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New ^-Agonist, KWD 2131,
Compared with Terbutaline in
Asthmatics
A C'timtilative Dose-Response S tudy

B. H E G A R D T , O . L O W H A O E N a n d N . SVEDMYR

Medical Department of AB Draco*, Lund, Sweden, Dept. of Aller,gology, Dept. of Medicine I. Dept. of Clinical
Pliarmaeology and Dept. of Pharmacology, Sahlgrenska sjukhuset. University of Gotebotg, Sweden.

the equipoteiit btondiodilatitig doses of tcvbvitaline and a new |3-agonist KWD 21.11
with a relatively .sttonger anti-allergic (inhibitioti of mediator release) than
bronchodilating eflect given in nebulized fbnn was esliniated in eight patients with
inttinsic asthtiia. The subthreshold ljronchodilating dose of KWD 2131 was also
evaluated. The study was a 2-day, single-blind ctoss-over compavison between
cutiittlative dose.s of KWD 2K 1̂ (0.5 mg to 12 ing) and tcrbtualine (0.05 tng to 1.2 mg).
Both dritgs gave a dose-dependent btonchodilating eirecl,as meastited s]3iiometrically.
It was already statistically significant at the 0.05 mg dose of leibutaline, btit not until
vlw i«nn\V.\uvc \.'S mg dose (0.5 + \ mg) oV KWD '2\3\. Vhe niecVian vaVie of tbe
bronc hodilating potency of terbtitaline telative to KWD 2131 was 30. The inllucnce of
the two .sttbstances on tremor and the cardiovascular .system was tnininnitn and
clinically tniimportant.

The search for tlie subthreshold brouc liodil.uing dose of KWD 2131 was of interest, as
this dose was to be used in a .subse(]tictit antigen pro\'ot ation sttidy in order to se!ecti\'ely
evaluate KWD 213rs anti-allergic property. The tnean subthreshold bronchodilating
dose of KWD 2131 was 1 mg. However, four of the eigbt patients showed
bronchodilalation at the 1 mg do.se, and two ofthe lotir also at 0.5 tng.

A>v word.i: bioiuluKilhuation. dcKc-rcsponsc curves, KWD 2131, tcibutalinc
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KWD 2\'.\\ is a new /3-agonist (l'ig. i) allergic efVeet in eoneentrations where the
strtictttially related to terbutaline. Similar (o tracheal smooth musele relaxation i.s weak
teiinitaline, KWD 213i, in animal studies, (23). Therefore KWD 2131 should provide a
exhibits both anti-allergic (inliibition of tool to piove the value of the anti-allergic
mediator release) and bronchodilaling pro- property of a /3-agonist in the prophylactic
jKTties (23). KWD 213rs profile ol action is tieattnent of patients with extrinsic asthma
changed compared with terbutaline. Whereas which was preliminaiy reported at the KUh
teibiUaliiic shows anti-allergic eflect and Scandin.ix i,in (;()tl^^css ofMlcrgoIogy 1978.
tracheal smooth muscle relaxation in the same Tet butaline is a well-known |3j-stinnilant
concentration tange in in vitro studies in guinea and in the treatment of asthma is used orally,
pigs (22), KWD 2131 sliows appreciable anti- parenteially, by |)iessinizcd aerosol, and by

nebulized solution.
•ABDnuo, Subsidiaty of AB Astra, Sweden The present study had two olyects: We
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The study was approved by the Ethical
Committee of the University of Goteborg,
informed consent being obtained from all
patients.

TERBUTALINE

Fig. I. Chemical structures of KWD 2131 and
lerbutaline.

wished to find the equipotent bronchodilating
doses of terbutaline and KWD 2131 given in
nebulized form. Earlier in vivo (24) and in
vitro (23) pharmacological studies in guinea
pigs had indicated that the bronchodilating
potency of KWD 2131 was 10 and 25 times
weaker respectively, than that of terbutaline.
We also wished to fmd the subthreshold
bronchodilating dose of KWD 2131 in order to
use it in a stibsequent antigen provocation
study evaluating selectively KWD 213rs anti-
allergic pro[)erty in prophylactic treatment of
patients with extrinsic asthma.

PATIENTS AND METHODS

Eight patients, three female and five male,
mean age 49 (range 31-66) were studied.
Table 1 gives pertinent clinical data. All liad
relatively constant asthmatic discomforts and
fulfilled the inclusion criteria of having
pretreatment FEV,-values that did not differ
by more than 20% on the 2 days of experiment.
All had earlier taken part in similar studies and
were well versed in inhalation and measuring
procedures. The reversibility of bronchos]5asm
was ^2O'Xi measured as an increase in FEV,
1.5 min after two inhalations of isoprenaline
(0.16 mg). Bronchodilator agents, sympatho-
mimetic amines type, were withdrawn 12 h
and tlieoijhylline derivatives 36 h before the
fl ial began, which took place at the same time
oti both days and was ])erformed in a strictly
standardized way. Patients on inhaled steroids
continued this treatment.

The study was a 2-day, single-blind cross-
over comparison between KWD 2131 and

Table 1
Clinical data

Patients

A.M.

E.Z.
H.E.
M.B.
L.L.
A.M.
K.J.

T.N.

Sex

?

-s
?

?

Age

42

48
53
57
49
42
31

66

Weight

46

70

98
67
93
51
73

69

Cig./day

Exsmoker since
4 years ago
5 6
12
—
—
—
10-15

12

Diagnosis

asthma
chronic bronchitis
asthma
asthma
asthma
asthma
a.sthma
asthma

asthma
chronic bronchitis

1 teatmetit

BecR iAR
OBR IBR
OBR IBR
OBR IBR
IBR OBR
IBR OBR
OBR IBR
BecR IBR
OBR
OBR I BOD

BccR = Becotidc inhalation rcgi\Uiily
IAR = inhaled antichc)linergic:s regularly (Sch 1000)
IBR = inlialed ^-stimulants regularly (salbutamol or terbulaline)
IBOD = inhaled /3-stimulants on demand
OBR = oral j3-stimulanls regularly
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terbutaline with random allocation of the 2
consecutive days.

Forced exjjiratoiy volume in 1 sec (FEVJ
was performed with Bernstein Spirometer.
Two measurements were made on each
occasion, the highest value being used in the
statistical evaluation. Heart rate and blood
l^ressuie were studied with continuous ECG
recordings and cuff method, respectively. The
skeletal muscle tremor was registered with a
.Grass accelerometer according to a standard-
ized method by Thiiinger & Svedmyr (30).
I hroughoiit the sttidy, j^ulse, blood pressure,
and tremor were registered immediately before
the lung function tests. The patients' basal
values in the chosen parameters were recorded
after a 60-min rest. Thereafter, 5 ml
physiological saline was inhaled via a Bird
Nebulizer for \5 min. Measurements were
again made 5 and 30 min after this procedure.
KWD 2131 and terbutaline were thereafter
given in increasing cumulative doses, 0.5, 1.0,
2.0, 4.0, and 12 mg, and 0.05, 0.1, 0.2, 0.4, and

1.2 mg, res|3ecti\ ely, with 45 min between the
15 min inhalation procedures. This dose
relation was chosen as previous subcutaneous
data in healthy volunteers had indicated a
potency ratio between the drugs of 1:10 (18).
Measurements were performed 5 and 30 min
after each inhalation period. The jiatients were
not allowed to swallow and had to rinse their
mouths at the end of each inhalation
procedure in order to minimize the amount
absorbed from the stomach (5, 13, 14, 16). All
the changes were calctilated from the 30-min
post-physiological saline \alue and expressed
as ]5er cent changes from base line. Two
statistical methods were used for analysis ofthe
data: Sttident's t-test and parallel lines
regression. Significances re]5orted refer to two-
sided alternatixes.

RESULTS

/Ml patients showed stal)le basal FEV,-values.
The difference in pie-\alues from day to day

Increases
in FEV, ^ 1

40-,

30

20-

10-

o — — Terbutaline

• KWD 2131

G o '

30 30 30

KWD 2131 a5mg

Terbutaline 0.05 mg

1 mg
01 mg

2mg

0.2 mg

1 -
U mg

O.img

30 30 eOtnIn

12 mg
1.2 mg

l''g. 2. Mean per cent changes frotti baseline in eight e.sperimeiits. Measuremetits 5 and 30 min alter each inhalation
procedtue.
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was < 10% except in one case (17%). A small
but statistically significant mean per cent
decrease in FEV| after saline was seen on the
day terbutaline was given 8.3 + 2.6 (mean +
s.e.m.; / ' <0.05). This was not the case on the
day KWD 2131 was given 2.2 + 3.5 (mean +
s.e.m.; P > 0.05) (Table 2). The cardiova.s-
cular and tremorogenic response after saline
was insignificant and did not differ between
days.

Both drugs gave a dose-dependent broncho-
dilating effect (Fig. 2). This was statistically
significant already at the 0.05 mg dose of
nebulized terbutaline but not until a cumula-
tive 1.5 mg dose (0.5 + 1.0 mg) of KWD 2131
(Table 2). The mean increase was strongest tit
the 30-min measurement, except after the

lowest terbutaline dose and the highest KWD
2131 dose. There was a statistically significant
difference in the increase of FEV, between the
two drugs in three of five doses where the
relation between terbutaline and KWD 2131
was 1:10 (Table 2). The bronchodilating
potency of terbutaline relative to KWD 2131
was estimated for each patient using parallel
lines regression of the 30 min response value,
measured as increase from baseline, on log
dose. For seven patients the relative potency
showed a median value of 30. For one patient
the relative potency was undetermined as no
bronchodilatation was obtained despite earlier
found bronchial reversibility of > 20% after
isoprenaline.

The influence of the two substances on

Table 2
FEV, ,1 mean of initial values and mean maximum per cent rlianges liom baseline. Mean + s.e.m. (n = H)

Before
5 min
.30 min

Before
(Base-
line)

Physiological
saline

l..^ 1 + 0.21
-8 .30 + 2.61
-6 .90 ± 2.93

I rrbutalinc

1.48 1+ 0.23
(range 0.55 1 —

to

3.19*
2.35

2.60 1)

Physiological
saline

1.50 1± 0.21
-2 .16 ± 3.45
-0 .92 ± 1.46

KWD 2131

1.49 1± 0.21
(range 0.65 1 - 2..50

to

0.63
0.63

1)

t^difr

1.67
3.12*
1.97

0.16

Max "„

changes"

0.05 mg

13.21 +

0.1 mg

19.81 +

0.2 mg

28.74 ±

0.4 mg

33.95 +

1.2 mg

40.45 +

3.41

4.40

3.96

4.37

4.44

3.87**

4.50**

7.26**

7.77***

9.12***

0.5 mg

5.62 ±

1 mg

8.22 ±

2 mg

13.19 ±

4 mg

20.89 ±

12 mg

:!.•). 50 +

2.87

3.23

3.46

3.58

4.40

1.96

2.54*

3.82*

5.83***

8.O7***

1.92

2.84*

3,28*

2.54*

1.00

"Calctilalecl on the individual maximum prr (enl inrreasrs 5 or 30 min after drug administration
* / ' <().O5
** P <0.0I
*** P <0.001
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tremor and the cardiova.scular system was
minimum and clinically tinimportant (Fig, 3),
Only the higliest dose of terbtitalitie (1,2 iTig)
gave a statistically significant, but ehnieally

in,signi(ieant, i,e. < 1.6 (30), increase in tremor
ratio. Heart rate was increased by a mean of
4 ±1.7 beals/min {P <0.Q5) after 12 mg
KWD 2131. Terbutaline gave no significant

Trefnor
rat io

— o - - Terbutaline

— • — KWD 2131

KWD 2131 0.5 mg

TERB 0.05 mg

60 min

12 mg

1,2 mg

Chatiges iti
heart rate
(beats/min)

. 8 -

-8

- - O - - Terbutaline
— • — KWD 2131

30 30 30 30 30 60 min

KWD 2131
TERB

0.5 mg
0.05 mg

1 mg
0.1 mg

2mg
0.2 mg

U mg
0.4 mg

12 mg
1.2 mg

3. lirnior raiio atiil lic.trt lalc. Mean chatigcs Item h.i.sclitu- in ciglu cxpcrimctus. Mrasinrmctils .5 atui 30 min aller

I iiilialatiim ptoicditrc.
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increase in heart rate; neither of the drugs
significantly changed the blood pressure.

The mean subthreshold bronchodilating
dose of KWD 2131 was 1.0 mg. However, four
of the eight patients showed bronchodilatation
at this dose ( > 10% increase in FEV,) and two
of the four also at Q.5 mg,

DISCUSSION

For an early asse.ssment of a ljroncliodilator
drt)g, three patient groups are suitable (28):
— normal subjects in whom asthma is

induced by inhalation of a broncho-
constrietor drug,

— astlmialics in whom attacks are provoked
by antigen challenge by exercise or by
l)ronclioconstrictor drugs,

— asthmatics with existing airway obstruc-
tion either in a chronic stable phase
responding to bronchodilators or recover-
ing from an acute attack and responding
to bronchodilators. Our experience is that
an early comparison between bronchodi-
lators is best a.ssessed in stable asthmatics
with existing airways obstruction; there-
fore we used this ty|)e.

Different methods can be used to perform
early dose-res]3onse studies to calculate
equipotent bronchodilating doses of two /3-
agonists in the same patients. Each drug can
be given in increasing doses on different days
leading to non-cumulative dose-response
curves. Due to great day to day variation in
ba,sal bronchoconstriction in asthmatic
patients, a two-drug comparison using this
dose-response technique is difficuh to jjerform ;
it vvf)uld require at least a 6-day study.
Stability in the lung function over sueh a long
period is not common, and variation in basal
value is known to influence the response to
bronchodilatators (9, 20), Willey & Grant
(31) are among the few who managed to
|)erf()rni SIK h a study. Freedman (7) tried the
.same method but in only three patients.

Early comparative studies of new broncho-
dilaiiiii; (Itiigs have often been performed on
three consecutive days (3, 4, 6, 8, 13), This

limitation is because the large day-to-day
variation of the basal lung function in
asthmatic patients makes a longer period of
study most diflknilt. These studies usually
compare two doses of the new drug with
placebo or the established drug given in the
manufacturer's recommended dose. Also
studies comparing two doses each of a new and
a conventional drug are available (19). In this
way, important but limited knowledge will be
obtained.

Our study showed that the bronchodilating
potency of KWD 2131 was approximately one-
thirtieth of that of terbutaline. These data
correlate rather well with in vitro experiments
in human and guinea jiig lung (26, 23).
However, in in vivo studies on guinea pig (24),
the broneliodilating potency of KWD 2131
seems to be approximately one-tenth of that of
terbutaline. There is also a lack of correlation
when comparing with subcutaneous clinical
results, where no significant difference was
found when a one-dose comparison between
the two substances in a 1:10 relation was used
(17, 18, 2.5), However, "no statistically
significant difference" does not prove
equipotency.

As far as we know, no previous attemjjt to
find a new drug's subthreshold dose for
bronchodilatation has lieen made. 'Fhis chal-
lenge interested us, as this dose was to be used
in a subsequent antigen j^rovocation investig-
ation to selectively evaluate KWD 213rs anti-
allergic property in a controlled study.

The mean subthreshold bronchodilating
dose of KWD 2131 was 1.0 mg (<10"o
increase in FEV,) in our group of intrinsic
asthmatics. However, clinical consideration of
the individual results showed that fbur of the
patients got broiu hodilatation after this dose
(> 10",, increase in FFA'̂  ). This indicates the
imiiortanee also of an individualized dose-
titration of the bronchodilating effect of KWD
2131 before selectively sttidying the anti-
allergic effect in allergen challenge tests.

The patients selected to take part in the
subsequent study have relatively iionnal hing
function; therefore histamine challenge pro-
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cedure could be used to find the individual
subthreshold dose for bronchodilatation. These
studies are in progress.

Another approach is to give increasing doses
of each drug on 1 day. This method solves the
IJioblcm with instable lung functions and
makes it possible to increase the numbers of
doses. This procedure will give cumulative
dose-ies]5onse curves but can only be done
provided the compared drugs have the same
latency time and duration. It was mainly used
by Svedmyr and co-workers (1, 10, 1 1, 27, 29),
They used it with different forms of administ-
ration. By a similar proceduie, I,eblanc (12)
compared inhaled fenoterol and salbutaniol
and Shenfield & Paterson evaluated three new
sympathomimetic drugs (21),

Beumer (2) uses parallel groups of [latients
for each dose of the different drugs. He uses the
trial technique with repeated histamine
challenges in j^atients with latent asthma. But
in this case, the number of ])atients must be
much larger in order to obtain relevant
iiifbrmation, as there is a considerable
variation in patient response.

W'hcu |)resenting the results of bronchodila-
tators, the basal lung function value must
i'lways be given in absolute values (28), When
liirge interindividual variation in basal lung
function is ]5resent, the bronchodilating effect
should iJieferably be given as a per cent
increase over basal value. This presentation
gives a better estimate of the clinical value of
the bronchodilating effect.
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