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Abstract

The aim of this study was to improve the aerosolisation behaviour of disodium cromogycate (DSCG), using spray drying
technique. The effect of vehicle on the drug particle properties was investigdtadtine was selected as a natural antiadherent
amino acid to improve the deagglomeration of DSCG patrticles. Spray dried samples of DSCG aloneislewtiine were
prepared from water and ethanol under the same conditions. The powder properties of the samples were examined by laser
diffraction, helium densitometer, X-ray diffraction, differential scanning calorimetry and thermogravimetric analysis. The in
vitro deposition was determined, using an Andersen cascade impactor with a Sfishaléow rate of 60 I/min. An amorphous
form of the drug was obtained when water was used. However, crystal transformation of original DSCG in the presence of ethanol
during spray drying resulted in production of elongated particles. These particles exhibited improved aerodynamic properties,
compared to the amorphous and commercial materials. Significant differences in fine particle fraction were observed using the
two vehicles. Co-spray drying of DSCG andeucine improved the deposition profiles of the drug. These results indicated that
the change in crystal structure of DSCG during spray drying process was susceptible to the nature of the vehicle. A crystalline
form of DSCG with good aerodynamic properties was achieved during spray drying process. In addition, the processing of
DSCG withr-leucine in a single step using ethanol resulted in an improvement in dispersion properties of the drug particles.
© 2004 Elsevier B.V. All rights reserved.
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moderate asthmasflman, 200). Many formulations tion properties of DSCG were investigated and com-
of the drug are now available for inhalation using dif- pared with those of mechanically micronised particles
ferent types of aerosol devices including nebulizers, of the drug Vidgren et al., 198y Under the condi-
metered dose inhalers (MDIs) and dry powder inhalers tions used byidgren et al. (1987)the spray dried
(DPIs). Mostcommonly, MDIs and DPIs are usedto de- particles showed mean particle diameters smaller than
liver the drug to the respiratory tract. They are portable the micronised particles and upon aerosolisation pro-
and more cost-effective than nebulizers. The absence ofduced a respirable fraction about 2.6 times higher than

propellants in the formulation of DPIs proposed them
as a good alternative to MDIs. Since, the inhalation of
drugs through DPIs is controlled by inspiratory effort,
the emission of drugs is actually coordinated with the
breath. This, in turn, overcomes the synchronization
problems associated with MDls.

DPI formulations consist of drug with an aerody-
namic particle size ideally smaller thanui (Zeng
et al.,, 2001p The common problems in the inhala-
tion of these formulations are the stability of output

the micronised one. However, the spray dried DSCG
particles, which were prepared from an ethanol/water
mixture, were found to be amorphous with higher mois-
ture adsorption affinity as compared with the crystalline
micronised patrticles. It is known that spray drying of-
ten results in the production of amorphous forms of
the materials due to the rapid evaporation of the sol-
vent. Spray drying of DSCG aqueous solutions at dif-
ferent feed concentrations and process conditions also
resulted in the production of amorphous forms of the

and the presence of agglomerated particles in the airdrug (Chew et al., 2000 No report investigating the

stream during inspiration through an inhalémlor
and Hickey, 1998 The flow and dispersion proper-

effect of ethanol as a vehicle on the crystallinity of the
spray dried DSCG was available. The first aim of this

ties of these small particles are influenced by inter- study was to compare the effect of water and ethanol
particle forces, including electrostatic, van der Waals, separately on the physical and aerodynamic proper-
capillary and mechanical forces. The magnitudes of ties of spray dried DSCG microparticles as an aid to
these forces are affected by several physichochemicalprepare an optimum formulation of the drug with im-
properties of particles, including size distribution, mor- proved deposition properties. The second aim was to
phology, density and surface compositi@nitme et al., spray dry DSCG from the two vehicles in the presence
1997. The design of the inhalers can also influence of L-leucine as an antiadherent, with a view to improve
the dispersion and deagglomeration properties of drug the deaggregation and dispersion properties of the drug

particles. Several attempts have been made to optimizecontaining microparticles upon aerosolisation.

the dry powder formulationd_(icas et al., 1998; Tee
et al., 2000; Rasenack et al., 20@®d the inhalers ef-
ficiencies Brindley et al., 1995; Hodson et al., 1997;
Casper et al., 1999A recent study has suggested a
more important role for powder formulation than the
inhaler design$teckel et al., 2003Thus, it seems that
particle engineering can play a significant role in the
preparation of the materials intended for use in DPI
formulations.

Spray drying is one of the techniques that has

been widely used to manipulate the physical properties

of pharmaceutical materialSécchetti and Van Oort,
1999. It is a process that produces particles from a

solution or a suspension feed in a single step. There

are several reports indicating the application of the
spray drying in the production of powder formulations

for inhalation Chawla et al., 1994; Chan et al., 1997;

Harjunen et al., 2002; Stahl et al., 200Zhe effect

of spray drying process on the physical and inhala-

2. Materials and methods
2.1. Materials

Micronized DSCG was kindly supplied by Profar-
maco, ltaly. Spinhalé&t (Fisons, UK) was purchased
from Iranian market. Absolute ethanol andeucine
were purchased from Merck, Germany.

2.2. Spray drying

A 89/100 ml solution of commercial DSCG (Profar-
maco, Italy) in water was spray dried, using a lab scale
spray dryer (Buchi 191, Buchi, Switzerland) with an
inlet air temperature 10QC, outlet temperature 7,
air flow rate at 800 NI/h and pump setting 5. A sus-
pension of 8 g/100 ml of commercial DSCG was also



A.R. Najafabadi et al. / International Journal of Pharmaceutics 285 (2004) 97-108 99

prepared in absolute ethanol and spray dried at the same2.6. Infrared spectroscopy
conditions that were used for the aqueous solution, ex-
cept that the outlet temperature which was in the range  Infrared spectra were obtained, using a FTIR spec-
75°C. trometer (Nicolet 550, USA). Samples were prepared
To evaluate the effect of-leucine in the pres-  in KBr discs and scanned from 400 to 4000¢m
ence of the vehicles, the same solution and suspension
of DSCG (8g/100 ml), containing 800-mgleucine 2.7. X-ray diffraction (XRD)
(10% with respect to the drug) were prepared and co-
spray dried according to the above conditions. The crystallinity of the materials were assessed with
Spray dried samples af-leucine alone were also  a X-ray diffractor (D5000, Siemens, Germany), using
prepared using an aqueous solution or an ethanolic Cu K« radiation, 40 kV and 30 mA. The samples were
suspension under the same conditions. These sam-packed in a quartz holder and scanned in steps 0f0.05
ples were used as controls to investigate the abso-from 5to 3% (26).
lute effect of the vehicle on the physical properties of
L-leucine. 2.8. Differential scanning calorimetry (DSC)
All samples were transferred to tight closed amber
glass containers and stored in a desiccator over silica  The thermograms of the materials were determined,
gel. using a differential scanning calorimeter (PL-DSC,
Polymer Laboratories, UK). Approximately, 4-mg of
the materials was placed in aluminium pans and anal-
ysed under dry nitrogen purge. The temperature range
was between 50 and 30Q and the heating rate was
10°C/min. Each sample was analysed in triplicate.

2.3. Particle size measurement

The particle sizes of samples were determined by
laser diffraction (Malvern Mastersizer X, Malvern,
UK). About 5 mg of each material was dispersedin 5 ml ) , .
of n-butanol and sonicated (Starsonic 60, Liarre, Italy) 2:9- Thermogravimetric analysis (TGA)
for 3min. A few drops of each sample were poured ) ) ]
into the small volume cell of the instrument to obtain 1€ Weight loss of vehicle as a function of tem-

an obscuration of between 18 and 20%. The analysis Perature in each sample was determined, using a ther-
was repeated in triplicate for each sample. mogravimetric analyser (Perkin-Elmer, USA). About

5mg of each material was weighed and heated at the
temperature range of 50-350 at a scanning rate of

2.4. Particle density 10°C/min under nitrogen purge.

The bulk density of the samples was determined by 5 19 Determination of DSCG andleucine
measuring the volume of a known mass of the material .,ntents in co-spray dried materials

that had been poured into a 25-ml graduated cylinder.
The true density was also determined using a helium 1o, samples were taken in a random manner from
pycnometer (Multipycnometer, Quantachrome, USA). g4ch co-spray dried material obtained from water or

Each sample was analysed three times. ethanol. The quantity of DSCG in each sample was
measured using UV spectrophotometry at 326.5nm

2.5. Scanning electron microscopy (SEM) (Chew et al., 2000 The amount of.-leucine in each
sample was calculated by subtraction of DSCG content

The particle shape of the samples was evaluated byfrom the total weight.

a scanning electron microscope (SEM) (Philips XL 30

scanning microscope, Philips, The Netherlands). Par- 2.11. In vitro deposition

ticles were coated with gold under vacuum (SCD 005

sputter coater, Bal-Tec, Germany) and examined atan  Two capsules, each containing 20-mg of DSCG,

acceleration voltage of 25 kV. were introduced separately to an Andersen cascade
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impactor via a Spinhal&: After aerosolisation of the ~ 5pm (Fig. 1a). This sample exhibited a suitable par-
powders for 4s at a flow rate of 601/min, the inhaler, ticle size distribution for inhalation and was used as a
capsule shells, throat, preseparator, the seven stage§ontrol for spray dried materials without any further
and plates and filter were washed with purified water. micronization.
The concentration of DSCG in each sample was de-  The spray drying processes produced microparti-
termined, using UV spectrophotometri@Hew et al., cles with different particle size distribution patterns and
2000. shapes, depending on the nature of vehicle, which had
Fine particle dose (FPD) was determined as the
amount of drug deposited on stage 1 to the filter. The ef-
fective cut-off diameter of stage 1 of Andersen cascade
impactor at 60 I/min was reported to be <618 (Zeng
et al., 2001p. Fine particle fraction (FPF) was calcu-
lated as the percentage of the ratio of FPD to the total
amount of the drug recovered per capsule. The emitted
dose (ED) was defined as the total drug recovered from
throat, preseparator, the seven stages and plates and fil-
ter. The percentage emitted was calculated as the ratio
of ED to the total drug recovered per capsule, expressed oo, B8 _ .
as percentage. Dispersibility was defined as the ratio of . R = L L4 '
SpouMalit Galist ‘Mz\p =5 um
FPD per ED percentage. LR

3. Results and discussion
3.1. Physical characteristics

3.1.1. Samples containing DSCG alone
Table 1shows the particle size distribution data for

all of the samples. The commercial DSCG was shown
to have a volume median diametelsds) of 1.52um
withamode at 2.0dm. The SEM photograph suggests 5

. . . cc.V  Spot Magn
a prismatic, columnar shape for the commercial DSCG Py 20, 4000
crystals with a particle size predominantly smaller than

Table 1
Particle size distribution and densities of the materials (mear8)
Sample Particle sizeufn)  Density (g/ml)
dsos Mode (S) Bulk True
DSCG
Commercial 152 207 035 160
Spray dried from water2.25 301, 0.72 037 161
(DSCG-SDW) A
Spray dried from ethanol4.55 675 010 162 )\ \ -
(DSCG-SDE) oy .
DSCG +L-leucine ‘,‘EE‘:\,‘?%“';" W
Spray dried from water2.67 335, 0.83 034 157
(DSCG/Leu-SDW)
Spray dried from ethanol5.08 ~ 7.55 008 164 Fig. 1. Scanning electron micrographs of (a) commercial DSCG, (b)
(DSCG/Leu-SDE) DSCG spray dried from water (DSCG-SDW), (c) DSCG spray dried

from ethanol (DSCG-SDE).
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been usedinthe preparation of the feed. The spray driedphotograph of the particles supported these findings. As

DSCG microparticles obtained from aqueous solution
(DSCG-SDW) was shown to have a bimodal particle
size distribution with a5, of 2.25um. No definite
crystal structure was shown by these partickég.(1b).
The DSCG spray dried from ethanol (DSCG-SDE)
exhibited the highest value dégo, Which was approx-
imately 3.0 times that of the commercial one. Such a
difference indsge, was attributed to the differences in
the particle shape of the materials. As showhim 1c,

the crystals formed in the presence of ethanol during
spray drying process were more elongated with flat sur-
face and well-defined edges.

The true density value of the commercial sample
was close to that of the spray dried samples ranging
from 1.60 to 1.62 g/cth These values were closely
in agreement with recent results reported for DSCG
(Young et al., 2008

On the contrary to the true density values, it was
found large differences in the bulk density values of the

can be seenihig. 1c, the elongated particles of DSCG-
SDE sample interact with each other in a loosely man-
ner.

The infrared spectra of the samples were not dif-
ferent Fig. 2), indicating the similarity of vibration
in bonding energiedrig. 3 shows XRD patterns for
all DSCG samples. The broad (halo) scattering pat-
tern Fig. 3) confirmed an amorphous nature for
DSCG-SDW, consistent with a previous rep@@hgéw
et al., 2000. The presence of sharp diffraction peaks
in the patterns of the commercial DSCH(. 3a) and
DSCG-SDE Fig. 3c) indicated crystalline nature for
these two samples. It has been previously reported that
DSCG exists as a crystalline hydrate phase, which con-
verts reversibly to liquid crystalline phases under cer-
tain circumstancegJox et al., 1971 The XRD pattern
of the hydrate phase was reported to change consider-
ably with the change in environmental relative humid-
ity. The appearance and disappearance of some XRD

samples. Spray dried sample processed from ethanolpeaks at different relative humidities were attributed

exhibited the lowest bulk density value among the sam-
ples (Table ). This result suggested a loose pack-
ing arrangement for DSCG-SDE particles. The SEM

Transmitance (%)

to the change inx angle of the crystalGhen et al.,
1999. The pattern of commercial DSCG obtained in
this study was similar to the pattern reported@gx

(a)

(b)

(©

T
3000

T T
2000 1000

cm-1

Fig. 2. Infrared spectra of the DSCG samples at 4000-400%Enegion: (a) commercial DSCG, (b) DSCG-SDW, (c) DSCG-SDE.
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Fig. 3. X-ray diffraction patterns of various DSCG samples: (a) commercial DSCG, (b) DSCG-SDW, (c) DSCG-SDE.

et al. (1971) DSCG-SDE exhibited diffraction peaks
at 23.06, 24.59, 26.54 and 28.47 26 close to the

the two steps inthe TGA ploE{g. 5a). Previous studies
have shown that up to nine water molecules can be ac-

corresponding peaks for commercial DSCG. On the commodated in the crystalline structure of one DSCG

contrary, the diffraction peak at 13.:0@6 observed

molecule, depending on the relative humiditgok

for DSCG-SDE was absent at the scattering pattern of et al., 197). The dehydration process of DSCG lattice

commercial crystal. No diffraction peak was also ob-
served for DSCG-SDE below 1@6, in contrast to the
commercial crystal and to those reported for DSCG
hydrates in the literatureCpx et al., 1971; Chen et al.,
1999. The XRD pattern of DSCG-SDE was also differ-
ent from that was reported IStephenson and Diseroad
(2000) for desolvated crystals of DSCG which were

was reported to be non-uniform, because of the pres-
ence of two types of water molecules in the crystalline
structure of the drug; sodium-coordinated water and
water in lattice channelsS¢ephenson and Diseroad,
2000. The start of dehydration of commercial DSCG
at 75°C in this study, might be related to the loss of
water in lattice channels followed by the evaporation

isolated upon the addition of ethanol into a saturated of metal-coordinated water molecules at higher tem-

aqueous solution of DSCG. These findings suggeste
the production of a new crystalline form of DSCG dur-
ing spray drying from ethanol.

dperatures. The weight loss up to 13D for this sam-
ple was about 8.0%, according to the TGA analysis.
DSCG-SDW showed a broad dehydration endotherm

The DSC and TGA thermograms of all samples are ranged from 52—130C (Fig. 4b), corresponding to the

shown inFigs. 4 and 5respectively. The DSC ther-

weight loss of 11.5% observed in TGAif. 5b). This

mogram of the commercial drug showed a dehydration sample displayed a melting endotherm at 2581

endotherm at 75-13, followed by a melting en-
dotherm at 262.5C (Fig. 4a) which corresponded to

followed by an exo-endotherm at 260-25 lead-
ing to a product that decomposed at 2G5 The TGA
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Fig. 4. DSC thermograms of (a) Commercial DSCG, (b) DSCG-
SDW, (c) DSCG-SDE.
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Fig. 5. TGA thermograms of (a) Commercial DSCG, (b) DSCG-
SDW, (c) DSCG-SDE.

103

curves clearly showed the decomposition process for
all samples at temperatures higher than 300In the
DSC thermogram of DSCG-SDE a large desolvation
endotherm at 60—8%C and a small dehydration en-
dotherm a 90C, followed by a melting endotherm at
275.2°C was observedH(g. 4c). The presence of des-
olvation endotherm at lower temperature suggested the
presence of ethanol in the sample. This suggestion was
supported by TGA analysis because this sample lost
most of its vehicle/solvent below 8T (Fig. &), close

to the boiling point of ethanol. The weight loss up to
100°C for this sample was about 7.0%.

3.1.2. Co-spray dried samples containing DSCG
andtr-leucine

The laser diffraction particle size analysis showed
that size distribution of co-spray dried samples of
DSCG andL-leucine had not been changed substan-
tially as compared with the corresponding samples of
the drug spray dried alone under the same conditions
(Table ). This result was unexpected especially for the
sample spray dried from ethanol because the particle
size of the original (commerciat)-leucine was com-
pletely different from the original (commercial) DSCG
sample and both materials were not soluble in ethanol.
To explain this findingr-leucine was spray dried, us-
ing the same vehicles and conditions in the absence
of the drug. The particle size of originelleucine was
substantially reduced upon spray drying of the material
from its aqueous solution (Fig 6). The particle size of
this spray dried sample afleucine @sq0 = 5.94m)
was comparable to the particle size of DSCG-SDW
(ds509 = 2.25um).

The presence af-leucine particles in the co-spray
dried sample obtained from water (DSCG/Leu-SDW)
were confirmed by SEMFig. 7a and c). From the SEM
pictures, it is clear that spray driedleucine obtained
from aqueous solutions was comprised of hollow spher-
ical microparticles, consistent with the previous finding
(Lucas et al., 1999

The characteristic XRD peaks of the commercial
L-leucine appeared at 6.1,224.39 and 30.6% 20
(Fig. 8a). Spray dried samples af-leucine alone
showed peaks at reflection angles similar to the origi-
nal material Figs. & and d). The presenceofleucine
was also confirmed by the appearance of a reflection
peak at 6.1226 in the XRD patterns of co-spray dried
samplesfkig. 8c and e).
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—O0— L-Leucine; Spray dried from ethanol
—v— L-Leucine; Spray dried from water
18 4 —0O— L-Leucine; Commercial

Particle Diameter (um)

Fig. 6. Particle size distribution of different formswofeucine as measured by laser diffraction method.
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Fig. 7. Scanning electron micrographs of (dpucine spray dried from water, (bjleucine spray dried from ethanol, (c) DSCG anktucine
co-spray dried from water (DSCG/Leu-SDW), (d) DSCG aréucine co-spray dried from ethanol (DSCG/Leu-SDE). White arrows indicate
L-leucine particles in co-spray dried samples.
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Fig. 8. X-ray diffraction patterns of variousleucine containing samples: (a) commercidéucine, (b)L-leucine spray dried from water, (c)
DSCG/Leu-SDW, (d).-leucine spray dried from ethanol, (¢) DSCG/Leu-SDE.

As shown inFig. 6, the particle size of commer-

ticles in the presence of the drug during spray drying

cial L-leucine was not susceptible to the presence of from ethanol Fig. 7b and d). It is likely that the mi-

ethanol during the spray drying process. The main
mode (at about 64.1Ym) in particle size distribution
of L-leucine spray dried from ethanol was far from the

respirable size range. Theoretically, it is expected to

find a small mode at about 64.ufn in particle size
distribution of the sample of DSCG anmdeucine co-
spray dried from ethanol (DSCG/Leu-SDE), contrary
to the measured findingéble J). This finding could be

croenvironment changes during DSCG crystal trans-
formation observed in the presence of ethanol induced
these changes in theleucine particles.

3.2. In vitro deposition

3.2.1. Samples containing DSCG alone
Deposition data for DSCG after aerosolisation of

better explained by SEM photographs of the samples the samples at 60 I/min through a Spinh8lassing an

(Fig. 7). The estimated particle size observed in SEM
of L-leucine spray dried alone from ethanol was in the
range, which was obtained by laser diffraction analysis.
As might be expected, the presence-d¢ucine had no
effect on the morphology and size of the drug particles
(compareFigs. 1c and 7d The interesting finding was
the change in size and morphologyefeucine par-

Andersen cascade impactor, are presentdeidn 9a.

The amounts of DSCG deposited on various stages
of the Andersen cascade impactor varied for differ-

ent samples. This result suggested different aerody-
namic properties of the drug particles aerosolised from
commercial and spray dried sampld@able 2shows

the mass median aerodynamic diameter (MMAD) of
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Table 2
Mass median aerodynamic diameter (MMAD), giametric standard deviation (GSD), fine particle fraction (FPF), emission percent and dis-
persibility of DSCG from different samples (meanS.D.,n = 3)

Sample MMAD (.m) GSD (wm) FPF (%) Emission (%) Dispersibility (%)
DSCG (commercial) 3.8540.07) 2.75 £0.05) 986 (+0.33) 43.58 £0.85) 22.6341.20)
DSCG-SDW 3.5540.04) 2.02 £0.02) 736 (+0.43) 32.17 £0.10) 22.87 £1.28)
DSCG-SDE 3.23£0.06) 1.72 £0.02) 2103 (+1.53) 60.54 £3.91) 34.9044.77)
DSCG/Leu-SDW 3.11£0.05) 1.74 £0.02) 1868 (+1.66) 42.06 £2.81) 44.38 £0.99)
DSCG/Leu-SDE 3.00£0.12) 1.74 £0.09) 3573 (£0.43) 60.7146.89) 58.9141.34)

the drug calculated from the deposition data. In con- KSR-592 (kegami et al., 200Rand salbutamol sul-
trast todsge, values, the MMAD of DSCG-SDE was  phate crystalslarhrib et al., 2008 according to their
smaller than the other samples. It is known that aero- in vitro deposition data. The FPF and percentage emis-
dynamic diameters of fibres and needle-like particles sion of DSCG-SDE were higher than the commercial
are approximately equal to their shortest dimension DSCG and DSCG-SDW, indicating a favourable de-
(Hinds, 1999. The favourable aerodynamic behaviour position pattern for the elongated DSCG-SDE parti-
of elongated particles was previously reported to be cles. These elongated particles also showed a lower
for cromoglycic acid Chan and Gonda, 198%teroid GSD value, which indicated that the aerosolised par-
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Fig. 9. The deposition of DSCG aerosolised from samples, containing the drug alone (a), ofletine (b) using an Andersen cascade
impactor at 60 I/min (meag: S.D.).
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ticles were more narrowly distributed in size, in com- 4. Conclusion
parison with the particles aerosolised from the other
samples. Crystalline DSCG can be obtained by spray drying,

The higher dispersibility value of DSCG-SDE par- using ethanol as a vehicle. The solid characteristics of
ticles in comparison to the other samples suggested thethe products depended on the nature of vehicle em-
presence of lower interactions between these particles,ployed for preparation of the feed. The application of
consistent with the low bulk density value of the sample water in the preparation of the feed resulted in the pro-
(Table ) and the SEM pictureHig. 1c). duction of an amorphous material with its character-

The emission of DSCG-SDW was lower than istic features. Processing of the drug using ethanol as
that was obtained from the other samples. This was vehicle resulted in the formation of a crystalline mate-
attributed to the increased adhesive force betweenrial with particle size, morphology, XRD and thermal
adjacent particles induced by the higher water content. properties completely different from the commercial
Decreased deposition of DSCG due to increased crystalline material.
water content was reported previousko(ng et al., Engineering DSCG patrticles by spray drying using
2003. ethanol as the vehicle improved their deposition pro-

files compared to the commercially available material.
3.2.2. Co-spray dried samples containing DSCG DSCG-SDW exhibited lower deposition profiles, com-
andir-leucine pared to the other samples.

The amounts of DSCG in co-spray dried samples  r-leucine exhibited completely different behaviours
obtained from water and ethanol were found to be during spray drying with DSCG, susceptible to the na-
82.2% @-0.6) and 95.1%+0.9), respectively. The cor-  ture of vehicles. It is surprising that smaller-sized
responding percentagedeucine contentwas 17.8%  leucine particles were formed during spray drying from
(£0.6) for the sample obtained from water and 4.9% ethanolin the presence of DSCG particles. DSCG/Leu-
(£0.9) for the sample obtained from ethanol. The data SDE exhibited the maximum deposition of the drug on
indicated the presence of different concentrationsof  stages 1, 2, 3 and 4 of the Andersen cascade impactor,
leucine in the finished products, compared to the initial compared to all other samples tested in this investi-
concentrations in the feeds (9.1% with respect to the gation. These results indicate that co-spray drying of
total solid content). These differences were due to the DSCG and.-leucine, using ethanol resulted in the pro-
different percentage recoveryiieucine during spray ~ duction of particles with improved aerodynamic be-
drying from water and ethanol. The MMAD value cal- haviour and deagglomeration capability.
culated for DSCG/Leu-SDE was lower than that was
obtained for DSCG/Leu-SDWréble 2.

Fig. % shows clearly higher deposition of the drug Acknowledgements
on stages 1, 2, 3 and 4 of the Andersen cascade im-
pactor for DSCG/Leu-SDE. In contrast, DSCG/Leu-
SDW showed a lower percentage emission, suggesting : ) .
the presence of large agglomerates in the sample sim-thors Wou'ld also like to thank Dr. H"’“T“d Mopedl
ilar to the results observed for DSCG-SDW. The use (NDDS unl_t, Iran Pol_ymerand Petrochemical Institute)
of ethanol resulted in the production of a sample with for his assistance with the thermal analyses.
the higher FPF, percentage emission and dispersibil-
ity of the drug, compared to the sample obtained frpm References
water. Therefore, it can be concluded that the particle
morphology of DCSG can play a more important role Brindley, A., Sumby, B.S., Smith, 1.J., Prime, D., Haywood, P.A.,
on the aerosolisation of the drug than the antiadher-  Grant, A.C., 1995. Design, manufacture and dose consistency of
ent effect ofL-leucine. DSCG-SDE exhibited a higher the Servent Diskus inhaler. Pharm. Technol. Eur. 7, 14-22.

. g Casper, R.A., Leith, F.A., Gardner, D.L., 1999. Dry powder medica-
PFP than DSCG/Leu-SDW. This flndlng was also sup- ment inhalator having an inhalation-activated flow diverting

ported the importance of particle morphology in the means for reiggering delivery of medicament. US patent 5 988
drug aerosolisation capability. 163, 23 November.

This work is partly supported by research grants
from Tehran University of Medical Sciences. The au-



108

Chan, H.-K., Gonda, I., 1989. Respirable form of crystals of cromo-
glycic acid. J. Pharm. Sci. 78, 176-180.

Chan, H.-K., Clark, A., Gonda, |., Mumenthaler, M., Hsu, C., 1997.
Spray dried powders and powder blends of recombinant human
deoxyribonuclease (rhDNase) for aerosol delivery. Pharm. Res.
14, 431-437.

Chawla, A., Taylor, K.M.G., Newton, T.M., Johnson, M.C.R., 1994.
Production of spray dried salbutamol sulfate for use in dry powder
aerosol formulation. Int. J. Pharm. 108, 233-240.

Chen, L.R., Young, V.G., Lechuga-Ballesteros, D., Grant, D.J.W.,
1999. Solid-state behavior of cromolyn sodium hydrates. J.
Pharm. Sci. 88, 1191-1200.

Chew, N.Y.K., Bagster, D.F., Chan, H.-K., 2000. Effect of particle
size, air flow and inhaler device on the aerosolisation of disodium
cromoglycate powders. Int. J. Pharm. 206, 75-83.

Cox, J.S.G., Woodard, G.D., McCrone, W.C., 1971. Solid-state
chemistry of cromolyn sodium (disodium cromoglycate). J.
Pharm. Sci. 60, 1458—1465.

Gilman, A.G., 2001. Goodman and Gilman’s. In: The pharmaco-
logical basis of therapeutics, tenth ed. McGraw-Hill, USA, pp.
742-743.

Harjunen, P., Lehto, V.-P., Martimo, K., Suihko, E., Lankinen, T.,

A.R. Najafabadi et al. / International Journal of Pharmaceutics 285 (2004) 97-108

Lucas, P., Andersen, K., Staniforth, J.N., 1998. Protein deposition
from dry powder inhalers: fine particle multiplets as performance
modifiers. Pharm. Res. 15, 562-569.

Lucas, P., Anderson, K., Potter, U.J., Staniforth, J.N., 1999. Enhance-
ment of small particle size dry powder aerosol formulations using
an ultra low density additive. Pharm. Res. 16, 1643-1647.

Prime, D., Atkins, P.J., Slater, A., Sumby, B., 1997. Review of dry
powder inhalers. Adv. Drug. Del. Rev. 26, 51-58.

Rasenack, N., Steckel, H., Muller, B.W., 2003. Micronization of anti-
inflammatory drugs for pulmonary delivery by a controlled crys-
tallization process. J. Pharm. Sci. 92, 35-44.

Sacchetti, M., Van Oort, M.M., 1996. Spray drying and supercrit-
ical fluid particle generation techniques. In: Hickey, A.J. (Ed.),
Inhalation Aerosols; Physical and Biological Basis for Therapy.
Marcel Dekker, New York, pp. 337-384.

Stahl, K., Claesson, M., Lilliehorn, P., Linden, H., Backstorm, K.,
2002. The effect of process variables on the degradation and
physical properties of spray dried insulin intended for inhalation.
Int. J. Pharm. 233, 227-237.

Steckel, H., Rasenack, N., Muller, B.W., 2003. In-situ-micronization
of disodium cromoglycate for pulmonary delivery. Eur. J. Pharm.
Biopharm. 55, 173-180.

Paronen, P., Jarvinen, K., 2002. Lactose modifications enhance Stephenson, G.A., Diseroad, B.A., 2000. Structural relationship

its drug performance in the novel multiple dose Taifun DPI. Eur.
J. Pharm. Sci. 16, 313-321.
Hinds, W.C., 1999. Aerosol Technology. Wiley-Interscience, USA.
Hodson, P.D., Smith, D.K., Wass, A.C.L., 1997. Dry powder in-

halation device having deagglomeration/aerosolization structure
responsive to patient inhalation. US Patent 5 655 523, 12 August.

Ikegami, K., Kawashima, Y., Takeuchi, H., Yamamoto, H., Isshiki,
N., Momose, D., Ouchi, K., 2002. Improved inhalation behav-
ior of steroid KSR-592 in vitro with Jethaler by polymorphic
transformation to needle-like crystafg-form). Pharm. Res. 19,
1439-1445.

Lalor, C.B., Hickey, A.J., 1998. Pharmaceutical aerosols for delivery
of drugs to the lungs. In: Colbeck, I. (Ed.), Physical and Chem-
ical Properties of Aerosols. Blackie Academic and Profesional,
London, pp. 391-428.

Larhrib, H., Martin, G.P., Marriott, C., Prime, D., 2003. The influence
of carrier and drug morphology on drug delivery from dry powder
formulations. Int. J. Pharm. 257, 283-296.

and desolvation behavior of cromolyn, cefazolin and fenopro-
fen sodium hydrates. Int. J. Pharm. 198, 167-177.

Tee, S.K., Marriott, C., Zeng, X.M., Martin, G.P., 2000. The use
of different sugars as fine and coarse carriers for aerosolized
salbutamol sulphate. Int. J. Pharm. 208, 111-123.

Vidgren, M.T., Vidgren, P.A., Paronen, T.P., 1987. Comparison of
physical and inhalation properties of spray-dried and mechan-
ically micronized disodium cromoglycate. Int. J. Pharm. 35,
139-144.

Young, P.M., Price, R., Tobyn, M.J., Buttrum, M., Dey, F., 2003.
Effect of humidity on aerosolisation of micronized drugs. Drug
Dev. Ind. Pharm. 29, 959-966.

Zeng, X.M., Martin, G.P., Marriott, C., 2001a. Particle Interactions
in Dry Powder Formulations for Inhalation, first ed. Taylor and
Francis, London.

Zeng, X.M., Martin, G.P., Marriott, C., Pritchard, J., 2001b. Lactose
as a carrier in dry powder formulations: the influence of surface
characteristics on drug delivery. J. Pharm. Sci. 90, 1424-1434.



	The effect of vehicle on physical properties and aerosolisation behaviour of disodium cromoglycate microparticles spray dried alone or with l-leucine
	Introduction
	Materials and methods
	Materials
	Spray drying
	Particle size measurement
	Particle density
	Scanning electron microscopy (SEM)
	Infrared spectroscopy
	X-ray diffraction (XRD)
	Differential scanning calorimetry (DSC)
	Thermogravimetric analysis (TGA)
	Determination of DSCG and l-leucine contents in co-spray dried materials
	In vitro deposition

	Results and discussion
	Physical characteristics
	Samples containing DSCG alone
	Co-spray dried samples containing DSCG and l-leucine

	In vitro deposition
	Samples containing DSCG alone
	Co-spray dried samples containing DSCG and l-leucine

	Conclusion
	Acknowledgements
	References


