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SCA 40: studies of the relaxant effects on cryopreserved human
airway and vascular smooth muscle
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1 6-Bromo-8-methylaminoimidazol[1,2-a]pyrazine-2carbonitrile (SCA 40) has been claimed to induce
relaxation in guinea-pig trachea by opening high conductance, calcium-activated potassium (BKc,)
channels. The mechanism of action of SCA 40 has now been further investigated in ring preparations
from cryopreserved human airway and vascular smooth muscle preparations in vitro.

2 Human bronchi with spontaneous tone relaxed in response to SCA 40 in a biphasic way. A high
affinity component (pD, 8.61 +0.21; mean +s.e.mean) accounted for 30% of the response and a low
affinity component (pD, 6.53+0.14) for the remaining 70%. In contrast, in bronchi contracted with
carbachol, 1 uM, the concentration-response curve to SCA 40 was monophasic and yielded a pD, of
6.314+0.29.

3 SCA 40 relaxed pulmonary and mesenteric arteries and peripheral veins which had been
precontracted by 10 nM U46619 nearly completely and in a monophasic way; the pD, values were
6.374+0.08, 6.17+0.15 and 5.45+0.25, respectively.

4 Lemakalim, an opener of ATP-dependent potassium (Ksrp) channels, also relaxed human bronchi
under spontaneous tone and the vascular tissues. NS 1619, a recognised opener of BK,, channels, was
inactive up to 10 uM on bronchial and vascular tissues.

5 The SCA 40-induced relaxation of human bronchi was reduced concentration-dependently in the
presence of high potassium chloride (20 and 80 mM). However, in the presence of 80 mM KCIl and
nifedipine, 30 nM, SCA 40 fully relaxed the remaining contractile response with pD, values of 8.084+0.13
and 5.27+0.13 for the high and low affinity component, respectively.

6 Relaxation responses to SCA 40 in human bronchi were resistant to blockade by glibenclamide at
concentrations up to 10 uM (which blocked the relaxant response to lemakalim), quinine (30 uMm),
apamin (100 nM), tetracthylammonium (0.1—-1 mM) and charybdotoxin (10—100 nM), thus excluding the
involvement of a variety of K* channels including Kxrp and K¢, channels.

7 In bronchi contracted with carbachol, 1 uM, the nature of the interaction between SCA 40 and the
fr-adrenoceptor agonist, salbutamol, was synergistic.

8 These experiments establish that SCA 40 is a potent relaxant of human bronchial smooth muscle
manifesting spontaneous tone. A low affinity relaxant component has its counterpart in the relaxation
seen in both human arterial and venous smooth muscle. The consensus of the evidence suggests that K*
channel opening is not the basis of the relaxant response to SCA 40. Furthermore, BK, channels appear
to be of minor importance in the regulation of human airway smooth muscle tone. Our data suggest that
inhibition of an adenosine 3': 5'-cyclic monophosphate phosphodiesterase may contribute, at least to the
low affinity relaxant component of SCA 40. However, the exact mechanism mediating the SCA 40-
induced relaxation of human airways remains to be defined.
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Introduction

Various types of K* channels have been identified and shown
to play an important role in the regulation of smooth muscle
tone; activation of such channels increases K* conductance
which causes hyperpolarization of the cell membrane and
smooth muscle relaxation. The therapeutic potential of K™
channel openers for the treatment of diseases associated with
airway obstruction, e.g., bronchial asthma, has been pointed
out (Black & Barnes, 1990; Morley, 1994). Indeed, K™ channel
openers acting on ATP-dependent channels (Karp), such as
cromakalim, Hoe 234, lemakalim and bimakalim, have been
shown to inhibit human airway smooth muscle contraction
both in vivo and in vitro (Black et al., 1990; Williams et al.,
1990; Miura et al., 1992; 1993; Miiller-Schweinitzer et al.,
1993). However, concomitant vasodilator effects may limit the
therapeutic usefulness of these drugs in airway diseases (Black
et al., 1990; Williams et al., 1990). Therefore, more selective

! Author for correspondence.

K™ channel openers in terms of airway smooth muscle re-
laxation still need to be developed.

In airway smooth muscle one of the most prevalent K™
channels is the large conductance, calcium-activated K™
channel (BKc,), a channel which in animal tissues has been
shown to be selectively inhibited by charybdotoxin (Gimenez-
Gallego et al., 1988) and also by the non-selective blocker,
tetraethylammonium chloride (Huang et al., 1993). 6-Bromo-
8-methylaminoimidazol[1,2-a]pyrazine-2carbonitrile (SCA 40),
has been claimed to be an opener of charybdotoxin-sensitive
potassium channels in guinea-pig isolated trachea (Laurent et
al., 1993; Michel et al., 1993; Naline et al., 1996). However,
more recent studies, in which both electrophysiological and
functional techniques were employed, have suggested that on
both guinea-pig trachea and bovine tracheal smooth muscle
cells in culture the opening of BK, channels with consequent
voltage-dependent inhibition of Ca?" influx through L-type
channels is not important for the relaxant activity of SCA 40
(Cook et al., 1995; Macmillan et al., 1995). The present studies
were undertaken to clarify the mechanism of action of SCA 40
in human isolated airway tissue.
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Methods

Storage methods

Small bronchi and pulmonary arteries (inner diameterx2 to
5 mm) were excised from macroscopically normal samples of
human lungs obtained during surgery for cancer. Peripheral
veins (V. saphena magna, V. subcutanea, and V. perforans)
were obtained from patients undergoing surgical removal of
varicose veins and mesenteric arteries from organ donors. In
all cases, permission was obtained from the local ethical
committee. The preparations were placed in Krebs-Henseleit
(KH) solution (composition mM: NaCl 118, KCl 4.7, MgSO,
1.2, CaCl, 1.2, KH,PO, 1.2, NaHCO; 25, glucose 11, EDTA
0.03) and stored at 4°C until transported to the laboratory
within 3 days after removal for cryopreservation as described
previously in detail (Miiller-Schweinitzer ez al., 1993; Miiller-
Schweinitzer, 1994; Schilling et al., 1995). Briefly, the pre-
parations were cleaned of loose connective tissue and placed in
2 ml liquid nitrogen storage ampoules (Gibco AG, Basel,
Switzerland) filled with KH solution (bronchi and saphenous
veins) or with 50% foetal calf serum in KH solution (pul-
monary and mesenteric arteries) as vehicles for the cryopro-
tecting agents dimethyl sulphoxide (DMSO, 1.8 M and sucrose
(0.1 m). Within 10 min the ampoules were placed in a poly-
styrene box (11x11x22 cm) and slowly frozen at a mean
cooling rate of about 1°C min~! in a freezer maintained at
—70°C. After 3—20 h the ampoules were transferred into li-
quid nitrogen (—196°C) where they were stored until use.
Before use the tissues were thawed within 3 min by placing the
ampoules in a 40°C water bath. Thereafter the preparations
were rinsed in a dish containing, KH solution at room tem-
perature, cut into rings and suspended in 10 ml organ baths for
isometric tension recording.

In some experiments, fresh lung tissue, i.e. bronchi which
had not been cryopreserved, were used to allow comparison
between the effects of SCA 40 on fresh or cryopreserved tis-
sues.

Organ bath studies

The rings (about 2 mm in length) were mounted between two
hooks of stainless steel wire (diameter 0.15 mm) and sus-
pended in 10 ml organ baths containing KH solution at 37°C,
gassed continuously with 5% CO, in oxygen. Contraction was
recorded isometrically under a resting tension of 1 g with
electromechanical transducers (Statham model UC 3) and a
potentiometric recorder. The preparations were allowed to
equilibrate for about 3 h in the bathing medium. During this
time the vascular and bronchial preparations were challenged
once with noradrenaline (1 uM) or carbachol (1 uMm), respec-
tively, and the baseline tension of the rings was readjusted to
1 g if necessary. Vascular tissues were then contracted with
10 nM U46619 which induced a stable contraction of the tissue
to about 50% of its maximum. Concentration-response curves
to relaxant agonists were established by cumulative addition of
drug, the concentration being increased when the maximum
effect had been produced by the previous concentration. An-
tagonists were added 20 min before the first administration of
the agonist. After the concentration-response curves had been
completed papaverine (300 M) was added to induce complete
relaxation of the rings. This effect was taken as 100% relaxa-
tion.

Drugs

The following compounds were used: apamin, glibenclamide,
nifedipine, salbutamol, papaverine hydrochloride, U46619
(9,11-dideoxy-11a,9a-epoxymethano-prostaglandin F,,), pro-
pranolol hydrochloride, quinine hydrochloride (Sigma, Mu-
nich, F.R.G.), charybdotoxin (Latoxan, Rosans, France),
tetraecthylammonium chloride (Janssen, Beerse, Belgium), le-
makalim (Smith Kline Beecham, Surrey, U.K.), SCA 40 (6-

bromo-8-methylaminoimidazol[1,2-a]pyrazine-2carbonitrile,
University of Montpellier), NS1619 (1-(2"-hydroxy-5'-tri-
fluoromethyl-phenyl)-5-trifluoromethyl-2(3H)  benzimidazo-
lone, NeuroSearch A/S, Glostrup, Denmark). Lyophilized
charybdotoxin was reconstituted in 150 mM NaCl. Lemaka-
lim, NS1619, SCA 40 and U46619 were dissolved in ethanol
and diluted to give 1 mM solutions containing 60% ethanol.
Further dilutions were performed in 5% glucose or normal
saline. Samples of charybdotoxin (10 uM) and U46619 (1 um)
were stored at —20°C until use. All other compounds were
dissolved in saline just before use.

Data analysis

Monophasic concentration-response curves were analysed with
a computer programme in RS/1 (BBN Software Products
Corporation, Cambridge, Mass., U.S.A.) and E,,, (maximal
effects) and pD, values (negative logarithm of the molar con-
centrations of the agonists producing 50% of E,..) were de-
rived from this analysis. Biphasic concentration-response
curves were analysed by the procedure Fit Function in RS/1
according to the equation f(x)=(A/(1+ B/X))+ (C/(1+D/X))
where f(x) is the fraction of receptors activated by the con-
centration X, A and C are the maximal responses and B and D
represent the ECs, values (concentrations of the agonists
producing 50% of E,...) respectively. The nature of the inter-
action between salbutamol and SCA 40 was determined by the
algebraic method described by Berenbaum (1977) with the
equation (A/A.)+ (B/B.) where A and B are concentrations of
two agonists producing in combination a given effect and A.
and B, are concentrations of the respective agonists producing
the same effects when administered alone. If the relation of
both drugs is synergistic the sum of the fractions in the above
equation is less than 1 and will be equal to 1 in case of an
additive effect. Data are presented as means +s.e.mean. One-
way analysis of variance (ANOVA) was performed, followed
by the Bonferroni-corrected ¢ test to assign differences to in-
dividual between-group comparisons when overall significance
(P<0.05) was attained.

Results

Relaxant activity in isolated bronchi and blood vessels

When tested in cryopreserved human bronchi with sponta-
neous tone, SCA 40 produced a biphasic relaxation con-
centration-response curve with maximal effects of about 30%
and 70% and pD, values of 8.61+0.21 and 6.53+0.14
(mean +s.e.mean, n=20) for the high and low affinity com-
ponents, respectively (Figure la; Table 1). SCA 40 induced
similar effects on fresh, unfrozen bronchi. The pD, values were
8.68+0.28 and 6.39+0.31 and the maximal effects were
48+ 12 and 40+8% (n=>5) for the high and low affinity pha-
ses, respectively. In contrast, SCA 40 relaxed human vascular
tissues which had been contracted by 10 nM U46619 (a con-
centration eliciting about 50% of the maximum response) in a
monophasic manner and nearly completely (Figure 1b — d). As
indicated by the pD, values (Table 1), SCA 40 was about 10
and 5 times less potent in relaxing peripheral veins than pul-
monary and mesenteric arteries, respectively.

The Karp channel opener, lemakalim, relaxed both airway
and vascular smooth muscle preparations by 65% to 90% in a
monophasic way (Figure la — d) and within a broadly similar
concentration range (Table 1). In human bronchi under
spontaneous tone the Kayp channel blocker, glibenclamide,
antagonized responses to lemakalim producing progressive
decreases in the pD, values and a marked reduction of the
maximal relaxant responses to lemakalim (Table 2). NS1619, a
recognised opener of BKc, channels (Olesen er al., 1994),
proved to be the weakest agonist, relaxing human bronchi with
spontaneous tone by only about 10% at 1 uM while the effect
of 10 uM was similar to the solvent control effect (Figure 1a).
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Table 1 Summary of the relaxant effects of SCA 40 and lemakalim on cryopreserved human airway and vascular tissues in vitro

Tone pD;
Bronchi Spontaneous 8.61+0.21*
6.5340.14°*
Pulmonary artery U46619, 10 nm 6.3740.08*
Mesenteric artery U46619, 10 nm 6.174+0.15*
Peripheral vein U46619, 10 nm 5.4540.25%

Data are presented as means+s.e.mean.

High and Plow affinity components of relaxation concentration-response curve.

*Significant difference from high affinity pD, value in bronchi.
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Figure 1 Cumulative concentration-response curves for SCA 40 (@), lemakalim ([J), NS1619 (H) and solvent control effects (O)
on rings from human bronchi with spontaneous tone (a), pulmonary arteries (b), mesenteric arteries (c) and saphenous veins (d) in
each case stimulated with 10 nm U46619. The effects are expressed as percentages of the maximum relaxant responses to papaverine.
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Points represent mean values from 4—20 individual experiments; vertical lines show s.e.mean.

Vascular smooth muscle preparations did not respond to
NS1619 unless uM concentrations were applied. However,
these effects, again, were not different from those of the solvent
control (Figure 1b, ¢ and d).

Bronchorelaxant effect of SCA 40 in the presence of
carbachol

SCA 40 induced concentration-dependent relaxation of human
bronchi given active tone by the addition of 1 uM carbachol (a
concentration inducing about 50% of the maximum response).
However, in contrast to the effects seen on tissues with spon-

Table 2 Effects of glibenclamide on the relaxant effects of
lemakalim on human isolated bronchi under spontaneous

tone
pD; value for  Efficacy n
lemakalim (%)
Control 6.804+0.05 89+2 3
Glibenclamide, 0.1 pm 6.5440.21 89+3 3
Glibenclamide, 1 um 6.314+0.22 78 4+ 4* 3
Glibenclamide, 10 pm 6.064+0.26* 51+8* 3

Data are presented as means+s.e.mean.
*Significant difference from corresponding control values.



1244 E. Miiller-Schweinitzer & J.R. Fozard

SCA 40 and human airways

taneous tone, the concentration-response curve to SCA 40 in
the presence of carbachol was monophasic rather than bi-
phasic. The pD, value under these conditions (6.31+0.29,
n=9) was similar to that of the low affinity phase determined
during spontaneous tone (6.53+0.14, n=20) and of the same
order as the pD, values recorded for relaxation of the vascular
tissues under U46619-induced tone (Table 1). For comparison,
the f,-adrenoceptor agonist, salbutamol, was tested for its
relaxant activity on human bronchi under both spontaneous
and carbachol-induced tone. In each case, the curves were
monophasic and similar pD, values were obtained (6.95+0.11,
n=6 and 7.08 +0.14, n=4, respectively).

Bronchorelaxant effect of SCA 40 in high potassium
solutions

In these experiments concentration-response curves for SCA
40 were determined on human bronchi during exposure to KH
solution containing 20 and 80 mM KCI instead of 4.7 mM. As
shown in Figure 2, relaxant responses to SCA 40 were slightly
reduced in the presence of 20 mM KCI, but the curve was still
biphasic with pD, values of 9.47 +0.65 and 6.26 +0.68 (n=3),
respectively. When the KCIl concentration was increased to
80 mM, a concentration that is presumed to induce maximal
depolarization of the cell membrane, responses to SCA 40 were
markedly attenuated although weak concentration-related re-
laxation responses were evident between 0.1 and 100 um
(Figure 2). A further series of experiments was performed, with
KH solution containing 80 mM KCl, and 30 nM of the calcium
entry blocker, nifedipine (Figure 3). Predictably, nifedipine
itself induced relaxation, eliminating completely the KCl-in-
duced tone and about 30% of the spontaneous tone. The ad-
ditional administration of SCA 40 eliminated the residual tone.
The concentration-response relationship was biphasic and
yielded pD, values of 8.08 +0.13 and 5.27+0.13 (n=4) for the
high and low affinity components, respectively. In control ex-
periments, in which bronchi with spontaneous tone were used,
the addition of nifedipine (100 nM) to the organ bath elicited a
relaxation of about 20%, but did not modify the relaxant SCA

Nifedipine
Y 30 nm

[]
80 mm KCI

1g

—

40 effects compared to the SCA 40 curve determined in the
absence of nifedipine (data not illustrated).

Bronchorelaxant effect of SCA 40 in the presence of
various potassium channel blocking agents

Various potassium channel blocking agents were tested against
both the high and low affinity phases of the bronchorelaxant

effects of SCA 40, manifested against spontaneous tone. Nei-
ther glibenclamide, 0.3—10 uM, quinine, 30 uM (a non-selec-
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Figure 2 Cumulative concentration-response curve for SCA 40 on
rings from human bronchi during spontaneous tone (@, »=16) and
in the presence of increased potassium chloride concentrations, KCl
20 mM (O, n=3) and 80 mm (M, n=6). Points represent mean
values and vertical lines show s.e.mean.
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Figure 3 Representative tracing of responses to SCA 40 of rings from human bronchi during stimulation with 80 mm potassium
chloride without (upper trace) and in the presence of 30 nm nifedipine (lower trace). Effects are typical of 6 and 4 similar

observations, respectively.
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tive K™ channel blocker), nor apamin, 100 nMm (a blocker of
small conductance, calcium-activated channels) caused any
significant change in the SCA 40 responses (Table 3). Tetra-
ethylammonium, 0.1-1 mM (a non-selective blocker of K*

channels), produced a slight increase in tone of human bronchi
during resting tone and elicited concentration-dependent re-
laxant responses of the bronchi when active tone was induced
by 1 uM carbachol. However, neither during spontaneous tone

Table 3 Effect of potassium channel blocking agents on relaxant responses to SCA 40 on human isolated bronchi under spontaneous

tone
Antagonist High affinity phase Low affinity phase
n  concentration pD> Efficacy (%) pD> Efficacy (%)
Apamin 4 0 8.08 +0.42 46+7 6.38+0.20 4945
4 100 nm 7.60+0.06 39415 7.07+0.49 58415
Charybdotoxin 3 0 9.0940.20 1142 7.204+0.31 86+ 1
3 10 nm 8.91+0.31 2545 7.48+0.19 88+6
3 100 nm 8.73+0.37 22419 7.1940.25 95+15
Glibenclamide 8 0 8.3940.36 3947 6.734+0.23 60+7
3 300 nm 8.05+0.46 26+ 11 6.77+0.35 67413
3 10 um 8.3140.51 42412 6.67+0.34 S14+7
Quinine 4 0 8.31+0.67 38+5 6.42+0.38 61+6
3 30 um 8.29+0.39 43411 6.154+0.10 43+4
Tetraethylammonium 5 0 8.4140.55 2845 6.4140.42 T1+6
3 100 um 8.33+0.22 38+17 6.06+0.07 68+ 15
4 300 um 8.22+0.38 1444 5.984+0.37 84+4
3 1 mMm 9.0740.28 13418 6.89+0.69 99+30
Data are presented as means+s.c.mean.
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Figure 4 Cumulative concentration-response curves for SCA 40
without (@) and in the presence of tetracthylammonium (TEA)
100 um (A) and 1 mM ([J) on rings from human bronchi with
spontaneous tone (a) and in the presence of TEA 300 um (O) during
stimulation with 1 uM carbachol (b). Points represent mean values
from n=3-4 individual experiments; vertical lines show s.e.mean.
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Figure 5 Cumulative concentration-response curves without (@)
and in the presence of charybdotoxin 10 nm (O) and 100 nm ([J) for
SCA 40 on rings from human bronchi during spontaneous tone (a)
and during stimulation with 1 um carbachol (b). Points represent
mean values from 3 individual experiments; vertical lines show
s.e.mean.
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nor during active tone (i.e., in the presence of 1 uM carbachol)
did tetraecthylammonium antagonize the relaxant responses to
SCA 40 (Figure 4a and b). Similarly, charybdotoxin, 10—
100 nM (a blocker of BK¢, channels) did not modify the re-
laxant responses to SCA 40 either during resting tone or in the
presence of 1 uM carbachol (Figure 5a and b). SCA 40-induced
relaxation of human bronchi were also resistant to blockade of
p-adrenoceptors by propranolol, 100 nM (data not illustrated).

Bronchorelaxant effects of SCA 40 in the presence of
salbutamol

In a further series of experiments concentration-response
curves were determined for salbutamol alone and for SCA 40
in the absence and in the presence of salbutamol (10 and
100 nM) on human bronchi with tone induced by 1 uM car-
bachol (Figure 6). From the curves for each agonist alone as
well as for the combined action of both compounds the con-
centrations producing the same effect were determined at the
level of 40% and 50% relaxation. Analysis of the data ac-
cording to the algebraic method described by Berenbaum
(1977) gave a mean sum of fractions of 0.21 (0.15-0.37; mean
with 95% confidence limits) which was significantly less than 1,
indicating that the nature of the interaction between the two
drugs was synergistic.

Discussion

High conductance, calcium-activated K* channels (BKc,) are
important target proteins which are involved in agonist-in-
duced contraction and relaxation of numerous smooth muscle
cells. BK¢, channels are selectively blocked by toxins such as
charybdotoxin (Gimenez-Gallego et al., 1988; Jones et al.,
1990), and the open-state probability of these channels is
markedly increased at higher concentrations of cytosolic cal-
cium and also during membrane depolarization (Kume et al.,
1989). In airway smooth muscle cells the BK¢, channels are
regulated by muscarinic (M,) receptors and fS-adrenoceptors,
i.e., inhibition of K¢, channels during muscarinic contraction
and activation of K¢, channels during f-adrenoceptor-medi-
ated relaxation are important regulatory mechanisms (Ko-
tlikoff, 1993).

Experiments in animal tissues have suggested that the
smooth muscle relaxant activity of SCA 40 involves opening of
charybdotoxin-sensitive K* channels, i.e., BK¢, channels
(Laurent et al., 1993; Michel et al., 1993). However, data from

% carbachol tone

Concentration (log m)

Figure 6 Cumulative concentration-response curves for salbutamol
alone (M, 7=75) and SCA 40 in the absence (@) and in the presence
of salbutamol 10 nm (Q) and 100 nM ([J) on rings from human
bronchi during stimulation with 1 uM carbachol. The effects are
expressed as percentages of the maximum relaxant responses to
papaverine. Points represent mean values from 6 individual
experiments; vertical lines show s.e.mean.

more recent electrophysiological and pharmacological studies
have not provided support for this mechanism. Thus, SCA 40
was able to abolish the spontaneous tone of guinea-pig trachea
without any significant change in membrane potential, sug-
gesting that opening of K¢, channels is not the basis of the
relaxant activity of SCA 40 in this tissue (Cook et al., 1995).
Moreover, SCA 40 had no effects on the large conductance,
Ca’" activated K™ channels in bovine tracheal smooth muscle
cells in culture (Macmillan ez al., 1995).

The present results, demonstrating the potent relaxant ac-
tivity in human airway smooth muscle of SCA 40, are con-
sistent with the potent relaxant activity observed with this
agent in the guinea-pig trachea (Laurent et al., 1993; Cook et
al., 1995). However, in contrast to the observations in guinea-
pig trachea, SCA 40 elicited a biphasic curve when tested in
human bronchi under spontaneous tone. A high affinity
component accounted for approximately 30% of the SCA 40
response and a low affinity component for the remaining 70%.
However, as observed with unfrozen human bronchi during
acetylcholine-induced tone (Naline et al., 1996), only a
monophasic curve was obtained when SCA 40 was tested in
human blood vessels during stimulation with U46619 or in
human bronchi when active tone was induced by the addition
of carbachol or high potassium concentrations. Hence, only in
bronchi under spontaneous tone did SCA 40 elicit a biphasic
dose-response curve, suggesting the involvement of more than
one mechanism in the bronchorelaxant activity of SCA 40.
One might argue, that the present results were influenced by
the freezing/thawing process during cryopreservation of the
human material. However, it has been demonstrated that
various functional mechanisms in smooth muscle and epithe-
lial cells are either well preserved or only slightly diminished
after cryopreservation of human airways (Miiller-Schweinitzer
et al., 1993; Vacciana et al., 1994; Johnson et al., 1995; Sarria
et al., 1995). Moreover, lemakalim relaxed cryopreserved hu-
man bronchi in the present study with the same potency as has
been published for unfrozen bronchi and the antagonism of
lemakalim by glibenclamide was quantitatively similar (Black
et al., 1990). Specifically in the context of the present study,
there were no qualitative or quantitative differences between
the reactivity of fresh and cryopreserved human bronchi to
SCA 40.

A marked reduction of the relaxant effects of SCA 40 by
increasing the KCl concentrations in the organ bath to 80 mMm
is consistent with a role for K™ channels in the relaxation of
human airway smooth muscle by SCA 40. Similar findings
have been obtained by Laurent ez al. (1993) and Cook et al.
(1995) for the effects of SCA 40 on guinea-pig trachea. How-
ever, both in the present studies and those of Cook et al. (1995)
blockade of SCA 40 by elevation of K™ could be prevented by
nifedipine suggesting that functional antagonism due to vol-
tage-dependent Ca*" influx through nifedipine-sensitive Ca**
channels underlies the response. Consistent with this, a variety
of K" channel blocking agents failed to influence the relaxant
response to SCA 40 on human bronchi. For example, glib-
enclamide was devoid of activity at concentrations known to
be able to block the response to lemakalim and apamin did not
affect the relaxant response to SCA 40; the involvement of
Katp channels (Quast & Cook, 1989) and small conductance
calcium-activated K™ channels (Banks et al., 1979) in the re-
sponse to SCA 40 can, therefore, be excluded. This confirms
for human bronchi similar findings as in the guinea-pig trachea
(Laurent et al., 1993; Naline et al., 1996). However, while in
guinea-pig airways the relaxant activity of SCA 40 has been
shown to be susceptible to blockade by quinine and char-
ybdotoxin (Laurent et al., 1993; Cook et al., 1995; Naline et
al., 1996), no such inhibitory activity could be observed in the
human bronchi. Furthermore, in contrast to that observed in
guinea-pig isolated main bronchi (Naline et al., 1996), tetra-
ethylammonium, a K* channel blocker with affinity for the
BKc, channel protein (Kotlikoff, 1993), failed to inhibit re-
laxation induced by SCA 40. Taken together, our data indicate
that in the human airways BK, channels are not involved in
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the activity of SCA 40. Moreover, BK ¢, channels appear to be
of minor significance for the regulation of human airway
smooth muscle tone in general. This conclusion is supported
by the negligible relaxant activity of the recognised BKc,
channel activator NS1619 (Olesen ef al., 1994) in human
bronchi in the present study and by recently published ex-
periments with patch clamp techniques on human bronchial
smooth muscle cells in primary culture (Templeton ez al.,
1995).

Various mechanisms such as intrinsic production of leuko-
trienes, cyclo-oxygenase products of arachidonic acid meta-
bolism and spontaneous release of acetylcholine are postulated
to contribute to generation of the active basal tone in human
bronchial tissue (Ito et al., 1989) and it is possible that selective
attentuation of one or more of these locally tissue-derived
mediators contributes to the bronchorelaxant effect of SCA 40.
Since propranolol at concentrations up to 100 nM failed to
antagonize the effects of SCA 40 in human bronchi, the in-
volvement of f-adrenoceptors can be excluded.

In bronchi contracted with carbachol, 1 uM, the combined
action of salbutamol and SCA 40 was synergistic. Since f,-
adrenoceptor stimulation-induced relaxation of smooth muscle
is associated with enhanced formation of adenosine 3':5'-
cyclic monophosphate (cyclic AMP) via activation of adenylyl
cyclase (see Small ez al., 1993), the synergy between the two
drugs suggests that enhanced accumulation of cyclic AMP via
inhibition of cyclic AMP-phosphodiesterase might contribute
to the relaxant activity of SCA 40. In support of this, direct
evidence for an inhibitory effect of SCA 40 on human type 111
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