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Amorphous solid dispersions are used as a strategy to improve the bioavailability of poorly water-soluble
compounds. When formulating with a polymer, it is important not only for the polymer to stabilize
against crystallization in the solid state, but also to improve the dissolution profile through inhibiting
crystallization from the supersaturated solution generated by dissolution of the amorphous material.
In this study, the dissolution profiles of solid dispersions of felodipine formulated with poly(vinylpyrroli-

Key, Wor_ds" . done) (PVP), hydroxypropyl methylcellulose (HPMC) or hydroxypropyl methylcellulose acetate succinate
/S\iljlgrsllfffsrsw“ (HPMCAS) were compared. In addition, concentration versus time profiles were evaluated for the super-
Dissolution saturated solutions of felodipine in the presence and absence of the polymers. HPMCAS was found to
Concentration maintain the highest level of supersaturation for the greatest length of time for both the dissolution

and solution crystallization experiments, whereas PVP was found to be the least effective crystallization
inhibitor. All polymers appeared to reduce the crystal growth rates of felodipine at an equivalent super-
saturation and this mechanism most likely contributes to the enhanced solution concentration values

observed during dissolution of the amorphous solid dispersions.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

It is well known that utilizing the amorphous form of a drug can
be a useful approach to improve the dissolution behavior and bio-
availability of poorly water-soluble active pharmaceutical ingredi-
ents (API) [1-5]. However, amorphous compounds are
thermodynamically unstable and may crystallize over pharmaceu-
tically relevant timescales, negating any solubility advantage.
Amorphous compounds can often be stabilized by combining the
active ingredient with a carrier polymer to form an amorphous
molecular level solid dispersion, as described in several compre-
hensive reviews [5-7]. The properties of the resultant solid disper-
sions are influenced by the physicochemical properties of both the
active pharmaceutical ingredient and the carrier polymer.

In the solid state, the inhibitory effects of polymers against crys-
tallization have been attributed to various mechanisms including
antiplasticization by the polymers [8-10], interactions between
the API and polymers in solid dispersions [11-13], a reduction in
local molecular mobility due to coupling between the polymer
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and API motions [11,14], and an increase in the activation energy
for nucleation [15].

While it is obviously critical to maintain the amorphous form in
the solid state, the longevity of the supersaturation achieved dur-
ing the dissolution stage is also of critical importance. The theoret-
ical solubility of an amorphous form is often predicted to be much
higher than the experimentally observed value [3]. In many in-
stances, this discrepancy may be attributed, at least in part, to
the rapid crystallization of a lower solubility form from the super-
saturated solution. In dissolution studies of amorphous solid dis-
persions, API solution concentrations much higher than those
attained with the thermodynamically stable crystal form are often
observed, indicating that supersaturated solutions are being gener-
ated. Furthermore, the concentration-time profiles attained with
solid dispersions may be higher than those achieved with the pure
amorphous API [16] suggesting that certain polymers are able to
further enhance solution concentrations relative to pure amor-
phous drug. The increased solution concentrations observed fol-
lowing dissolution of amorphous solid dispersions have been
attributed to the inhibition of API crystallization from the supersat-
urated solution by the polymer [16,17] and increased equilibrium
solubility of the API due to solution complexation with the poly-
mer [18-20].

The purpose of this study was to compare the ability of three
different polymers, poly(vinylpyrrolidone) (PVP), hydroxypro-
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pylmethylcellulose (HPMC) and hydroxypropylmethylcellulose
acetate succinate (HPMCAS) to improve the dissolution of a model
poorly water-soluble compound, felodipine. These polymers were
selected due to their widespread use in solid dispersions. In recent
studies, it was found that the nucleation rate of felodipine in the
amorphous solid dispersions did not vary with polymer type in
the absence of moisture [21], whereas upon exposure to atmo-
spheric moisture, the three polymers tested were found to exhibit
a diversity of inhibitory effects [22]. For the latter study, the inhib-
itory effect of the polymer was found to correlate the both the
amount of polymer and the amount of moisture in the solid disper-
sion. Having compared the relative ability of the three polymers to
act as crystallization inhibitors in the solid state, it was of interest
to examine the dissolution behavior of each solid dispersion sys-
tem. The dissolution profile of the drug from the various amor-
phous solid dispersions was investigated and the concentration
vs. time profiles generated during the dissolution experiments
were compared to the concentration vs. time profiles of supersat-
urated drug solutions created by adding a concentrated solution
of the drug to a medium containing the same polymers used to for-
mulate the solid dispersions.

2. Materials

Felodipine was a generous gift from AstraZeneca, Sodertilje,
Sweden and hydroxypropylmethylcellulose acetate succinate
(HPMCAS: Shin-Etsu AQOAT®, Type AS-MF) was a generous gifts
from Shin-Etsu Chemical Co., Niigata, Japan. Poly(vinylpyrrolidone)
K30 (PVP) was purchased from BASF Japan Ltd., Tokyo, Japan and
hydroxypropylmethylcellulose USP (HPMC: Pharmacoat® type
606) was purchased from Shin-Etsu Chemical , Co,. Ltd., Niigata,
Japan. Ethanol was obtained from Hayashi Pure Chemical Ind.,
Ltd., Osaka, Japan.

3. Methods
3.1. Preparation of amorphous solid dispersion

Solid dispersions were prepared using a solvent evaporation
method. Felodipine was dissolved in ethanol, followed by the addi-
tion of the polymer. The solvent was evaporated under vacuum for
8 h and the resultant material was held at 160 °C for a few seconds
to ensure that the dispersion was completely amorphous. The solid
dispersions were subsequently pulverized by a sample mill (SK-M2
model, Kyoritsu Riko, Tokyo, Japan) and screened through a 30
mesh sieve. Optical microscopy and sieve analysis indicated that
all the solid dispersions had similar particle sizes (mean particle
size was between 150 and 200 pm diameter, n = 50).

The amorphous nature of the samples following treatment by
the above procedure was confirmed using differential scanning cal-
orimetry (DSC) which showed no endothermic peak at the melting
point of the API. DSC experiments were carried out at a scanning
rate of 10 °C min~! using an EXSTAR 6000/DSC6220 systems (Seiko
Instruments, Tokyo, Japan).

3.2. Dissolution study of solid dispersions

The dissolution rate of felodipine from various powdered solid
dispersions was measured according to the reference paddle meth-
od described in the Japanese pharmacopeia (version 14), using a
Riken dissolution tester (Miyamoto Riken, Osaka, Japan). Each sam-
ple, containing 30 mg of felodipine, was placed into 600 mL of the
test fluid of pH 6.8. The composition of the test fluid was the same
as that of the Simulated Intestinal Fluid TS described in the United
States Pharmacopeia (version 26), except for the omission of pan-

creatin. The test solution was maintained at 37 °C and was stirred
at 50 rpm. The concentration of felodipine in the solution was mea-
sured as a function of time, using an ultraviolet (UV) spectrometer
(Agilent 8453, Agilent technologies, CA, USA) equipped with an
automatic sampling system. A 70-pum filter was attached to the
sampling device. All measurements were performed in triplicate.

3.3. Effect of polymer on the solubility of felodipine

The equilibrium solubility of crystalline felodipine in the test
fluid of pH 6.8 was measured at 37 °C in the presence and absence
of the polymers. 30 mg of crystalline felodipine were dispersed in
600 mL of test fluid at pH 6.8, in which 600 mg of polymer had
been previously dissolved, and stirred at 50 rpm. After 24 h, the
concentration of felodipine in the solutions was measured using
a UV spectrometer (Agilent 8453, Agilent technologies, CA, USA).
The solubility of felodipine in the test fluid in the absence of poly-
mer was also evaluated. All measurements were carried out in
triplicate.

3.4. Inhibitory effect of polymers on recrystallization from
supersaturated solutions

The effect of the polymer on the solution concentration-time
profile was also evaluated following the generation of supersatu-
rated solutions of felodipine. Felodipine was dissolved in a small
volume of solvent (ethanol or methanol). An aliquot of the concen-
trated felodipine solution was then added to 600 mL of the test
fluid described above, in which either 90 mg or 30 mg of polymer
had been previously dissolved, leading to a final polymer concen-
tration of either 150 or 50 pg/mL. Sufficient concentrated felodip-
ine solution was added to generate initial solution concentrations
of either 50, 15 or 9.5 pg/ml. The solution was held at 37 °C and
stirred at 100 rpm. The concentration of felodipine in the solution
was measured as a function of time, using a UV spectrometer (Agi-
lent 8453, Agilent technologies, CA, USA, or Cary 50, Varian Inc.,
Palo Alto, CA) with an automatic sampling system. For the Agilent
system, a 70-pm filter was attached to the sampling device, for the
Carey 50 system, spectra were preprocessed using a second deriv-
ative method to mitigate scattering effects from crystallizing par-
ticulates [23]. All measurements were carried out in triplicate.

4. Results

4.1. Effect of polymer on dissolution rate of felodipine from solid
dispersions

Fig. 1 shows the dissolution profiles of felodipine from solid dis-
persions containing various amounts of each of the three carrier
polymers. Dissolution from the majority of the solid dispersions re-
sulted in solution concentrations that were higher than the equi-
librium solubility of crystalline felodipine (0.9 pg/mL see Table 1
and [24]), indicating that supersaturated solutions were generated.
However, solid dispersions containing between 10 and 50% w/w
PVP did not result in solutions concentrations that exceeded the
solubility of crystalline felodipine. Fig. 1 also shows that the super-
saturation generated increased with the increasing polymer con-
tent in the solid dispersions for each of the polymers.
Furthermore, the initial dissolution rate varied between the poly-
mers tested with a maximum solution concentration being reached
within 60 min for the PVP containing solid dispersions compared
to the cellulosic solid dispersions where the maximum solution
concentration was generally achieved between 180 and 240 min.

In Fig. 2, selected data from Fig. 1 have been replotted to en-
able a comparison between solid dispersions containing different
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Fig. 1. Dissolution profiles of felodipine from solid dispersions with different of samples with PVP (@), HPMCAS (a) and HPMC (#). Error bar represents
amounts of polymers; (a) PVP, (b) HPMCAS and (c) HPMC in the test fluid of pH 6.8. standard deviation.

Symbols represent profiles of samples with 10% (O), 20% (®), 50% (A), 60% (a) and
75% (#) of polymers. Error bar represents standard deviation.

'gg?ulsillity of felodipine in the test fluid pH 6.8 (JP 2nd fluid) with or without dissolved polymer at 37 °C
Added polymer Solubility of felodipine in test fluid pH 6.8

Without polymer 1 mg/mL PVP 1 mg/mL HPMCAS 1 mg/mL HPMC
Solubility (pg/mL) 0.94 (0.08) 0.98 (0.09) 1.01 (0.11) 1.00 (0.10)

Values in parentheses represent the standard deviations.
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polymers at the same weight fraction. As shown in Fig. 2a, there
was little difference in the solution concentrations achieved with
each of the polymers when the amount of polymer in the solid
dispersion was only 10% w/w and the maximum solution concen-
trations achieved were close to the solubility of crystalline felo-
dipine. As the amount of polymer in the solid dispersions was
increased, the maximum solution concentration achieved varied
considerably with polymer type, as shown in Fig. 2b and c. Disper-
sions containing HPMCAS resulted in the highest supersaturation
while PVP was only slightly effective at improving the dissolution
profile. Specifically, for solid dispersions containing 75% w/w
polymer, solution concentrations of 14.1, 4.9 and 2.3 pg/mL were
achieved with HPMCAS, HPMC and PVP, respectively (Fig. 2c). A
more detailed view highlighting the relationship between the
maximum solution concentration and the concentration of poly-
mer in the solid dispersion is shown in Fig. 3. Here, it can be seen
that for PVP, there is only a limited increase in solution concentra-
tion as a function of concentration, whereas for HPMCAS, there is
a strong dependence on the amount of polymer.

The initial dissolution rates were calculated from the concentra-
tion of felodipine after 5 min of dissolution, and are shown in Fig. 4
as a function of polymer concentration. It can be seen that solid
dispersions containing 75% PVP showed the highest initial dissolu-
tion rate and that the initial dissolution rate decreased with a de-
crease in polymer concentration in the solid dispersion.

4.2. Inhibitory effects of the polymers on the recrystallization of
felodipine from supersaturated solutions

The inhibitory effects of polymers against recrystallization of
felodipine from a supersaturated solution were evaluated by add-
ing a concentrated solution of felodipine to the test fluid in which
the polymers had been dissolved and then by monitoring the
solution concentration as a function of time. Fig. 5 shows results
obtained at two different polymer solution concentrations,
150 pg/mL (Fig. 5a) and 50 pg/mL (Fig. 5b), which correspond to
the polymer solution concentration that would be produced by to-
tal dissolution of solid dispersions containing 75% and 50% of
polymer, respectively. For these experiments, the initial solution
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Fig. 3. Maximum solubility of felodipine in the test fluid attained during dissolu-
tion test at 0-360 min as a function of polymer concentration in solid dispersions.
Symbol represents the type of polymer in solid dispersions; PVP (@), HPMCAS (a)
and HPMC (4). Error bar represents standard deviation.
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Fig. 4. Initial dissolution rate of felodipine in the test fluid calculated from the data
of solubility at 5 min after suspension as a function of polymer concentration in
solid dispersions. Symbol represents the type of polymer in solid dispersions; PVP
(@), HPMCAS (a) and HPMC (#). Error bar represents standard deviation.

concentration of felodipine that was generated by dilution of
the concentrated drug solution was 50 pg/mL. As shown in Fig.
5, in the absence of polymer, the concentration of felodipine rap-
idly diminishes until it reaches a value close to that of the equilib-
rium solubility of crystalline felodipine. For all three polymers, the
initial concentration measured (5 min after the addition of felo-
dipine) was approximately 6 pg/mL in all the cases. This solution
concentration decreased only marginally over a period of 4h
when HPMC or HPMCAS was present in the solution. When pres-
ent at a 50 pg/mL level, HPMC appeared to be slightly less effec-
tive at maintaining this concentration of felodipine than
HPMCAS (Fig. 5b), but no difference between the two polymers
was apparent at the higher polymer concentration (Fig. 5a). In
contrast, the concentration of felodipine in solution decreased
gradually over a 4-h period when PVP was added to the solution,
eventually reaching a value close to the equilibrium solubility of
felodipine. These results are qualitatively similar to those ob-
tained previously with nifedipine [17].

Fig. 6 shows concentration-time profiles when the initial super-
saturation created was much lower than in Fig. 5, either 9.5 pg/mL
(Fig. 6a) or 15 pg/mL (Fig. 6b). The polymer concentration was
150 pg/mL. For the system with an initial supersaturation of 15 pg/
mL, in the presence of the cellulosic polymers, the felodipine concen-
tration remains relatively constant at a value of approximately 11 pg/
mL. For the system with an initial supersaturation of 9.5 pg/mL, the
solutions containing HPMC or HPMCAS exhibited average solution
concentrations between 7.8-8.9 pg/mL and 8.5-9.1 pg/mL, respec-
tively, for the duration of the experiments. For both of these systems,
the concentrations maintained during the experiments are much clo-
ser to the initial supersaturations generated and higher than for the
systems shown in Fig. 5. Solutions containing PVP once again show
a gradual decrease in drug concentration towards the solubility of
crystalline felodipine, while for the buffer solutions, significant pre-
cipitation had occurred within 5 min of addition.

4.3. Equilibrium solubility of felodipine in the presence of the polymers
The solubility of crystalline felodipine in a solution containing

1 mg/mL of each of the three polymers was determined and com-
pared to the solubility in a solution containing no polymer. It



H. Konno et al./European Journal of Pharmaceutics and Biopharmaceutics 70 (2008) 493-499 497

a 38
)
E
=]
2
c
2
<
<
[]
(2]
c
o
o
0 | | |
0 60 120 180 240
Time (min)
b s

Concentration (png/mL)

o

60 120 180 240
Time (min)

Fig. 5. Inhibitory effects of polymers on the recrystallization of a supersaturated
solution of felodipine (50 pg/mL) at pH 6.8; the test fluids contain (a) 150 pg/mL of
polymer, (b) 50 pg/mL of polymer. Symbols represent profiles of samples with PVP
(@), HPMCAS (a) and HPMC (#) and in the absence of any polymer (O). Error bar
represents the standard deviation, n = 3.

should be noted that this polymer concentration far exceeds the
solution concentrations described above. As shown in Table 1,
the solubility of felodipine did not change when the polymer was
present in the test fluid at this concentration. These results indicate
that the observed solution concentrations of felodipine cannot be
accounted for by the polymers enhancing solubility.

5. Discussion

The higher apparent solubility of amorphous materials is well
known and has been extensively documented [1,3,25]. The solubil-
ity advantage arises because of disordered structure of the amor-
phous solid: in a crystalline material, the lattice has to be
disrupted for the material to dissolve, whereas in an amorphous
solid, only short range intermolecular interactions are present.
The theoretical solubility ratio between the amorphous and crys-
talline forms at a given temperature can be approximated by Eq.
(1) [3,26,27], which requires an estimation of the free energy dif-
ference between the amorphous and crystalline solids, 4G,

a S
AGC —RT 1[1 amorphous ~RT ln amorphous (1)
acwstalline crystalline

where R is the gas constant, T is temperature, a is the activity
and S is solubility. The Hoffman equation can be used to provide
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Fig. 6. Inhibitory effects of polymers on the recrystallization of supersaturated
solutions of felodipine (a) initial concentration of 9.5 ug/mL and (b) initial
concentration of 15 pg/mL at pH 6.8; the test fluids contain 150 pg/mL of polymer.
Symbols represent profiles of samples with PVP (@), HPMCAS (a) and HPMC (¢) and
in the absence of any polymer (O).Error bar represents the standard deviation, n = 3.

an estimate of the free energy difference between the two forms
if the melting temperature (T,;) and the heat of fusion of the
crystalline form are known, as shown in Eq. (2). The Hoffman
equation has been found to give good estimates of the free en-
ergy difference between amorphous and crystalline felodipine
[15]

AG, = Al Tm — 1T — nr

(2)
m

It is clear from Eq. (2) that the higher the melting point and heat of
fusion of a compound, then the greater the solubility enhancement
that would be expected from utilizing the amorphous form of the
drug. As pointed out by Hancock and Parks, the theoretical solubil-
ity advantage of the amorphous form is rarely achieved due to
crystallization from solution [3]. Because the amorphous form dis-
solves to produce a solution with higher concentration than that of
the crystalline solid, there is a thermodynamic driving force for
crystallization. According to classical nucleation theory, the nucle-
ation rate, J, would be expected to depend on the factors shown in
Eq. (3) [28]

3)

342
J=Aexp {_ 16my°v }

3K°T*(InS)
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where y is the interfacial tension, v is the molecular volume, k is the
Boltzmann constant, T is temperature, and S is supersaturation, as
defined in

c

S== 4
where c is the solution concentration and ¢ is the equilibrium sol-
ubility. From Eq. (3), it is clear that the nucleation rate is strongly
dependent on the degree of supersaturation that is present. Thus,
it would be expected that amorphous-crystalline systems with a
high theoretical solubility ratio would have a greater tendency to
nucleate and precipitate from solution. Based on Egs. (1) and (2)
and the thermodynamic information tabulated by Marsac et al.
[15], amorphous felodipine should yield a maximum solution con-
centration approximately 10 times that of the crystalline form at
37 °C, that is about 9.5 pg/mL based on the equilibrium solubility
measured for crystalline felodipine (Table 1). As seen from Fig. 6,
when felodipine is introduced to the system at a concentration of
9.5 ng/ml, the solution concentration decreases rapidly indicating
that crystallization commences immediately. These data suggest
that the dissolution of amorphous felodipine will be accompanied
by rapid crystallization.

However, contrary to this prediction, as seen from Figs. 1 and
2, dissolution of amorphous felodipine intimately mixed with a
polymer, in particular HPMCAS, leads to higher than equilibrium
solubility solution concentrations that persist for some time.
These could either arise from supersaturated solutions that have
been generated by dissolution of the amorphous solid dispersion
and stabilized by the polymers, and/or by an increase in the
equilibrium solubility of the crystalline drug due to complexa-
tion in solution with the polymer and hence a reduced extent
of supersaturation and a lowered thermodynamic driving force
for crystallization [18]. Based on the solubility measurements
shown in Table 1, the latter explanation can be discounted; at
the concentrations used, the polymers had no influence on the
solubility of crystalline felodipine. Thus it can be inferred that
supersaturated solutions are generated and maintained as a re-
sult of dissolution of the solid dispersions. Support for the sup-
position that the polymers can stabilize the supersaturated
solution is provided by Figs. 5 and 6, which show that elevated
solution concentrations persist following the generation of
supersaturation. Interestingly, the felodipine solution concentra-
tion in the presence of HPMC and HPMCAS decreases very
slowly over a 4-h period for three different levels of supersatu-
ration, although there is an initial immediate drop in concentra-
tion (the magnitude of this initial drop varies between systems).
These results can be rationalized as follows: Creating a highly
supersaturated system leads to rapid nucleation of felodipine
particles and precipitation from solution. Since the nucleation
rate is dependent on the concentration (Eq. (3)), the nucleation
rate is expected to be higher in the more concentrated solution,
leading to the creation of more particles and a more extensive
initial decrease in the concentration. The polymers thus do not
appear to have prevented the nucleation of felodipine under
these experimental conditions. However, the observation that
solution levels remain higher than the equilibrium solubility va-
lue strongly suggests that the polymers are able to inhibit crystal
growth. The inhibition of crystallization and crystal growth by
polymers has been observed previously [29-33]. Thus it appears
that the system has decreased in concentration to a level where
nucleation is no longer spontaneous (i.e. the system has moved
from the labile zone into the metastable zone) and the only
mechanism for a reduction in solution concentration to the equi-
librium value is through crystal growth. If this process is inhib-
ited by the polymers, then solution concentrations will
presumably remain elevated above the equilibrium concentra-

tion. Overall mass growth rates (Rg) can be estimated from Eq.
(5) by monitoring solution concentrations as a function of time
(34]

Rc = Alc X % (5)
where A, is the effective surface area, M. is the mass incorporated
into the crystal and t is time. If it is assumed that all four systems
have similar effective surface areas, the growth rates will be directly
proportional to the change in solution concentration of felodipine as
a function of time. Therefore, the relative growth rates of felodipine
in the presence of the various polymers can be estimated and com-
pared. From Fig. 6a it seems that the growth rate of felodipine,
where dM/dt has been estimated from the initial linear portion of
each curve, in either buffer (dMy/dt ~ 0.1399 pg/mL-min) or PVP
(dM/dt ~ 0.0398 pg/mL-min) is much faster than in HPMC (dMy/
dt ~ 0.0044 pg/mL min) or HPMCAS (dM./dt ~ 0.0021 pg/mL min).
Thus in the presence of the cellulose polymers, the slope of the con-
centration vs. time profile is close to zero suggesting that crystal
growth is greatly inhibited (Fig. 6).

It is obviously of interest to be able to attempt to correlate
the ability of a polymer to stabilize a supersaturated solution
(e.g. results shown in Figs. 5 and 6), with the dissolution behav-
ior of the corresponding solid dispersion since the former tech-
nique could be used to screen for the best polymers for a
particular drug. A reasonable correlation is found for PVP and
HPMCAS, where it is apparent that PVP is inferior to HPMCAS
in both systems; however, results for HPMC are less predictable.
In the solution experiments, HPMC is comparable to HPMCAS in
terms of its ability to maintain supersaturated solutions, whereas
in the solid dispersion dissolution experiments, it is not as effec-
tive as HPMCAS. Similar results were obtained by Tanno et al. for
nifedipine systems [17]. At present the reasons behind these dif-
ferences are not clear.

The ability of the three polymers to stabilize the supersaturated
solutions generated by dissolution of the amorphous solid disper-
sions can be compared with the physical stability of the corre-
sponding solid dispersions on storage in the presence and
absence of moisture. While no difference was observed in the sta-
bilizing ability of the polymers in the dry solid systems [21], HPM-
CAS and HPMC were superior at inhibiting crystallization relative
to PVP when the solid dispersions were exposed to high relative
humidities [22]. Although HPMCAS and HPMC had a similar ability
to inhibit crystallization in the solid dispersions in the presence of
absorbed moisture, results of this study indicate that HPMCAS gen-
erates more supersaturated solutions during dissolution of the so-
lid dispersions. It thus appears that different crystallization
inhibition mechanisms are of importance and may vary with the
amount of water in the system.

6. Conclusions

The dissolution behavior of amorphous solid dispersions of fel-
odipine prepared with PVP, HPMC and HPMCAS has been com-
pared. Solid dispersions formulated with HPMCAS were found to
result in solutions with the highest extent of supersaturation,
whereas HPMC and PVP were less effective. At equivalent supersat-
urations, all three polymers were observed to reduce crystal
growth rates relative to the growth rate of the drug alone. HPMCAS
and HPMC were most effective at inhibiting growth rates while
PVP was much less effective. These results indicate that it is impor-
tant to select the appropriate polymer for a solid dispersion after
considering both the solid state stability and the stability of the
supersaturated solution generated following dissolution of the
amorphous solid.
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