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INFLUENCE OF TRACHEAL CONTRACTION ON RELAXANT
EFFECTS in vitro OF THEOPHYLLINE AND ISOPRENALINE

J.-A. KARLSSON & C.G.A. PERSSON
Research and Development Laboratories, AB Draco, Box 1707,S-221 01 Lund, Sweden

1 Relaxation by (—)-isoprenaline (Iso) and theophylline (Theo) was measured in guinea-pig
isolated trachea, in the presence or absence of carbachol.

2 With basal tone or with carbachol at a concentration of 5.4 x 107" M, causing 70% maximal
contraction, Iso and Theo relaxed the trachea to the same extent.

3 With carbachol concentrations of 5.4 x 10°*M and 5.4 x 10™°M (96% and 100% maximal
contractions) Iso caused no more than 63% and 34%, respectively, of the maximum relaxation to
Theo.

4 When calculated at 25% of the maximum Theo relaxation, the Iso/Theo potency ratio was
gradually reduced from 14,160 when evaluated at basal tone to 1,560 at the highest carbachol
concentration.

5 In combination, at their maximally effective concentrations, Theo and Iso produced no larger a
relaxation than did Theo alone.

6 At the two highest concentrations of carbachol, concentration-response curves to Theo were
virtually superimposable whether determined in the absence or the presence of Iso at its maximally
effective concentration.

7 It is concluded that Theo causes a greater relaxation of highly contracted tracheal muscle than

Iso.
Introduction

It is generally held that relaxation of bronchial
smooth muscle is the most important anti-asthmatic
effect of B-adrenoceptor stimulants as well as of
methylxanthines (Kahn, 1907; Trendelenburg,
1912; Paterson, Woolcock & Shenfield, 1979).
Theoretically, both types of drugs may act by increas-
ing the intracellular level of cyclic adenosine 3’,5’-
monophosphate (cyclic AMP), through stimulation
of adenylate cyclase and inhibition of phosphodies-
terase, respectively. However, alternative mechan-
isms must be considered in particular with theophyl-
line (Kolbeck, Speir, Carrier & Bransome, 1979;
Bergstrand, 1980).

One way of examining differences between
methylxanthines and B-receptor agonists is to study
relaxant properties in isolated bronchi contracted to
a varying extent by mediators of asthma. It is well
established that the potency and degree of relaxation
induced by B-adrenoceptor agonists are gradually
reduced in the presence of increasing concentrations
of a muscarinic agent such as carbachol (van den
Brink, 1973; Buckner & Saini, 1975; O’Donnell &
Wanstall, 1977). However, it is still debatable as to
what extent the effects of xanthines may depend on
the tonus of the airway smooth muscle (cf. Jones,
Hamilton & Lefcoe, 1974; Olsson & Persson, 1976).
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In the present study the relaxant effect of
theophylline (Theo) was examined and compared
with isoprenaline (Iso) in guinea-pig isolated tracheal
preparations. The effects have been evaluated on
basal tone as well as in the presence of different
carbachol concentrations. In addition, some aspects
of the combined drug actions have been studied.

These results have been presented in part at the
Joint Meeting of the Scandinavian and German Phar-
macological Societies (Karlsson & Persson, 1980).

Methods

Guinea-pigs of either sex weighing 200-400 g were
used in the study. They were killed by a blow on the
head and the trachea was dissected out. Two con-
secutive tracheal rings were carefully cut out and a
thread tied to the cartilage on each side of the muscle.
Rings were cut from different portions of the trachea
and two to four preparations were obtained from
each animal. After the cartilage had been cut be-
tween the threads, the open ring preparation was
mounted in a jacketed, temperature controlled
(37°C), 50ml organ bath with Krebs solution
of the following composition (mM): NaCl118.0,
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KCl14.6, CaCl,2.5, MgSO,1.15, NaHCO;24.9,
KH;PO,41.15, glucose 5.5, with a pH of 7.4. The
Krebs solution was gassed with 95% O, and 5% CO,.

Changes in muscle tension were measured isomet-
rically via strain-gauge transducers (Grass FT03).
The preparations were adjusted to an initial tension
of about 0.6g. They were allowed to rest for
30-60 min before any drugs were added. During the
resting period the muscle tonus mostly increased
until a stable tension was attained which varied be-
tween 0.4 and 1.2g. Some preparations exhibited
spontaneous activity but this had always ceased be-
fore the resting period was over.

The drugs were added by injection to the organ
bath in a cumulative geometric progression of con-
centrations, until no further effect was obtained. On a
total of 72 preparations, 142 concentration-response
(C/R) evaluations were made. As a rule, each specific
drug evaluation was done on two different rings from
the same animal yielding a mean result which was
used for statistical calculations. Each C/R line that is
illustrated is calculated from results obtained in six to
nine animals. Mean values* s.e.mean were calcu-
lated for each concentration of the relaxant drugs.
Regression analysis was made of the linear portion of
the C/R lines. Differences were examined by Stu-
dents’ ttest for unpaired observations.

Substances used were: carbamylcholine chloride
(Ph.Nord.), (—)-isoprenaline hydrochloride
(Sigma), theophylline, anhydrous (Knoll). Stock
solutions were made up daily, theophylline with
an additional equivalent of 0.5MNaOH and
(—)-isoprenaline with 0.1 mg/ml ascorbic acid.

Results
Contraction by carbachol

Cumulative C/R curves for carbachol were evaluated
on 6 preparations (Figure 1). The calculated pD,
value was 6.70 1+ 0.11, well in accordance with values
from other types of guinea-pig tracheal preparations
(Buckner & Saini, 1975; Spilker & Minatoya, 1975;
Hooker, Calkins & Fleisch, 1977). Three different
concentrations of  carbachol, 5.4x 107 "M,
5.4 % 107%M and 5.4 x 1073M, were selected, corres-
ponding to 70%, 96% and 100% of the maximum
tension produced by carbachol.

Relaxation by theophylline (Theo)

Cumulative C/R curves for Theo are shown in Figure
2. With each increase in carbachol concentration the
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Figure 1 Cumulative concentration-response (C/R) curves for carbachol-induced contraction of guinea-pig
isolated trachea. On the ordinate scale, contraction is expressed as a percentage of its own maximum. Mean results of

6 experiments are shown; vertical bars indicate s.e.mean.
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Figure 2 The complete lines illustrate cumulative concentration-response (C/R) curves for theophylline (Theo) on
guinea-pig isolated tracheal muscle. The muscles were elther spontaneously contracted (1) or contracted by
carbachol: 5.4 x 107" M (2),5.4%x10" oM (3)and 5.4 x 10~ M (4). The broken C/R curves represent the effects of
Theo when evaluated in the presence of a maximally effective isoprenaline (Iso) concentration. These two sets of
tracheas were contracted by carbachol: 5.4 x 10”° M (3a) and 5.4 x 103m (4a). Mean results are shown; vertical

bars indicate s.e.mean.

curves were shifted in parallel to the right, without
any tendency of the shift to reach a maximum (Figure
2). When measured from each new level of tone, the
amplitude of maximum relaxation to Theo became
smaller. This change has been expressed by measur-
ing the ratio of the size of the subsequent maximal
Theo-induced relaxation to the size of the carbachol-
induced contraction (see Table 1). The ratio fell from
2.0 to 1.0 as the carbachol concentration was in-
creased from 5.4 x 107" M to 5.4 x 107> M. Addition
of Iso after a maximal Theo relaxation did not pro-
duce any further relaxation at any carbachol concent-
ration.

Relaxation by isoprenaline (Iso)

Cumulative C/R curves to Iso are shown in Figure 3.
Also, in the presence of a maximally effective con-
centration of Iso, the C/R to Theo was evaluated.
When expressing the Iso effect as a percentage of the
maximum Theo relaxation (Figure 3), the curves
were shifted to the right, the maximum depressed and
the slopes flattened as the carbachol concentration
was increased.

Iso relaxed, to the same extent as Theo, tracheal
preparations with spontaneous tone and also those
incubated in the low concentration of carbachol. In
the presence of higher concentrations of carbachol
(5.4 x 10"°Mand 5.4 x 1075 M) Iso was less effective,
its maximal effect being 63 and 34%, respectively,
that of Theo. When the effect of Iso was calculated as
a percentage of its own maximum, the rightward shift
of the C/R lines reached a maximum at a carbachol
concentration of 5.4 x 10™®M (cf. ECsg values for Iso
at normal pH shown in Table 3).

When measured from each new level of tone, the
amplitude of maximum relaxation to Iso became
smaller. The ratio, measured as for Theo described
earlier, decreased from 2.0 to 0.3 as the carbachol
concentration was increased from 5.4x 107'M to
5.4 x 1075 M (see Table 1).

Combined actions of theophylline and isoprenaline

In the presence of the two highest carbachol concent-
rations, where Theo was the more effective relaxant,
the combined actions of Iso and Theo were
evaluated. In preparations already relaxed by a maxi-
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Figure 3 Cumulative concentration-response (C/R) curves for isoprenaline (Iso)-induced relaxation of guinea-pig
isolated trachea. On the ordinate scale, relaxation is expressed as a percentage of the maximum theophylline effect.
The effect of Iso was evaluated on either spontaneously contracted trachea (1) or on trachea contracted by different
concentrations of carbachol: 5.4 x 10~ M (2), 5.4x 10 °m (3) and 5.4 x 10" M (4). Mean results are shown;

vertical bars indicate s.e.mean.

mally effective concentration of Iso, further relaxa-
tion occurred with cumulatively added Theo and the
curves were almost superimposable on those caused
by Theo alone (Figure 2). In the presence of the
medium carbachol concentration, the C/R line for
the additional relaxation by Theo was shifted left-
wards 1.4 times compared to that obtained with Theo
alone (confidence limits 1.08-1.7, P<<0.01). No
shift was found with the highest carbachol concentra-
tion. The maximum relaxation with Theo and Iso
combined was slightly larger than that produced by

Theo alone at the medium carbachol concentration
(Table 1), whereas at the highest carbachol concent-
ration no difference was seen.

Potency ratios between isoprenaline and theophylline

The potency ratios between Iso and Theo in different
contractile states were calculated, based on concent-
rations of each drug producing 25% of the maximum
Theo-relaxation. These ratios thus defined potency
differences between Iso and Theo on the linear por-

Table1l The ratio of the size of the maximum relaxation (g) produced by isoprenaline (Iso), theophylline (Theo) or
their combination with respect to the size of the carbachol-induced contraction (g)

Carbachol Iso n Theo
(M)

5.4x1077 20+02* 6 2.0+0.4

5.4x107¢ 1.0+0.1 8 1.4+0.2

54x107° 0.3+0.1 6 1.0%0.1

Mean results * s.e.mean are given.

n Iso+ Theo n
6

8 1.6+0.2 8
6 1.0+0 5

*A value of 1 equals complete inhibition of the contraction by carbachol. A value > 1 means that the trachea was
relaxed below the basal tone that existed before the addition of carbachol. Conversely, a value < 1 indicates that the

drug could not fully relax the tissue to the level of basal tone.
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Table2 Negative log molar EC,s values for theophylline (Theo) and isoprenaline (Iso) on tracheas spontaneously
contracted or contracted by different concentrations of carbachol

Carbachol concentration (M)

0 54x1077 54x107° 54x107°
Theo EC;s 4.66+0.06 3.90+0.03 3.341+0.05 2.84+0.09
n 8 7 9 8
Iso EC;s 8.811+0.09 7.7910.07 6.921+0.18 6.04+0.17
n 9 7 9 5
Potency
ratio 14125 7762 3802 1585

Concentrations are expressed as —log M (*s.e.mean). EC;s values calculated from the drug concentration yielding

25% of the maximum effect produced by Theo.

tion of the C/R lines to both drugs and for each
carbachol concentration, at the same degree of relax-
ation.

The Iso/Theo potency ratio was gradually reduced
from about 15000 at basal tone to about 1500 at the
highest carbachol concentration (Table 2).

Influence of pH on the relaxation

Theo had to be dissolved as the sodium-salt and the
addition of high concentrations of Theo produced a
rise in pH of the Krebs solution (Table 3). Alkalosis
under in vitro and in vivo conditions has earlier been
shown to affect only slightly the relaxant and contrac-
tile effects of drugs in bronchial smooth muscle
(Stephens, Meyers & Cherniack, 1968; Baisset,
Montastruc & Tran, 1971; Duckles, Rayner &
Nadel, 1974). It was still of interest to examine
whether the increased pH influenced the present
comparison between Iso and Theo.

Control experiments were thus performed with Iso -

in a Krebs solution where pH was elevated by addi-
tion of 0.5 M NaOH (Table 3).

There was no sign of breakdown of Iso during the
alkalosis, i.e. no colour change occurred and normal,
sustained relaxations were produced by Iso. The
carbachol-induced contraction was not affected by

the alkalosis and the C/R curves for Iso were identical
with those obtained under normal conditions (Table
3, cf. Figure 3). It was concluded that the pH-changes
in the organ bath did not affect the present compari-
son between Iso and Theo.

Discussion

B-Adrenoceptor stimulants and methylxanthines are
about equally widely used in the therapy of obstruc-
tive lung disease. In studies on drug actions, it seems
that attention has been focused mainly on various
aspects of B-receptor agonists. This is reflected in the
abundance of studies dealing with relaxant charac-
teristics of B-receptor agonists on bronchi (van den
Brink, 1973; Raper & Malta, 1973; Buckner & Saini,
1975; O’Donnell & Wanstall, 1977). Some compari-
sons between B-stimulants and methylxanthines have
previously been made in isolated airway smooth mus-
cle preparations. These studies have shown that in
tracheal preparations moderately contracted by vari-
ous agents, B-agonists and Theo are about equally
effective, with relative potencies that are proportion-
al to the potencies found clinically (Dungan & Lish,
1961; Olsson & Persson, 1976). In addition, -
receptor stimulation did not produce a further relax-

Table3 Negative log molar ECsg (+ s.e.mean) values of theopylline and isoprenaline in relaxing carbachol-
contracted tracheal muscle and corresponding pH values

Carbachol Theophylline

(M) pPH —log ECs n pH(a)
0 7.5 4.30+0.05 8 7.4
54x10°7 7.6 3.64+0.04 7 7.4
54x107% 176 3.0240.03 9 7.4
54x107° 7.8 2.42+0.08 8 7.4

Isoprenaline

— log ECs n pH(b) —log ECso n
8.521+0.09 9

7.4110.06 7 79 7.49+£0.02 4
6.85+0.13 9 8.2 6.931+0.06 4
6.65+0.22 6 9.0 6.25+0.55 2

Theo pH values were measured with the corresponding concentration of Theo in Krebs solution. With Iso, ECsg
values were determined (a) in normal Krebs solution at pH 7.4 and (b) in Krebs solution with sufficient NaOH added

to adjust pH as shown.
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ant effect when added to human isolated large and
small bronchi that had been relaxed by maximally
effective Theo concentrations (Persson, 1980).
Other workers comparing B-agonists and Theo in
guinea-pig tracheas have suggested that carbachol
may affect relative potency but not the degree of
relaxation (Jones et al., 1974). This is at variance with
findings on bovine trachea where Theo fully (100%)
and Iso partially (approx. 75%) relaxed the tension
induced by carbachol, 4x10-’M (Andersson,
Kovesi & Ericsson, 1978). Working with cat isolated
trachea, Mitchell & Denborough (1979) found thata
high concentration of Theo (10 mM) caused a flatten-
ing of the dose-response curve to acetylcholine while
a 100,000 times lower concentration of Iso (0.1 uM)
only displaced the curve to the right. Thus in earlier
literature there was some information suggesting that
in contracted tracheas the mechanical response to
B-agonists might differ from that to Theo.

Because of its use in the earlier studies with B-
agonists (Buckner & Saini, 1975) it was natural to
select carbachol as the contractile agent in the pres-
ent study. This drug would also show the contraction
characteristics of acetylcholine which may be the key
mediator among all the possible non-allergic and
allergic asthma mediators. The major importance of
acetylcholine in asthma is indicated by observations
that atropine often is clinically effective although it
antagonizes this mediator only (cf. Crompton, 1968;
Simonsson, 1977). The use of tracheal smooth mus-
cle from guinea-pig was justified by findings that it
may react similarly to more peripheral airways as well
as to human isolated bronchi (Persson & Ekman,
1976).

At basal tone and in the presence of the low
carbachol concentration, Iso and Theo were found to
relax the tracheas to the same extent, Iso being about
10,000 times more potent than Theo. This is what can
be expected in moderately contracted preparations
(Dungan & Lish, 1961; Olsson & Persson, 1976).
However, by increasing the concentration of car-
bachol above 5.4 x 107 "M, the degree of relaxation
by Iso, relative to that caused by Theo, was gradually
reduced. At the highest carbachol concentration
(5.4 x 107° M) Iso produced one third of the maximal
relaxant response to Theo. Additionally, when
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