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Turbuhaler®: a new device for dry powder
terbutaline inhalation

C. R. JoHNSEN & E. RUNG WEEKE

Clinic of Allergy, County Hospital, Roskilde, Denmark

The aim of this study was to compare hronchodilator response and adverse effeets of
terbutaline when administered with the metered dose inhaler (MDI) Bricanyl® and with
the dry powder inhaler Bricanyl Turbuhaler® (BT), Nine adult patients with bronchial
asthma participated. The study was of an open crossover design. At 30-min intervals the
patients inhaled increasing doses of terbutaline (0,25 mg to 5,0 mg cumulated) from
either the conventional MDI or from the BT, After each inhalation FEV,, FVC, heart
rate, musele tremor and adverse effects were recorded. Both treatments, BT and MDI,
resulted in a dose-related increase in lung function, without any statistical difference.
Taste sensation, muscle tremor and increase in heart rate were observed in both groups.
Because ofthe design ofthe BT one may assume that inhalation failure can be avoided.
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The Pj-selective bronchodilator properties of
terbutaline when administered with a metered
dose inhaler have been well established (1, 2), It
is an effective method of delivering the drug to
the large surface area of the tracheobronchial
tree. The drawback of the MDI is their content
of fluorcarbonated propellants (Freones
CFCI3, CF2CI2, CjF.Clj) (6), lubricants (sor-
bitan trioleate or oleic acid), or carrier sub-
stances (lactose or glucose). These substances
can irritate the hyperreactive airways of asth-
matic patients. The fluorocarbonated pro-
pellants pollute the atmosphere by diminishing
the ozone layer and by increasing the "green-
house effect" (7), Further, some patients are
unable to use a metered dose inhaler despite
adequate instruction, especially children and
elderly patients. The most common error is
failure to coordinate the inhalation with activa-
tion of the spray (5), The BT is a breath-
actuated dry powder inhaler designed to over-
come this problem. It is based on the principle
of using a dry powder of pure terbutaline which
breaks down into a fine cloud for inhalation

when agitated in a turbulent airstream: the
patient's inspiratory airflow. The inhaler is
equipped with a bulk powder supply of 200
doses of drug and dispenses 0,5 mg terbutaline
per dose.

The aim of the study was to compare the
bronchodilator dose-response and adverse effect
of terbutaline when administered with a con-
ventional metered dose inhaler (Bricanyl®
MDI) and with a dry powder inhaler (Bricanyl
Turbuhaler®),

MATERIAL AND METHODS

Patients

Nine patients were included (4 female, 5 male,
20-46 years of age; mean 30 years). All patients
suffered from chronic bronchial asthma with a
duration of 2-34 years (mean 16 years). They
were all experienced in the daily use of bron-
chodilating inhalers. The study was of an open,
randomized, crossover, cumulative, dose-re-
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sponse design. It was carried out on 2 separate
days with an interval of 2 to 9 days (mean 6
days). Differences in baseline forced expiratory
volume in the first second (FEV,) > 15%
between the 2 days were not allowed.

Patients suffering from cardiac disease,
hyperthyroidism, diabetes and hypersensitivity
to sympathomimetics, or in treatment with
p-blocking agents, were not considered for
study. The patients were out-patients, attend-
ing the allergy clinic at Roskilde County Hospi-
tal, They were all informed and consent was
obtained. The baseline FEV, had to be less than
70% of predicted normal value (4), Within 1-2
weeks before the study the patients had to show
reversibility of airways obstruction after 2 puffs
from a pj-agonist spray (0,5 mg terbutaline or
0,2 mg salbutamol) with an FEV, improvement
of at least 20 %, Theophyllines, oral/inhaled Pj-
agonists and anticholinergics, had to be with-
drawn within the previous 48, 12/8 and 8 h,
respectively. Concomitant steroids and/or anti-
histamines were continued at a constant level.

Doses of terbutaline were given at 30-min
intervals to a maximum cumulative dose of 5
mg. On the MDI test day, the patients inhaled
1, 1, 2, 4, 8 and 4 inhalations (0,25 mg/inhala-
tion). On the BT test day, the patients inhaled
1, 1 (0,25 mg/inhalation) and 1, 2 and 4 inhala-
tions (0,5 mg/inhalation) and after that 4 inha-
lations from MDI (0,25 mg/inhalation), to
ensure that maximum bronchidilation was
obtained. The patients' inhalation flow-volume
curves were recorded with a hot wire spirometer
(Monoghan 403®) connected to an oscilloscope,
and the patients were instructed to keep the
inspiratory flow at approx, 60 l/min. The actua-
tor of the MDI was modified to connect with
the spirometer probe to allow measurement of
the airflow through the inhaler. The BT was
built into a test cover and connected to the
spirometer probe for flow measurement. Inhala-
tion flow curves were plotted by a Kipp &
Zonen x/y-recorder.

The following parameters were measured:
Peak inspiratory How (PIF) and forced inspira-
tory volume (FIV,, FIVC) at each inhalation,
FEV,, forced vital capacity (FVC) (best of 3
attempts) and heart rate 60 and 5 min before

treatment and 5 and 20 min after each inhaled
dose. Measurement by the Vitalograf
Spirometer®, Muscle tremor 60 and 5 min
before treatment and then 25 min after each
inhaled dose. Muscle tremor was measured by
an optoelectronic tremograph attached to the
middle finger, and the signal from the trans-
ducer was transformed to a curve and plotted
by the x/y recorder. Airway irritation, taste
sensation or other adverse effects were record-
ed at each measurement. The paired Student's
test was used for statistical calculation of the
data,

RESULTS

The increase in FEV, after two doses of a P̂ -
agonist spray according to the inclusion criteria
was 21-71%, mean 36%. Although the
patients were instructed to keep a flow of 60
l/min, during inhalation the mean peak inspira-
tory flow through the BT was 68 l/min and 181
l/min through the MDI, The mean inhaled
volume for BT was 4.7 1, and for MDI 3,9 1, As
the degree of bronchodilation was generally
higher at 20 min after the given doses than after
5 min, only the 20-min values for FEV,, FVC
and heart rate are given in Figs, 1-3, Increase
in FEV,, FVC, heart rate and muscle tremor
were plotted against bronchodilating dose. The
mean dose-response FEV, curves are given in
Fig, 1. Both treatments show a statistically sig-
nificant increase over basal value for all doses
{P < 0,001), There was no statistically signifi-
cant difference between the two treatments.
The mean dose-response FVC curves are given
in Fig, 2, Both treatments show a statistically
significant increase over basal value for all doses
{P < 0,001), There was no statistically signifi-
cant difference between the two treatments.
The mean heart rate dose-response curves are
given in Fig, 3, Both treatments showed an
increase in heart rate. For the BT it was signifi-
cant after a cumulated dose of mg: 0,25, 1, 2
and 4 (with P values < 0,05, 0,01, 0 01 and
0,001 respectively). For MDI it was significant
after a cumulated dose of 4 mg {P < 0,05),
There was no statistically significant difference
between the two treatments The mean tremor



394 C, R, JOHNSEN & E, RUNG WEEKE

0.25 0.5 1.0 2.0 4.0
Cumulated dose (mg)

Heart rate (beats/min)

30

20

10

-10

Turbuhaier
Metered dose inhaler (MDI)

1

0.25 0.5 1.0 2.0 4.0

Cumulated dose (mg)

Fig, 1, Increase in FEVi over basal value at 20 min after Fig, 3, Increase in heart rate over basal value at 20 min after
inhalation, (Mean ± SEM) O and 9 indicates inhalation inhalation, (Mean ± SEM),
with 4 X 0,25 mg from a metered dose inhaler (MDI),
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Fig, 2, Increase in FVC over basal value at 20 min after
inhalation, (Mean ± SEM) O and 9 indicates inhalation
with i X 0,25 mg from a metered dose inhaler (MDI),

dose-response curves are given in Fig, 4, After
a cumulated dose of 1 mg, tremor was signifi-
cantly persistent for both treatments {P <

Fig, 4, Increase in tremor over basal value at 25 min after
inhalation, (Mean ± SEM),

0,01), There was a significant difference
between the two treatments after a cumulated
dose of 1 and 4 mg (P < 0,05), The values of
the curves were taken 25 min after inhalation.

Bitter, sweet, powder, or rubber taste sensa-
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tions were recorded. Nine patients noted this on
BT day and 6 on MDI day,

DISCUSSION

Our data revealed no difference in broncho-
dilating dose-response effect (FEV, and FVC)
between the BT and the MDI, There was a
more marked increase in heart rate and muscle
tremor when the BT was used, perhaps because
of a greater systemic absorption. Both side
effects are well known for terbutaline (3, 9), No
serious adverse effects were noticed. The inha-
lation flow curves showed a more even flow
when BT was used; and, due to the greater
inspiratory resistance in BT, inspiratory flow
was only 68 l/min. It has been pointed out by
Newman (8) that bronchodilation response to
terbutaline sulphate is better at low flow rates.
This speaks in favour of BT,

Conclusion

BT treatment is as effective as MDI treatment
when equal doses of terbutaline are given. It is
easy to apply and the failure, with the MDI, to
coordinate inhaler actuation with inspiration is
avoided, BT contains no chlorofluorocarbo-
nated propellants or additives and it is therefore
possible to avoid the irritating effects that some
patients may experience from these substances
in MDI's.
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