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SUMMARY

TKACHUK, V. A., AND M. WoLLEMANN. The effect of alprenolol on the beta-receptor
and adenylate cyclase activity in rabbit heart membranes. Mol. Pharmacol. 20:224-

226 (1981).

Incubation of rabbit heart membranes at 37° with 10~ m alprenolol significantly increased
the number of beta-receptor binding sites but did not change the adenylate cyclase
activity. In the presence of guanine nucleotides, the effect of alprenolol incubation on the
beta-receptor was enhanced. When the incubation was carried out at 4°, the alprenolol

effect was lost.

In recent years, several studies have attempted to
elucidate the molecular mechanism by which hormone
agonists regulate the adenylate cyclase coupled to beta-
receptors. It has been established that, when frog eryth-
rocytes are incubated with beta-adrenergic agonists, a
diminution of the maximal rate of isoproterenol-stimu-
lated adenylate cyclase activity and a simultaneous de-
crease in the number of beta-receptors occurs (1) in the
absence of guanine nucleotides. The addition of guanine
nucleotides in high concentrations decreases the binding
affinity of agonists, but not antagonists, to the beta-
receptor (2, 3).

It has been demonstrated recently that turkey reticu-
locytes exposed to propranolol show an increase in the
number of beta-receptors (4). On the other hand, a de-
crease of beta-receptors has been observed in adipocyte
membranes after incubation with antagonists (5). Gua-
nine nucleotides did not prevent the antagonist-induced
decrease in the number of the receptors.

In addition, beta-adrenergic agonists are 7-70 times
more active in competing for DHA' binding sites at 4°
than at 37° in S49 lymphoma cells, whereas beta-adre-
nergic antagonists are less than 4-fold more potent at the
lower temperature (6).

The purpose of the present work was to investigate the
effects of incubation with the antagonist alprenolol on
the catecholamine-stimulated adenylate cyclase activity
and on the quantity of beta-adrenergic receptor binding
sites in rabbit heart membranes.

' The abbreviations used are: DHA, dihydroalprenolol; Gpp(NH)p,
5’-guanylylimidodiphosphate.
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(—)-Alprenolol was obtained from A. B. Hassle (Gote-
borg, Sweden), (*)-propranolol was obtained from Im-
perial Chemical Industries, Ltd. (Wilmslow, Cheshire,
England), and all other fine chemicals were obtained
from Sigma Chemical Company (St. Louis, Mo.). (—)-
[*H]Dihydroalprenolol (67 Ci/mmole) and [a-*P]JATP
(29 Ci/mmole) were obtained from New England Nuclear
Corporation (Boston, Mass.).

Plasma membranes were prepared from New Zealand
White rabbit ventricles as described elsewhere (7). Bind-
ing assay was performed in triplicate with aliquots of
membranes containing 140 ug of protein in a volume of
500 ul containing 75 mm Tris-HCI] buffer, pH 7.5, 25 mm
MgCly, and 1-20 nm [PH]DHA incubated at 37° for 10
min. Nonspecific binding was determined in the presence
of 10 uM propranolol, according to the method of Lefkow-
itz et al. (8). Samples were filtered under vacuum on
Whatman GF/C paper discs and washed four times with
5 ml of MgCl,-containing buffer solution. The radioactiv-
ity of the dried filters was counted in a Nuclear Chicago
Isocap liquid scintillation spectrometer.

The assay mixture for adenylate cyclase contained, in
a final volume of 50 pl, 0.25 mm [a-**P]JATP (10° cpm), 5
mM MgCl,, 1 mm cyclic AMP, 25 mm Tris-HCI buffer
(pH 7.5), 5 mM phosphoenolpyruvate, 25 ug of pyruvate
kinase, and 87 ug of protein. Incubation was carried out
at 37° for 20 min and was linear with time in the presence
and absence of guanine nucleotides. Cyclic AMP was
determined according to the method of White (9). All
values represent the mean of three samples.

Plasma membranes were incubated with 10~ M alpren-
olol at a given temperature for 10, 20, or 60 min. After
incubation, the membranes were washed three or four
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Fi16. 1. Scatchard plot of rabbit heart membrane preparation incubated with (®) or without (O) 10~> M alprenolol at 33° for 20 min, washed

four times with 25 m M Tris-HC! buffer (pH 7.5) containing 5 m M MgCl,,

and centrifuged at room temperature at 18,000 X g

The inset shows the saturation curve of the control and alprenolol-treated membranes. The K, for [’H]DHA estimated irom Scatchard and

Lineweaver-Burk plots, both with and without incubation with alprenolol

times with 25 mm Tris buffer, pH 7.5, containing 5 mm
MgCl,, and centrifuged after each washing at 18,000 X g
at room temperature. Protein determinations (10) were
made after the incubation and washing. )

Figure 1 and Table 1 show the effect of alprenolol
incubation on the [P’H]DHA-binding and adenylate cy-
clase activity of rabbit heart membranes. The incubation
enhanced the number of beta-receptors from 0.55 to 0.94
pmole/mg of protein, but did not change the adenylate
cyclase activity significantly. During the incubation with
buffer, there was no loss of [P(HJDHA binding sites: 0.48
+ 0.05 pmole of [’H]DHA bound per milligram of protein
before incubation, and 0.52 + 0.04 after 20 min of incu-
bation (mean of three experiments). Incubation with 10~°

TABLE 1

Effect of incubation with alprenolol (alpr) on the activity of
adenylate cyclase of rabbit heart membrane
Results are the mean + standard error of the mean of three incu-
bation samples in one representative experiment. Every experiment
was performed at least three times in different membrane preparations.
Incubations were carried out for 10 min at 37° and the preparations
were washed three times at 20°. Iso, isoproterenol.

Incubation Incubation
with buffer with 107° M
alpr
pmoles cyclic AMP/mg
protein/min
Basal 462 + 2.1 450+ 1.4
Iso, 107* M 55.2 + 1.7 56.0 £ 2.0
Alpr, 107° M 453 £ 2.2 473 £ 28
Iso + alpr 32.0 + 1.4 28.6 £ 1.2
Gpp(NH)p, 107* M 196 + 8 186 + 7
Gpp(NH)p + iso 292 + 16 276 + 8
Gpp(NH)p + alpr 201 £3 203 + 10
Gpp(NH)p + iso + alpr 141+ 6 137+ 7

, was 5.7 nM.

M propranolol had the same effect as alprenolol (data not
shown). Both drugs are classified as pure antagonists not
having any agonist action (11).

Incubation of the membranes with a guanine nucleo-
tide [either GTP or Gpp(NH)p] did not alter the number
of beta-receptors, but incubation with alprenolol + gua-
nine nucleotide enhanced the number of receptors even
more than did alprenolol alone (Table 2).

Incubation with 10~ M isoproterenol under the same
conditions as with alprenolol decreased by 50% the spe-
cific binding of [’HJDHA. When incubation with alpren-
olol, or with isoproterenol, was carried out at 4°, there
was no significant effect of the incubation on the binding
of [’'H]DHA (data not shown).

The results of our experiments and of those published

TABLE 2

Effect of alprenolol and guanine nucleotide incubation on
DHA binding

Membranes were incubated in 1-ml solutions containing 24 mMm
MgCl:-75 mm Tris-HCI (pH 7.5) for 20 min at 37° and were washed
four times with 2 ml of the same buffer at 20°. For measurement of
DHA-binding, 190-228 ug of protein were used. Incubation was carried
out at 37° for 10 min in 0.5 ml of solution (25 mm MgCl,-75 mM Tris-
HCI (pH 7.5) with 10 nM ["H]DHA + 2 x 10°® M propranolol. Each
value shown is the mean + standard error of the mean of three separate
experiments.

Addition during incubation [*H]DHA bound
Buffer 0.465 + 0.020
Alprenolol, 107° M 0.797 + 0.086
GTP,10*m 0.481 + 0.045
GTP + alprenolol 1.107 £ 0.044
Gpp(NH)p, 107* M 0.445 + 0.048
Gpp(NH)p + alprenolol 1.018 + 0.109
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in the literature (2-6) can be explained on the basis of
transformation of beta-receptors in the presence of ago-
nists or antagonists. Different phenomena are observed
using antagonists or agonists during incubation: antago-
nists increase binding sites at 37°, but not at 4°. Guanine
nucleotides increased the effect of antagonist during in-
cubation (Table 2), but decreased the binding of agonists
(12). These results are consistent with the data of Hanski
and Levitzki (4) but at variance with the results published
by Guidicelli and Agli (5).

It is somewhat surprising that a lower cyclase activity
was exhibited by the heart membranes in the presence of
isoproterenol + alprenolol than was exhibited in the
presence of alprenolol alone, and that a lower cyclase
activity was exhibited by the heart membranes in the
presence of isoproterenol + alprenolol + Gpp(NH)p than
was exhibited in the presence of alprenolol + Gpp(NH)p.
One possible explanation for these differences is that
isoproterenol at the high concentration used (10™* M) has
an inhibitory action on the cyclase as well as the stimu-
latory action mediated through the beta-receptor. Al-
prenolol, by selectively blocking the beta-receptor, would
reveal the inhibitory action. Further research is required
to provide evidence for this postulated inhibitory action
of isoproterenol.

According to the model of Limbird et al. (13), there
are differences in states of receptors. They are trans-
formed under the action of antagonists and agonists. It
can be explained that in the presence of agonist the
receptor forms a complex with the guanyl nucleotide-
binding protein and that in the presence of antagonists
such a complex is not formed (13). Data given by the
present work demonstrate that guanyl nucleotides influ-
ence not only the effects of agonists (12) but also the
effects of antagonists; moreover, in the last case a very
clear synergism is shown (Table 2).

The facts that the incubation of membranes with the
antagonist increases the quantity of binding sites for
[PHIDHA (Fig. 1) and that guanyl nucleotides, which
decrease the affinity of receptors for the agonists, poten-
tiate the effect of the antagonist (Table 2) allow us to
suppose that in the rabbit myocardial membranes some
of the beta-adrenergic receptors are desensitized toward
catecholamines.

In the present work, data are given concerning the
increase in the quantity of beta-adrenergic receptors as
the result of the incubation of membranes with alpreno-
lol. This can be considered the resensitization of recep-
tors for catecholamines in vitro. This process is temper-
ature-dependent, it is increased in the presence of guanyl
nucleotides (Table 2), and it does not affect the activity
and regulatory properties of adenylate cyclase (Table 1).
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