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CHARACTERIZATION OF THE RECEPTOR MEDIATING THE ANTI-
ANAPHYLACTIC EFFECTS OF pB-ADRENOCEPTOR AGONISTS IN
HUMAN LUNG TISSUE in vitro

P.R. BUTCHERS, LF. SKIDMORE, C.J. VARDEY & A. WHEELDON.

Department of Biochemistry, Glaxo Group Research Limited, Ware,

Hertfordshire, SG12 0DJ

1 The rank order of potency of six f-adrenoceptor agonists as inhibitors of the anaphylactic release
of histamine from fragments of passively sensitized human lung in vitro was (—)isoprenaline >
(—)-adrenaline > (= )-salbutamol > (—)-noradrenaline > R0363 > H133/22.

2 The B-adrenoceptor antagonists, propranolol, atenolol and H35/25, blocked the response to both
(— )-isoprenaline and ( 4 )-salbutamol competively. Each antagonist gave similar pA, values with both
agonists. pA, values were consistenly at the high end of the range expected for interaction at a
B,-adrenoceptor.

3 Practolol did not antagonize isoprenaline in a competitive manner but was a competitive antag-
onist of salbutamol with a pA, at the high end of the range expected for interaction at a
B,-adrenoceptor.

4 Data obtained with agonists are consistent with the receptor being of the f,-subtype. Data
obtained with antagonists indicate a consistently higher affinity for the receptor than observed for the
B,-subtype in other tissues but do not suggest a novel f-adrenoceptor subtype on the mast cell of the

human lung.

Introduction

p-Adrenoceptor agonists inhibit the anaphylactic
release of histamine and slow reacting substance of
anaphylaxis (SRS-A) from human lung tissue (Orange,
‘Kaliner, LaRaia & Austen, 1971; Strandberg, Pege-
low, Persson & Sorenby, 1979; Butchers, Fullarton,
Skidmore, Thompson, Vardey & Wheeldon, 1979)
and from guinea-pig lung (Assem & Schild, 1971;
Malta & Raper, 1975; Sorenby, 1975; Forsberg &
Sorenby, 1979). The subclassification of B-adrenocep-
tors into two distinct types termed pB,- and
B-adrenoceptors (Lands, Arnold, McAuliff, Luduena
& Brown 1967) is now generally accepted. However,
there is evidence that the f-adrenoceptor present, pre-
sumably on the mast cell, which mediates the anti-
anaphylactic activity of B-adrenoceptor agonists in
guinea-pig lung may differ from both pg,- and
B2-subtypes (Assem & Schild, 1971; Sérenby, 1975;
Malta & Raper, 1975). However, no systematic
attempt to classify f-adrenoceptors responsible for
anti-anaphylactic activity in human lung has been
carried out. We have undertaken such a study using a
series of f-adrenoceptor agonists and antagonists to
determine the subtype involved.
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Methods
Anaphylaxis in fragments of human lung

The preparation of sensitized fragments of human
lung, challenge of sensitized fragments with antigen
and the general technique for determining the re-
sponse to drugs were carried out by the method of
Butchers et al. (1979). Histamine was assayed on the
guinea-pig isolated ileum by an automated super-
fusion technique. The Tyrode superfusion solution
contained atropine (0.3 pm) propranolol (0.7 uM) and
an antagonist of SRS-A, FPL 55712 (Augstein,
Farmer, Lee, Sheard & Tattersall, 1973) (0.4 pm). In
experiments to determine the relative potencies of
B-adrenoceptor agonists the tissue was incubated with
the agonist for 10 min before challenge with antigen.
In experiments to determine the potency of antagon-
ists, three antagonist concentrations were used, the
tissue was incubated with the antagonist for 10 min.
the agonist was then added and incubation continued
for a further 5 min followed by challenge with the
antigen. All incubations were performed in quadrupli-
cate. No uptake blockers or a-adrenoceptor blocking
agents were present in the incubations.
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Calculation of results

Dose-response relationships were calculated from the
linear portion of the curve by least squares regression
analysis. Agonist potencies were expressed as the
negative logarithm of the molar concentration of ago-
nist causing 50%; inhibition of the release of histamine
(pD,). Antagonist potencies were calculated by the
method of Arunlakshana & Schild (1959). Dose-ratios
were determined from ECs, values obtained by
regression analysis.

Drugs

The following agonists were used: (—)-isoprenaline
bitartrate dihydrate (Ward Blenkinsop); (—)-noradre-
naline bitartrate and (—)-adrenaline bitartrate
(Sigma); (+)-salbutamol (Allen & Hanburys);
(= )-1-(4-hydroxyphenoxy)-3-isopropylamino-2-pro-
panol (H 133/22, a gift from AB Hissle); (£)-1-
(3,4-dimethoxyphenethylamino)-3-(3,4-dihydroxyphe-
noxy)-2-propanol (R0363, Raper, McPherson & Iako-
vidis, 1978) synthesized by Mr J. Paton and Mr L
Smith, Glaxo Group Research Limited. All agonists
were dissolved in 20 pg/ml ascorbic acid and were
used immediately.

The following antagonists were used: propranolol
(Sigma); practolol and atenolol (ICI Ltd.); H35/25
(+-erythro-2-isopropylamino-1-(4-tolyl)-1-propanol:
AB Hissle); FPL 55712 (8-propyl-7-{3-(4-acetyl-2-
propyl-3-hydroxyphenoxy)-2-hydroxyproxy} - 4- oxo-
4H-benzopyran-2-carboxylic acid) synthesized by Dr
D. Brickwood, Glaxo Group Research Limited; atro-
pine sulphate (BDH).

Results

(—)-Isoprenaline inhibited the release of histamine
maximally at concentrations between 107% and
107 M. The maximum degree of inhibition varied
from lung sample to lung sample but was always
between 70 and 90%,. Although in some experiments
the other agonists achieved lower maximum inhibi-
tion than isoprenaline, none was consistently a partial
agonist, indeed statistical analysis of the tendency of
noradrenaline to partial agonist activity (Figure 1)
showed that this was not significant (P > 0.05). The
rank order of potency was (—)-isoprenaline > (—)-
adrenaline > (4 )-salbutamol > (—)-noradrenaline >
R0363 > H133/22 (Table 1).

Antagonist potencies (Table 2) were compared by
use of both the non-selective agonist, (— )-isoprena-
line, and the p,-selective agonist, (Z)-salbutamol.
Propranolol was a competitive antagonist of both
agonists (mean pA, 9.33 and 9.01 respectively). The

B2-selective antagonist, H35/25, was also a competi-
tive antagonist of both agonists (mean pA, 6.97, 7.04)
as was the f,-antagonist, atenolol (mean pA, 5.97.
6.24). The B,-selective antagonist, practolol, was a
competitive anatagonist of (+)-salbutamol (mean pA;
5.11) but with (—)-isoprenaline gave an abnormally
high pA, value (6.71) and a slope for an Arunlak-
shana & Schild plot consistently less than unity.

Discussion

In this study, isoprenaline inhibited the release of his-
tamine almost completely with a pD, (8.78) in general
agreement with the results obtained by Assem &
Schild (1971) and Orange, et al. (1971). It was, how-
ever, more than three orders of magnitude less potent
than reported by Strandberg et al. (1979).

Salbutamol was a full agonist when compared with
isoprenaline and both the rank order of potency: iso-
prenaline > adrenaline > salbutamol > noradrena-
line, and the relative potency of these agonists was
consistent with an interaction primarily at a
Br-adrenoceptor. Two selective f;-agonists, R0363
(Raper et al., 1978) and H133/22 (Carlsson, Dahlof.
Hedberg, Persson & Tangstrand, 1977) were respect-
ively more than four and five orders of magnitude less
potent than isoprenaline, suggesting that the concen-
tration of f,-adrenoceptors on the mast cell is negli-
gible. It was initially considered that the tendency of
noradrenaline to act as a partial agonist could result
from a-agonist activity, which has been shown to
potentiate antigen-induced release of histamine.
(Kaliner, Orange & Austen, 1972) and weak activity
at f,-adrenoceptors, but experiments showing that
phenoxybenzamine, an a-adrenoceptor antagonist.
failed to modify inhibition of histamine release by
noradrenaline (Butchers & Vardey, unpublished
observations) did not support this possibility.

Four f-adrenoceptor antagonists were used in com-
bination with the non-selective agonist, isoprenaline.
and the f,-selective agonist, salbutamol. With the ex-
ception of practolol the antagonism was competitive
and the antagonists gave similar pA, values with both
agonists. The pA, values for propranolol were at the
upper end of the range obtained in a variety of tissues
from man and guinea-pig (see Table 3 for references).
Atenolol, a f;-selective antagonist (Barrett, Carter,
Fitzgerald, Hull & LeCount, 1973), gave pA, values
midway between those reported for tissues containing
predominantly f,-adrenoceptors and for tissues con-
taining f,-adrenoceptors (Table 3). The pA, values
for H35/25, a f,-selective antagonist (Levy & Wilken-
feld, 1969) were higher than those found for relaxation
and inhibition of antigen-induced release of histamine
in guinea-pig lung (Van der Heijden & Zaagsma,
1979).
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Figure 1 Inhibition of the release of histamine from fragments of passively sensitized human lung by f-adrenocep-
tor agonists: (@) (— »-isoprenaline; (V) (— )-adrenaline; (A) (+ )-salbutamol; (O) (—)-noradrenaline; (A) R0363 and
(W) H133/22. Points joined by similar (continuous or broken) lines were obtained in the same experiments. Bars

indicate s.e. mean.

Practolol, a f,-selective antagonist (Dunlop &
Shanks, 1968), antagonized salbutamol competitively
and gave a pA, value at the top end of the range for
tissues containing predominantly f,-adrenoceptors
(Table 3). It was not a competitive antagonist of iso-
prenaline and no conclusions can be drawn from the
data with this agonist. A similar finding was reported
by Coleman & Somerville (1977) for the antagonism

of isoprenaline by practolol in membrane prep-
arations from rabbit uterus.

Although the subdivision of B-adrenoceptors into
B;- and B,-subtypes (Lands, et al., 1967) holds good
for most tissues, there are situations where it may be
an oversimplication. This has led both to the proposal
that several subtypes of f-adrenoceptor exist (Furch-
gott, 1972) and to the recognition that both f,- and

Table 1 Inhibition of the release of histamine from fragments of passively sensitized human lung by f-adrenocep-
tor agonists: comparison with agonist potency in other tissues

Human lung anaphylaxis

pD, + s.e. mean

(—)Isoprenaline 8.78 + 0.08
(—)-Adrenaline 8.05 + 0.05
(+)-Salbutamol 7.22 +0.22
(—)-Noradrenaline 5.87 + 0.07
R0363 4.38 + 0.22
H133/22 298 + 0.08

(n) EC EC(8,-) EC(82-)
(n 1.0 10 1.0
@) 54 10-40 315
4) 36.3 500 * 10-35
4) 813.3 5-20 60400
“) 2.5 x 10* ND ND
4) 6.3 x 10° ND ND

n = number of separate experiments. ND = not determined. * = partial agonist.

EC = equipotent concentrations, (— )-isoprenaline = 1.0.

EC (B,-). EC(8,-) = equipotent concentrations ((— )-isoprenaline = 1.0) in tissues containing predominantly f,-
and f,- adrenoceptors. Data from Levy & Apperley (1978).
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B,-subtypes can coexist and mediate the same re-
sponse in a single cell (Levy & Apperley, 1978).

In the present study the pattern of inhibition of
histamine release obtained with a range of p-adreno-
ceptor agonists suggests strongly that the receptor on
the mast cell of the human lung is of the B,-subtype.
This is not fully supported by the results obtained
with antagonists where there are indications that the
receptor may differ in some ways from what is gener-
ally accepted as a B,-adrenoceptor. The high pA,
values obtained in this study were not found in other
human tissues by Harms (1976), nor by Conolly &
Greenacre (1977), in human lung parenchyma, and so
cannot be a property of human f,-adrenoceptors in
general. The very low potency of the f,-sclective ago-

nists, R0363 and H133/22, suggests the difference is
not due to the co-existence of both B,- and
B-subtypes on the same cells.

We conclude that the results of this study support
the view that the receptor on the mast cell of human
lung is a f,-adrenoceptor in which the affinity for
antagonists is increased, presumably by some prop-
erty inherent in the membrane of this cell rather than
a receptor of a novel subtype.

The authors would like to acknowledge the skilled assist-
ance of Mrs L.E. Boutal, Mr A.T. Nials and Miss P.A. Bell;
the surgeons and staff of Papworth Everard Hospital, The
London Hospital (Whitechapel) and North Middlesex
Hospital for provision of tissue and Dr G.P. Levy, Mr L
Kennedy and Mr G. Apperley for helpful discussions.

Table 2 The effect of f-adrenoceptor antagonists on the inhibition of histamine release from passively sensitized
fragments of human lung by (—)-isoprenaline and (+)-salbutamol

Propranolol Practolol Atenolol H35/25
pA; (slope) pA; (slope) PA: (slope) pA; (slope)
(—)-Isoprenaline 9.35(1.11) 6.86 (0.52) 5.87(0.97) 7.10(1.00)
9.31(0.92) 6.83(0.69) 6.16 (0.97) 6.94 (1.02)
6.44(0.73) 5.88 (1.09%) 6.87(0.91%)
6.95(1.06)
(£ )-Salbutamol 9.16 (0.95) 4.74 (0.96) 6.16 (0.90) 6.78 (1.18)
8.86 (0.94) 5.47(1.00) 6.31(0.87) 7.43(0.83)
6.91 (0.80)

Figures are results from individual experiments performed on different samples of lung. Three concentrations of
antagonist were used except (*) where two concentrations only were used.

Table 3 Comparison of mean pA, values for f-adrenoceptor antagonists: data for anaphylaxis in human lung
compared with data from other human and guinea-pig tissues (isoprenaline as agonist)

System Propranolol
Human:
Lung—anaphylaxis 9.33
Lung—anaphylaxis (salbutamol as
agonist) 9.01
Atrium—positive inotropy 8.36
Bronchial muscle—relaxation 8.56
Guinea-pig:
Atrium—opositive inotropy 8.51
Atrium—positive chronotropy 8.32
Tracheal chain—relaxation 8.25
Lung strip—relaxation
Lung—anaphylaxis
Various tissues with B, profile 8.3-88
B, profile 8.3-94

Practolol Atenolol H35/25 Reference
6.70* 597 6.97 This paper
s.11 6.24 7.04 This paper
6.44 6.95 Harms (1976)
4.65 5.33 Harms (1976)
6.50 7.21 Harms (1976)
6.49 7.27 Barrett et al.
(1973)
487 5.57 Harms (1976)
491 6.39 Van der Heijden
‘ & Zaagsma (1979)
4.70 6.50
6.5-6.9 Levy & Apperley
46-5.1 (1978)

*Slope of Arunlakshana & Schild plot consistently less than unity.



B-ADRENOCEPTORS ON HUMAN LUNG MAST CELLS 667

References

ARUNLAKSHANA, O. & ScHILD, H.O. (1959). Some quanti-
tative uses of drug antagonists. Br. J. Pharmac. Che-
mother., 14, 48-58.

Assem, ESK. & ScHiLp, H.O. (1971). Antagonism by
B-adrenoceptor blocking agents of the anti-anaphylac-
tic effect of isoprenaline. Br. J. Pharmac., 42, 620-630.

AUGSTEIN, J., FARMER, J.B,, LEg, T.B., SHEARD, P. & TAT-
TERSALL, M.L. (1973). Selective inhibitor of slow react-
ing substance of anaphylaxis. Nature, New Biol. 245,
215-217.

BARRETT, A.M., CARTER, J.,, FITZGERALD, J.D., HuLL, R. &
LECOUNT, D. (1973). A new type of cardioselective adre-
noceptive blocking drug. Br. J. Pharmac., 48, 340P.

BuTcHERS, P.R., FULLARTON, J.R., SKIDMORE, LF., THOMP-
soN, L.E., VARDEY, C.J. & WHEELDON, A. (1979). A com-
parison of the anti-anaphylactic activities of salbutamol
and disodium cromoglycate in the rat, the rat mast cell
and in human lung tissue. Br. J. Pharmac. 67, 23-32.

CarLssoN, E., DAHLOF, C., HEDBERG, A., PERssON, H., &
TANGSTRAND, B. (1977). Differentiation of cardiac chro-
notropic and inotropic effects of f-adrenoceptor ago-
nists. Naunyn-Schmeidebergs . Arch. Pharmac., 300,
101-105.

CoLEMAN, A.J. & SOMERVILLE, A.R. (1977). The selective
action of f-adrenoceptor blocking drugs and the nature
of B, and B,-adrenoceptors. Br. J. Pharmac., 59, 83-93.

ConoLLY, M.E. & GREENACRE, J.K. (1977). The B-adreno-
ceptor of the human lymphocyte and lung parenchyma.
Br. J. Pharmac., 59, 17-23.

DunLoP, D. & SHANKS, R.G. (1968). Selective blockade of
adrenoceptive beta receptors in the heart. Br. J. Phar-
mac. Chemother., 32, 201-218.

FORSBERG, K. & SORENBY, L. (1979). Release of slow react-
ing substance from anaphylactic lung tissue and its
modification by p-sympathomimetics. Int. Archs
Allergy appl. Immun., 58, 430-435.

FurcHGOTT, R.F. (1972). The classification of adrenocep-
tors (adrenergic receptors). In Catecholamines. Handb.
exp. Pharmac., N.S., 33, ed. Blaschko, H. & Muscholl,
E., pp. 283-335. Springer-Verlag: Berlin & Heidelberg.

Harwms, H.H. (1976). Isoproterenol antagonism of cardio-
selective beta adrenergic receptor blocking agents: A
comparative study of human and guinea-pig cardiac

and bronchial beta adrenergic receptors. J. Pharmac.
exp. Ther. 199, 329-335.

KALINER, M., ORANGE, R.P. & Austen, K.F. (1972). Im-
munological release of histamine and slow reacting sub-
stance of anaphylaxis from human lung. 1V: Enhance-
ment by cholinergic and alpha-adrenergic stimulation.
J. exp. Med., 136, 556-567.

LANDS, A.M., ARNOLD, A., MCAULIFF, J.P.. LUDUENA, F.P,,
& BrOWN, T.G. (1967). Differentiation of receptor sys-
tems activated by sympathomimetic amines. Nature.
Lond., 214, 597-598.

LEVY, B. & WILKENFELD, B.E. (1969). An analysis of selec-
tive B-receptor blockade. Eur. J. Pharmac., 5, 227-234.

LEvy, G.P. & APPERLEY, G.H. (1978). Recent advances in
the pharmacological subclassification of f-adrenocep-
tors. In Recent Advances in the Pharmacology of Adre-
noceptors. ed. Szabadi, E., Bradshaw, C.M. & Bevan, P.
pp. 201-208. Amsterdam: Elsevier/North Holland Bio-
medical Press.

MALTA, E. & RAPER, C. (1975). B-Adrenoceptors involved
in inhibition of histamine release from sensitised
guinea-pig lung. Eur. J. Pharmac., 30, 79-85.

ORANGE, R.P., KALINER, M.A. LARAIA, PJ. & AUSTEN,
K.F. (1971). Immunological release of histamine and
slow reacting substance of anaphylaxis from human
lung. II: Influence of cellular levels of cyclic AMP.
Fedn. Proc., 30, 1725-1729.

RAPER, C., MCPHERSON, G.A. & IakoviDis, D. (1978). A
phenoxypropanolamine derivative (R0363) with selec-
tive f§,-receptor stimulant actions. Eur. J. Pharmuc., 52,
241-242.

SORENBY, L., (1975). The p-adrenoceptors of the lung
mediating inhibition of antigen-induced histamine
release. Eur. J. Pharmac., 30, 140-147.

STRANDBERG, K., PEGELOW, K-O., PERssON, C.G.A. & SOR-
ENBY, L. (1979). Anti-anaphylactic and bronchodilating
action of a beta-adrenoceptor stimulator, KWD 2131 in
human lung tissue. Allergy, 34, 221-224.

VAN DER HEUDEN, P.J.C.M. & ZAAGSMA, J.. (1980). Charac-
terisation of the f-adrenoceptors in guinea-pig lung
mast cells. Br. J. Pharmac.. 68, 152P.

(Received June 13, 1980.)



