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Summary

Deposition of *™Tc-labelled particles of disodium cromoglycate in the human respiratory tract after inhalation either from the
conventional metered dose aerosol or from the new Ingelheim powder inhaler (FO II) was compared. Fractional deposition in the
whole lung area, in the upper airways and in the device was measured using a gamma camera. Eight healthy informed volunteers
participated in the inhalation test. The lung deposition of the inhaled drug was about 9% using the conventional aerosol actuator with
the short plastic mouthpiece whereas, using the Ingelheim powder inhaler, on average 20% deposition in the whole lung area was
achieved. In addition, with the Ingelheim inhaler drug particles seemed to be deposited in the more peripheral parts of the respiratory
tract. The upper airway deposition was also reduced with the Ingelheim powder inhaler. On the other hand, a larger fraction of the
drug dose was retained in the Ingelheim inhaler than in the aerosol actuator.

Introduction

Metered dose aerosols are primarily used for
delivering antiasthmatic agents directly to their
site of action in the human respiratory tract. Al-
though these metered dose aerosols are apparently
easy to use, many patients, especially elderly peo-
ple and children, find it difficult to use these
devices correctly (Paterson and Crompton, 1976;
Epstein et al., 1979; Crompton 1982). This is
mainly due to the fact that delivery of the aerosol
dose should be co-ordinated with the inspiration
of the patient. In addition, aerosol therapy can fail
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because the delivered aerosol droplets have too
high a speed or the unevaporated propellant
droplets have too large a size for penetrating down
the trachea (Byron, 1986). Furthermore, many pa-
tients felt that the propellants irritated their upper
airways (Moren et al., 1985). For avoiding these
problems dry powder dosage forms have recently
been developed.

Dry powder dosage forms are generally for-
mulated by mixing the cohesive micronized drug
particles with carrier particles. Thus, it is possible
to enhance the flowability of powder mixtures and
therefore allow the accurate filling of gelatin caps-
ules primarily used as unit dose system in the dry
powder dosage form. Inert sugars, such as lactose
and glucose, are commonly used as carriers. Dur-
ing inhalation drug particles are dispersed from
their agglomerates or from the surface of carrier
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particles by the energy of the inspired air flow
(Sackner et al, 1981). Redispersed small drug
particles should then be deposited in the ther-
apeutically significant regions of the lungs. This
separation stage is the critical phase from the
point of view of drug response (Bell et al., 1971).
It is evident that the construction of the powder
device has a great effect on the stage of the
redispersion (Vidgren et al., 1988). Thus, the ther-
apeutically significant lung deposition can be en-
hanced by optimizing the powder device.

According to clinical studies, a similar ther-
apeutic response can be achieved both with me-
tered dose aerosols and with dry powder inhalers
(Hetzel and Clark, 1977, Harris and Rothwel,
1981). In this study the deposition of inhaled drug
particles in the human lungs was compared after
administration of a drug dose either from the
metered dose aerosol or from the powder inhaler
of Boehringer Ingelheim (Ingelheim inhaler) with
the new construction.

Air channels in this recently introduced device
have been designed to cause vibration of the caps-
ule by the inhaled air stream. This phenomenon is
supposed to enhance the emptying of a capsule
and the redispersion of drug particles from the
surface of carrier particles. According to the
manufacturer only a moderately low flow rate of
inspired air is needed for the liberation of the
inhalable drug particles. The efficacy of the powder
device in delivering the drug dose into the ther-
apeutically important lung region can be esti-
mated by clinical trials, e.g. bronchodilator tests.
These studies are, however, quite laborious and
expensive to perform and in addition they do not
give accurate information on the localization of
the inhaled drug particles in the human respira-
tory tract. Such data can be conveniently obtained
using gamma labelled particles. As far as the
authors know, no in vivo deposition studies with
the radiotracer technique have been performed
with this new device.

Materials and Methods

Labelling and evaluation of the drug particles
Disodium cromoglycate (BP 1988, Chemisell,
Italy) particles were labelled using the spray dry-

ing technique (Vidgren et al., 1987a). Drug was
dissolved in 50 ml of water to give a 6% w/w
solution. 1 mi of 0.9% w/w sodium chloride solu-
tion containing ™ Tc was added to the drug solu-
tion. This mixture was spray dried (Buchi
Minispray dryer, type 190, F.R.G.) at a feed rate
of 60 ml/min. The air input temperature during
drying was about 180°C and the outlet tempera-
ture approx. 80° C. The throughput of air was 2.4
m’/min and the nozzle air pressure was 800 NL
Disodium cromoglycate particles obtained by the
spray drying process had a mean aerodynamic
diameter of 2.4 + 0.1 pm. Drug particles of this
size are suitable for inhalation even into the pe-
ripheral parts of the human respiratory tract.

Preparation of the metered dose aerosol

Firstly, 100 mg of sorbitan trioleas (Span 85,
Atlas, Belgium) was dissolved in 20.7 g of lique-
fied propellant, dichlorodifluoromethane (Freon
P12). Secondly, 6.21 g of liquid dichlorotetrafluo-
roethane (Freon P114) was added to the mixture
of P12 and Span 85 at a temperature of —70°C.
Thirdly, 2.53 g of *™Tc-labelled disodium
cromoglycate was dispersed in the above-men-
tioned solution using a homogenizer (Ultra-Tur-
rax, type TP 18/10, IKA Werk, F.R.G.). The
samples of 8.28 g of the suspension were filled
into metal aerosol containers. The containers were
closed with 50 pl metering valves. 7.24 g of P12
was filled through the metering valve.

Preparation of the dry powder mixture

An equivalent amount of *™Tc-labelled di-
sodium cromoglycate particles and lactose par-
ticles was mixed for 15 min in a 250 ml glass
vessel (Turbula, type 2P mixer, Switzerland). 40
mg of this powder mixture was filled into each
gelatin capsule (size no. 3, supplied by Boehringer
Ingelheim) to be used as a unit dose system in this
study.

Delivery of the inhalation doses

Eight healthy, non-smoking, volunteers took
part in the in vivo inhalation test. They were fully
informed of the nature of the study, which was
carried out under medical supervision. Before in-
halation the volunteers were carefully trained to



be able to use both inhalers correctly. Just before
the gamma camera measurement 10 doses from
the metered dose aerosol were taken separately
through the conventional aerosol actuator (Boeh-
ringer Ingelheim). Respectively, one capsule was
pierced with the Ingelheim inhaler and the powder
mixture was inhaled. Inhalation was followed each
time by holding breath for 5 s. The activity re-
tained in a dry powder inhaler or in a aerosol
actuator was measured immediately after the inha-
lation.

Measurement and calculation of the deposition

Measurements of deposition were made with
the large field gamma camera (Type 400T, Gen-
eral Electric, WI, U.S.A.) equipped with a low-en-
ergy all-purpose collimator. The energy window
was 10% for the ™ Tc energy peak (140 keV). All
measurements were taken for each person in the
anteroposterior and posteroanterior view of the
same measurement geometry for 5 min per view in
a sitting position. The data were collected in a
Gamma-11-system with PDP 11/34 computer
(Digital Equipment Corp., MA, U.S.A)) with a
64 X 64 position collection matrix and analysed
later in a random manner. All the results were
calculated after correction of the background radi-
ation and time decay of *™Tc. The geometric
mean counts were calculated for the lung region
and the results were listed for the lungs, upper
airways and the inhaler.

This standard trial plan was accepted by the
Ethical Committee of Kuopio University Central
Hospital, Kuopio, Finland.

Conventional aerosol

20.9%

Statistical testing

The differences between the devices in deposi-
tion results were tested using a non-parametric
Mann-Whitney U-test.

Results and Discussion

Due to the labelling method the inhalation
dosage forms tested in this study were formulated
using spray-dried disodium cromoglycate particles
instead of conventionally used mechanically mi-
cronized particles. The particle and powder prop-
erties of the spray-dried particles are slightly dif-
ferent from those of micronized particles (Vidgren
et al., 1987b). Spray-dried particles are more
spherical in shape and are also slightly less cohe-
sive in nature. The method used in this study is
suitable especially in comparison studies of differ-
ent dosage forms, inhalation techniques and inha-
lation devices but not in clinical comparisons of
commercial products containing mechanically mi-
cronized drug particles. In this study based on the
above labelling method, the lung deposition as
well as the drug amount retained in the aerosol
and powder devices was determined with a gamma
camera. The remainder of the drug dose was de-
posited in the upper airways and subsequently
transported into the stomach.

The fraction of the delivered drug doses re-
tained in the devices was very significantly higher
for the Ingelheim inhaler than for the conven-
tional aerosol inhaler (p <0.01). (Fig. 1). The
mean fraction of the dose retained in a powder
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Fig. 1. The mean fractional deposition of **™Tc-labelled particles of disodium cromoglycate after inhalation either from a
conventional metered dose aerosol or from the Ingelheim inhaler.



device was 13.5%. The corresponding amount re-
tained in the conventional aerosol actuator was
found to be 4.5%. The difference between these
two figures is due to the more complicated techni-
cal structure of the dry powder inhaler compared
to that of the aerosol actuator. Dry powder inhaler
contains several solid walls to which the cohesive
drug particles may easily adhere. In addition, the
plastic material of the device may have an effect
on the fraction of the drug dose retained in the
inhalation device.

It is generally supposed that in the dry powder
dosage form agglomerates containing carrier par-
ticles and small drug particles may be stable
enough to oppose the breaking in inspired air flow
(Smith et al., 1980). Thus, a relatively large frac-
tion of the dose is assumed to be deposited in the
upper airways. According to the results of this
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Fig. 2. Fractional deposition of 9mTc-labelled particles of

disodium cromoglycate separately in 8 volunteers after inhala-

tion either from a conventional metered dose aerosol or from
the Ingelheim inhaler.

study, however, a statistically very significantly
smaller fraction of the drug dose was delivered
from the Ingelheim inhaler than from the aerosol
preparation deposited in the upper airways (p <
0.01) (Fig. 1). Therefore, the Ingelheim inhaler
appears to disperse the drug particles effectively
from the carrier particles. Redispersed drug par-
ticles are thus more prone to follow the inspired
air flow than the delivered aerosol spray. The
delivery of the aerosol spray by means of high
pressure leads to the inertial impaction of drug
particles on the mucous layers of the upper air-
ways.

There were statistical differences between the
results for lung deposition of the metered dose
aerosol and Ingelheim inhaler ( p < 0.01). The lung
deposition achieved with the metered dose aerosol
was 9.2%, being nearly the same as reported in the
previous deposition studies of inhalation aerosols
(Newman et al., 1981, 1984; Vidgren et al., 1987a).
The corresponding fraction for the Ingelheim in-
haler was 20.9%, which demonstrates remarkably
higher lung deposition than has been achieved
with other powder devices using the same research
protocol (Vidgren et al., 1988). The lung deposi-
tion obtained with this new powder device is at
the same level as has been documented for the
metered dose aerosols connected to the most ad-
vantageous inhalation aids, e.g. spacer devices
(Vidgren et al., 1987c).

The individual variation among the volunteers
was in the same range as that obtained previously
and which has also been generally reported in
similar kinds of deposition studies (Newman et
al., 1981, 1984; Vidgren et al., 1988) (Fig. 2).
These variations between individuals are partially
due to differences in respiratory anatomy and in
lung function of the volunteers. It is, however,
possible to compare the individual deposition pat-
terns monitored for both devices tested (Fig. 3).
With the Ingelheim inhaler a better lung deposi-
tion was achieved for all the volunteers than with
the conventionally used metered dose aerosol.

A clear difference can be demonstrated be-
tween the deposition patterns of the inhaled drug
doses. This can readily be seen from the deposi-
tion patterns of the gamma scintigraphs (Fig. 4).
With the metered dose aerosol, less activity was
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Fig. 3. Lung deposition of ®™Tc-labelled particles of disodium

cromoglycate for 8 volunteers after inhalation either from a

conventional metered dose aerosol or from the Ingelheim in-
haler.

deposited in the lung area and furthermore the
inhaled drug particles seemed to be deposited on
the branches of the main bronchus. Thus, only a
very small portion of the drug particles deposited
in the whole lung area reached the therapeutically
most important respiratory or alveolar regions of
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the lungs. On the other hand, the drug particles
administered from the Ingelheim inhaler seemed
to be distributed more uniformly into the whole
lung area. The difference between the deposition
patterns of these two devices could be detected for
all the volunteers.
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