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Abstract-The binding properties of an hydrophilic Badrenergic receptor radio&and, (-)[‘H](4-(3- 
tert-butylamino-2-hydroxypropoxy)-benzimidazolo-2-one); ([3H]CGP-12177), were investigated in rat 
skeletal muscle cells in culture. The binding of [‘H]CGP-12177 at 25” was saturable, reversible and of 
high affinity (& = 1.3 2 0.3 nM). The maximal number of [3H]CGP-12177 binding sites was 
30.6 f 3.2 fmol/dish (34 ? 3.5 fmol/mg protein). BAdrenergic agonists and antagonists inhibited 
[3H]CGP-12177 binding. The competing ligand inhibition binding is a typical one for &adrenoceptors. 
The increase in &adrenoceptors was independent of cell fusion. Amiodarone (10m5 M) decreased the 
@adrenoceptor number in skeletal muscle cells differentiated in vifro by 48%, while the affinity for 
(3H]CGP-12177 was not affected. 

Catecholamines have long been known to act on 
skeletal muscle and to modify its response to both 
direct and indirect (nerve) stimulation. These bio- 
genie amines affect biochemical and physiological 
properties of the muscle [l, 21. The interaction of 
adrenoceptors with their ligands and the mechanism 
underlying the resulting changes in cellular activities 
provide important areas of research for the under- 
standing of normal and abnormal cell function. 
Therefore, the aim of this work is to further char- 
acterize the /3-adrenoceptors of rat muscle dif- 
ferentiated in cell cultures using the hydrophilic /3- 
antagonist radioligand, [3H]CGP-12177* [3]. Ami- 
odarone has been shown to antagonize the effects of 
catecholamines but the mechanism of this action 
is unknown [4,5]. In the present investigation we 
evaluated the effects of amiodarone on the amount 
of padrenoceptors. In view of discrepant reports in 
the literature on the number of adrenoceptors in 
myogenic cells [6,7], it was also pertinent to correlate 
the level of the receptors with myogenesis. 

MATERIALS AND METHODS 

Preparation of cultures. Skeletal muscle cell cul- 
tures were prepared from thigh muscles of I-2-day- 
old rats as already described [8,9]. The limbs were 
removed, washed in phosphate-buffered saline 
(PBS) to remove excess blood cells, and then trans- 
ferred to a Ca-free, 0.25% trypsin solution con- 
taining EDTA (1 mM) for incubation with 
continuous stirring at 37”. Cells were collected after 
serial trypsinizations (successive 10 min periods) 
until all tissue was dispersed, and then centrifuged 
for 5 min at 500g. Pellets were resuspended in 

* Abbreviations: [3H]CGP-12177, (-)[3H](4-(3-tert- 
butylamino - 2 - hydroxypropoxy) - benzimidazolo - 2 -one); 
EGTA, ethylene glycol-bis (/I-aminoethyl ether) 
N,N,N’,N’-tetraacetic acid; alp, alprenolol; prop, pro- 
pranolol; isop, isoproterenol; meto, metoprolol; clenb, 
clenbuterol. 

growth medium and preplated for 20-30 min to 
reduce the number of fibroblasts. The supernatant 
was collected and the remaining myoblasts were 
diluted with growth medium to a concentration of 
0.8 x lo6 cells/ml for plating in 35 mm collagen- 
coated plastic tissue culture dishes (Nunc, Roskilde, 
Denmark, 1.5 ml/dish). Cultures were grown in a 
water-saturated atmosphere of 90% air, 10% CO2 
at 37”. The composition of the growth medium was 
as follows: Dulbecco’s Minimal Essential Medium 
(Gibco, Uxbridge, U.K.), 83%; horse serum 
(Biolab, Jerusalem, Israel), 15%; chick embryo 
extract, 2%. Unless otherwise indicated, experi- 
ments were done on cultures of 6-10 days in vitro 
(DIV). 

Ligand binding. Intact cells were incubated at 
room temperature (22-25”) for 45 min, with various 
concentrations of [3H]CGP-12177, in PBS, pH 7.4. 
Incubation was stopped by rinsing the cells 10 times 
with cold (4-10”) PBS. The cells were solubilized 
with 0.3 mL Triton X-100 (1%) and radioactivity 
determined by scintillation counting. Non-specific 
binding of [3H]CGP-12177 was defined as the amount 
of radioactivity remaining after incubation with L- 

alprenolol (10T4 M). Specific [3H]CGP-12177 bind- 
ing was calculated as the total radioactivity bound 
minus the non-specific binding (less than 20%). For 
calculation of association rate constant, /cl, specifi- 
cally bound [3H]CGP-12177 (3 nM) was determined 
as a function of time indicated in the graph. In 
dissociation of specific [3H]CGP-12177 binding 
experiment, cells were incubated at 25” with 3 nM 
[3H]CGP-12177 to equilibrium (about 45 min). At 
time zero, the binding mixture was replaced by PBS 
(1 mL) containing L-alprenolol (10m4 M). The exper- 
iment was terminated like in ligand binding method. 
From the slope of the plot, k2 was calculated. For 
competition experiments, cells were incubated in a 
mixture containing the competing drug and 
[3H]CGP-12177 at a concentration of 3 nM for 45 min 
at room temperature. In the decreased 13H]CGP- 
12177 binding experiment, cells were preincubated 
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Fig. 1. Specific binding of [3H]CGP-12177 toskeletal muscle 
cells. (A) Seven-day-old rat muscle cultures were exposed 
to the indicated concentrations of the radioligand as 
described in Materials and Methods. Specific binding was 
defined as the [3H]CGP-12177 binding displaceable by 
10m4 M L-alprenolol. Data points represent means of dupli- 
cate determinations from a representative experiment of 
sister cultures. (B) Scatchard plot of specific [3H]CGP- 
12177 binding of Fig. IA. The Kd for [)H]CGP-12177 
was 1.3 2 0.3 nM and the maximal binding capacity was 
30.6 t 3.2 fmol/dish. (The average amount of protein per 

dish was 0.9 mg.) 

Intact rat muscle cultures were incubated with 
various concentrations of [‘HICGP 12177 in the pres- 
ence or absence of alprenolol. Figure 1A shows the 
relationship between the radioligand concentrations 
and the number of specific binding sites in the cul- 
tured myotubes. The maximal saturation of the 
antagonist occurred at a concentration of 3 nM. Scat- 
chard analysis [ll] indicates that the maximum num- 
ber of binding sites is 30.6 fmol/dish (34 fmol/mg 
protein) and the Kd for [3H]CGP-12177 is 1.3 nM 
(Fig. 1B). 

Specific binding reached equilibrium levels within 
30 min at 25”. Association rate constant, calculated 
according to Engel et al. [12], was found to be k1 = 
3.6 x lO’M_’ min-’ (Fig. 2). 

with amiodarone (10e5 M) 2 hr in PBS and binding 
assay was performed during 45 min. Amiodarone- 
HCl was dissolved in 95% ethanol at a concentration 
of 10e2 M and diluted at 10m3 M in 2 x distilled water. 
The final solution was obtained by adequate dilution 
with PBS. The final concentration of ethanol in the 
dish is 0.1%. This concentration of ethanol did not 
change the [3H]CGP-12177 binding. Protein deter- 
mination was performed according to the Lowry 
method using bovine serum albumin as standard [lo]. 

The following drugs were used: L-isoproterenol, 

0 

Time (mm) 

Fig, 2. Time course of [‘H]CGP-12177 binding to skeletal 
muscle cells. (A) Seven-day-old myotubes were incubated 
in the presence or absence of 10mJ M alprenolol at 
25”. Specific binding was determined as described in 
Materials and Methods. Each point is the average of trip- 
licate sister cultures. (B) Regression line of association 
curve of Fig. 2A determined by least squares fit of log 
[R,l(L,,-x)/L,,(R,-X] at different times of the initial phase 
of a second order reaction. [R,,] and [L,,] are unoccupied 
receptor and free ligand concentrations respectively. at the 
beginning of the association reaction. and [X] equals the 
concentration of bound ligand at time 1. The association 

rate constant k, = 3.6 x 10’ M ~’ min-‘. 

DL-propranolol, L-alprenolol, epinephrine, nore- 
pinephrine, phenylephrine, DL-metOprOlOl( +)-tar- 
trate and amiodarone-HCI were obtained from the 
Sigma Chemical Co. (St Louis, MO, U.S.A.). Clen- 
buterol was a gift from J. Etlinger. (-)[“H]CGP- 
12177, sp. act. 45-55 Ci/mmol, was purchased from 
Amersham (Little Chalfont, Bucks, U.K.). 

RESULTS 

Figure 3 shows dissociation of [‘HICGP-12177 
from its binding sites that was measured as described 
in Materials and Methods. At 25” the dissociation 
rate constant k, was found to be 0.03 min-‘. At 37”, 
60% of the specifically bound [3H]CGP-12177 were 
dissociated within 30 min. The ratio k,/k, = 0.83 nM 
provides an independent measurement of the Kd for 
the interaction of [3H]CGP-12177 with its receptor, 
which is in good agreement with the values obtained 
by steady state analysis (1.3 nM). 

In order to study whether [3H]CGP-12177 is inter- 
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Fig. 3. Dissociation curve of [3H]CGP-12177 binding from 
skeletal muscle cells. (A) Reverse kinetic of dissociation 
of [3H]CGP-12177 from skeletal muscle cells (7-day-old). 
Specific binding at 25” was determined at subsequent time 
intervals after that the binding mixture was removed and 
PBS containing alprenolol (10e4 M) was added. Each value 
is the mean of duplicate determinations. (B) First order 
kinetic plot of dissociation of [-‘H]CGP-12177 binding 
shown in Fig. 3A. B = amount of [‘H]CGP-12177 bound 
at each time after dilution of the binding mixture. B(, = 
amount of [‘H]CGP-12177 bound at time 0. The dis- 

sociation constant k, = 0.03 min-‘. 

nalized by the myotubes, we used the Mahan et 
aLmethod [13] to remove the ligand from its recep- 
tors. In this method the myotubes, following ligand 
binding, were washed with acetic acid pH2.5. The 
residual radioactivity of the cells (approx. 10%) indi- 
cated the amount of internalized ligand. 

The number of adrenoceptors in rat skeletal 
muscle cells in culture increased progressively from 
the onset of cell fusion until it reached a plateau at 
maximum value, when cells became aged 6-7-day- 
old in vitro (Table 1). This pattern of receptors 
increase was unchanged when cell fusion was 
inhibited by reducing Ca*+ concentration in the 
medium (Table 1). Thus, the appearing of fi-adreno- 
ceptors is independent of muscle differentiation, con- 
firming previous finding on muscle cell lines [6]. 

Inhibition of [3H]CGP-12177 binding 

We examined effects of several adrenoceptor 
a onists 
B 

and antagonists on specific inhibition of 
[ H]CGP-12177 binding to cultured myotubes. As 

60 
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Fig. 4. Inhibition of [3H]CGP-12177 binding to skeletal 
muscle cells. Seven-day-old myotubes were incubated in 
the presence of [3H]CGP-12177 (3 nM) and increasing con- 
centrations of different drugs. After 45 min of incubations, 
at room temperature, specific binding was estimated as 
described in Materials and Methods. The results are 
expressed as the percentage of [‘HICGP-12177 specifically 
bound. Data points represent means of duplicate deter- 

minations from a representative experiment. 

shown in Fig. 4, the Bagonists, isoproterenol and 
clenbuterol and the &antagonists, alprenolol, pro- 
pranolol and metoprolol effectively competed for 
binding sites with [3H]CGP-12177. The inhibition 
constants (Ki) and 1~50 of each drug were calculated 
by the method of Cheng and Prusoff [14] (Table 2). 
In contrast, L-norepinephrine and L-epinephrine at 
concentrations of 0.1 mM, reduced [3H]CGP-12177 
binding by only 5% and 20%, respectively (not illus- 
trated). Phentolamine, a potent alpha receptor 
antagonist, did not inhibit specific binding of 
[3H]CGP-12177 even at 10m5 M, confirming previous 
results [15]. 

Decrease of CGP-12177 binding by amiodarone 

To determine whether amiodarone exerts its effect 
through /3-adrenoceptors we measured its influence 
on [3H]CGP-12177 binding (Fig. 5A). Scatchard 
analysis of this experiment shows a decrease of 
47.5% in receptor number in amiodarone-treated 
cells, without a significant change in its affinity to the 
ligand (Fig. 5B). 

DISCUSSION 

[3H]CGP-12177 has a chemical structure, similar 

Table 1. The effect of EGTA on the development of Breceptors in skeletal muscle cells 

2 
Days in culture 

3 4 6 7 

@Receptor number in 
EGTA-treated cells ( fmol/mg protein) 

/?-Receptor number in control 
non-treated cells (fmol/mg protein) 

6.0 f 0.8 11.8? 2.2 14.8 + 2.0 18.0 2 1.5 17.3 f 2.3 

7.5 2 0.9 9.5 2 1.9 13.2 ? 2.1 17.3 2 1.3 17.6 2 1.8 

EGTA (1.7mM) was added after one day in culture, to prevent ceil fusion. The results are means of triplicate 
determinations + SE. 
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Table 2. Competitive inhibition of [‘H]CGP-12177 by p- 
adrenergic agonists and antagonists 

Competitive ligand Receptor 
tcrlr 

(PM) 

Antagonists 
L-Alprenolol 
DL-Propranolol 
DL-Metoprofol 

Agonists 
L-Isoproterenol 
Clenbuterol 

fir > b, 0.18 5 0.06 0.6 ? 0.07 
0.54 * 0.15 1.8 + 0.1 Bz; ,0, 

I 7.6 ? 2.9 25 2 4.0 

p’;_/!, 0.36 t- 0.14 1.2 + 0.2 
, 0.67 2 0.27 2.2 2 0.4 

Values (*SE) of the inhibition constant (K,) for each of 
the competitive ligands were calculated according to the 
following equation: 

where K, = inhibition constant of a non-radioactive drug 
for the radioactive drug binding site; ICY,, = the con- 
centration of non-radioactive drugs that inhibits 50% of 
the radioactive drug binding; L = free concentration of the 
radioactive drug (3 nM) in the incubation solution; and 
Kd = equilibrium dissociation constant (1.3 nM) of the 
radioactive drug for the binding site. 

to those of other /3-adrenergic ligands. The side chain 
is of the N-tertiary butyl type, which is reported 
to be of higher affinity than the corresponding N- 
isopropyl analogues [16]. In addition, [3H]CGP- 
12177 blocks both in uiuo and in vitro responses to 
the P-adrenergic agonist isoproterenol. 

Since we were working with intact cells, it was 
important to use a ligand with low non-specific bind- 
ing sites and with a high affinity for the beta-receptor. 
The reason for the low non-specific binding of 

IA) 

15- 

./ 

[3H]CGP-12177 is probably due to its hydrophilicity 
[3]. Thus, it binds mainly to the cell surface receptors 
[17]. In support of this, we demonstrate that this 
ligand is almost not internalized into the cells in 
comparison to dihydroalprenolol, a lipophilic ligand. 

In previous studies it was shown that the Kd of 
[‘HICGP-12177, in different systems varied from 
0.2-0.5 nM [6, 17, IS]. In these experiments we 
showed a Kd = 1.3-2.9 nM, a little higher than in 
other systems examined with the same ligand. These 
values could result from different membrane prep- 
arations and cell types. 

It has not been clear whether the increased number 
of Padrenoceptors in primary rat muscle cultures is 
a function of cell growth or a specific activation of 
the genes associated with fi-receptors during muscle 
differentiation. To address this problem, Schonberg 
et al. [6] used LhE9 muscle cell line which can be 
distinguished by conditions of cell growth or cell 
differentiation. Using (‘Z51]ICYP as a probe for ,/5 
adrenoceptors it was shown that both differentiating 
and non-differentiating cells exhibited an increase in 
@-adrenoceptors. Similar results were shown in this 
study for primary rat muscle cultures, suggesting that 
the process of myogenesis and the process of receptor 
appearance are not linked. 

Competitive binding experiments showed that 
[“H]CGP-12177 displaced by series of P-adrenergic 
ligands in an order of potency corresponding to their 
known potencies on P-adrenergic systems. The p- 
antagonist ligand, L-alprenolol, had the highest 
potency to displace [“HICGP-12177. At a con- 
centration of 0.6 ,uM it displaced 50% of [‘HICGP- 
12177 binding. L-Alprenolol is the most potent com- 
petitive ligand of those that inhibited [3H]CGP-12177 
binding site. Propranolol and the two other agonists, 
isoproterenol and clenbuterol have a very similar 

A 

f-J- C3H1CGP-12177(nM) Btfmol/dish) 

Fig. 5. Effect of amiodarone on adrenergic receptors. (A) Specific binding of [‘H]CGP-12177 to 
amiodarone-treated skeletal muscle cells as a function of [3H]CGP-12177 concentrations. Binding was 
carried out as described in Fig. 1. Six-day-old myotubes were treated with amiodarone lo-’ M (open 
symbols) for 2 hr, and binding was performed during 45 min. Data points represent means of duplicate 
determinations from three experiments. (B) Scatchard analysis of the Fig. 5A. The Kd for [3H]CGP- 
12177 from control (closed symbols) and amiodarone-treated cells (open symbols) are respectively 
2.5 t 0.8 nM and 2.9 I 0.6 nM. The B,,, are 20 fmol/dish and 10.5 fmol/dish respectively (amount of 

protein/dish = 0.6 mg). 
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IC,O; 1.8, 1.2 and 2.2 ,uM respectively. Metoprolol, a 
&selective antagonist, inhibits [3H]CGP-12177 
binding only at a high concentration (1~~~ = 25 PM). 
These results indicate that the adrenoceptors on 
skeletal muscle membrane seem to be of the p2 
subtype [19], with a higher affinity for the &-corn- 
petitive ligand than for /3,-competitive ligand like 
metoprolol. In our system, L-norepinephrine almost 
did not inhibit the [3H]CGP-12177 binding, whereas, 
L-epinephrine displaced the [3H]CGP-12177 binding 
only at a concentration of 0.1 mM and above (20% 
inhibition). A possible explanation for the above 
results is that the affinity of [3H]CGP-12177 for /3- 
adrenoceptors on muscle cells is much higher than 
Badrenergic agonist such as epinephrine and nore- 
pinephrine. The cu-adrenergic ligand phentolamine 
did not displace the [3H]CGP-12177 bound to muscle 
cells, which proved that the radioligand was not 
bound to acadrenoceptors. However, the existence 
of acadrenoceptors on the myotubes is not ruled out. 

In recent years, it was found that regulation of the 
adrenergic response occurs through variations in the 
number of adrenoceptors. Studies have shown that 
an anti-arrythmic drug, amiodarone, can regulate 
the P-adrenoceptors by reducing their numbers 
[4,5]. The amiodarone action on the Preceptors 
has been explained by a non-competitive inhibition 
which occurs only at high dosages [20]. According 
to this explanation, our data strongly suggest that 
amiodarone decreases the density of P-adreno- 
ceptors on the surface of skeletal muscle cells without 
changing the affinity of [3H]CGP-12177 to the recep- 
tors. Two possible mechanisms may underly the 
action of amiodarone: the first one is a non-com- 
petitive inhibition where amiodarone binds to a regu- 
latory site on the receptor and alters [3H]CGP-12177 
binding. The second is that amiodarone provokes 
the internalization of the receptors into the cyto- 
plasm and the hydrophilic ligand [3H]CGP-12177 
cannot bind to the masked receptors. According to 
our results we cannot differentiate between these 
two mechanisms. Whether this decrease caused by 
amiodarone affects later events is under current 
investigation. 

In conclusion, [3H]CGP-12177 is a hydrophilic /S 
adrenoceptor ligand, which gives low non-specific 
binding with intact cells, and which probably binds 
mainly to cell surface receptors [3,17,21]. In this 
paper we show that the number of &adrenoceptors 
on the muscle cells in vitro is similar to those reported 
in previous studies performed in other systems 
[22,23]. According to these results, it is now impor- 
tant to extend this study and to learn the regulation 
phenomenon and biosynthesis of Padrenoceptors on 
the plasma membrane of muscle cells. 
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