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Abstract

Terbutaline sulphate particles, for use in dry powder inhaler formulations, were prepared by spray-drying, using a Büchi 190 mini
spray dryer. Spray-drying conditions were chosen to allow the production of spray-dried terbutaline sulphate with a size similar to
micronized terbutaline sulphate, that is to say about 2.9 lm of volume mean diameter. The physical properties and in vitro inhalation
behaviour of micronized and spray-dried terbutaline sulphate were compared. X-ray diffraction, DSC, SEM and laser size analysis were
investigated. Spray-dying produced spherically shaped particles with amorphous structure.

After blending with different lactoses, adhesion and aerodynamic properties were investigated. Evaluation of adhesion was carried out
with a mechanical sieve and an Alpine air-jet sieve. The adhesion of terbutaline sulphate on the lactoses tested was lower in the case of the
spray-dried drug. Aerodynamic evaluation of fine particle dose and emitted dose was conducted using a twin stage impactor. The emitted
doses and the fine particle doses were higher with the spray-dried terbutaline sulphate.

The Alpine air-jet sieve assays showed that there was a correlation between drug separation from a carrier by sieving and that
obtained from longer in vitro deposition studies. There was a linear relationship between the adhesion characteristics and the fine particle
dose.
� 2008 Elsevier B.V. All rights reserved.
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1. Introduction

Dry powder formulations for inhalation are often com-
posed of fine drug particles and inert coarse carrier particles,
typically a-monohydrate lactose. The fine drug particles are
expected to adhere to the carrier surface to form ordered
mixtures [1]. Particle interactions are of great importance
in dry powder inhaler formulation where the redispersion
of drug particles from carrier particles is critical for lung
deposition. In such preparations, the inspiratory force of
the patient must overcome the adhesion forces between drug
0939-6411/$ - see front matter � 2008 Elsevier B.V. All rights reserved.
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and carrier particles to aerosolize particles. Interactions
between particles are mainly dependent on the physicochem-
ical characteristics of the interacting particles, that is to say
particle size, shape, surface morphology, contact area,
hygroscopicity [2,3]. These different properties will influence
the drug-carrier blend process and also drug delivery from
the carrier and its dispersion. So, the knowledge of these
physicochemical characteristics is particularly important to
obtain reproducible and efficient administration.

Particle size of the drug is a major factor in dry powder
inhaler formulations, with an accepted optimum size
between 0.5 and 7 lm required to avoid deposition in the
oropharynx and maximise deposition in the lower respira-
tory tract [4]. In current practice, the desired particle size is
achieved by milling of large drug crystals by fluid energy
mills or pearl ball mills. The disadvantages of such tech-
niques are, besides indirect safety concerns due to the dust
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exposure during processing, that these techniques rely on a
high energy input which is not effectively used for the size
reduction [5]. Moreover, the small size as well as the irreg-
ular shape of the milled particles render them extremely dif-
ficult to disperse [6].

Spray-drying offers an alternative approach to the gen-
eration of particles with respirable size. In spray-drying, a
drug solution is atomized to fine droplets which are evapo-
rated in a warm air current to form dry particles [7]. This
one-step process can be used to produce dry powders from
solutions, with greater control over particle size, morphol-
ogy and powder density than destructive methods of pow-
der production, such as micronization [8]. However spray-
drying may have a strong impact on the physicochemical
properties of the drug, and thus on their aerodynamic
properties. Different studies were performed using spray-
drying to generate dry powders suitable for inhalation [9–
15] but as far as the authors know, no reports concerning
the production of spray-dried terbutaline sulphate in rela-
tion to inhalation properties have yet been published.

The aim of this work was first to determine if terbutaline
sulphate particles of sufficiently regular shape and small
size suitable for use in inhalation therapy were obtainable
using a spray-drying process. Then, physical properties of
the spray-dried particles we produced were compared to
those of micronized terbutaline sulphate classically used
in the dry powder formulations. The adhesion and aerosol-
ization properties were also appraised after blending with
different lactoses used as carriers. The objective was to
establish a relationship between physical properties and
in vitro deposition of terbutaline sulphate.

2. Materials and methods

2.1. Materials

- Four a-monohydrate lactoses: Inhalac 120 and Inhalac
230 (Meggle, Wasserburg, Germany) Lactohale 100
and Lactohale 200 (Borculo Domo, Zwolle, The
Netherlands)

- Micronized terbutaline sulphate, used as supplied, with a
volume mean diameter of 2.98 lm for GSD 1.96 (laser
scattering, Mastersizer S, Malvern, Orsay, France)

- Spray-dried terbutaline sulphate, produced in the labo-
ratory, with a volume mean diameter of 2.81 lm for
GSD 1.36 (laser scattering, Mastersizer S, Malvern,
Orsay, France)

- Hard gelatine capsules (size 2)
- Inhalator Ingelheim (Boehringer Ingelheim, Ingelheim

am Rhein, Germany)

2.2. Methods

2.2.1. Spray-drying methodology
Micronized terbutaline sulphate (TBS) was dissolved in

water and the solution was spray-dried using a Büchi 190
mini spray-drier (Büchi Laboratorium-Technik, Flawil,
Switzerland).When spray-drying the aqueous solution, an
inlet air temperature of 120 �C and an outlet temperature
of 80 �C were used, with the aspirator level at its maximum.
TBS concentration, airflow rate, pressure and pump setting
were modified to determine the operating conditions that
allow the production of spray-dried TBS with a size similar
to the one of the micronized TBS.

Powders were stored in a desiccator at 20 �C and 12%
RH until analysis.

2.2.2. Assessment of physicochemical properties of

terbutaline sulphate

Both the micronized and spray-dried TBS were
analysed.

Scanning electron microscopy (SEM) was performed
using an ITACHI S4700 FEG (secondary scattering elec-
tron) at an accelerated voltage between 3 and 6 kV.

The crystallinity of the powders was assessed by X-ray
diffraction (XRD) with a PANalytical X’Pert Pro MPD
diffractometer, equipped with a Cu X-ray tube (kCuKa:
1540 Å). Samples were placed into Lindemann glass capil-
laries (diameter 0.7 mm). The measurements were per-
formed in transmission mode with incident beam
parabolic mirror and X’celerator detector.

Differential scanning calorimetry (DSC) experiments
were performed with the DSC 2920 microcalorimeter of
TA Instruments. Samples were placed into non-hermetic
aluminium pans and heated from �40 to 120 �C at 5 �C/
min under a nitrogen purge. The reference was an empty
aluminium pan. Temperature and enthalpy readings were
calibrated using pure indium at the same scan rates as were
used in the experiments.

The size of TBS particles was determined with a laser
size analyser Mastersizer S (Malvern, Orsay, France) using
the 300 mm lens and the dry way. The average particle size
distribution was measured from three replicates of each
sample.

2.2.3. Preparation of carriers

To limit the influence of particle size, the same granulo-
metric fraction was used for each carrier, that is to say
63–125 lm. It was obtained after a first mechanical sieving
Retsch type 3D (Retsch, Haan, Germany) and a
second through an Alpine air-jet sieve (Alpine, Augsburg,
Germany). For the mechanical sieving, carriers were
poured into a 125 lm sieve which had been placed upon
a 63 lm sieve. The particles were sieved for 15 min with a
2 mm amplitude agitation. Particles retained on the
63 lm sieve were then poured into the 63 lm sieve of the
Alpine air-jet sieve and sieved for 15 min with an airflow
that produces a pressure drop of 4 kPa. The last sieving
made possible to remove fine particles of carriers that can
be at the surface of large particles of carrier and that could
be a source of variation in fine particle delivery. Indeed, the
addition of fine carrier particles to dry powder formulation
has been shown to improve the dispersion and deposition
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of drug particles. The fine particles occupy possible drug
binding sites on the lactose particles. Therefore, the inter-
particle forces between the drug and carrier particles are
reduced [16].

The lactoses used present tomahawk shaped particles.
After sieving, the mean diameters measured by laser scat-
tering (Mastersizer S, particle suspension in ethanol) were
115 lm (GSD of 1.05), 80 lm (GSD of 1.15), 105 lm
(GSD of 1.57) and 85 lm (GSD of 1.59) for the Inhalac
120, Inhalac 230, Lactohale 100 and Lactohale 200,
respectively.

2.2.4. Blending lactose with terbutaline sulphate

TBS and lactose were mixed to a ratio of 1:67.5 w/w, in
a Turbula mixer (Bachofen Maschinenfabrik, Basel, Swit-
zerland) for 30 min at 54 rpm. Each blend was prepared
in 100 g quantities.

2.2.5. Measurement of average content

The quality of the blends was examined by analysing the
quantity of TBS in aliquots (34.25 mg) of sampled powder
which is the amount of powder in each capsule. Each ali-
quot of blend was placed in a 25 ml volumetric flask and
made up to the volume with water. Ten aliquots were taken
randomly from each blend and each solution was assayed
using a UV spectrophotometer (UV-1650PC, Shimadzu,
Kyoto, Japan) with a wavelength of 276 nm. The calibra-
tion curve was linear from 0 to 200 lg/ml
(A = 64.43965 c + 0.00077, r2 = 0.99998). From the 10
results of TBS content in the samples, we calculated the
average content in TBS and the mean recovery related to
the nominal dose.

2.2.6. Evaluation of adhesion characteristics

For all experiments realised, temperature and relative
humidity were controlled at 20 �C and 20%. Adhesion
characteristics were evaluated by submitting the blend to
sieving. Two different kinds of sieving were used with the
same aperture (63 lm):

- A mechanical sieving with the Retsch sieve type 3D,
shaking with a 2 mm amplitude.

- An air depression sieving with an Alpine air-jet sieve,
used with an airflow that produces a pressure drop of
4 kPa.

In the first case, because of vibrations, particles were
submitted to shakes and shocks leading to the passage of
particles with a diameter lower than that of the screen aper-
ture. The objective of this test was to assess if the blend was
sufficiently stable to resist to the vibrations.

In the second case, the blend was put on a sieve in a
sealed enclosure. Particles were submitted on the one
hand to an airflow released by a blow nozzle rotating
under the sieve and, on the other hand, to aspiration
through the sieve. The particles suspended in air were car-
ried through the sieve thanks to aspiration. The objective
of this test was to assess the ease with which the drug can
be separated from the carrier when the blend is carried by
an air-flow.

For the two types of tests, 30 g of blends was placed on
the 63 lm sieve section of the sieves. Three samples of
34.25 mg corresponding to 500 lg drug were removed
from the powder bed after sieving at different lengths of
time: 5, 15, 30, 150, 300 and 600 s. The drug content in
the samples was determined by UV spectrophotometry
(UV-1650PC, Shimadzu, Kyoto, Japan). For each sample,
we compared the percentage of drug remaining to the ini-
tial dose.

The results are the mean of three replicate
measurements.

2.2.7. Preparation of the capsules

The lactose/TBS blends were filled into hard gelatin cap-
sules (size 2) manually so that each capsule contained
500 lg of TBS, that is to say 34.25 mg of blend.

2.2.8. Aerodynamic evaluation of fine particle dose and

emitted dose
In vitro deposition of TBS from dry powder formula-

tions was determined using a twin stage impinger (TSI,
Apparatus A, European Pharmacopoeia, 2005). The TSI
was assembled and loaded with 7 ml of distilled water in
the upper stage and 30 ml in the lower stage. Each deposi-
tion experiment involved the aerosolization at 60 l/min via
an Inhalator Ingelheim of 10 capsules, each containing
34.25 mg of blend equivalent to a nominal dose of 500 lg
TBS.

The different parts of the TSI were rinsed with water and
the amount of TBS deposited in the upper and lower stages
was determined using spectrophotometry at a wavelength
of 276 nm.

For each blend, the assays were performed in triplicate
and the following parameters were used to characterize
the deposition profiles of the drug:

- the emitted dose (ED), which was the sum of drug col-
lected at upper and lower stages, divided by 10, the num-
ber of capsules tested

- the fine particle dose (FPD) defined as the amount of
drug deposited in the lower stages of the TSI,
because their aerodynamic diameter was less than
the cut-off diameter of the TSI (6.4 lm at an airflow
rate of 60 l/min), divided by 10, the number of cap-
sules tested

- the percentage emission calculated as the ratio of ED to
the average content

- the fine particle fraction calculated as the ratio of FPD
to the emitted dose.

A statistical ANOVA F test was applied to the
results obtained with TSI. Double way ANOVA test
was used considering the type of drug and the type
of lactose.
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3. Results and discussion

3.1. Physicochemical properties of the drugs

Table 1 presents the particle size of the spray-dried TBS
according to the operating conditions and compares them
to the size of the micronized TBS. The influence of TBS
concentration, air pressure and pump setting was very
low. When increasing the airflow rate from 500 to 800 l/
h, the size markedly decreased. The airflow rate was the
amount of compressed air needed to disperse the solution.
When the airflow rate increased, more energy was available
for fluid dispersion and the size of the obtained particles
decreased. The (D) conditions of spray-drying made it pos-
sible to achieve a size of TBS close to the one of micronized
TBS. The median diameters of about 2.5 lm and the mean
diameters of about 2.9 lm were suitable to be used in dry
powder inhalers and avoid deposition by inertial impaction
in the oropharyngeal cavity [8]. These (D) conditions were
those used to produce the spray- dried TBS for blending
with the different lactoses.
Table 1
Influence of the spray-drying conditions on the TBS particle size obtained by

Terbutaline sulphate Operating conditions

TBS concentration
(w/v)

Air pressure
(bar)

Airflow r
(l/h)

Micronized – – –
Spray-dried (A) 10 % 4 500
Spray-dried (B) 10 % 5 500
Spray-dried (C) 5 % 4 500
Spray-dried (D) 5 % 4 800

Fig. 1. Scanning electron micrograph of terbutalin
According to the scanning electron micrographs (Fig. 1),
the micronized TBS was in the form of typical crystalline
particles with needle-like microstructure. Micronization
forced larger particles to fragment, forming irregular small
particles. On the other hand, the electron micrographs of
the spray-dried TBS showed that the particles had a uni-
form spherical shape.

Fig. 2 shows the XRD scans of spray-dried and
micronized TBS. The XRPD diagram of the micronized
product (Fig. 2b) presented many sharp Bragg peaks
and was typical of a crystalline material. On the contrary
the X-ray diagram of the spray-dried particles showed
only a typical amorphous hollow with no sign of Bragg
peak. The compound was thus X-ray amorphous. It could
be either nanocrystalline or truly an amorphous solid, i.e.,
a glass. In order to check the exact nature of the com-
pound, DSC analysis was performed to detect a possible
glass transition. The melting point of terbutaline sulphate
is 246–248 �C. The DSC scan of spray-dried TBS (Fig. 3)
showed a Cp jump around 79 �C which was the evidence
of a glass transition (Tg) at this temperature. This demon-
laser diffraction

Particle size

ate Pump rate Median diameter
(lm)

Mean diameter
(lm)

GSD

– 2.53 2.98 1.96
3 5.48 5.84 1.34
2 6.18 6.37 1.00
3 4.88 5.09 1.21
3 2.56 2.81 1.36

e sulphate spray-dried (A) and micronized (B).



Fig. 2. XRD scans of terbutaline sulphate spray-dried (a) and micronized
(b).

Fig. 3. DSC scan of spray-dried terbutaline sulphate.

Table 2
Average contents of the carrier/drug blends

Carrier/drug blend Average content
of drug (lg)

Mean recovery
related to the
nominal dose

Inhalac 120/spray-dried TBS 499.47 (CV = 1.84%) 99.90%
Inhalac 230/spray-dried TBS 488.56 (CV = 0.92%) 97.70%
Lactohale 100/spray-dried TBS 477.49 (CV = 0.77%) 95.50%
Lactohale 200/spray-dried TBS 482.74 (CV = 1.30%) 96.50%
Inhalac 120/micronized TBS 522.51 (CV = 0.72%) 104.50%
Inhalac 230/micronized TBS 513.39 (CV = 1.04%) 102.7 %
Lactohale 100/micronized TBS 506.79 (CV = 0.74%) 101.3 %
Lactohale 200/micronized TBS 516.10 (CV = 1.22%) 103.2 %

CV, coefficient of variation.
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strated the truly amorphous structure of the spray-dried
TBS. This finding was in agreement with previous works
in which spray-drying was shown to ‘‘decrease crystallin-
ity” [9,17,18]. This was explained by the rapid solidifica-
tion during the spray-drying [19]. The molecular
structure of spray-dried particles was thus totally disor-
dered. However, since room temperature was about
60 �C below Tg, we can expect amorphous spray-dried
particle to be really solid particles.

3.2. Content uniformity

After blending each drug with the different carriers, we
measured the average drug content (Table 2). All the
blends showed a mean recovery of TBS between 95.5%
and 104.5% and a satisfactory mixing uniformity of the
drug with coefficients of variation less than 2%. All individ-
ual recovery was comfortably within 85–115% of label
claim, suggesting that homogeneous blends were obtained
whatever the drug and the lactose used [20].
3.3. Adhesion characteristics

We compared the adhesion characteristics of the two
drugs that is to say the micronized TBS and the spray-
dried TBS, by analysing drug present on 63 lm sieve
after sieving the different blends drug/lactose in different
conditions.

Fig. 4 presents the percentage of drug remaining on the
carrier in relation to the functioning time of the mechanical
sieve. After 10 min of mechanical vibrations, it was noted
that at least 65.83% of spray-dried TBS was still fixed on
the Inhalac 230, 60.51% on the Inhalac 120, 41.4% on the
Lactohale 100 and 40.9% on the Lactohale 200. In the case
of the micronized TBS, the quantities still fixed on the car-
riers were higher: 89.6% on the Inhalac 230, 86.7% on the
Inhalac 120, 88.97% on the Lactohale 100 and 74.85% on
the Lactohale 200. As drug quantities adhered were lower
for spray-dried TBS than for micronized TBS and as the
particle size was identical for the two drugs with narrow
size distribution, the results indicated that physical interac-
tions between the drug and the carriers were weaker in the
case of spray-dried TBS.

The sieving assays by mechanical vibrations made it
possible to confirm that the blends were ordered, that is
to say stable enough to resist the vibrations. After 10 min
of mechanical vibrations, no blend released more than
25% of micronized TBS and 40% to 60% of spray- dried
TBS.

Fig. 5 presents the percentage of drug remaining on the
carrier in relation to the functioning time of the Alpine air-
jet sieve. This sieving by aspiration made it possible to
determine how easily the drug separated from the carrier.
The drug was rapidly carried away by the airflow. The
quantity of drug present after 5 s was an indicator of the
quantity of drug that strongly adhered to the lactose.
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Fig. 4. Percentage of terbutaline sulphate (TBS) spray-dried (SD) or micronized (M) remaining fixed to the carrier ((a), Inhalac 120; (b), Inhalac 230; (c),
Lactohale 100; (d), Lactohale 200) in relation to the functioning time of the mechanical sieve.
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Fig. 5. Percentage of terbutaline sulphate (TBS) spray-dried (SD) or micronized (M) remaining fixed to the carrier ((a), Inhalac 120; (b), Inhalac 230; (c),
Lactohale 100; (d), Lactohale 200) in relation to the functioning time of the air-jet sieve.
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Indeed, as drug particle size was much lower than 63 lm, if
the drug particles were individualized in the blend and not
adhered on the carrier, they would be carried away through
the 63 lm sieve by aspiration. After 5 s, about 33% of
spray-dried TBS remained fixed on the Inhalac 120, Inh-
alac 230, Lactohale 200 and 24% on the Lactohale 100.
For the micronized TBS, about 63% remained fixed on
the Inhalac 120, 47% on the Inhalac 230, Lactohale 100
and 27% on the Lactohale 200. In all cases, more micron-
ized TBS than spray-dried TBS remained fixed.

The evolution with aspiration time showed drug detach-
ment, particularly during the first 30 seconds. After 10 min,
only 1.8% to 9.2% of spray-dried TBS remained fixed on
the lactoses but in the case of micronized TBS, a conse-
quent quantity of about 10% to 30% was not released from
the different lactoses. Adhesion strength seemed to be dif-
ferent according to the type of TBS considered. The
detachment forces required to remove respirable particles
were different and probably related to the physical proper-
ties of the drug. Adhesion was lower with the spray-dried
TBS. This could be attributed to the sphericity of those
particles. Indeed particle shape may significantly affect
the extent of particle surface contact, and therefore the effi-
ciency of short-range Van der Waal’s forces [2]. Adhesion
between drug particle and carrier will be increased by
increasing particle roughness and decreasing drug particle
sphericity; conversely, decreased adhesion can be promoted
by increasing particle smoothness and sphericity [2]. That
was what occurred during spray-drying.

The behaviour of the drug/carrier blend during the
assay gave an estimation of the drug capacity to separate
from the carrier during inhalation. Strong adhesion of
the drug during the assay presupposed the difficult separa-
tion of the drug after patient inhalation or the need for
greater inhalation airflow.
3.4. Aerosolization properties of the dry powders

The aerodynamic behaviour of the drug/lactose blends
was estimated with TSI making it possible to study the
Table 3
Terbutaline sulphate deposition in the TSI after aerosolization of the different

Inhalac 120 Inhalac

Emitted dose (lg)

Spray-dried TBS 340.25 (7.2) 343.86 (
Micronized TBS 313.86 (5.7) 355.25 (

Fine particle dose (lg)

Spray-dried TBS 106.24 (7.7) 114.52 (
Micronized TBS 79.34 (10.9) 88.65 (

% Emission

Spray-dried TBS 68.12 (7.2) 70.38 (
Micronized TBS 60.00 (5.7) 69.20 (

Fine particle fraction (%)

Spray-dried TBS 31.22 (7.7) 33.30 (
Micronized TBS 25.28 (10.9) 24.95 (
in vitro deposition profile of spray-dried and micronized
terbutaline sulphate (Table 3).

The emitted doses obtained were between 65.66% and
77.20% for the spray-dried TBS, and between 59.31% and
69.20% for the micronized TBS. For a given TBS, the emit-
ted dose varied according to the lactose considered
(p < 0.5). For a given lactose, the emitted dose varied
according to the drug considered (p < 0.5). The emitted
doses were significantly higher for the spray-dried TBS
(p < 0.5).

The fine particle fractions obtained were between
29.70% and 42.98% for the spray-dried TBS, and between
24.95% and 34.03% for the micronized TBS. Here again,
for a given TBS, the fine particle fractions varied according
to the lactose considered (p < 0.001). And, for given lac-
tose, the fine particle fractions varied according to the
TBS considered (p < 0.005). The higher fine particle doses
were obtained with the Lactohale 200 whatever the TBS
(p < 0.01). Whatever the lactose tested, higher particle
doses were obtained with the spray-dried drug (p < 0.005)
which indicated that the spray-dried TBS was better sepa-
rated from the carrier; its dispersibility was higher. These
results were in agreement with the adhesion tests that
showed lower adhesion of spray-dried TBS on the different
carriers.
3.5. Correlation between adhesion characteristics and inertial

impaction

In Fig. 6, the fine particle doses for the different blends
obtained with the Twin Stage Impactor were plotted
against the quantity of drug remaining on the Alpine air-
jet sieve after 30 s for the same blends. We noted a linear
relationship between the adhesion characteristics obtained
with our method and the fine particle dose obtained by
impaction test with a correlation coefficient R2 of 0.8521
which indicated a good correlation between these two
parameters.

The method we proposed using Alpine air-jet sieve made
it possible to characterize adhesion, to forecast drug
blends with the inhalator Ingelheim at 60 l/min (mean (±cv), n = 3)

230 Lactohale 100 Lactohale 200

10.9) 368.18 (8.6) 316.99 (4.8)
10.7) 335.59 (7.4) 306.11 (10.0)

6.8) 109.34 (10.2) 136.24 (10.2)
10.1) 87.62 (6.1) 104.17 (6.2)

10.9) 77.20 (8.6) 65.66 (4.8)
10.7) 66.22 (7.4) 59.31 (10.0)

6.8) 29.70 (10.2) 42.98 (10.2)
10.1) 26.11 (6.1) 34.03 (6.2)
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Fig. 6. Relation between fine particle dose and quantity of drug remaining
on the air-jet sieve after 30 s.
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detachment from lactose and to predict aerodynamic
behaviour of the drug. This method of adhesion evaluation
considered the whole blend as it is used in dry powder
inhalers which was different of techniques like AFM that
concerns only one particle and not the overall blend.

4. Conclusion

Spray-drying of a solution of terbutaline sulphate pro-
duced a fine powder of spherical shaped particles, with a
size adapted for pulmonary delivery. Spray-drying pro-
vided a useful mean of controlled particle size production.
The spray-dried particles were found to be amorphous with
a glass transition temperature situated at Tg ffi 79 �C. This
assured that the particles were rigid. The results confirmed
that the drug/carrier interactions were depending on
parameters like the shape and the crystalline form. The
shape argument prevailed because the room temperature
during the adhesion and aerosolization experiments was
much lower than the Tg (about 60 �C below the Tg). So,
the particle rigidity minimized the contact area with the
carrier and so made the separation from the carrier easier.
Adhesion on the different lactoses tested was lower for the
spray-dried terbutaline sulphate which led to higher fine
particle doses during the impaction assays. In this case,
the patient will have to make a lower respiratory effort to
detach the drug from the lactose so that a high percentage
of drug reaches deep into the lungs.

The different lactoses tested were not interchangeable
even if the granulometric fractions were the same, probably
because of different surface properties like roughness [21].

Some lactoses were more efficient for the aerozolization
and the dispersion of the drug whatever the terbutaline sul-
phate considered; that was the case of Lactohale 200 for
example.

The techniques used to assess the adhesion of drugs to
carrier particles provided complementary informations
about drug/carrier interactions and detachment. The
behaviour of the drug/carrier blend during the air-jet sieve
assay made it possible to determine how easily the drug
separated from carrier. The results of fine particles doses
were in agreement with the Alpine air-jet sieve results, with
a linear relationship between them. These tests are useful
for the development of dry powder inhalers to obtain a sta-
ble blend and a maximal fine particle dose.
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