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Abstract

Crystallisation and subsequent milling of pharmaceutical powders by traditional methods often cause variations in
physicochemical properties thereby influencing bioavailability of the formulation. Crystallisation of drug substances
using supercritical fluids (SFs) offers some advantages over existing traditional methods in controlling particle
characteristics. The novel particle formation method, solution enhanced dispersion by supercritical (SEDS) fluids was
used for the preparation of hydrocortisone (HC) particles. The influence of processing conditions on the solid-state
properties of the particles was studied. HC, an anti-inflammatory corticosteroid, particles were prepared from acetone
and methanol solutions using the SEDS process. The solutions were dispersed with supercritical CO2, acting as an
anti-solvent, through a specially designed co-axial nozzle into a pressured vessel maintained at a specific constant
temperature and pressure. The temperatures and pressures studied were 40–90 °C and 90–180 bar, respectively. The
relative flow rates of drug solution to CO2 were varied between 0.002 and 0.03. Solid-state characterisation of
particles included differential scanning calorimetry (DSC), X-ray powder diffraction (XRPD), solubility studies and
scanning electron microscopy (SEM) examination. The aerodynamic properties of SEDS prepared particles were
determined by a multistage liquid impinger (MLI). Particles produced from acetone solutions were crystalline needles,
melting at 221�2 °C. Their morphology was independent of processing conditions. With methanol solutions,
particles were flakes or needles depending on the processing temperature and pressure. This material melted at
216�1 °C, indicating a different crystal structure from the original material, in agreement with observed differences
in the position and intensity of the XRPD peaks. The simulated lung deposition, using the MLI, for HC powder was
improved after SEDS processing. It was possible to produce and control the crystallinity, morphology, and
aerodynamic properties of HC particles with the SEDS technique. This method may be useful for the processing of
inhalation powders. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

The successful formulation development of a
new drug depends on physical and chemical prop-
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erties of excipients and active ingredients. Physic-
ochemical properties, such as crystal features,
polymorphism and the surface properties of drug
substances determine the stability, reproducibility,
handling and bioavailability of dosage forms.
(Haleblian and McCrone, 1969). These properties
of drug particles are even more precisely defined
in the case of powders for inhalation, as these
properties have a great influence on the deposition
of particles in the lungs and the uniformity of
dosing (Hickey et al., 1994; Visser and Maassluis,
1989). Thus, the manufacture of an elegant phar-
maceutical formulation of a drug through the
control and manipulation of their physical prop-
erties using robust processes is inevitable in for-
mulation development. Recently, particle
formation processes based on the use of supercrit-
ical fluids (SFs), have been introduced as a viable
means of controlling crystal formation.

The SF state is the state attained by gases and
liquids when subjected to temperatures and pres-
sures above their critical parameters (Tc and Pc).
The SF state exists as a single phase exhibiting
low viscosity, low surface tension and high diffu-
sivity, facilitating high mass transfer rates in com-
parison to liquids, and which is highly
compressible and can, therefore, have its density
and thereby its solvation power altered by careful
control of changes in the temperature and pres-
sure. Carbon dioxide is the most widely used SF
because it has low critical points (Tc=31.1 °C
and Pc=73.8 bar). Additionally, It is non-toxic,
non-flammable and cheap.

The particle formation processes involving SF
that are most often referred to are based on rapid
expansion of supercritical solutions (RESS) and
gas anti-solvent (GAS) crystallisation. RESS is
based on the principle that solvent strength can be
dramatically reduced by decreasing the density of
the SF, resulting in the crystallisation of dissolved
solutes (Debenedetti et al., 1993; Matson et al.,
1987). A range of substances, including polymers,
fibres and pharmaceuticals has been processed by
RESS (Charoenchaitrakool et al., 2000; Mawson
et al., 1995; Tom and Debenedetti, 1991). Anti-
solvent crystallisation processes, such as GAS,
work on the principle that, when mixed with a
solution, SF acts as an anti-solvent to the dis-

solved substance. Upon mixing, volume expan-
sion of the solution occurs with a subsequent fall
in the solvent strength followed by supersatura-
tion and particle formation. Various supercritical
anti-solvent techniques and materials processed
have been reviewed by Reverchon (1999). Whilst,
these approaches show advantages over the con-
ventional methods for producing fine particles,
they need to be further explored and optimised to
provide a completely controlled environment for
particle nucleation and growth. Furthermore,
RESS has limited application since most drugs are
insoluble in SFs.

Based on the principle of GAS, a novel tech-
nique called solution enhanced dispersion by su-
percritical (SEDS) fluids has been developed
(York, 1995). SEDS is a one-step process which
uses a coaxial nozzle design with a mixing cham-
ber that facilitates control of the particle forma-
tion characteristics and the direct formation of
dry and fine particles because of the increased
mass transfer rates compared with other tech-
niques. This technique has been used for the
processing of diverse materials including low
molecular weight substances, proteins and poly-
mers (Palakodaty et al., 1998; Moshashaee et al.,
2000; Ghaderi et al., 2000).

The objective of this study was to explore the
applicability of the SEDS technique for the for-
mation of hydrocortisone (HC) particles and for
controlling their characteristics, through deter-
mining the influence of processing conditions (viz.
solvent, pressure, temperature and the flow rates
of the drug solution and CO2) on solid-state
properties of drug particles. HC, an anti-inflam-
matory drug, was used as a model substance since
it belongs to the corticosteroid family from which
many drugs are often used for pulmonary deliv-
ery. The solid-state properties of unprocessed,
conventionally crystallised and SEDS crystallised
samples were characterised using DSC and
XRPD. The morphology of samples was exam-
ined by SEM. In addition, the solubilities of pro-
cessed and unprocessed HC samples were
determined. The applicability of SEDS processed
HC particles for inhalation was studied in-vitro
using a multistage liquid impinger (MLI).



S.P. Velaga et al. / International Journal of Pharmaceutics 231 (2002) 155–166 157

2. Materials and methods

2.1. Materials

HC was purchased from Sigma Chemical Co.,
USA. Methanol, acetone and chloroform of ana-
lytical grade were purchased from Merck, Ger-
many. Carbon dioxide (CO2) of high purity
(99.9%) was obtained from AGA Gas AB, Swe-
den. All chemicals were used without further
purification.

2.2. Particle preparation by the SEDS technique

The experiments were performed in SEDS
equipment. A schematic diagram of the SEDS
apparatus, used in this study, is shown in Fig. 1.
Briefly, a suitable anti-solvent gas, in this case
CO2, is fed from the source (A) to a cooler (B) to
ensure the liquefaction of the gas and to prevent
cavitation. The CO2 is then fed through a conduit
from the cooler to a high-pressure pump (C).
From there, it is pumped to the high-pressure
vessel (D) via a nozzle (E). The drug dissolved in
a suitable organic solvent is drawn from the
source (F) by a conduit to the high-pressure pump
(C) and is fed to the high-pressure vessel (D) via
the nozzle (E). The supercritical CO2 leaves the
high-pressure vessel and flows to the backpressure

regulator (G), which controls the pressure dis-
charge in the system. The organic solvent is ex-
tracted into the SF, resulting in the formation of
solid microparticles in the vessel (D). The mi-
croparticles are collected from the vessel and
stored in a desiccator at room temperature, until
they were analysed. A more explicit description of
the equipment and operation procedure has been
presented elsewhere (Hanna and York, 1998).

During the particle formation, the SEDS pro-
cessing conditions were varied as follows, the
pressure was varied between 90 and 180 bar and
the temperature ranged from 40 to 90 °C. The
flow rates of CO2 and drug solution were 21 and
0.1 ml/min at all combinations of pressure and
temperature, except at 130 bar and 40 °C, where
the flow rates were studied. Thus at a pressure of
130 bar and a temperature 40 °C, the CO2 flow
rate was varied between 10 and 25 ml/min while
the drug solutions had flow rates from 0.005 to
0.3 ml/min. The nearly saturated solutions of
acetone (9.0 mg/ml) or methanol (6.0 mg/ml) with
HC were used throughout the experiments. At the
end of each experiment the microparticles were
flushed with CO2 at the flow rate as was used for
the experiment for 15 min to remove any residual
solvent.

2.3. Con�entional recrystallisation of
hydrocortisone

Crystallisations were carried out in acetone,
methanol and chloroform on a laboratory scale.
These were prepared as reference material for
comparison with SEDS produced samples.
Twenty millilitres of almost saturated drug solu-
tions of acetone (9.0 mg/ml), methanol (6.0 mg/
ml) and chloroform (1.6 mg/ml) were prepared.
The acetone and methanol solutions were kept on
a hot plate at 50 °C, while the chloroform solu-
tion was kept at room temperature for the solvent
to evaporate. The crystals were collected and
dried under airflow at room temperature.

2.4. Solid-state characterisation of drug particles

2.4.1. Differential scanning calorimetry (DSC)
Drug samples (1.5–2.5 mg) were placed in alu-

Fig. 1. Schematic representation of SEDS apparatus. (A) CO2

cylinder; (B) cooler; (C) high pressure pump; (D) vessel; (E)
nozzle; (F) drug solution; (G) back pressure regulator; (H)
oven.
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minium pans and covered with lids. The samples
were scanned at a rate of 10 °C/min in a differen-
tial scanning calorimeter (DSC 22 °C, Seiko,
Japan) to determine the melting temperatures of
the HC, before and after the SEDS processing.

2.4.2. Powder X-ray diffraction (XRPD)
X-ray powder diffraction (XPRD) spectra were

obtained using the Guinier–Hägg focusing pow-
der camera with silicon powder (a=5.431023 A� )
as an internal standard and the Cu K�1 as the
radiation source.

2.4.3. Scanning electron microscopy (SEM)
The particle shape and topography were ob-

served and examined by SEM (JSMT 330-Scan-
ning Microscope, Jeol, Japan and Philips
SEM525, the Netherlands). Particles of represen-
tative samples were coated with gold–palladium
(metallisation; JFC-100, Ion Sputter, Jeol, Japan)
in an argon atmosphere at room temperature
before examination.

2.5. Solubility determination

A standard curve was drawn by plotting the
absorbencies as a function of concentration. The
absorbencies of respective solutions were mea-
sured using an ultra violet (UV) spectrophotome-
ter (U1100, Hitachi Ltd., Tokyo, Japan) at 232
nm. Every measurement was conducted in
triplicate.

For the sample solubility determination, exces-
sive quantities of the drug (6.0 mg) were sus-
pended in 12 ml of water in 20 ml plastic
scintillating vials. These containers were kept in a
thermostat maintained at 25 °C and were stirred
at a constant rate. Samples were taken from the
supernatant carefully at regular intervals over a
period of 36 h after being centrifuged for 10 min
at 3000 rpm. These samples were analysed using a
spectrophotometer (U1100, Hitachi, Tokyo,
Japan) and the average of three measurements
from three different vials was calculated. The drug
concentration in each sample vial was determined
from the standard graph.

2.6. In �itro drug deposition

In this study, a MLI was used for the assess-
ment of fine particle dose and particle distribu-
tion. This is referred to as Apparatus C for dry
inhalation powders in the European Pharmaco-
poeia (EP). MLI has such a design that flow rate
can be altered between 30 and 100 l/min and has
the advantage of avoiding interstage losses of
particles. The study was performed with Tur-
buhaler (Astra-Zeneca) and Easyhaler (Orion
Pharma). The MLI apparatus was assembled in
accordance with the EP procedure for dry powder
inhalers and connected to a flow system that has
been adjusted to provide 4 l (over 4.7 s at the rate
of 51 l/min (�5%) in the case of Turbuhaler and
43 l/min (�5%) over 5.6 s in the case of Easy-
haler) to simulate human inspiration. The result-
ing cut off diameters of the stages 2–4 and of the
filter were 14.10, 7.38, 3.36, 1.84 �m at 51 l/min
for the Turbuhaler and 15.36, 8.03, 3.66, 2.01 �m
at 43 l/min for the Easyhaler. The critical and
steady state flow through the system were mea-
sured at the specified rates and maintained within
the limits following the procedure outlined in EP.
The schematic diagram is shown in Fig. 2. The EP
method was followed when dispensing 20 ml of
milliQ water into each stage from stage 1 to stage
4 and subsequent experimentation. Two milli-
grams (which is equivalent to ten doses of 200 �g)
of each sample was accurately weighed and placed
in the reservoir of the devices. The dry powder
inhaler (Turbuhaler or Easyhaler) was attached to
the inlet port of the Impinger, which was fixed
with a suitable mouthpiece adapter. Powder was
discharged into the apparatus by opening the two
way valve for the times specified above. Samples
from each stage were collected following the EP
procedure. Measurements were repeated three
times for each sample following a similar proce-
dure at each step. The absorbance of samples
from each stage was measured. For each sample
produced by SEDS under the specified processing
conditions, two batches were measured to study
the reproducibility of the particle formation pro-
cess. The amount of drug deposited on each stage
was determined from the standard graph.
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Fig. 2. Schematic illustration of experimental set-up for testing powders for inhalation. (a) Vacuum pump; (b) shut off valve; (c)
regulating valve; (d) induction port (throat); (e) impinger; (f) timer, P1–P3, pressure reading points.

3. Results and discussion

3.1. Solid-state properties

3.1.1. Con�entional crystallisation
HC was crystallised from acetone, methanol

and chloroform to obtain the reference material.
Representative SEM micrographs of these sam-
ples and of unprocessed samples are shown in Fig.
3. The starting material (or unprocessed material)
comprised irregular chunks that melted at 224�
0.3 °C (Fig. 3a). This material was identified as
polymorph I based on the melting range and
XRPD data (Florey, 1983). The crystals from the
methanol were large chunks with a broad particle
size distribution (Fig. 3b), whilst acetone crystalli-
sation resulted in large prisms partially connected
to each other (Fig. 3c). However, samples from
these solvents had a melting temperature of 224�
1 °C, which is equivalent to the endothermic tran-
sition of the unprocessed material (Fig. 4a). This
demonstrated that the crystallisation from acetone
resulted in particles with polymorphic modifica-
tion I, which was further, confirmed by the equiv-
alence of the equilibrium solubility with the
unprocessed sample (Fig. 5). This result was in
agreement with previous studies (Kuhnert-Brand-
statter and Gasser, 1971). With respect to

methanol crystallisation, Kuhnert-Brandstatter
and Gasser (1971) interpreted their results as the
formation of a solvate, which, on heating, loses
solvent at 95–105 °C and transforms into poly-
morphic modification I. Contrary to this, we ob-
tained crystalline material that melted at
224�1 °C, polymorphic modification ?, instead
of the solvate. Chloroform crystallisation resulted
in crystals with long blade-like structures that
showed two endothermic transitions one at 109�
0.7 °C and the other at 222�0.1 °C (Fig. 3d and
Fig. 4a). This demonstrated the formation of
chloroform solvate that lost solvent around
110 °C leading to an another crystalline form
melted at 222 °C. The solvate formation from
chloroform, whose morphology is different from
methanol crystals, was in agreement with the pre-
vious study (Kuhnert-Brandstatter and Gasser,
1971). Additionally, it was determined that the
equilibrium solubility of these samples was the
same as for the unprocessed sample, however, the
samples exhibited different dissolution rates be-
cause of differences in their morphology and par-
ticle sizes. The experimental values of the
equilibrium solubility of unprocessed, convention-
ally crystallised and SEDS processed material un-
der various processing conditions, shown in Fig.
5, was 0.290�0.01 mg/ml, which is the same as
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the value (0.297 mg/ml) reported in the literature
for HC at 25 °C (Hagen and Flynn, 1983).

3.1.2. SEDS crystallisation
SEDS processing parameters that were em-

ployed during the microparticle preparation from
methanol and acetone in this study, are sum-
marised in the Table 1 along with the melting
points of the various samples. Typical SEM pic-
tures of SEDS processed material using methanol
and acetone at various processing parameters are
shown in Fig. 6. The SEM images show that
particles produced from SEDS were either needles
or flakes. It was interesting that varying the pro-
cessing parameters (i.e. the temperature and pres-
sure) had no effect on particle morphology when
acetone was used as a solvent whilst particle
morphology depended on temperature and pres-
sure with methanol as a solvent (Fig. 6). In addi-

tion, the change in the relative flow rates of drug
solution to CO2 (0.002–0.03) had no influence on
either morphology or crystallinity of particles pro-
duced from both the solvents at 130 bar and
40 °C.

When processing with methanol at 40 °C, pre-
dominantly flake-like particles were observed at
180 bar (180/40); a mixture of flakes and needles
was obtained at 130 bar (130/40) and, predomi-
nantly, needles were formed at 90 bar (90/40; Fig.
6). At 60 °C, particles were needle-like at all
pressures, with the size or length of the needles
increased when the pressure was lowered from 180
to 90 bar as observed from a SEM examination of
the samples (Fig. 6a and d). This may be due to
increased solubility of HC in CO2 at higher pres-
sures resulting in a decreased nuclei density,
thereby forming elongated needles. It was ob-
served that the production yield of HC, obtained

Fig. 3. SEM photographs of (a) unprocessed and conventionally recrystallised samples of HC from (b) methanol; (c) acetone and
(d) chloroform.
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Fig. 4. (a) DSC thermograms showing melting temperatures of unprocessed, conventionally recrystallised samples by methanol,
acetone and chloroform. The arrows for the respective samples are pointed to their maxima. (b) DSC thermograms showing melting
temperatures of SEDS processed HC samples at various conditions. The arrows for the respective samples are pointed to their
maxima.
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Fig. 5. Solubility profiles of unprocessed, conventionally and SEDS processed HC samples.

Table 1
Processing conditions and melting points for particles prepared by SEDS

Relative flow rates of drug solution to CO2 Melting point (°C)Temperature (°C)Pressure (in bars)

Samples prepared from acetone
0.004840 219.2 (�1.0)180

60180 0.0048 220.0 (�1.0)
0.004840 220.0 (�1.4)130

40130 0.0020 221.2 (�1.0)
0.0300130 222.8 (N.D)40
0.004890 221.0 (�1.0)130

4090 0.0048 221.0 (�1.0)
0.004890 223.0 (�1.0)80

Samples prepared from methanol
0.0048 216.0 (�1.0)180 40
0.004860 215.0 (�1.0)180

130 0.004840 215.9 (�1.0)
0.002040 215.9 (N.D)130

40130 0.0300 217.8 (N.D)
130 0.004890 216.5 (�1.0)

0.004840 217.1 (�1.0)90
0.004890 216.2 (�1.0)60

Brackets show the standard deviation of the measurements of three SEDS batches produced at the same processing parameters.
N.D. stands for not determined.

at higher temperatures and pressures, was de-
creased, reflecting an increased solubility of HC in
CO2. A similar observation was made by Shekunov
et al. (1999) when processing paracetemol particles

using the SEDS process. With acetone as a solvent
for HC, the samples produced were a network of
needles of the same size as shown in Fig. 6e
irrespective of the processing conditions.
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It can be discerned from Table 1 that samples
prepared from acetone were crystalline with a
melting temperature of 221�2 °C, whereas crys-
tals from methanol melted at 216�1 °C. This
indicated the occurrence of polymorph modifica-

tion I for the samples prepared from acetone and
probably the presence of another polymorph in
the case of samples prepared from methanol. This
finding was further supported by differences in the
position and intensity of the XRPD peaks for

Fig. 6. SEM pictures of SEDS processing HC samples at (a) 180/60 MeOH; (b) 180/40 MeOH; (c) 130/40 MeOH; (d) 90/60 MeOH;
(e) 180/40 Ace.
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Table 2
XPRD data of unprocessed, SEDS processed and conventionally crystallised HC samples

Unprocessed 130/40 Acetone130/40 Methanol Crystallised from chloroform

Intensitya d (A� )b Intensitya d (A� )bd (A� )b IntensityaIntensitya d (A� )b

1000 6.0992 1000 6.0834 1000 6.1135 244 6.0869
642 5.0539 478469 5.06585.0736 145 5.1446
136 4.6823 1805.4755 5.494193 12 5.0485

77 1214.6990 3.0331 106 4.6971 N.A. N.A.

N.A. marks those data that are not available.
a Relative intensity scale in arbitrary units.
b The interplanar spacing.

Table 3
The percentage deposition of unprocessed and SEDS processed HC in different stages of the impinger when Turbuhaler was used

90/40 Ace (%) 90/40 MeOH (%) 180/60 Ace (%) 130/40 Ace (%)Unprocessed HC (%)

1.9 (0.5) 1.7 (0.3)Mouth piece 1.5 (0.3)5.4 (2.4) 5.1 (6.0)
10.5 (1.8) 10.8 (2.3)Throat 10.6 (1.2)33.3 (7.7) 6.0 (2.3)
46.0 (3.3) 48.0 (2.8)5.6 (0.7) 46.6 (4.5)Stage 1 23.4 (9.1)
12.8 (0.9) 6.2 (0.4)Stage 2 12.0 (0.5)3.0 (0.6) 8.4 (2.5)
6.0 (0.7) 3.5 (0.6)3.6 (0.2) 4.9 (0.4)Stage 3 4.4 (1.6)

1.6 (0.3)Stage 4 2.7 (0.3) 0.8 (0.2) 2.7 (0.3) 1.4 (0.3)
4.6 (0.8) 3.1 (0.1)5.7 (0.7) 4.0 (0.5)Filter 3.9 (1.9)

58.1 (8.8)Total dose a 84.7 (1.2) 74.1 (1.9) 82.2 (5.0) 54.5 (12.5)
82.8 (0.8) 72.4 (1.9) 80.7 (5.3)Delivered doseb 49.5 (17.3)52.6 (8.3)

The figures in brackets indicate the S.D. of three MLI measurements.
a Total dose is the delivered dose plus the amount of drug adhered to mouth piece.
b The delivered dose is the amount of drug that enters the impinger.

samples produced from methanol, as presented in
Table 2. However, further examination with solid-
state nuclear magnetic resonance (NMR), infra
red (IR) spectroscopy and single crystal diffrac-
tion techniques is required to confirm the findings.
DSC thermograms of samples processed under
various conditions are shown in Fig. 4b.

It is apparent from Fig. 5 that the equilibrium
solubility of SEDS processed samples was the
same, although the initial dissolution rate of sam-
ples is higher than for unprocessed and conven-
tionally processed samples obtained with acetone
and methanol. A possible explanation for the
equivalence of the equilibrium solubility of SEDS
processed samples, despite their higher crystal en-
ergy, could be due to their transition to the stable
polymorph in contact with water. The higher
dissolution rate of SEDS samples was obviously

caused by the increased surface area in the case of
needles, as shown in the SEM pictures (Fig. 6a
and e).

3.2. In �itro deposition of drug particles

The purpose of this study was to compare the
in vitro deposition capabilities of different SEDS
processed samples and unprocessed samples using
Turbuhaler or Easyhaler. The delivered dose is
the amount of drug that comes into the MLI and
the percentage of drug deposited in different
stages is calculated on the basis of the initial
amount of drug charged into the reservoir of the
DPI device. As shown in Table 3, it was apparent
that the percentage of the dose delivered was
higher for the SEDS samples than for the unpro-
cessed samples when Turbuhaler was employed.
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In addition, the percentage of drug that adhered
to the mouthpiece and throat was negligible for
the SEDS processed sample (Table 3). This was
probably caused by lowered particle and surface
interactions (Cooper, 1998). For the SEDS sam-
ples, the better deposition of the drug in stages
1–4 was attributed to decreased inter-particulate
forces. These results share similarity with the
work by York and Hanna (1996), who reported
the better deposition of SEDS processed salme-
terol as compared with conventionally crystallized
and micronised material. It was apparent that the
SEDS processing parameters influenced the depo-
sition of drug particles in MLI, as the sample
prepared at 130 bar and 40 °C with acetone
(130/40 Ace) had a delivered dose that was less
than samples prepared under other conditions
(Table 3). In an effort to compare the delivered
dose from Easyhaler and Turbuhaler, it was ob-
served that variations in the drug deposition in
different stages of MLI were higher for Easyhaler
for the sample processed at 90 bar and 40 °C
from acetone (90/40 Ace) (Table 3). This may be
caused by the design of Turbuhaler with a long
flow path with spiral channels promoting the
deaggregation and the dispersion of long needles,
resulting in high uniformity and consistency (Wet-

terlin, 1988). However, the delivered dose for
SEDS processed powder from Easyhaler was 99%,
demonstrating complete discharge of material
from the reservoir, again verifying low surface
adsorption (Tables 3 and 4). The reproducibility
was good for the in vitro measurement method as
can be seen from the reported standard deviations
in the Tables 3 and 4. We also observed a good
reproducibility in MLI measurements between
two SEDS produced batches at a specific process-
ing condition.

4. Conclusion

SEDS crystallisation of HC from acetone re-
sulted in polymorphic modification I with similar
morphologies, irrespective of processing condi-
tions. On the other hand, when methanol was
used as the solvent, the morphology of crystals
was influenced by the pressure and the tempera-
ture of the process. Additionally, SEDS crystalli-
sation of HC from methanol solutions produced a
material with a lower melting point, possibly
polymorph II. In any case, it was evident that the
choice of solvent influenced the crystal energy of
material. At 130 bar and 40 °C, changes in the
relative flow rates of the solution to CO2 showed
no substantial variations in the characteristics of
crystals, explaining the kinetic independence of
the process for particular parameters. The solubil-
ity of all crystallised HC material was the same
irrespective of whether the preparation was by
SEDS or through conventional crystallisation. It
is possible to prepare crystalline microparticles
with the SEDS technique because of the con-
trolled higher supersaturation followed by fast
nucleation and the controlled crystal growth com-
pared with conventional methods. Drug particles
prepared by SEDS technique appeared to be a
viable alternative for the preparation of powders
intended for pulmonary delivery.
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Agency, Uppsala, Sweden and Ahmad Pirizadeh
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