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Chronotropic responses of rabbit isolated atria to P-adrenoceptor 
agonists are mediated by only P1-adrenoceptors 
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Pharmacology, University of Queensland, St Lucia. Brisbane. 4067 Australia 

When Lands et al (1967a, b) suggested that P-adreno- 
ceptors could be subdivided into PI-  and P,-sub-types, 
they studied a range of tissues and preparations, one of 
which was rabbit isolated heart, both chronotropic and 
inotropic responses being examined. On the basis of 
their results on rabbit heart, cardiac responses in 
general were assigned to the group of responses said to 
be mediated by PI-adrenoceptors. It is now known from 
radioligand binding studies that pl- and P2- 
adrenoceptors can co-exist in a single tissue and both P1- 
and f3,-adrenoceptor binding sites have been found in 
rat heart (Minneman et al1979b) and guinea-pig and cat 
atria (Hedberg et al 1980). In cat atria, chronotropic 
responses to sympathomimetic amines are mediated by 
both of these sub-types (O’Donnell & Wanstall 1979a), 
but in rat atria only the 6,-adrenoceptors are involved 
(Bryan et al 1981). Guinea-pig atrial results are still 
controversial, in that Kaumann et al (1978) and Hayes 
et al (1982) have suggested that a minor p2- 
adrenoceptor population may be involved in the chro- 
notropic response of the atria to salbutamol, whereas 
other authors (O’Donnell & Wanstall 1979a, 1981a; 
Zaagsma et all979; Broadley & Hawthorn 1983) found 
no evidence for the involvement of P,-adrenoceptors in 
responses to noradrenaline, fenoterol, adrenaline or 
isoprenaline. In light of the above species differences, 
this study was designed to determine whether the 
chronotropic response of rabbit atria was mediated by a 
homogeneous (P1 only) or heterogeneous (P1 plus Pz) 
0-adrenoceptor population. 

Materials and methods 
Rabbits of either sex (6-12 weeks old, 1-2 kg) were 
pretreated with reserpine (1 mg kg-1 18 h before 
use) to minimize possible complications from the 
release of endogenous catecholamines. Rabbits were 
killed by a blow to the back of the neck and the hearts 
immediately excised. Spontaneously beating prepara- 
tions were set up for recording atrial rate as described by 
O’Donnell & Wanstall (1979b) for guinea-pig atria. 
Preparations were treated with phenoxybenzamine 
(50 VM for 30 min followed by thorough washing in 
phenoxybenzamine-free Krebs solution) to block a-ad- 
renoceptors, neuronal uptake and extraneuronal 
uptake. After an initial exposure of the preparation to a 
supramaximal concentration of either isoprenaline or 
noradrenaline, cumulative concentration-response 

curves to noradrenaline or fenoterol were obtained in 
the absence and presence of increasing concentrations 
of a P-adrenoceptor antagonist (atenolol or ICI 
118,551), using a contact time of 60 min. EC50 values 
(concentration of agonist giving 50% of the maximum 
response in that particular concentration-response 
curve) were obtained and used to calculate values for 
concentration ratio (CR, i.e. EC50 antagonist present, 
divided by EC50 antagonist absent). In a separate series 
of experiments it was shown that there was no change in 
sensitivity of the tissues to the agonists with time or 
pre-exposure to the agonists and therefore no correc- 
tion of the CR values was necessary. CR values were 
used to obtain plots of log (CR-1) vs log molar 
concentration of antagonist [B] as described by O’Don- 
nell & Wanstall (1979b). These plots are a modification 
of the plot proposed by Arunlakshana & Schild (1959) 
for the determination of PA, values, and, for conve- 
nience, are referred to as Schild plots. The slopes of the 
Schild plots were not significantly different from 1.0 and 
therefore pA2 values were calculated from the equation 
pA2 = log (C R- 1) - log [B]. A mean PA, for each 
atrial preparation was obtained and these were used to 
calculate a mean pA2 k s.e. from preparations from a 
number of animals. 

In preparations from 4 more rabbits, cumulative 
concentration-response curves to procaterol were 
obtained (concentration range 1 nM to 100 WM, 2-fold 
increments). 

The effect of corticosterone on isoprenaline 
responses was determined by obtaining concentration- 
response curves to isoprenaline in the absence and 
presence of one or two increasing concentrations of 
corticosterone. Potentiation was expressed, in log units, 
as the difference between the isoprenaline negative 
log EC50 values in the presence and absence of 
corticosterone respectively. 

Drugs and solufions used: Atenolol (ICI); cortico- 
sterone (Sigma); (t )-fenoterol hydrobromide (Boehr- 
inger Ingelheim); ICI 118,551 (erythro-m- 
1(7-methylindan-4-yloxy)-3-isopropylaminobutan-2-01, 
ICI); (?)-isoprenaline sulphate (Sigma); (-)- 
noradrenaline acid tartrate (Sigma); phenoxybenzam- 
ine hydrochloride (Smith Kline and French); procaterol 
(Warner-Lambert); reserpine (Serpasil ampoules, 
Ciba). Stock solutions (10, 50 or 100 mM) of fenoterol, 
isoprenaline, noradrenaline and ICI 118,551 were made 
up in 10 mM HCI, of atenolol in deionized water, of * Correspondence. 
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gorticosterone in absolute ethanol and of phenoxyben- 
zamine in absolute ethanol containing 10 mM HC1. A 
10 mM solution of procaterol was made up in Krebs 
solution immediately before use. Dilutions of all drugs 
were made in Krebs solution and kept ice-cold through- 
Out the experiment. 

The composition of the Krebs solution was (mM): 
NaCll l4 ,  KCI 4.7, CaCI, 2.5, KH2P04 1.2, MgS04 1.2, 
NaHCO3 25, glucose 11.7, ascorbic acid 1.1. 

Statistical analyses 
me significance of any deviation from unity of the 
slopes of the Schild plots has been calculated according 
to the methods described in Snedecor & Cochran 
(1967). Mean pA2 values have been expressed together 
with their standard errors (s.e.). PA, values have been 
compared using Student’s r-test. The significance of any 
potentiation of isoprenaline by corticosterone was 
obtained using a paired t-test. 

Results and discussion 
SchilJ plots for the pl-selective antagonist, atenolol, 
and the P2-selective antagonist ICI 118,551, using two 
agonists of opposite selectivity, viz noradrenaline (P1- 
selective) and fenoterol (j32-selective) are shown in Fig. 
1. The pA2 values calculated from the data used to 
obtain these Schild plots were: atenolol, noradrenaline 
as agonist, 7.12 t 0.09 (n = 6), fenoterol as agonist, 
7.18 f 0.08 (n = 7); ICI 118,551, noradrenaline as 
agonist, 6.82 f. 0.12 (n = 4), fenoterol as agonist 6.89 k 
0.08 (n = 5). For each of the antagonists the Schild plots 
obtained when using the two different agonists were 
superimposed. The pA2 value with noradrenaline as 
agonist was not significantly different from that with 
fenoterol as agonist (P > 0.05, Student’s t-test). The 
lack of separation of the Schild plots provided evidence 
(O’Donnell & Wanstall 1981a) that only a single 
population of P-adrenoceptors was involved in the 
chronotropic response of rabbit atria. In tissues in which 
responses are mediated by a mixed population of 
P-adrenoceptors, the Schild plots for either of these two 
selective antagonists, using noradrenaline and fenoterol 
as agonists were not superimposed, e.g. cat trachea and 
cat atria (O’Donnell & Wanstall 1979a, 1983), guinea- 
pig trachea (O’Donnell & Wanstall 1979b, 1980), rat 
pulmonary artery (O’Donnell & Wanstall 1981b). 

The pA2 values indicated that the single P-adrenocep- 
tor sub-type involved was P I ,  in accordance with the 
classification of Lands et al (1967b), since these pA2 
values were the same as those obtained for these two 
antagonists on PI-adrenoceptors but were different 
from their pA2 values on P2-adrenoceptors (refer 
O’Donnell & Wanstall 1979b. 1980). This was confir- 
med by the relative potencies of isoprenaline : noradre- 
naline : fenoterol which were 100: 9.3 : 3.5, i.e. noradre- 
naline was more potent than fenoterol. This is charac- 
teristic of tissues containing P,-adrenoceptors. If the 
receptors had been 0,-adrenoceptors fenoterol would 

have been expected to be more potent than noradrenal- 
ine . 

To confirm that no P2-adrenoceptors were involved in 
the chronotropic response of rabbit atria, the effects of 
the P2-selective agonist, procaterol, were examined. 
Using this drug, Hedberg & Mattsson (1981) recently 
demonstrated the involvement of P,-adrenoceptors in 
responses of cat papillary muscle, a tissue in which the 
P2-adrenoceptor population had previously been shown 
to be as little as 2% of the total P-adrenoceptor 
population (Hedberg et al 1980). No responses were 
obtained to procaterol in rabbit atria at concentrations 
considered to activate P2-adrenoceptors (i.e. 1 nM to 
1 VM). Small responses were obtained in concentrations 
thought to activate P,-adrenoceptors (i.e. 1 to 100 WM), 
but the mean maximum response to procaterol was only 
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FIG. 1. Schild plots for atenolol (A) and ICI 118,551 (B) on 
rabbit isolated atria (chronotropic responses) using feno- 
terol (- - -) or noradrenaline (-) as agonist. The plots 
represent the calculated lines of best fi t  through the 
combined data from a number of animals. The vertical bars 
represent the s.e. of the estimated values of log (CR - 1) at 
points corresponding to the antagonist concentrations used. 
The slopes of the Schild plots were: atenolol, noradrenaline 
as agonist 1.15 f 0.10 (12 data oints, 6 animals) fenoterol 
as agonist 1.18 f 0.12(12,7); 181 118,551, noradrenaline as 
a onist 1.05 f 0.17 (8, 4), fenoterol as agonist 1.14 f 0.13 8, 5 ) .  
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19.5 k 2.2% (n = 4) of the maximum response to 
isoprenaline. These data supported the conclusion that 
there are no pharmacologically detectable Pz- 
adrenoceptors contributing to the chronotropic 
response of rabbit atria, and also suggested that the 
overall 6,-adrenoceptor population is small, when 
compared with that of cat papillary muscle, in which the 
maximum response to procaterol was 92% of the 
isoprenaline maximum (Hedberg & Mattsson 1981). 

Thus with respect t o  the nature of the P-adrenoceptor 
population mediating the chronotropic response, rabbit 
resembled rat (p,-only) but differed from cat (PI  plus 
Pz). We therefore determined whether chronotropic 
responses to isoprenaline in rabbit atria were modulated 
by extraneuronal uptake, since this is another way in 
which rat has been shown to differ from cat (Bryan et  al 
1981). In rat and guinea-pig, chronotropic responses to 
isoprenaline were not potentiated by inhibitors of 
extraneuronal uptake (Woppel & Trendelenburg 1973; 
Goldie 1976; Bryan et  al 1981), as they were in the cat 
(Kaumann 1972; Goldie 1976). Corticosterone 10 and 
50 PM, concentrations which have been shown to 
potentiate isoprenaline responses in cat trachea 
(O’Donnell & Wanstall 1983), caused no significant 
change in sensitivity of rabbit atria to isoprenaline. The 
mean differences between negative log EC50 values in 
the presence and absence of corticosterone were 10 KM, 
0.01 f 0.04 (n = 4) log units and 50 PM, -0.12 * 0.15 (n 
= 4) log units ( P  > 0.05, paired t-test). Thus it appears 
that responses of rabbit atria, as those of guinea-pig and 
rat atria, are not affected by extraneuronal uptake, and 
this is in keeping with the apparent inability of rabbit 
myocardial cells to accumulate catecholamines (de la 
Lande e t  al 1974; Bryan & O’Donnell, unpublished 
observations). 

The data obtained on  rabbit atria support the view 
that, although responses of many tissues are now known 
to be mediated by a mixed population of both Pi- and 
P,-adrenoceptors, there are some tissues in which only 
one P-adrenoceptor sub-type seems to be involved 
(O’Donnell & Wanstall 1979a). This view is in agree- 
ment with observations from radioligand binding stu- 
dies (Minneman et  al 1979a). The reason why some 
tissues have a mixed P-adrenoceptor population while 
others do  not is still not resolved. The hypothesis that 
Pi-adrenoceptors may be innervated receptors, and that 
6,-adrenoceptors may be  hormonal receptors, possibly 
more closely associated with extraneuronal uptake 
(refer Bryan et  al 1981) is an attractive hypothesis, and 
the data obtained on rabbit atria (an adrenergically 
innervated tissue in which responses are mediated only 
by P,-adrenoceptors and in which responses to isopre- 
naline are not potentiated by the extraneuronal uptake 
inhibitor, corticosterone) are compatible with this 
hypothesis. In contrast, there are data on other tissues 
which do  not appear t o  support the hypothesis. For 
example, rat pulmonary artery (Wanstall & O’Donnell 
1982) and rat jugular vein (Cohen & Wiley 1978; Cohen 

et al 1979), both contain 0,-adrenoceptors but little or 
no adrenergic innervation. 
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