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Griseofulvin micronization and dissolution rate

improvement by supercritical assisted atomization

E. Reverchon, G. Della Porta, A. Spada and A. Antonacci

Abstract

Supercritical assisted atomization (SAA) was used to micronize griseofulvin (GF), selected as a model

compound, to verify the performance of this innovative process. SAA is based on the solubilization

of supercritical carbon dioxide in a liquid solution containing the drug. The ternary mixture is then

sprayed through a nozzle and microparticles are formed as a consequence of the enhanced atomiza-

tion. Precipitation temperature and drug concentration in the liquid solution were studied to

evaluate their influence on morphology and size of precipitated particles. A good particle size

control was obtained and GF spherical particles with mean diameters ranging from 0.5 to 2.5�m

were produced with a narrow particle size distribution. Processed GF was characterized by high-

performance liquid chromatography-UV/vis, headspace-gas chromatography-flame ionization

detection, differential scanning calorimetry, BET and X-ray analyses. No drug degradation was

observed and a solvent residue (acetone) less than 800ppm was measured. GF microparticles showed

good stability and surface areas ranging from about 4 to 6m2g�1; moreover, the micronized drug

retained the crystalline habit. GF capsules were formulated with starch and used to compare the

dissolution rate of SAA-processed and conventional jet-milled drug. A faster dissolution and a better

reproducibility of the dissolution profile were observed for SAA-processed GF.

Introduction

Griseofulvin (GF) is a well known antibiotic and antifungal agent. It is widely used but
because its therapeutic dose is close to the toxicity limit, GF preparations have to be
carefully designed for maximum absorption. The main problem is the low GF solubility
in water (approx. 15�gmL�1 at 37�C) and, therefore, poor bioavailability and incom-
plete absorption through the gastrointestinal tract are obtained (Gull & Trinci 1973; Lin
et al 1973). This is a problem for all hydrophobic drugs: the dissolution rate is the limiting
step for the uptake of the drug after oral administration. It is also well known that a
decrease in particle size results in a greater dissolution rate (Mosharraf &Nystrom 1995).

Conventional methods for micrometric particle generation usually do not assure an
efficient control of the particle size: they sometimes produce thermal degradation or
drug contamination, and reproducibility problems among different batches have been
observed. Several micronization processes based on supercritical fluids (SCF) have
been proposed to overcome these limitations. SCF can take advantage of some specific
properties of gases at supercritical conditions. They are characterized by a continuous
adjustable solvent power/selectivity obtained by varying pressure and temperature.
Moreover, their diffusivities can be about two orders of magnitude greater than those
of liquids. As a result, SCF-based processes can show very fast mass transfer and
performances that cannot be obtained by conventional solvents.

The most studied SCF-based micronization techniques are: rapid expansion of
supercritical solutions (RESS) (Matson et al 1987; Reverchon et al 1995), particles
generation from gas saturated solutions (Sencar-Bozic et al 1997; Kerc et al 1999),
and supercritical antisolvent precipitation (SAS) (Bleich et al 1994; Subramaniam
et al 1997; Reverchon & Della Porta 1999; Rehman et al 2000).

GF micronization by RESS using supercritical trifluoromethane has been
attempted (Reverchon et al 1995; Turk et al 2002). The drug was dissolved in the



SCF, then a fast depressurization produced GF precipita-
tion and solid particles were obtained. RESS experiments
were performed at different operating conditions and
needle-like crystals ranging from 1 to 10�m were pro-
duced (Reverchon et al 1995). Particles ranging from
200 to 300 nm were also produced by Turk et al (2002),
which showed an improvement in the dissolution rate but
a very low process yield.

GF micronization was also attempted by SAS using
supercritical carbon dioxide (SC-CO2). This process is
based on drug solubilization in a liquid solvent: the solution
is then sprayed in a high-pressure vessel containing the
SCF. The liquid solvent and the SCF form a solution and
the drug precipitates. Reverchon & Della Porta (1999)
attempted GF precipitation from N-methyl pyrrolidone.
The process was not successful because of the almost com-
plete extraction of the drug. GF extraction was attributed
to the formation of a solvato complex that increases the
drug solubility in the supercritical antisolvent producing a
co-solvent effect. Some millimetre-long needle-like crystals
were produced when dichloromethane and dimethylsulf-
oxide were used as liquid solvents owing to the formation of
a liquid phase at the bottom of the precipitation vessel. Using
SAS, Foster et al (2003) produced GF needle-like particles
ranging from 1�m to some millimetres using organic sol-
vents such as acetone, ethanol and dimethylformamide.
These authors also indicated that the re-processing of GF
by SAS improved the dissolution rate in comparison with
unprocessed GF.

Chattopadhyay & Gupta (2001) used a modified SAS
process called supercritical antisolvent precipitation with
an enhanced mass transfer (SAS-EM). They introduced a
vibrating ultrasonic device in the precipitator to improve
mass transfer during the micronization process, increasing
the mixing and decreasing the agglomeration of particles.
They reported the formation of GF microparticles with
different size and morphologies when the vibration inten-
sity was varied.

Various SC-CO2 assisted atomization processes have
also been proposed. Particularly, Sievers and co-workers
proposed the SC-CO2 assisted nebulization (CAN-BD):
they produced an aerosol from the mixing (not solubiliza-
tion) of SC-CO2 and the liquid solvent using a near-zero
volume tee and various capillary injectors (Sievers et al
1998; Sellers et al 2001). Ventosa et al (2001) proposed the
depressurization of an expanded liquid organic solution
crystallization (DELOS) technique, which uses the simple
batch depressurization of a solution contacted by SC-CO2.

We recently proposed supercritical assisted atomiza-
tion (SAA) (Reverchon 2002, 2003; Reverchon & Della
Porta 2003a, b, c; Reverchon et al 2003). In this process, a
thermostated packed contactor is used to obtain a conti-
nuous near-equilibrium solubilization of SC-CO2 in the
liquid solution. The solution, rapidly formed in the con-
tacting device, is then sprayed into the precipitator at
atmospheric pressure. A two-step atomization is obtained:
the primary droplets at the outlet of the injector are
further divided in secondary droplets owing to SC-CO2

expansion from the inside of the primary ones. One of the
specific expectations of using SCF instead of gas is its

enhanced mass transfer properties. Indeed, as a rule,
gases that are not at supercritical conditions are released
slowly from the liquid phase and their contribution to a
two-step atomization is not relevant (Liu 1999). We dis-
covered that gases at supercritical conditions are released
from the liquid phase in a faster process: therefore,
SC-CO2 can effectively contribute to the second atomiza-
tion step (Reverchon 2003).

To date, the GF micronization by SCF has been only
partly successful. The aim of the present study was to
micronize GF by SAA, considering this drug as a model
of poorly water-soluble pharmaceutical compounds and
to verify the performance of SAA. Different SAA process
parameters can be studied to obtain good size control:
SCF/liquid mass flow ratio, precipitation temperature
and drug concentration in the liquid solution. The effects
of these process parameters on particle morphology, size
and size distribution can be monitored. Indeed, several
aspects related to an overall interpretation of the SAA
process are still missing and information is only available
on a limited number of compounds. Phase equilibria
involved in the process can also play a relevant role.
Moreover, apart from the solute and liquid solvent used,
no general rules have been given until now about the SCF
processability of drugs.

SAA-processed GF was analysed to evaluate its degra-
dation, solvent residue, crystalline habit, stability and sur-
face area. GF capsules formulated using the SAA-treated
and the conventional jet-milled drug were used to study
the dissolution rates and the resultant improvement of the
drug bioavailability after SAA processing.

Materials and Methods

SAA apparatus

The SAA apparatus consists of two high-pressure pumps
(model 305; Gilson) that deliver the liquid solution and
CO2 to a heated bath (Forlab model TR12; Carlo Erba)
and then to the saturator. The saturator is a high-pressure
vessel (50 cm3) loaded with stainless steel perforated sad-
dles that ensures a large contact surface between liquid
solution and CO2, thus enhancing the dissolution of the
gaseous stream in the liquid solution. Residence times in
the saturator can vary from several seconds to minutes
at the commonly adopted process conditions. The solution
obtained in the saturator is sprayed through a thin-wall
80-�m diameter injection nozzle into the precipitator.

N2 is taken from a cylinder, heated in an electric heat
exchanger (model CBEN 24G6; Watlow) and sent to the
precipitator to assist evaporation of the liquid droplets.
The precipitator is a stainless steel vessel (3 dm3) operating
at atmospheric pressure. The saturator and the precipita-
tor are electrically heated using thin band heaters. A
stainless steel frit at the bottom of the precipitator allows
the powder collection and the gaseous stream flow out. A
condenser located after the precipitator is used to recover
the liquid solvent. Manometers, temperature controllers
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and thermocouples complete the apparatus. The SAA
layout is shown in Figure 1. Further details have been
published elsewhere (Reverchon 2002). Forty SAA experi-
ments were performed, varying the different process para-
meters, and each successful run was replicated. The typical
SAA yield is 95%; the material lost is related to the
difficulty in recovering the powder on the walls of the
precipitation vessel.

Materials

GF (purity 98%) was supplied by Sigma-Aldrich (Milano,
Italy). Water, methanol and acetone (high-performance
liquid chromatography (HPLC) grade) were supplied by
Carlo Erba Reagenti (Milan, Italy). Carbon dioxide and
nitrogen (CO2, N2) were purchased from SON (Naples,
Italy). Untreated GF consisted of irregular crystals with
particle sizes ranging from 10 to 100�m. Jet-milled GF
was supplied by Microgrinding S.A. (Lugano, Switzerland)
and consisted of micronic crystals with particle sizes ranging
from 0.5 to 10�m.

Powder morphology by scanning electron

microscopy (SEM)

GF powders, sampled at different heights in the precipita-
tion chamber, were observed by SEM (model 420; LEO).
Powders were dispersed on a carbon tab previously stuck
to an aluminium stub (Agar Scientific, UK). Samples were
coated with gold-palladium (layer thickness 250Å) using a
sputter coater (model 108A; Agar Scientific). At least 30
SEM images were taken for each run to verify the powder
uniformity.

Particle size distribution

Particle size and particle size distribution were evaluated
from SEM images using the Sigma Scan Pro Software
(release 5.0; Jandel Scientific); approximately 1000 parti-
cle diameters were considered in each particle size distri-
bution calculation. Histograms representing the particle
size distribution were best fitted using Microcal Origin
Software (release 5.0; Microcal Software Inc.). Log–
normal curves giving a reasonably good representation
of the non-symmetric distributions were obtained.

Statistical analysis

Statistical analysis was performed using CoStat version
6.2 software (CoHort Software, USA). The differences in
the thermodynamic properties of the various samples ana-
lysed by differential scanning calorimetry (DSC) were
statistically evaluated using one-way analysis of variance.
The individual differences between the samples were exam-
ined using the Newman–Keuls test. The percentages of dis-
solved drug at different time points for SAA and jet-milled
GF were examined using the Mann–Whitney U-test. All
tests were performed using a significance level of 0.05.

Drug degradation

Drug degradation was evaluated by performing HPLC-
UV/vis (model G131-132; Hewlett Packard) analysis on
untreated and SAA-processed GF according to the pro-
cedure suggested by Quanyun & Lawrence (1999). The
elution was obtained using a reverse phase C18 col-
umn (4.6� 250mm; 5�m particle size; 80 Å pore size;
Hypersyl ODS). The column was equilibrated at a flow

Precipitator

Condenser 

CO2 

Saturator 

Liquid solution

N2 

Figure 1 Schematic representation of the supercritical assisted atomization apparatus.
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rate of 1mLmin�1 with a mobile phase consisting of
methanol and water (70:30). The drug was monitored at
291 nm with a retention time of 26.4min. All chromato-
graphic analyses were carried out at room temperature.
The average column back pressure was approximately
15MPa. Analyses were performed on each batch of pro-
cessed GF in replicate.

Solvent residue

Acetone residue was measured by a headspace sampler
(model 50 SCAN; Hewlett Packard, USA) coupled to a
gas chromatograph interfaced with a flame ionization
detector (GC-FID). Acetone was separated using a fused-
silica capillary column (model DB-1; J&W, Folsom, USA):
30m length, 0.25mm internal diameter, 0.25�m film thick-
ness. GC conditions were: oven temperature at 40�C for
8min. The injector was maintained at 180�C (split mode,
ratio 1:1) and helium was used as the carrier gas
(7mLmin�1). Headspace conditions were: equilibration
time 60min at 100�C, pressurization time 2min, loop fill
time 1min. Headspace samples were prepared in 10-mL
vials filled with 50mg of drug. Analyses were performed
on each batch of processed GF in replicate.

Solid state

Solid state analysis of the samples was performed using an
X-ray powder diffractometer (model D8 Discover; Bruker,
USA) with a Cu sealed tube source. Samples were placed
in the holder and flattened with a glass slide to ensure a
good surface texture. The measuring conditions were:
Ni-filtered CuK� radiation, l¼ 1.54 Å, 2� angle ranging
from 20� to 70� with a scan rate of 3 s/step and a step size
of 0.2�. Analyses were performed on several GF batches
produced at different SAA process conditions.

Degree of crystallinity and drug stability

The degree of crystallinity of GF was measured using
DSC (model TC11; Mettler, USA), according to the
method proposed by Ahmed et al (1998). Temperature
and enthalpy of fusion were calibrated with indium stand-
ard materials (melting point 156.6�C). The GF sample
(5� 0.5mg) was accurately weighed, crimped in an alumi-
nium pan and heated from to 25�C to 300�C under a
nitrogen purge at 10�Cmin�1. Drug stability was eval-
uated by DSC analyses performed on different GF bat-
ches produced by SAA. Each batch was analysed again
after 6 days of storage in air with a relative humidity of
60% to evaluate any re-crystallization events.

Surface area

Specific surface area measurements were performed
using a sorptometer (model COSTECH 1040; Fisons
Instruments, USA). Measurements were carried out on
the untreated GF and on different GF micronized batches
by nitrogen adsorption at �196�C, after sample pre-treat-
ment in helium flow for 1 h at 100�C.

Capsule preparation and dissolution rate

GF capsules were prepared according to the US Pharma-
copeia (2003). Gelatine capsules (Qualicaps 0.45mL) were
manually prepared mixing 50mg of GF (jet-milled or SAA
micronized) and 50mg of maize starch. Tests were per-
formed with an automatic dissolution test apparatus
(Sotax AT 7 Off-line) using 1000mL of distilled water
mixed with 5.4mg of sodium lauryl sulfate stirred at
50 revmin�1 at 37�C (�0.5�C). A 10-mL volume of solution
was sampled every 5min and replaced with an equal
amount of dissolution fluid. The samples were filtered
through a 0.2-�m membrane filter (Millex-GV PVDF
Durapore) and photometrically assayed at 291nm with a
UV/vis spectrophotometer (PerkinElmer Lambda 35). The
calibration curve was produced using six different solutions.
The dissolution test was performed in six replicates for each
batch of capsules.

Results and Discussion

Selection of the saturator operating parameters

The solubilization of SC-CO2 in the liquid solution inside
the saturator is one of the key parameters controlling the
efficiency of the SAA process. CO2 solubility in the liquid
depends on the liquid solvent chosen, temperature, pres-
sure and residence time in the saturator, since it is related
to high pressure vapour–liquid equilibria (Reverchon
2002).

In the present work, acetone was selected as the liquid
solvent because it has a low toxic potential (Federal
Register 1997) and GF has good solubility in this solvent
(30mgmL�1 at room temperature). Data on high pressure
vapour–liquid equilibria for the binary system acetone/CO2

were found in the literature (Ohe 1990; Chang et al 1997).
Operating pressure and temperature were explored over the
pressure range 7–9MPa and over the temperature range
70–90�C. To obtain in the saturator a single liquid phase
located to the left of the mixture critical point, we assumed
that the presence of the GF does not modify the miscibility
behaviour of the acetone/CO2 system. In preliminary
experiments, the best results in terms of stability of the
process and GF precipitated particles were observed at
8MPa and 80�C. These pressure and temperature condi-
tions were therefore used in all the experiments proposed in
this work.

Selection of the mass flow ratios

for CO2/liquid solution

When pressure and temperature are fixed, the mass flow
ratio corresponds to a given operating point in the ternary
vapour–liquid equilibrium diagram of the system drug/
CO2/liquid solvent. However, quantitative vapour–liquid
equilibrium data at high pressure on ternary systems is
still missing and this thermodynamic data is difficult to
determine. We tried to operate at pressure and tempera-
ture conditions that ensure the complete miscibility for the
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binary system solvent/CO2. However, in the case of the
ternary system (drug/solvent/CO2) the vapour–liquid
equilibrium could be significantly modified by the pre-
sence of the third component (we frequently observed
the formation of two phases). Making a rough approxi-
mation, we can assume that the modification of the binary
system vapour–liquid equilibrium owing to the presence
of solute can consist of the shift of the critical point of the
mixture to higher pressures. Therefore, at least an empiri-
cal study of the effect of the mass flow ratio for the given
ternary system is always necessary.

The mass flow ratios between CO2 and liquid solution
explored in this work were: 1.2, 1.5 and 1.9. These mass
flow ratio values correspond to molar fractions of CO2 in
the liquid solution of 0.61, 0.66 and 0.71, respectively,
calculated in the hypothesis that all CO2 sent to the
saturator dissolves in the liquid. The CO2 flow rate com-
monly used was 9.9mLmin�1 and the liquid flow rate was
set as a result. Usually, 100mL of liquid solution was
injected in each run.

When mass flow ratio values of 1.5 and 1.9 were used,
the injector was always blocked and the SAA process
failed. This problem occurs when GF precipitates inside
the saturator and it can be explained with the shift of the
acetone/CO2 system into a vapour–liquid equilibrium
region where two phases in equilibrium exist. In this case,
a gas phase, containing part of the solvent and of the solute,
is also formed and induces a partial solute precipitation in
the saturator. Moreover, the precipitation of GF in
the solvent-rich phase owing to the solubilization of
CO2 can also be responsible for the GF precipitation
(De Gioannis et al 2004). This problem was not observed
during the experiments performed at a mass flow
ratio¼ 1.2. Therefore, this feed ratio was adopted in all
the experiments performed in the following part of the
work.

Effect of temperature in the precipitation

chamber

Temperature optimization in the precipitation chamber is
required to assist droplet evaporation and, at the same
time, to minimize the stress on the treated drug. Preheated
N2 with a flow rate of 800Ndm3h�1 is used to set the
precipitation chamber at the desired temperature. The
effect of temperature on the particle morphology was
observed by performing experiments at 40�C, 50�C, 60�C
and 70�C. The results are summarized in Table 1.

At a precipitation temperature of 40�C, particle coales-
cence was observed. This can be explained considering
that low precipitation temperatures can induce a partial
solvent recondensation on the precipitated particles. Even
in small proportions, the presence of solvent on the parti-
cles surface affects the interparticle forces, reducing the
interparticle distance. Strong boundary forces, resulting
from the surface tension of the solvent, can draw the
particles together generating coalescence (Rhodes 1999).
A better process performance was obtained by maintain-
ing the precipitation chamber at 50�C for which more
separated spherical particles than those produced at
40�C were observed. At temperatures of 60�C and 70�C,
irregular shaped particles and large crystals were
observed. The greater the temperature in the precipitation
chamber, the greater is the tendency of the GF particles
to form larger crystals. All these experiments were per-
formed injecting GF concentrations of 15mgmL�1 in
acetone.

Effect of solute concentration

Systematic experiments were performed at different GF
concentrations in acetone: the solute concentration was
varied from 5 to 25mgmL�1. In all these experiments GF
precipitated as spherical well-defined micrometric parti-
cles. Examples of this particle morphology are given in
Figure 2. These SEM images refer to GF particles pro-
duced at solute concentrations of 15 and 25mgmL�1.
Because they are reported with the same magnification, a
qualitative evaluation of the particle size increase as the
solute concentration increases is possible.

The particle size distribution of GF obtained at con-
centrations of 5, 15 and 25mgmL�1 is given in Figure 3,
and confirms the qualitative analysis based on the obser-
vations of Figure 2. Standard deviations were calculated
for all the particle size distributions obtained and their
values increased from 0.2 and 0.5 to 0.7 for particles
obtained at 5mgmL�1, 15mgmL�1 and 25mgmL�1,
respectively. Particle size distributions were calculated
from SEM images on the basis of the number of particles,
then converted in terms of volumetric distributions and
plotted in a cumulative form. The number of particles
having a fixed diameter is not particularly relevant, since
the weight of the drug with a given particle size is the key
parameter with respect to therapeutic performance. The
cumulative representation is also proposed since it better
describes the contribution of the particles in terms of
quantity of drug having a given size, because the volume,
and not the diameter, is the relevant distribution param-
eter. Moreover, cumulative particle size distributions
give a further indication: GF particles produced at
15mgmL�1 strictly range from 0.5 to 3.5�m. Therefore,
this product seems the most appropriate in order to obtain
a more efficient formulation.

The effect of GF concentration on particle size and
distribution also reveals the possibility of particle tailoring
depending on the target size requested (i.e. it is possible to
control GF particle size by adjusting this SAA process
parameter).

Table 1 Effect of temperature in the precipitation chamber on particle

morphology

Temperature (�C) Morphology

40 Coalescent particles

50 Spherical particles

60 Irregular shaped particles

70 Irregular and large crystals
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Micronized GF characterization

HPLC analyses were performed to evaluate if GF degra-
dation occurred after SAA processing. HPLC traces of
untreated and SAA-processed GF showed in all cases a
single peak monitored after 26.4min. Therefore, no GF
degradation occurred during the SAA processing.

Headspace-GC-FID analyses measured in all cases an
acetone residue of less than 800 ppm in the SAA-treated
GF. This value is well below the International Conference
on Harmonisation (ICH) limit, which is fixed at 5000 ppm
(Federal Register 1997; ICH 1997).

The spherical shape of SAA-micronized GF particles
could indicate an amorphous solid state, but in some cases
we observed by SAA the formation of spherical particles
formed by smaller crystals (Reverchon & Spada 2004).
Therefore, to evaluate the solid state of unprocessed GF
and of SAA-micronized GF, we performed some X-ray
analyses. An example of the results obtained is given in
Figure 4. X-ray diffraction traces revealed that micronized

GF retains the crystalline structure after SAA processing
(Figure 4).

SEM images obtained at greater magnification con-
firmed the substructure of the GF particles that are

A

B

Figure 2 Scanning electron microscopy images of griseofulvin pre-

cipitated by supercritical assisted atomization from acetone, varying

the solute concentration: A, 15mgmL�1; B, 25mgmL�1.
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formed by submicrometric elongated crystals. An example
of this structure is given in Figure 5, which shows GF
nanocrystals confined in the spherical shape of the liquid
droplets produced during the SAA atomization process.
Recently, Reverchon & Spada (2004) performed systema-
tic X-ray analysis of some SAA-processed compounds and
demonstrated that, depending on the process conditions
and the chemical structure of the treated compounds, it is
possible to obtain crystalline microparticles retaining the
spherical shape of the secondary droplets produced during
the supercritical enhanced atomization.

The crystalline degree of SAA-processed GF was eval-
uated by DSC, considering that no polymorphism exists in
this case (Ahmed et al 1998). In Figure 6, the results of DSC
analyses performed on GF microparticles are proposed for
particles produced at different solute concentrations in
acetone to assess if this process parameter affects the crys-
talline habit of the drug. The DSC trace of unprocessed GF
is also given for comparison. DSC traces show a well-
defined endothermic peak located at 218�C for all the
batches considered and a fusion enthalpy ranging from
118 to 122 J g�1 for the treated drug; a fusion enthalpy of
124 J g�1 was measured for the unprocessed drug.

These values were used to calculate the crystalline
degree of SAA-processed GF. Assuming that raw GF is
completely crystalline, the crystalline percentage was cal-
culated as the ratio between the fusion enthalpy of the
SAA-processed sample and the untreated GF sample. The
results obtained for two different SAA-micronized GF
batches, named B1 and B2, are given in Table 2. B1 was
formed by GF particles produced at 25mgmL�1 and had
a crystalline percentage of 95%. B2 was formed by GF
particles produced at 15mgmL�1 and had a crystalline
percentage of 90% (see Figure 4 for particle size distribu-
tions). B1 and B2 were analysed again by DSC after 6 days
of storage in air with a relative humidity of 60%. The
crystalline percentages calculated after storage are given
in Table 2 and indicate no relevant variations of the

crystalline habit. Results of the statistical analysis per-
formed on the samples are also reported in Table 2. No
statistical differences in the melting points were found;
whereas a statistical difference in the fusion enthalpy
between the untreated GF and the SAA-processed GF
was observed. No relevant variations in the micronized
powder morphology were observed by SEM after 6 days
of storage.

The proposed method to evaluate the crystalline degree
is not rigorous. Indeed, Saleki-Gerhardt et al (1994)
demonstrated that the DSC lower detection limit is

Figure 5 Scanning electron microscopy image of griseofulvin

particles showing elongated crystals aggregates on the surface. The

overall original spherical shape of the liquid droplets was maintained.

100 150 200 250 300

SAA processed at 25  mg mL−1

SAA processed at 15 mg mL−1

Unprocessed

W
 g

−1

Temperature (°C)

Figure 6 Differential scanning calorimetry traces obtained from

different batches of supercritical assisted atomization (SAA) micro-

nized griseofulvin. The trace of unprocessed griseofulvin is also given

for comparison.

Table 2 Percentage crystallinity of supercritical assisted atomization

(SAA) precipitated powders (after SAA treatment and after 6 days of

storage in air with 60% relative humidity) calculated from differential

scanning calorimetry data according to the method proposed by

Ahmed et al (1998)

Sample

(no. of

Melting point Fusion enthalpy Crystallinity

replicates) �C s.d. NK Jg�1 s.d. NK % s.d. NK

Untreated (3) 219.7 1.6 a �124.4 5.4 b 100 – a

GF 1 SAA (3) 219.8 1.6 a �118.3 2.2 ab 95.1 2.6 ab

GF 1 SAA after

storage (3)

219.5 3.1 a �119.6 2.9 ab 96.2 2.4 ab

GF 2 SAA (3) 220.5 1.2 a �113.1 1.5 a 91.0 3.1 b

GF 2 SAA after

storage (3)

219.0 2.0 a �114.2 1.5 a 91.8 3.8 b

GF, griseofulvin; NK, Newman–Keuls test: for each variable, values

followed by different letters are statistically different (significance

level¼ 0.05).
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between 5% and 10% of the amorphous content.
However, even in the case of maximum deviation (10%)
between the measured percentages and the real value, the
most important result is that the SAA-micronized GF
retained its crystalline habit after 6 days of storage.
Ahmed et al (1998) demonstrated that re-crystallization
for partially amorphous GF takes place in about 6 h.
Thus, it is possible to say that SAA-micronized GF
showed good stability.

Surface area and dissolution tests

The surface area was measured for batches B1 and B2
(described above). A surface area of 4.22m2 g�1 was meas-
ured for B1 and a surface area of 6.15m2 g�1 was meas-
ured for B2; the unprocessed GF surface area was
0.87m2 g�1. The difference in surface area between sam-
ples B1 and B2 can be explained by considering that the
mean diameter of B2 particles was less than that measured
for B1; therefore a higher surface area was expected. The
increase of one order of magnitude of the surface is a good
result in view of the increase in drug bioavailability. For
this reason, the GF sample B2, having the greatest surface
area, was used for capsule preparation.

Gelatine capsules were prepared by mixing GF (con-
ventionally jet-milled sample and B2 sample) with maize
starch and were used for the dissolution study to better
understand the behaviour of the formulated drug.
Examples of the dissolution profiles of the SAA-micro-
nized GF and the jet-milled drug are given in Figure 7,
where the percentage of the dissolved drug is plotted
against time. The experimental data in Figure 7 were
obtained as the mean value of six repeated dissolution
tests. This procedure was adopted because a single

dissolution profile can show weak reproducibility owing
to the manual preparation of the gelatine capsules.
However, we noted that SAA-micronized GF showed a
very uniform and repetitive dissolution profile, whereas
the jet-milled drug showed a larger variability in the dis-
solution profile. This result indicates an advantage of
SAA-processed GF over the jet-milled GF. Moreover,
this behaviour is probably caused by the wider particle
size distribution of the jet-milled GF with respect to the
SAA-micronized drug.

The dissolution profiles revealed that more than 98%
of the SAA-treated GF dissolves in 60min, whereas only
75% of the jet-milled sample is dissolved in the same time.
The percentages of drug dissolved at 60min for SAA and
jet-milled GF were also examined using the Mann–
Whitney U-test and a P value of 0.02 was obtained (i.e.
the difference between the percentages dissolved of SAA-
treated and jet-milled GF at 60min was statistically sig-
nificant). These results confirm that the dissolution of
SAA-treated GF is significantly faster than that of the
jet-milled drug and that SAAmicronization has the poten-
tial to improve GF bioavailability.
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