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Formoterol fumarate, a new (32-adrenoceptor agonist
Acute studies of selectivity and duration of effect after inhaled and oral administration

C . - G . LOFDAHL & N . SvEDMYR

Departments of Clinical Pharmacology and Pulmonary Medicine, University of Goteborg, Sweden

Four double-blind, double-dummy, randomized, crossover studies were performed in
nine a.sthmatic patients to evaluate Pj'adrenoeeptor selectivity and the duration of effect
of formoterol. One study with cumulatively increasing doses of formoterol and sal-
butamol showed that with the inhaled route, formoterol was 5-15 times more potent than
salbutamol with respect to bronchodilation. In a second study, 6 ng formoterol and 0.1
mg salbutamol were given for comparison of effect duration. Five hours after salbutamol
inhalation the FEV, values were back to basal. Eight hours after formoterol inhalation
about 75 % of the maximum bronchodilation remained and the FEVj was significantly
higher than after salbutamol inhalation. By oral route, a study with cumulatively
increasing doses showed that as a bronchodilator formoterol was about 50 times more
potent than salbutamol. The same potency difference was seen for increase of heart rate
and decrease of diastolic blood pressure, indicating that the clinical selectivity for P -̂
adrenoceptors is equal for the two drugs. In a fourth study comparable doses by oral
route did not show any difference in the duration of bronchodilation. We conclude that
inhaled formoterol is 5-15 times more potent than salbutamol. Inhaled formoterol
produces longer duration of bronchodilation, with clinically relevant bronehodilation for
at least 8 h. The prolonged duration of formoterol was not seen with oral treatment.

Key words: formoterol; salbutamol; bronchodilation; cardiovascular effect; skeletal muscle
tremor.
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P^-adrenoceptor agonists are considered a cor-
nerstone of current asthma therapy (7, 20, 21).
The main route of administration is via inhala-
tion, with several advantages over systemic
treatment (14, 25). One ofthe disadvantages of
the currently available P2'adrenoceptor agonists
is their relatively short duration of effect, about
4 h after inhalation (4, 6, 8, 15, 23). This has
made it impossible to retain a continuous effect
during the night without repeated inhalations.

Formoterol fumarate is a new catecholamine
analogue possessing a potent |3-adrenoceptor
agonist effect. Selectivity studies in isolated
tissue samples have shown that formoterol
fumarate is at least as P2-adrenoceptor selective
as salbutamol and terbutaline (5, 11). It has
been shown in in vivo animal experiments to

have a high potency and long duration of effect;
longer than salbutamol. The potency was about
50 times higher than that of salbutamol (10).

Japanese studies in asthmatics have indicated
that oral treatment with this drug produces
longer effect duration than salbutamol (13, 18).
To our knowledge no studies have been per-
formed to evaluate the effect duration of inhaled
treatment with this drug.

A study with the following objectives was
therefore planned:
1. To establish equipotent bronchodilating

doses for formoterol and salbutamol when
given by inhaled and oral route, and evalu-
ate the P^-adrenoceptor selectivity by com-
paring the effects on heart rate and skeletal
muscle tremor.
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2. To study the duration of bronchodilation for
formoterol, compared with salbutamol given
by inhaled and oral route.

METHODS

Experimental design

Four studies were performed as double-blind,
double-dummy, randomized, crossover com-
parisons between formoterol and salbutamol in
patients with stable endogenous asthma. In two
studies cumulatively increasing doses of the
drugs were given to establish the dose-response
curves for bronchodilation, circulatory effect
and skeletal muscle tremor with formoterol and
salbutamol by oral or inhaled route. In two
other studies one dose of each drug, shown in
the dose-response experiments to be equipotent
doses, were given and the ventilatory capacity
was studied during a period of 8 h for both
inhaled and oral treatment.

Patients

Nine patients with endogenous asthma in a
stable phase and reproducible obstruction of the
airways when off treatment were studied (Table
1). In the two oral studies the same eight asth-
matics took part. The patients showed a rever-
sibility of FEV, of 20-63% during the sal-
butamol dose-response experiment. They were

included in the study after giving informed con-
sent to participation in the study, which had
previously been approved by the Ethics Com-
mittee at the University of Gothenburg.

Inhaled Pj'^^renoceptor agonist therapy and
inhaled anticholinergics were withdrawn at least
12 h before the start of an experiment. Oral p,,-
adrenoceptor agonist therapy given in slow-
release preparations was withdrawn 24 h and
theophylline derivatives 36 h before each ex-
periment, eorticosteroids, inhaled or oral, were
unchanged during the study period.

If the difference in each study between mean
basal values for one individual was greater than
15%, that day's experiment was repeated.

Experimental details

1. Inhaled cumulative dose-response study. The
patients arrived at the laboratory at 7.30 a.m.
after a light breakfast without coffee or tea at
home 1 h earlier. After 50 and 70 min rest in a
semi-recumbent position, basal measurements
of the following variables were performed:
1) Heart rate from continuous ECG recordings.
2) Blood pressure by the cuff method.
3) Skeletal muscle tremor from a single plane

accelerometer according to a previously
described method (24).

4) Forced expiratory volume in 1 s (FEV,)
measured with a Collin's survey spirometer.
At least two recordings were made and the
highest value was used for calculation.

Table 1

Patient characteristics

Patient

1

2
3
4

5
6
7
8
9

Age

56
57
54
62
64
66
67
60
71

Sex

M
F
M
M
M
M
M
M
M

Height
(em)

176
168

185
170
167
184
186
167

176

Basal FEV,

(1)

1.66
1.36
2.34
1.98
1.88
2.54
1.97
2.13
2.72

Reversibility

(%)

41
63
30
46

29
32
49
42
20

Tre,itment

IB, IC
IB, OB, IC, OC, T
IB, IC, OC, T
IB, OB, IC, OC, T
IB, OB, IC, T
IB, OB, IC
IB, OB, IC, OC
IB, OB, IC, T
IB, OB

Patient No. 3 took part only in the inhalation studies, patient No. 9 only in the oral studies. Aboreviations: I
O = oral, B = p-adrenoeeptor agonist, C = corticosteroid, T = oral theophylline.

inhaled.
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After basal measurements, four increasing
doses of each drug were given at 70-min inter-
vals, as a pilot study had shown that an almost
maximum bronchodilating effect was seen with-
in 1 h for both drugs. Fifteen min after each
inhalation, all measurements except blood pres-
sure were performed, and 30 min after inhala-
tion a new spirometry was performed and 60
min after inhalation all measurements were
repeated. The patients did not eat during the
time of the experiment.

The doses chosen for formoterol were 3 ng in
one inhalation, 9 ^g given as 3 inhalations, 27
|ig given as 2 inhalations of 12 ng and one of 3
ng, and 84 ng given as 7 inhalations of 12 ng
each. For salbutamol the doses were 100 ng in
one inhalation, 300 ng in 3 inhalations, 900 ng
as 9 inhalations and 2,800 ng as 7 inhalations
from powder aerosol capsules (400 ng Ventoline
Rotahaler®). Matching placebo canisters/cap-
sules without active drug were given together
with the active drug to ensure blindness. Doses
with several inhcilations were given as alternat-
ing inhalations between placebo and active
drug. The same spacer device, Volumatic®, was
used for inhalations of both drugs to decrease
inhalation errors and to improve bronchial
deposition. A special adapter for the formoterol
dose inhalers was built in the laboratory. The
inhalations were supervised by a trained techni-
cian and the patients rinsed their naouths with
water after each inhalation.

2. Inhaled duration study. The patients arrived at
the laboratory as in the dose-response study and
basal measurements were performed after 50
and 70 min. The following measurements were
made:

1) Heart rate from continuous ECG record-
ings. .

2) FEV, measured with a Collin's survey
spirometer. At least two recordings were
made and the highest value was used for
calculation.

After basal measurements, one dose of active

formoterol or salbutamol with matching placebo

was given. The dose of formoterol was 6 ng and

of salbutamol 100 ng- New measurements were

performed 15, 30 and 60 min after inhalation
and then exactly once every hour up to 8 h after
inhalation. After the 8-h measurement the
patient inhaled L25 mg terbutaline (5 inhala-
tions). The inhalations of formoterol and sal-
butamol were performed as in the dose-response
experiment and administered via a Volumatic®
spacer device.

3. Oral cumulative dose-response study. After basal
measurements performed as in the inhaled
cumulative study, three increasing doses of
each drug were given at 130-min intervals, as
a pilot study showed that the maximum effect
was achieved within 2 h after both drugs
given by the oral route. 30, 60, 90 and 120
min after each dose all measurements were
repeated. 130 min after the third dose inhala-
tions of terbutaline were given (1.25 mg), and
FEV, was measured 15 min after inhalation.
The patients were given a light lunch 70 min
after the second oral dose and soup 70 min
after the third dose.

The doses for formoterol were 40 ng, 120
ng and 360 ng, and for salbutamol 2 mg, 6
mg, and 18 mg. Matching placebo tablets
were given together with the active drug.

4. Oral duration study. The same measurements
were performed as in the inhaled cumulative
dose-response study. After placebo measure-
ments one dose of formoterol 80 ng or sal-
butamol 4 mg with matching placebo was
given in randomized order. Measurements
were performed after 30 and 60 min and then
every hour up to 8 h after oral intake. Ter-
butaline was then inhaled (1.25 mg), and
FEV, was performed 15 min after inhalation.

Statistics

Values are presented as means and standard
errors of the mean (SE). Bronchodilatory
responses are presented as per cent of bron-
chodilating capacity (BDC). Per cent of
BDC = [(Actual value - Basal value achieved
on experiment day)/(Maximum value during
study - Basal value achieved on experiment
day)] * 100. Changes from basal value were
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Fig. 1. Cumulative dose-response curves for formoterol (D) and salbutamol ( • ) given by inhaled and oral routes.

used to evaluate heart rate and diastolic blood
pressure. Skeletal muscle tremor was
expressed as the tremor ratio, which is the
relationship between the observed accelerome-
ter value and the basal value on the actual
experiment day (24). In the dose response
study the maximum value after each dose was

used for calculation. Statistical testing of sig-
nificance was performed with Student's t-test
for paired comparisons. As differences were
tested at four time points, 5, 6, 7 and 8 h
after inhalation, the Bonferoni method of
adjustment of the critical values was used
(26).
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Fig. 2. Duration study of inhaled formoterol, 6 ng ( • ) and
salbutamol 100 ng ( • ) during a period of 8 h. After 8 h 1.25
nig terbutaline was inhaled from a metered dose inhaler.

Fig. 3. Duration study of oral formoterol, 80 ng (D) and
salbutamol, 4 mg ( • ) during a period of 8 h. After 8 h
1.25 mg terbutaline was inhaled from a metered dose
inhaler.

RESULTS

Inhaled cumulative dose-response study

Respiratory studies (Fig. 1). Mean basal FEV,
values before the treatments did not differ sig-
nificantly. Before formoterol it was 2.02±0.15 1
and before salbutamol it was 2.04±0.15 1.

The mean dose-response curves showed that
with 3 ng formoterol, the FEV, increased with
42±4% of BDC, whereas with 100 ng sal-
butamol the increase was 64±4% of BDC. The
mean dose-response curves showed the same
effect when 5-15 times higher doses of sal-
butamol than formoterol were given.

Circulatory studies (Fig. 1). Only minor changes
in heart rate were observed during the study.
After the highest dose of formoterol the heart
rate increase was 4.8±3.1 bpm and after sal-
butamol 7.9±3.1 bpm. The difference was not
significant. Diastolic blood pressure showed no
statistically significant changes.

Tremor studies (Fig. 1). Skeletal muscle tremor
showed only minor changes with the two
lowest doses of both drugs. However, with the
two highest doses there was a similar increase
in tremor for both drugs. After formoterol
there was a tendency towards more pro-

nounced tremor, although the difference was
not significant.

Inhaled duration study (Fig. 2)

The basal mean value of FEV, before for-
moterol was 1.90 ±0.16 1 and before sal-
butamol 1.86±0.16 1. There was a rapid
increase after 100 ng salbutamol, and maxi-
mum bronchodilation, (76±5% BDC) was
attained after 1 h. For 6 ng formoterol the
maximum increase, 80±5% BDC, was
attained after 2 h. There was a rapid decline
after salbutamol treatment and after 5 h the
FEV, measurements were back to basal level.
With formoterol there was a very small
decrease during 8 h of follow-up. The dif-
ference between the two treatments 5 h after
inhalation was 67±10% BDC (P<0.01); after
6 h 6 0 ± l l % BDC (P<0.0\), after 7 h
57±11% BDC (P<0.01) , and after 8 h
60±13% BDC (P<0.01) . Eight hours after
formoterol inhalation about 75 % of the maxi-
mum effect remained.

There were no statistically significant
changes in heart rate during this study.

The area under the % BDC curve (AUC)
for the two drugs during the first 2 h were
equal in size. The AUC during 8 h for for-
moterol was more than twice that of sal-
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butamol and the difference was highly signifi-
cant ( P < 0.001).

Oral cumulative dose-response study

Respiratory studies (Fig. 1). Basal FEV, values
before the two treatments did not differ signifi-
cantly. Before formoterol it was 1.89 ±0.19 1
and before salbutamol 2.00±0.19 1. The indi-
vidual maximum value after each dose was used
to establish the dose-response curves for the two
drugs. The dose response curves run parallel to
one another. It was found that formoterol was
about 50 times more potent than salbutamol so
that 80 ng of formoterol was equipotent to 4 mg
of salbutamol.

Circulatory studies. The basal mean heart rate val-
ue before formoterol treatment was 62.5±1.7
bpm and before salbutamol 62.1 ± 1.5. The indi-
vidual maximum value after each dose was then
used to establish the dose-response curves (Fig.
1). The dose-response curves run in parallel and
also with respect to heart rate, the difference in
potency is similar to that found in FEV, measure-
ments, i.e. formoterol is about 50 times more
potent than salbutamol.

Diastolic blood pressure showed a similar
decrease with the high doses of both drugs, with
a tendency towards a more pronounced de-
crease after formoterol treatment.

Tremor studies (Fig. 1). There was a dose-depen-
dent increase in skeletal muscle tremor with
both drugs. There was a tendency toward high-
er values after formoterol than after salbutamol.

Oral duration study

The basal mean value of FEV, before 80 ng
formoterol was 2.01 ±0.13 1 and before 4 mg
salbutamol 2.03±0.12 1. Fig. 3 shows the mean
values of changes in FEV, as per cent of BDC
at different times after tablet intake. The figure
shows that the curves of 80 ng formoterol and 4
mg salbutamol run in parallel and the maxi-
mum effects were achieved 2 h after intake. For
80 ng formoterol the increase after 2 h was
59±9% BDC, and after 4 mg salbutamol

65±7% BDC. The decline was similar for the
two drugs with a small deviation after 4 h, after
lunch, when the salbutamol curve showed a
small increase again. The values were back to
baseline 5-6 h after intake. As shown in the
graph there was good bronchodilatory potential
after 8 h as there was a substantial increase with
inhaled terbutaline.

Heart rate, diastolic blood pressure and skel-
etal muscle tremor showed no significant effects
after the treatments with 80 ng formoterol or 4
mg salbutamol.

DISCUSSION

These studies have evaluated the Pj-adrenocep-
tor selectivity and duration of bronchodilation
of formoterol, compared with salbutamol. The
most important finding was sustained bron-
chodilation up to 8 h after inhalation of for-
moterol, which is considerably longer than for
salbutamol.

To study the selectivity of the drug we com-
pared the dose-response curves for effects on
both P, and P2 adrenoceptors (16). This was
done as cumulative dose-response experiments
(3,16). A problem with cumulative studies of
this kind could be that the time to reach the
maximum effect may be different for the two
drugs. This problem did not occur with oral
treatment as the maximum effect was achieved
at the same time with both drugs. For inhala-
tion the maximum bronchodilation with sal-
butamol occurred after 60 min, whereas the
maximum effect with formoterol was seen after
120 min. However, the bronchodilation of for-
moterol after 60 min was 86 % of the maximum
effect seen after 2 h. We therefore believe that
the difference in the time course for the bron-
chodilation has not had a major influence on
the potency evaluation in this study. For the
other parameters there were only small effects
with inhaled treatment, and they had the same
time-effect relationship as bronchodilation. The
cumulative dose-response curves for bron-
chodilation, changes in heart rate and skeletal
muscle tremor showed a similar potency dif-
ference between salbutamol and formoterol.
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This is true both for oral and inhaled treatment.
This shows that the 32"^drenoceptor selectivity
of formoterol is the same as that of salbutamol.

To make it possible to evaluate the duration
of bronchodilation, it is important to use equi-
potent bronchodilating doses (16, 22). There
was a good possibility of arriving at equipotent
doses in this study as the duration study was
performed in the same patients as in the
cumulative dose-response study, from which the
doses were chosen. In order not to overestimate
the duration of the new drug in the inhaled
duration study, we chose a dose of formoterol
which tended to be lower than the salbutamol
dose.

However, with inhalation there was marked
prolongation ofthe bronchodilating effect. After
8 h, about 75% ofthe maximum bronchodilat-
ing effect still remained. This study did not
evaluate how long the effect lasted after 8 h.
Some other studies indicate that the effect lasts
up to 12 h (1, 19).

The mechanism behind this prolonged effect
is not fully understood. Either it can be
explained by local pharmacokinetic properties
in the airways or by the general pharmacokine-
tic properties of the drugs. A surprising fmding
in this study with regard to the duration of the
effect of formoterol, was the discrepancy be-
tween the oral and inhaled route, although a
study of this question had not been intended.
This discrepancy could have several explana-
tions, but could also be due to local phar-
macokinetic properties. With oral treatment,
the drug reaches the smooth muscle directly
from the serosaJ side, whereas with inhalation
the drug has to pass the epithelium. It has been
shown that there is a difference between the
potency of a bronchodilating drug when admin-
istered on the serosal side, compared with intra-
luminal administration (28). Most drugs show a
considerably higher potency when given on the
serosal side (12, 27). However, recent experi-
ments show that this discrepancy is less pro-
nounced with some of the new Pj'^drenoceptor
agonists, such as formoterol (12). Thus, it
seems likely that there is a difference in the local
pharmacokinetics of these drugs in the airway
which merits further investigation.

One speculation about the sustained effect of
another new inhaled Pj'^gonist, salmeterol, has
been the possible presence of an exoreceptor for
these drugs in the airway smooth muscle (2).
Another factor which is correlated to the dura-
tion could be the lipophilicity, as shown re-
cently (12). Formoterol is more lipophilic than
salbutamol, which could increase the unspecific
binding of the drug to the cell membrane,
thereby establishing a depot of the drug in the
vicinity of the receptor.

Systemic pharmacokinetic properties of the
drugs do not seem to influence the prolonged
duration of bronchodilating effect seen with
inhaled formoterol, as the serum half-life of
formoterol and salbutamol is about the same
(17). Other Pj-adrenoceptor agonists, e.g. clen-
buterol, have a very long plasma half-life with-
out any substantial prolongation of the duration
of bronchodilation with inhaled route.

To sum up, this study shows that formoterol
is a potent bronchodilator; by inhalation 5-15
times more potent than inhaled salbutamol, and
that inhaled formoterol produces a considerably
longer lasting bronchodilatory effect. This last
effect is of great clinical interest as these results
indicate that the drug may give good bron-
chodilatory effect during the night, and that the
number of hours between doses can be
increased, thus perhaps resulting in better com-
pliance.
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