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Abstract—It has been known that calcium antagonists also inhibit the radioligand binding to muscarinic and
a-adrenergic receptors and, in case of verapamil, these inhibitions may play a role in the effects of verapamil
on the heart. In this study, the effects of nicardipine, nifedipine, nimodipine, diltiazem and verapamil on
the binding of [*H]ldihydroalprenolol (DHA) to dog cardiac f-adrenergic receptors were examined. A single
uniform [*H]DHA binding site (Kp=>5nM and B,,..= 2600 fmol/mg protein) was identified in dog cardiac sarco-
lemma. [*(H]DHA binding was not affected by the usual therapeutic concentrations of these calcium antagonists
(nanomolar range) but in the “nonspecific’ concentration ranges (28~ 180 M) these drugs inhibited [*HIDHA
binding to B-adrenergic receptors. Nicardipine, nifedipine, nimodipine and diltiazem competed for [*HJDHA
binding to f-adrenergic receptors with dissociation constants (K;) of 28 uM, 74 uM, 39 uM and 35 uM, respecti-
vely. Verapamil (K;=176.5 uM) was less potent inhibitor than other drugs and this inhibition was noncompeti-
tive; the maximal binding capacity (B,..) was decreased by 300 uM verapamil without change in the apparent
dissociation constant (Kp) for DHA. These results indicate that the inhibitory action of calcium antagonists
at high concentrations on B-adrenergic receptors is not involved in the therapeutic effect§ of these drugs

by the calcium channel blocking action.
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Table I [*H]Ouabain equilibrium binding to homogenate
and sarcolemmal fraction prepared from dog ventricle

[®*H]Ouabain binding

(pmol/mg)
Homogenate 42+ 0.2
Sarcolemma 185.0+ 22.1
Purification(fold) 441t 74

[®*H]Ouabain equilibrium binding was carried out in medium co-
ntaining 50 mM Tris- Cl(pH 7.4), 5 mM MgCl,, 5 mM Tris-Pi, 5X
107 M [*H]ouabain, and 100 ug of homogenate or 20 ug of sar-
colemmal protein for 90 min at 37C. The data represent the
meant SEM of four different preparations.
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Fig. 1. Time course of [*H]DHA binding to dog ventricular
sarcolemma. Sarcolemmal protein (25 ug) was incubated with
1Xx1073M [*HIDHA at 30T in the presence of 50 mM Tris-
Cl and 10 mM MgCl, in a final volume of 0.25m/ and the
reaction terminated at the given time intervals by rapid va-
cuum filtration.
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Fig. 2. A saturation isotherm of [*H]DHA binding to dog
ventricular sarcolemma. Sarcolemmal- protein (25 ug) was in-
cubated with various concentrations of [*H]DHA for 20 min
at 30T . Specific binding (O) was calculated as the difference
in counts bound in the presence and absence of 107*M alp-
renolol.
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Fig. 3. Scatchard(A) and Hill plots(B) of specific [*HJDHA binding. B: equilibrium [*HJDHA binding at a given concentration
of [*H]DHA. B,..: binding site concentration. F: free [*H]DHA concentration.

Table 1. The binding parameters of [*H]DHA to dog ventri-
cular sarcolemma

Kp (nM)
5.14+0.39,

Kp and ém were calculated from Scatchard analysis and Hill
coefficient (nH) was from Hill plot. Values are the meant SEM
of four separate preparations.

nH
1.05+0.02

B,..: (fmol/mg)
2,633+ 138.1
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Fig. 4. Inhibition of [*HJDHA binding to dog ventricular
sarcolemma by dihydropyridines. Sarcolemma were in¢uba-
ted with 10nM [*HIDHA and various concentrations of dihy-
dropyridines for 20 min at 30C and the specific [*H]DHA
binding determined as described in “Methods”. A: nicardi-
pine. O: nifedipine. O: nimodipine. Each point shown denotes
mean of the data obtained in three separate experiments.
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Fig. 5. Inhibition of [*HIDHA binding to dog ventricualr
sarcolemma by diltiazem (0) and verapamil (0). Legends
are the same as described in Fig. 4.
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Fig. 6. Saturation experiments of [*H]DHA binding in the
absence or presence of Ca®*-antagonist. Sarcolemmal protein
was incubated with various concentrations of [*H]JDHA for
20 min at 30C. The incubations were performed in parallel
in the absence (®) or presence of nicardipine (60 uM, 4)
or verapamil (600 uM, 0). Each point denotes mean of four
separate experiments.
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Fig. 7. Scatchard(A) and Hill plots(B) of saturation binding data. ®: control. A: in the presence of 60 uM nicardipine. D:
in the presence of 600 uM verapamil. Other legends are the same as described in Fig. 6.
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Table III. Effect of Ca®" antagonists on the binding parame-
ters of [H]DHA to dog ventricular sarcolemma

Dose K» B nH
M) nM) (fmol/mg)
Control - 51104 2633+ 138 1.05+0.02
Nicardipine 60 9.6+ 0.3* 2854+ 111 1.05+ 0.02
Nifedipine 200 102+ 0.8* 2427+ 154 1.12+0.04
Nimodipine 100 95+ 0.4% 2442+ 176 1.13%+0.03
Diltiazem 100 11.8+0.7* 2433+ 91 0.95% 0.05
Verapamil 300 6.2t 0.5 1909+ 120*  1.07+0.04
600 10.8+0.5* 1392+ 91* 1.03+0.02

Kp and B, were calculated from Scatchard analysis. Hill coeffi-
cients (nH) were taken as the slope of the regression line obtai-
ned from Hill plot of saturation binding data. Values are the
meant SEM of four separate experiments.

*: Statistically significant from control (p<0.01).

Table IV. K, values of Ca?* antagonists for the inhibition
of [*H]DHA binding to dog ventricular sarcolemma

ICs" (uM) K (uM) n’
Nicardipine 82.6% 7.0 280t 24 3
Nifedipine 2183t 64 740+ 2.2 3
Nimodipine 114.6+14.2 387t 4.8 4
Diltiazem 103.1+ 30.7 35.0+10.2 4
Verapamil 520.5%£ 54.6 176.5+ 18.3 3

1’ Concentration of Ca®* antagonlsts which inhibited 50% of the
spec1f1c [*HJDHA binding in the presence of 10 nM [*H]DHA.
¢Calculated from K;= ICqp/(1+ F/Kp).

‘Number of independerit determinations.
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