7 Shoulder 52.34 47.66 Shoulder
64.87 63.7 Shoulder 51.99 48.01 Shoulder

10 64.17 63.03 Shoulder 51.61 48.39 Shoulder
64.17 62.70 Shoulder 51.67 48.33 Shoulder

20 63.20 59.37 Shoulder 67.16 32.84 Shoulder
62.90 59.65 Shoulder 68.65 31.35 Shoulder

30 62.70 59.87 – 98.72 1.28 –
64.00 59.87 – 97.63 2.37 –

40 64.53 – – 100 – –
62.69 – – 100 – –

50 60.17 – – 100 – –
61.50 – – 100 – –

60 63.84 – – 100 – –
63.42 – – 100 – –

80 58.03 – – 100 – –
57.97 – – 100 – –

T1, T2 and T3 represent peak temperatures.
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alyzed with DSC. DSC experiments were carried out
using a DSC-7 equipped with a liquid nitrogen subam-
bient accessory (Perkin-Elmer, Norwalk, CT, USA).
The samples were analyzed using aluminium open
pans and scanned at 10◦C/min from 25 to 200◦C.

PEG 6000 crystallizes forming lamellae with chains
either fully extended or folded once or twice (Verheyen
et al., 2001). Pure PEG 6000 showed three endother-
mic events at 56◦C (T1), 59◦C (T2) and 63◦C (T3)
(Fig. 2). These represent the melting transition of the
three different crystal folding modifications of this
semi-crystalline polymer. As it is shown inTable 1,
when the percentage of itraconazole was increased up
to 20%, the T1 peak can still be found, but it dimin-
ished into a shoulder of the T2 peak. In the DSC curve
of the solid dispersion with 30% itraconazole, the T1
peak disappeared and the T2 peak diminished into the
shoulder of the high melting form T3 peak. When the
percentage of itraconazole was higher than 40%, the

Fig. 3. DSC curve of a solid dispersion with 20% itraconazole.

T1 and T2 peak disappeared with only one remaining
melting peak of PEG 6000 in the DSC curve. This
strongly suggests that the presence of itraconazole in-
fluenced the folding behavior of the polymer. Itracona-
zole decreased the formation of the T1 and T2 modi-
fication but promoted the formation of a high melting
form T3 (Figs. 3 and 4), the thermodynamically most
stable form in the three different crystal modifications.

All dispersions investigated showed the presence
of crystalline itraconazole indicating that the drug
is not molecularly dispersed in the polymer matrix.
However, the presence of an endothermic peak in
DSC curves of all solid dispersions at approximately
85–90◦C showed that at least a second phase of pure
itraconazole is present also: glassy itraconazole. The
peak at 85–90◦C is due to the transition of the chiral
nematic mesophase to the isotropic liquid phase, typ-
ical for glassy itraconazole (Six et al., 2001). It was
shown in a previous paper that indeed glassy itracona-
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Fig. 4. DSC curve of a solid dispersion with 60% itraconazole.

zole is not amorphous, but structured due to its liquid
crystalline properties. The protective effect of the
polymer is clear at low concentration of drug since no
recrystallisation exotherm can be detected indicating
that the glassy fraction remains in its metastable state.
However, at drug concentrations at or above 80%, a
recrystallization exotherm at approximately 117◦C
can be detected. The recrystallization peak further
illustrates that the glassy phase of itraconazole was
not completely protected by the polymer. Therefore,
when heating the glassy state of itraconazole, part of
it will recrystallize.

It is noticeable that the melting peak of PEG 6000
in the dispersion of 80% itraconazole is not around
63◦C as we expected, but is 58◦C. This has two possi-
bilities, one possibility is the melting depression of the
high melting form of PEG 6000 due to the high con-
centration of itraconazole; the other possibility is the
promotion of the T2 form of PEG 6000 when the ra-
tio of itraconazole is higher than a certain percentage.

Further study on this phenomenon is ongoing (Fig. 5,
Table 2).

From the results it can be concluded that itracona-
zole promotes the high melting form of PEG 6000
in solid dispersions prepared by solvent evaporation.
Contrary to solid dispersions of this drug with poly-
mers such as PVP-VA64, Eudragit E100 or HPMC,
at least three different phases can be distinguished
at room temperature in these solid dispersions: a
polymer phase, crystalline itraconazole and glassy
itraconazole. Therefore, it seems to be that PEG 6000
is of limited value for the formulation of solid dis-
persions containing itraconazole. Indeed, the optimal
situation is when the drug is molecularly dispersed in
a carrier forming a one phase system in a way that
recrystallisation or drug clustering can be prevented.
In the PEG 6000–itraconazole system, the presence
of the crystalline phase acts as a trigger for recrys-
tallisation of the existing free glassy itraconazole
phase.
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Fig. 5. DSC curve of a solid dispersion with 80% itraconazole.

Table 2
Thermal characteristics of itraconazole in different dispersions with PEG 6000

Itraconazole (%, w/w) Glass transition (◦C) Glassy itraconazole peaks (◦C) Recrystallisation temperature (◦C) Melting peak (◦C)

5 – – – 119.20
– – – 118.67

10 – – – 129.83
– – – 130.33

20 – 75–90 – 145.87
– 75–90 – 145.87

30 – – – 153.67
– – – 153.54

40 – 75–90 – 159.20

50 – 75–90 – 162.67
– 75–90 – 162.23

60 – 75–90 – 163.77

80 60.7 75–90 105.03 166.03
60.4 75–90 105.6 166.20

100 60.7 75–90 115.7 167.03
60.2 75–90 116.0 167.25
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With this paper, we showed an example of a ternary
system and want to make other researchers in the field
aware of the fact that in some cases multiple drug
phases can and do coexist.
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