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Abstract

Salbutamol sulphate particles, for use in dry powder aerosol formulation, were prepared by spray drying, using a
Biichi 190 mini spray dryer. The spray drying parameters were investigated in relation to particle size and yield of
the resultant powder. Important factors were determined using a 24 factorial statistical design. The four factors
investigated were pump speed, aspirator level (the rate at which the drying air is pulled through the dryer), inlet
temperature and the concentration of the aqueous salbutamol sulphate solution dried. Spray drying conditions were
chosen based on results from the experimental design and working knowledge of the spray dryer, to produce a batch
of salbutamol sulphate powder on which further studies were performed. The physicochemical properties of spray
dried salbutamol sulphate were compared to those of the micronised drug. Infrared spectroscopy, X-ray diffraction,
appearance, particle size analysis (including aerodynamic diameter) and powder flow were investigated. It was found
that spray drying produced spherically shaped particles of salbutamol sulphate having a mass median diameter of 4.5
um (laser diffraction), mean Feret’s diameter (image analysis) of 1.58 um and a mass median aerodynamic diameter
of 9.7 um (cascade impaction), i.e., particles sufficiently small in diameter for use in inhalation formulation. The
spray dried material was seen to perform as well as the micronised material in most cases with the exception of
powder flow properties, where performance was slightly poorer.
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1. Introduction

Dry powder inhalers (DPIs) are a popular
means of delivering anti-asthmatic drugs. Unlike
pressurised metered dose inhalers (MDIs), DPIs
are breath actuated, consequently there is no

* Corresponding author.

need for breath-actuation co-ordination, making
them particularly appropriate for use by children
(Cuss, 1988). Being portable, easy to use and free
of chlorofluorocarbon propellants and other ex-
cipients (except for a lactose carrier, present in
some formulations) it is likely that they will be
increasingly used in the future.

A major formulation consideration in the man-
ufacture of therapeutic aerosols is that of particle
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size reduction. It is well documented that parti-
cles of less than 10 wm are required to penetrate
and deposit in the lung. There are many conflict-
ing references to the ideal size for deposition in
the peripheral airways, but it is generally re-
garded to be between 0.8 and 5 um (Gonda,
1988; Aerosol Consensus Statement, 1991; Hill-
man, 1991). Powders with particle sizes in this
range are characteristically cohesive and adhesive
with poor flow properties (Byron, 1986). Tradi-
tionally, powders have been reduced to a res-
pirable size by micronisation, which is a lengthy
process, where pre-milling is often required.

Spray drying was investigated in this study as
an alternative method of controlled particle size
production, having the advantage of being a sin-
gle-stage process that can be completely con-
trolled by a single operator. Spray drying is a well
established dying process (Masters, 1991), tradi-
tionally used for thermolabile materials. It has
been used successfully in many industries, includ-
ing the pharmaceutical industry, to produce prod-
ucts of well defined physical and chemical prop-
erties.

Studies by Vidgren et al. (1987a,b, 1989) have
indicated that spray drying may be an alternative
means for the production of sodium cromogylcate
particles for dry powder inhalation. In this study
spray drying was investigated as a potential
method for the production of particles of salbuta-
mol sulphate, a B,-adrenoceptor stimulant used
in the treatment of bronchial asthma. A factorial
experimental design was employed as such an
approach is valuable in processes, such as spray
drying, where it is necessary to study the joint
effects of a number of factors on a response (Fell
and Newton, 1971). Each factor is investigated in
relation to other factors, that is, all factors are
‘crossed’. In a series of experiments, all possible
combinations of factors at different levels are
investigated and the effect, i.e., the change in
response produced by a change in the level of the
factors, is determined. Several general assump-
tions are made when employing a factorial design
(Montgomery, 1984): all factors are fixed, designs
are completely randomised and the response is
approximately linear over the range of the factor
levels chosen.

The spray drying process and its influence on
the powder produced in terms of the factors
which are important for dry powder aerosol for-
mulation have been investigated.

2. Materials and methods
2.1. Spray drying

A Biichi 190 mini spray dryer (Biichi Labora-
tory-Techniques, Switzerland) with a 7 mm pneu-
matic nozzle was chosen as a method of con-
trolled particle size reduction and to modify the
physical properties of salbutamol sulphate. A 24
factorial design was employed to investigate which
factors concerned with the spray drying process
influenced the particle size and percentage yield
of the dried product. The four factors investi-
gated were pump speed (the rate at which the
feed solution is pumped into the dryer), aspirator
level (the rate at which the drying air is drawn
through the apparatus), inlet temperature (the
temperature at which the feed solution enters the
dryer) and concentration of the aqueous salbuta-
mol sulphate feed solution. The levels investi-
gated for each factor are given in Table 1.

The percentage yield was also calculated from
the weight of the product collected in the collec-
tion vessel of the spray dryer.

Following analysis of the results of the facto-
rial design experiments, conditions were chosen
to spray dry a 10% w/v solution of salbutamol
sulphate on which further studies were per-
formed. The Biichi 190 mini spray dryer was used
with the following parameters: pump speed, 7 mli
min~'; air flow rate, 800 1 h™!; aspirator level, 18;

Table 1
Factors and the levels used in the experimental factorial
design

Notation Factor Levels investigated

pump speed (ml min~ 1) 57
aspirator level 10, 18
heat control (°C) 150, 180
concentration of

salbutamol sulphate (% w/v) 10,20
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inlet temperature, 151-153°C and outlet temper-
ature, 80-85°C.

2.2. Particle shape

The spray dried salbutamol sulphate and mi-
cronised powder were viewed using a Phillips
XL20 scanning electron microscope (Phillips,
Cambridge, UK.) at an accelerating voltage of
between 10 and 15 kV. Electron micrographs
taken were subsequently used for computer im-
age analysis of the spray dried product.

2.3. Crystal and chemical structure

The crystal structure of both the micronised
and spray dried drug was determined using X-ray
powder diffractometery (Phillips PW1820 diffrac-
tometer, Phillips, Cambridge, U.K.)

To investigate whether salbutamol sulphate
was chemically altered during the spray drying
process, infrared spectroscopy was employed.
Potassium bromide disks of micronised and spray
dried material were scanned over a wavelength
range of 800-3600 nm (Perkin Elmer 841 in-
frared spectrometer, Perkin Elmer Corp., Ger-
many) and compared to the standard given in the
British Pharmacopoeia (1993a).

2.4. Particle size distribution

The mass median particle size and size distri-
bution of micronised and spray dried salbutamol
sulphate were measured by laser diffraction
(Malvern 2600c, Malvern Instruments, Malvern,
U.K.). The particles were suspended in cyclohex-
ane (BDH Ltd, Poole, U.K.) by sonication for 30
s before measurement. Computer image analysis
(Seescan TPL6v00) was also performed on the
electron micrographs of spray dried salbutamol
sulphate to produce a mean Feret’s diameter.

2.5. In vitro aerosol deposition

50-60 mg of micronised or spray dried salbuta-
mol sulphate, accurately weighed, was manually
filled into hard gelatin capsules (size 3). Capsules
were placed in a Rotahaler® (Glaxo), and the

liberated powder drawn through an Andersen
cascade impactor (1 ACFM non-viable ambient
particle sizer) operated at a flow rate of 28.3 |
min~!. Deposited powder was dissolved in
deionised water and assayed for salbutamol sul-
phate by UV absorbance at 274 nm. A plot of
amount of salbutamol sulphate deposited on each
stage of the impactor against the effective cut-off
diameter for that stage allowed calculation of the
mass median aerodynamic diameters (MMAD) of
both the spray dried and micronised salbutamol
sulphate.

In vitro determination of the respirable frac-
tion of the dose, i.e., the dose predicted to de-
posit in the lower lung, was measured using the
twin-stage liquid impinger (TSI), (BP, 1993b),
which has an effective cut-off diameter of 6.4 um
for the lower stage. The percentage of the total
dose collected (device + stage one + stage two) in
stage two of the impinger was taken to be the
respirable fraction. The powders were liberated
from a dry powder aerosol device, the Spinhaler ®
(Fisons), into the throat of the TSI operated at an

air flow rate of 60 1 min 1.

2.6. Flow properties

Due to the cohesive and adhesive nature of
fine particulate powders, the powder flow of spray
dried and micronised salbutamol sulphate was
measured indirectly. Spray dried and micronised
salbutamol sulphate was mixed in concentrations
of 0-5% w/w with medium grade lactose (mass
median diameter = 52.6 pum) using a Turbula
mixer (Type T2C) (90 rpm, 30 min) with coarse
sieving after the first 10 min. The powder flow
properties of the mixtures were subsequently
measured using the Hosokawa Powder Character-
istic Tester (Hosokawa Micrometrics Laboratory,
Japan) which is based on a method of flowability
measurement described by Carr (1965). The in-
strument provides a method whereby repro-
ducible measurements of angle of repose, angle
of spatula, compressibility (which is based on
bulk and packed densities) and cohesiveness or
uniformity can be made whilst removing operator
bias. Each flow measurement was assigned an
index number determined by its measured value.
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The summation of these values gave a measure of
flowability; the higher the flowability value the
better the flow of the material being investigated.

3. Results and discussion
3.1. Spray drying

Spray drying was employed in this research as
a means of controlled particle size production
from an aqueous solution of the drug. It was
found, within the limitations of the experimental
design, that no sole factor from those tested in
the spray dying process was responsible for con-
trolling the particle size of the dried product
(Table 2). However, the interaction between the
aspirator level and feed solution concentration
did affect particle size (95% confidence). That is,
when both the aspirator level and the feed con-
centration were at their highest level, a larger
particle size resulted. This would be expected as
the concentration of the material in the atomized

Table 2
Results from the factorial design analysis, using particle size
data

Source  Contrast Sum
of of of square

Degrees Mean F,

o

variation squares freedom

A -49 075 1 0.75 022
B ~6.1 .16 1 1.16 034
AB -4.7 069 1 0.69 02

C -153 732 1 732 2172
AC +21 014 1 0.14  0.04
BC ~75 1.76 1 1.76 052
ABC +5.1 081 1 0.81 024
D +179 1001 1 1001 2972
AD ~0.7 002 1 002 59x1073
BD +24.5 1876 1 1876 5.57°
ABD -10.9 37201 372 111
CD +1.7 009 1 0.09 0.027
ACD +2.3 016 1 0.16  0.049
BCD ~97 294 1 294 087
ABCD +6.1 116 1 116 034
Error - 53.86 16 337 -
Total - 103.35 31 - -

* 75% confidence; F, is greater than or equal to 1.45,
® 959 confidence; F, is greater than or equal to 4.49,

Fig. 1. Electron micrograph of micronised salbutamol sulphate.
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droplet would be greater, combined with the ef-
fect of increased airflow which would result in a
reduced drying time, so reducing shrinkage and
thus increasing particle size.

The percentage yield of the spray dried mate-
rial was affected (95% confidence) by the follow-
ing factors; the aspirator level, the feed concen-
tration and the interaction between the pump
and the feed concentration (Table 3). An increase
in any of these factors, or interacting factors, led
to an increase in product yield.

Factorial design analysis proved to be a useful
means for the evaluation of the spray drying
process. However, it should be appreciated that
these results are applicable only to the spray
drying of salbutamol sulphate in a Biichi mini
spray dryer.

3.2. Particle shape

The scanning electron micrograph of mechani-
cally micronised salbutamol sulphate (Fig. 1)

SACCV pot Magn
210.0kV 3.0 65000x

SE_47 8

Det WD Exp

Table 3
Results from the factorial design analysis, using percentage
yield data

Source  Contrast Sum Degrees Mean F,

of of of square
variation squares freedom

A +69.25 14986 1 149.86 1.59
B +134.83 568.10 1 568.10 6.04°2
AB —-15.18 720 1 720 0.08
C —-4711 6935 1 69.35 0.74
AC +130.74 53424 1 53424 5682
BC +2517 1980 1 19.80 0.21
ABC —36.81 4234 1 4234 045
D +158.83 78834 1 788.34 8.38°
AD +40.81 5205 1 52.05 0.55
BD —4489 6297 1 62.97 0.70
ABD +2125 1411 1 1411 0.15
CD —58.83 10816 1 108.16 1.15
ACD —64.81 13126 1 131.26 1.39
BCD -3.11 0302 1 0.302 3.0x1073
ABCD +54.74 93.67 1 93.67 1.00
Error - 150598 16 94.12 -
Total - 414773 31 - -

® 95% confidence; F, is greater than or equal to 4.49.
> 97.5% confidence; F, is greater than or equal to 6.12.

Fig. 2. Electron micrograph of spray dried salbutamol sulphate.
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showed the powder to be typical of a crystalline
material, needle-like in structure. Many irregular
particles with much fragmentation were observed.
The electron micrographs of the spray dried ma-
terial (Fig. 2), however, indicated reduced crys-
tallinity with uniform, spherically shaped parti-
cles. Some pitting and shrunken areas on the
particle surfaces were observed. All the particles
observed with the electron micrograph were less
than 5 pwm in diameter.

A. Chawla et al. / International Journal of Pharmaceutics 108 (1994) 233-240

3.3. Crystal and chemical structure

The X-ray diffraction patterns (Fig. 3) con-
firmed the observations made by electron mi-
croscopy. Spray drying decreased the crystallinity
of the salbutamol sulphate, changing it from a
crystalline structure to that of an amorphous one.
This is in agreement with previous work in which
spray drying has been shown to decrease crys-
tallinity (Corrigan and Holohan, 1984; Corrigan

6408
{counts] - A
4998
3688 -
2560 -

w |

980 -

f N

48+ '

g—__—

160 -

]‘ /' ‘lﬂ'w‘% '*W“ TR

] ’ |
U ratens g M\% ] JL

9.8 T T T T

1660

T 1
68 a0 [*2e1 188

fcounts] B
12254

980 { ]
625 | I‘I { Y

j 5*‘., Ak‘u
nee
225
]

180 1

254

'aM !
1 ‘}“MA 4\ .

™

M“WM ‘il

WWM"M’R

a.e T T T T
@ 28 40

T T I T

—r
68 88 [*z01 188

Fig. 3. X-Ray diffraction patterns of (A) micronised and (B) spray dried salbutamol sulphate.
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et al., 1984; Vidgren et al., 1987a; Matsuda et al.,
1992).

The infrared spectra of the spray dried and
micronised salbutamol sulphate were compared
to pharmacopoeial reference spectra (British
Pharmacopoeia, 1993a). Spray drying did not ap-
pear to alter salbutamol sulphate chemically.

3.4. Particle size distribution

The spray dried and micronised drug had simi-
lar mass median diameters of 4.4 and 4.7 um,
respectively, as measured by laser diffraction.
Spray dried material, however, had a narrower
size distribution calculated as the coefficient of
spread (90% undersize divided by 50% undersize).
Calculated coefficient of spread values for micro-
nised and spray dried salbutamol sulphate were
1.72 and 1.62, respectively.

Image analysis could not distinguish suffi-
ciently between the irregularly shaped crystals of
micronised salbutamol sulphate to permit accu-
rate determination of size. Image analysis of the
electron micrographs of spray dried drug gave a
mean Feret’'s diameter of 1.58 um (the total
number of particles counted was 823).

3.5. In vitro aerosol deposition

Results from the cascade impactor showed the
MMADs of spray dried and micronised salbuta-
mol sulphate to be 9.7 and 9.6 um, respectively,
which compared well with the lactose ‘carrier-
based proprietary preparation (Ventolin Rota-
caps® (Glaxo) which gave a MMAD of 9.8 pm.
These values are greater than would expected
from the particle size seen on the electron micro-
scope and measured by laser diffraction. How-
ever, the cohesive and adhesive nature of the
particles, together with the relatively low air flow
rate through the impactor, may have led to depo-
sition and hence sizing of particle aggregates
rather than individual particles.

The percentage respirable fractions of the
aerosols liberated from the Spinhaler®, as as-
sessed using the TSI, were not significantly differ-
ent (p=0.0005); 7.63 +3.02 and 10.36 + 6.76%
for the spray dried and micronised salbutamol
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Fig. 4. Flowability of lactose-salbutamol sulphate mixtures:
(a) micronised salbutamol sulphate; (®) spray dried salbuta-
mol sulphate.

sulphate, respectively. It can be concluded, there-
fore, that the spray dried material behaves as well
as the micronised material in in vitro studies
measuring aerodynamic performance and deag-
gregation behaviour.

3.6. Flow properties

Powder flow is important in dry powder aerosol
formulation for both the filling of gelatin capsules
or devices and for subsequent release of drug
from the dry powder inhaler. Fig. 4 shows graphi-
cally the flowability of the lactose mixtures as
determined using the Hosokawa Powder Charac-
teristic Tester. At lower concentrations, addition
of either spray dried or micronised material .in-
creased the flowability index (the greater the
flowability index the better the powder flow). The
micronised salbutamol sulphate improved flow to
a greater degree than the spray dried material. A
maximum value was reached whereby further ad-
dition of the drug to the lactose mixture caused a
reduction in flowability. This can be explained by
the fact that at higher drug concentrations, the
flow properties of the drug have a greater influ-
ence on the total flowability of the mixture. Nei-
ther form of the drug was observed to have good
flow properties, which is characteristic of pow-
ders containing particles in this size range. It
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would, however, be expected that the spray dried
material would have better flow properties than
that of the micronised material because of its
spherical nature (Carr, 1965), there being fewer
points for physical contact. The poor flowability
may have been due to differences in the surface
energies of the two materials (Chawla et al.,
1993). Additionally, although spherical, the sur-
faces of the spray dried salbutamol sulphate par-
ticles were pitted, increasing the total surface
area for contact between particles.

3.7. Conclusion

Spray drying a solution of salbutamol sulphate
produces a fine powder of spherically shaped
particles, with a mean size appropriate for pul-
monary delivery. Spray drying did not alter the
drug chemically, but did reduce crystallinity. The
spray dried powder was seen to perform as well
as micronised drug in in vitro aerosol deposition
studies. Spray drying, therefore, provides a useful
means of controlled particle size production
whereby the physical nature of the drug is well
defined.
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