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ABSTRACT

An investigation was carried out to deter-
mine the adrenoceptor types in isolated
pleces of the guinea-pig puimonary ar-
tery. The results indicated a
predominance ofo(-adrenoceptors and
the presence of a peucity of g-adreno-
ceptors in the tissue which may increase
at the level of the puimonary arterioles.
The sympathomimetics used acted prin-
clpally on the o¢.adrenoceptors to
produce contraction of the preparation.
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INTRODUCTION

The object of this paper is to attempt to
characterize the adrenoceptors in isolated
pleces of the guinea-pig pulmonary artery
using certain sympathomimetics, cholino-
mimetics, histamine and some
adrenoceptor blocking agents.

Bronchodilators (which are substances
used in the treatment of bronchial asthma)
are known to cause a simultaneous de-
crease In pulmonary resistance (an effect on
p-adrenoceptors in conducting alrways) in
the guinea-pig (Daly & Thomas, 1). Airways
(pulmonary) resistance Is the change in driv-
ing pressure per unit in air flow, that Is, the
degree of obstruction offered by the con-
ducting airways to air flow. Pulmonary
comphancs, on the other hand, involves the
distensibility of the peripheral airways, that
18, It is the change In lung volume per unit of
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pressure change. Although it is known that
pulmonary vasodilatation accompanies an
increase in puimonary compliance (West, 2)
the involvemeit of B-adrenoceptors in this
process is notjciearly understood.
fi -

MATERIALS AND METIIODS

Guinea-pigs weighing about 300g were
killed and used. About 1cm. length of pul
monary artery’ was taken and opened by
making a longitudinal cut through it Op-
ened rings ut 1.5mm in width were cut
from the tissud'and sewn end to end to form
achain. The lon was suspended in
a 10mi organ Bath containing Krebs-Hense-
leit solution at'a temperature of 37°C and
gassed with Em containing 5% carbon

dioxide in oxygen. A tension of 0.5g was
appliedto the t . Tension changes in the
tissue were r corded using a Grass Model
FTO3 strain gauge (without springs) cou-
pled to a two-ghannet Grass Model 79 pen
recorder. The ftissue was allowed to equili-
brate for one hour, after which the effects of
carbachol, ncglradrenallne. phenylephrine,
histamine, dopamine, isoprenaline, phento-
lamine and propranolol were investigated.

Cumulative copcentration response curves
were determi for noradrenaline, phe-
nylephrine, ine and dopamine. pA2
values were determined for phento-

lamine agalpst noradrenaline and
phenylephrine:’

RESULTS

Carbacho_b in conoentl_'jntions ranging
from 2.8 x 10™ to 1.7 x 10 M had some,
although very little, spasmogenic effect on
the preparation. Noradrenaline, phenyle-
phrine an,d histamin’e in concantgations from
1.2x107, 1.2x10" and 3x 10’ M respec-
tively caused contraction whereas
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dopamine nee%ed a much higher concen-
tration (4.2x10 M) to produce contraction.
The effects of noradrenaline,! phenylphrine,
hitamine and dopamine were dose-re-
lated. Figs 1 and 2 show the effect of
noradrenaline and the cumulative con-
centration- response curves respectively tor
noradrenaline, phenyiphrine, ‘histamine and
dopamine on the guinea-pig puimonary ar-
tery preparation. Noradrenaline and
phenylephrine have approximately equal
dose ratios and they were both 3 and 75
times more potent than histamine and do-
pamine respectively at the| Emaxs0 level
(Fig.2). Phentolamine 1.4 x 10'M caused a
rightward shift of the congcentration-re-
sponse curves for noradrenaline and
phenylamine. The calculated;pAz values for
phentolamine were 8.1 against noradre-
naline and 8.2 against phenylephrine (n =

4). i

ilamine on noradrenal
phenylephrine are shown it
respectively. Submaximal res _
radrenaline, phenylephrine, histamine and
dopaming were inhibited by, phentolamine
1.4 _x 10™M but not by propranolol 3.4 x
10 "M. Noradrenaline respopses were
potentiated by in@ 2.9 x | 0, M. Isopre-
naline 1.2x10°M and 3.8x1p'M had ittie
effect on the tissue but on greparations al-
ready contracted withjany of the
spgsmogens, concentrationg of about 9.4 x
10™M caused a slight m approximate
25% relaxation followed by a ¢
traction as soon as congentrations of
approximately 4.7 x 10°M |
This secondary contraction v
phentolamine which produc
relaxation of the tissue alref
with histamine. ;
Isoprenaline did nol pro¢
tion of the tissue _lgl tha
phentolamine 1.4 x10™°M,

uce fuil relaxa-
presence of
maximum re-

laxant effect was about of induced
tone. i
;
DISCUSSION |
The powerful contractile gffects by nora-
drenaline and phenylephrhdiﬁof the isolated
pulmonary artery, together iwith the bloc-

|
|
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Phurmacy

kade of this effect by phentolamine indicate
ot -adrenoceptors, in ac-
cordance with the findings of Okpako (3)
and Lewis (4). Large concentratiQps of iso-
prenaline (such as 4.7 x 107M) were
capabile of stimulating the -adrenoceptors
as evidenced by the phentolamine-sensitive
contractile effect. Okapko (3) also noted this
effect. The transient relaxant effect of iso-
prenaline when torie was previously induced
in the pulmonary artery suggests the
presence in the tissue of a population of
B-adrenoceptors whose effects are masked
by the predominantly at-adrenoceptor popu-
lation. The indication of the presence of a
small population of B-adrenoceptors in the
guinea-pig pulmonary artery does not ac-
cord with the findings of Okpako (3) and
Lewis (4) who concluded that such recep-
tors were absent. Weiner & Taylor (5),
however, have reported a mixture of e - and
B-adrenoceptors in the pulmonary arterioles
of man which mediate vasoconstriction and
vasodilatation respectively.

The aim of this experiment was to deter-
mine whether . there are any B-
adrenoceptors in the pulmonary artery. Al
though the mechanism by which pulmonary
compliance Is increased is not known, one
possibility is that pulmonary vasodilatation is
involved in the process. If the pulmonary
vessels had an appreciable proportion of
B-adrenoceptors, then these receptors
might mediate a vasodilation possibly re-
sponsible for the increase in puilmonary
compliance. Although the experimental re-
sults indicate the presence of only a small
proportion of B-adrenoceptors in the guinea-
pig pulmonary artery, the possibliity of the
presence of a much greater proportion of
these receptors in:the pulmonary arterioles
cannot be ruled out. Different distributions
of adrenoceptors in different types of blood
vessels have been reported by several wor-
kers. Thus Fleisch et al. (6) reported an
abundance of 8-adrenoceptors in the tho-
racic aorta of young rats and rabbits, but a
pauctty of these receptors in the abdominal
aorta. A heterogeneity of drug receptors in
different segments of the rabbit aorta has
been observed by Altura & Altura (7). Simi-
larly, small coronary arteries have been
found to exhibit greater B-receptor activity
than larger coronary vessels (Bohr, 8).
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Fig. 1. Effects of Noradrenaline in the absence
(upper trace) and In the presence (lower trace) of
phentolamine on the guinea-pig pulmonary artery,
Tr!’eoneumaﬂom are molar. Phentolamine 1.4 x
10 "M was added at P

T wr wl
o0 ComCimination | M1

Fig. 2. Guinea Pig pulmonary artery. Cumulative
concentration-respnse curves for noradrenaline (o)
phenylephrine (), histamine { @ ), and dopamine
(a). Each point is the Mean * s.e. of 4 observations.

If the puimonary vessels have a pre-
dominantly «-adrenoceptor population, the
sympathomimetic bronchodilator drugs
would either be without effect or have a
vasoconstrictor effect on the pulmonary
compliance since pulmonary vasoconstric-
tion results in overall lung compliance.

The presence of an overwhelming pro-
portion of o -adrenoceptors in the
pulmonary vessels would be inconsistent
with the mechanism by which symptho-
mimetic bronchodilators increase
pulmonary compiiance if puimonary vascu-
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lar pressure ived (which is not uniikely)
in alterations pf lung compiiance, Species
differences

also be a contributory factor

-
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g pPUimonary anery. Lumuiative

and in the of
phentolamine 1.4lk 10 (4). 1.4x10'M (=),
and 1,4x 10 ].Enchpolntbmemng se
of 4 observations

esponse curves for phenylephrine
i @ and in the pre?ence of
10°M(4a) 1.4x10'M (=),

phantolamin%i.d.

and 1,4 x 10 °M (P). Each point is the Mean + s.e.
of 4 cbservations. &

in of adrenoceptors in the
vesels. For example, the
tolamine against noradre-
naline in this experiment was quite high
[8.10] compared with the pA2 value for the
same agonist-antagonist pair, 6.18, on the
rabbit puimonary artery [Starke et al., 9].
Published evidence suggests that the
pulmonary circulation in most intact animals
behaves as though it is devoid of 8-adreno-
ceptor sites (Rudolph & Scarpelli, 10;
Stahlinger, Turnheim, Kraupp & Raberger,
11; Turnheim, Stuhiinger & Kraupp, 12).
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However, Somlyo & Woo (13) observed a
@-adrenoceptor mediated auto-inhibition of
the effects of noradrenaline in‘avian pulmon-
ary artery.

REFERENCES -
1 Daty. M J &Thomas. G. The effect of
bronchodilators upen puimonary resistance and
compliance in the anaesthetised guinea-pig.
iournai of Pharmacy and Pharmacology, Vol. 26,
551-552, 1974. i
2 West. J.B. Blood Flow; How gaiis removed from
+he Lung by the blood. In ‘Respiratory Physiology s
op. 35-50 The Wilieme & Wiliamg Company,
acimore, 1974 4
3. Okpako, D.T. The actions of hiﬁm‘nine and
prostaglandins F2 and Ez on pumonary vascular
resistance of the guinee-pig. Joufnal of Pharmacy
and Pharmocology, Voi. 24, 40-48, 1672.
4 Lewis, A.J. Some observationsfon the pulmonary
artery of the guinea-pig. Journalbf Pharmacy and
Pharmacology, Vol.25, 166- 167, 1973.
5. Weiner, N. & Taytor, P. Neurohumral
transmission. The autonomic and somatic motor
nervous system. In Goodman and Gilman's The
Pharmacological Basis of Therlipeutics’ (7th ed).
Goodman liman, A.. Goodman, LS., Rall, TW. &
Murad, I (edit), p. 72, Macmillan Publisiing Co.,
New York, Toronto and Londor; 1985.
6. Fleisch, J.H., Mailing, .M. & Brodie, £.8.
Evidencefor existence of alph: renergic
- receptors in the mammalian i dchea American
Journal of Physiolugy,vol,m 1595-599. 1970.

Pharmacy

7. Atura. B.M. & Altura, B.T. Heterogeneity of drug
receptors in differet segments of rabbit thoracic
aorta European Journal of Pharmacology, Vol. 12,
4452, 1970,

8. Bohr, D.F. Adrenergic receptors in coronary
arteries. Annals of the New York Academy of
Sciences, Vol, 138, 799-807, 1967,

g, Starke, K., Endo, T. & Taube, H.O. Relative pre-
and post-synaptic potencies of -adrenoceptor
agonists in the rabbit pulmonary artery.
Naunun-Schmelderg's Archlv fiir Experimentelie
Pathologie und Pharmakologie, Vol. 291, 55-78,
1975.

10. Rudolph, AM. & Scarpsll, E.M. Drug action on
pulmonary circulation of unanaesthetised dogs.
America Journal of Physiology, Vol. 208, 1201-1208,
1964.

11, Stuhlinger, W., Turnheim, K., Kraupp. 0.&
Raberger, G. The effects of an intravennous
infusion of norepinephrine on pulmonary and
systemic haemodynamics with and without
propranoiol treatment in dogs. European Journal of
Pharmocology. Vol. 10., 34-44, 1970.

12. Turnheim, K., Sthilinger, W. & Kraupp, O.
Haemodynamic effect of isoproterenol on the
pulmonary and systemic circulation in dogs.
PﬂugersArchiv.Vol.azz.am—aaa. 18971.

13. Somlyo, A.P., & Woo,C. B-adrenergic
auto-inhibition of the effects of noradrenaline on
avian pulmonary artery. Journal of Pharmacology,
Vol. 18, 58-80, 18867.

/

.

SN =

151

JOURNAL OF THE UNIVERSITY OF SCIENCE AND TECHNOLOGY

Vol. 9No. 3 October 1969



