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The binding characteristics of the fi-adrenergic antagonist, 13H]dihydroalprenolol, to hamster white adipocyte 
membranes were studied. This binding occurred at two classes of sites, one having high affinity (K d -- 1.6 _ 1.3 
nM) but low capacity (32 _.+ 17 fmol/mg membrane protein) and one having low affinity but high binding 
capacity. While the binding at the high-affinity sites was competitively and stereoselectively displaced by both 
fi-antagonists and fi-agonists, competition at the low-affinity sites occurred only with fi-antagonists and was 
non-stereoselective. Thus, the fi-agonist (-)-isoproterenol was further used to define nonspecific binding. 
Under these conditions, saturation studies showed a single class of high-affinity (K d = 1.6 + 0.5 nM) binding 
sites with a binding capacity of 53 + 13 fmol/mg membrane protein (corresponding to 4000 _ 980 sites per 
cell), and independent kinetic analysis provided a Kn value of 1.9 nM. Competition experiments showed that 
these binding sites had the characteristics of a f/t-receptor subtype, yielding K d values in good agreement 
with the Kac t and the K i values found for agonist-stimulation and for antagonist-inhibition of adenylate 
cyclase in membranes and of cyclic AMP accumulation and iipolysis in intact cells. Furthermore, the ability 
of fi-agonists to compete with this binding was severely depressed by plNH]ppG. These results thus support 
the contention that the specific [3H]dihydroaiprenolol binding sites defined as the binding displaceable by 
(-)-isoproterenol represent the physiologically relevant fi-adrenergic receptors of hamster white adipocytes. 
Finally, studies of the lipolytic response of these cells to (-)-norepinephrine showed that the inhibitory 
effect of the a2-component of this catecholamine was apparent only when the effects of endogenous 
adenosine were suppressed, a result which argues against an important regulatory role for the a2-receptors in 
the adrenergic control of lipolysis in hamster white adipocytes. 

Introduction 

In rat white adipocytes, the effects of 
catecholamines on lipolysis result in a stimulation 
which is initiated by the interaction of these 
catecholamines with fi-adrenergic receptors only 
[1 ]. Biochemical and pharmacological studies have 

* To whom correspondence should be addressed. 

further shown that these receptors belong to the 
fll-adrenergic receptor subtype [2-4]. 

Contrary to the situation found in rat adipo- 
cytes, the control of lipolysis by catecholamines in 
white fat cells from other mammalian species, such 
as man [5,6], dog [7], rabbit [8] and hamster [9,10], 
is exerted through two opposite effects, one termed 
ct-adrenergic which is inhibitory and one termed fl 
which is stimulatory. Recently, binding studies 
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have demonstrated that both cq- and a2-adrenergic 
receptors were present in hamster [11-13] and 
human fat cells [14,15] and that the antilipolytic 
response which is observed following exposure to 
ct-agonists was due to the predominant a2-adren- 
ergic receptor subtype [12-16]. Moreover, using a 
similar experimental approach, it has been recently 
suggested that the fl-adrenergic receptor popula- 
tion of human white fat cells, though being pre- 
dominantly of the flrsubtype [17], may also in- 
clude some receptors of the fl2-subtype. 

These considerations have led us to determine 
the precise nature of the fl-adrenergic receptors of 
hamster white adipocytes. 

We report here the presence of specific [3H]di- 
hydroalprenolol binding sites which fulfil the bio- 
chemical, physiological and pharmacological 
criteria expected of true fl~-adrenergic receptors. 

Material and Methods 

Chemicals. (-)-[3H]Dihydroalprenolol (spec. 
act. 30-40 Ci/mmol) and cyclic [3H]AMP were 
from the Radiochemical Centre (Amersham), bi- 
tartrate of (-)-isoproterenol, (-)-norepinephrine 
and (-)-epinephrine, (-)-propranolol, ATP 
(A2383), creatine phosphate and creatine kinase 
were from Sigma, adenosine deaminase, GTP, the- 
ophylline and reagents for glycerol determination 
from Boehringer Mannheim, (+)-isoproterenol 
from Sterling Winthrop, phentolamine from 
Ciba-Geigy and collagenase from Worthington. 

Preparation of isolated fat cells and ghosts. Male 
golden hamsters (100-110 g), maintained at 22°C, 
were fed ad libitum before being killed. Adipo- 
cytes were isolated from the epididymal fat follow- 
ing the procedure described by Hittelman et al. [9] 
with minor modifications with regard to the com- 
position of the isolation medium, which was a 
Krebs-Ringer phosphate buffer (buffer 1) (pH 7.4 
at 37°C) containing collagenase (0.5 mg/ml) and 
bovine serum albumin (3%), and the time of in- 
cubation, which was 30 min (70-80 strokes per 
min). After filtration, the isolated cells were washed 
three times with either the buffer 1 (in studies 
performed on membranes) or with buffer 1 con- 
taining 2% albumin (in studies performed on iso- 
lated cells). 

Fat cell ghosts, prepared essentially as de- 

scribed by Birnbaumer et al. [18] by hypotonic 
lysis of the cells in the presence of ATP (3 mM), 
were suspended in KHCO 3 (1 mM) and used 
either fresh or after storage in liquid nitrogen for 
no longer than 1 week. 

fl-Adrenergic receptor binding studies. Binding of 
[3H]dihydroalprenolol was studied as follows: 
ghosts (100-200 /xg protein) were incubated at 
30°C in 50 mM Tris-HCl (pH 7.4)/10 mM 
MgC12/10 /~M phentolamine/0.8 mM ascorbate 
and various concentrations of (-)-[3H]dihydroal- 
prenolol in a final volume of 150/~1. After 8 min, 
incubations were stopped by addition of ice-cold 
buffer followed by rapid vacuum filtration through 
Whatman G F / C  glass-fiber filters. Filters were 
rapidly washed three times with 5 ml of ice-cold 
buffer, then dried, added to 10 ml PCS (Amersham) 
and counted with a 40% efficiency. Nonspecific 
binding was determined in parallel by measuring 
the radioactivity remaining on the filters when 
incubations were performed with either 5 ~M 
(-)-isoproterenol or 10 #M (-)-propranolol. 

Scatchard plots [19] of [3H]dihydroalprenolol 
binding were analysed by graphical fitting of the 
experimental data on computer-generated figures 
based on the theoretical model of one ligand-two 
binding sites according to Feldman [20]. Competi- 
tion binding curves were analysed in the same way 
using computer-generated curves based on the 
two-site competitive binding equation of Hulme et 
al. [21] that provides the dissociation constants K d 
and the proportion of each of the binding sites. 
These computer analyses were performed on a 
Commodore CBM computer. Pseudo-Hill num- 
bers (nil) were calculated by regression analysis 
from the log-logit plots derived from the competi- 
tion data. 

Assays of adenylate cyclase. Adenylate cyclase 
activities were assayed at 30°C by incubating 
ghosts (10-15 /xg protein) in 25 mM Tris-HC1 
(pH 7.4)/2 mM MgC12/1 mM theophylline/ 
creatine kinase (10 U/ml) /10  mM phosphocrea- 
tine/0.2 mM ATP/albumin (0.1%)/1 #M GTP 
and, in some experiments, adenosine deaminase 
(50 mU/ml), in a final volume of 50 ~1. After 10 
min, reaction was stopped by addition of 0.25 M 
EDTA followed by immersion in a boiling water 
bath for 2 min. Cyclic AMP produced was de- 
termined in an aliquot of the supernatant by ra- 
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d iocompe t i t i on  as previous ly  descr ibed  [22]. 
Cycfic AMP accumulation and lipolysis. In these 

exper iments ,  in tac t  cells ( 40000-80  000 cells) were 
incuba ted  at 37°C in buffer  1 con ta in ing  adeno-  
sine deaminase  (50 m U / m l ) ,  0.1 m M  theophyl l ine  
and a lbumin  (2% for cyclic A M P  and 3% for 
l ipolysis) .  Af te r  10 min (cyclic A M P )  or  60 min 
(l ipolysis),  incuba t ions  were s topped  and the total  
cyclic A M P  p roduced  (cells + medium)  and the 
glycerol  re leased in to  the med ium were de te rmined  
as previously  descr ibed  [22]. 

Other determinations. Prote in  was de te rmined  
accord ing  to Lowry  et al. [23] and  cell numbers  as 

previous ly  descr ibed  [24]. 

Results 

kinet ics  of  associa t ion  of  [3H]dihydroa lprenolo l  
specific b ind ing  was very rap id  at 30°C (half  t ime 
40 s), equi l ib r ium being reached within 5 rain and  
remain ing  stable at  least  dur ing  10 min  (Fig.  1). 
Ca lcu la t ion  of  the pseudo- f i r s t -o rder  ra te  cons tan t  
(Kobs) y ie lded the value of  0.667 rain -1. U n d e r  
the same condi t ions ,  [3H]dihydroa lprenolo l  b ind-  

ing was also reversible upon  add i t i on  o f  an excess 
of  ( - ) - a l p r e n o l o l ,  and  a semi- logar i thmic  repre-  
senta t ion  of  these da t a  y ie lded  two appa ren t  
s t ra ight  lines with slopes equal  to 0.769 and  0.059 
min -1 .  F r o m  these data ,  which suggest dissocia-  
t ion from two dif ferent  sites, k inet ica l ly  der ived 
es t imates  of  the d issocia t ion  cons tan t  K d y ie lded  
the value of  1.07 n M  when the slow dissocia t ion  

ra te  cons tant  was used. 

Kinetics of [ SH]dihydroalprenolol binding 
Using  the cond i t ions  c o m m o n l y  employed  

[3,4,24,25] to de te rmine  [3H]dihydroa lprenolo l  
specific b ind ing  to rat  ad ipocy te  membranes  (bi- 
nd ing  d i sp laceab le  by  10 /~M propranolo l ) ,  the 

Equilibrium studies of [ 3H] dihydroalprenolol bind- 
ing 

Fig. 2 shows the s teady-s ta te  b ind ing  of  
[3H]d ihydroa lpreno lo l  (b ind ing  d i sp laceab le  by  10 
/~M proprano lo l )  as a funct ion of labe led  l igand 
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Fig. 1. (left-hand figure) Kinetics of association and dissociation of [3H]dihydroalprenolol binding to hamster white fat cell 
membranes. Association: membranes were incubated at 30°C for the indicated times with [3H]dihydroalprenolol (8 nM), in the 
absence or presence of 10 #M ( - )-pr0pranolol. Binding data, expressed as the difference between binding in the absence and binding 
in the presence of ( - )-propranolol were plotted as In( Xeq/Xeq- X) vs. time (inset A) and the slope of the line, Kob s was calculated 
by regression analysis. Dissociation: after incubation at equilibrium (10 min), the dissociation reaction was initiated by the addition of 
10 #M (-)-propranolol and the decrease of binding was measured at the indicated times. Data are expressed as the difference 
between total binding and binding in the presence of ( - )-propranolol. A semilogarithmic representation of these data (In X/Xeq vs. 
time) yielded two straight lines with slopes equal to 0.769 and 0.059 rain-] (inset B). Data shown are averages of triplicate 
determinations for one representative experiment repeated twice. 

Fig. 2. Scatchard plot of the concentration-dependence curve for [3 H]dihydroalprenolol binding to hamster white fat cell membranes. 
Membranes were incubated at 30°C for 8 rain in the absence or presence of 10 txM (-)-propranolol. Binding data represent the 
difference between binding occurring in the absence of propranolol and binding in the presence of propranolol. These data were 
plotted according to Scatchard, and computer analysis was consistent with the existence of two binding components (indicated by the 
dotted lines). Data points represent the mean value of triplicate determinations from one representative experiment repeated five 
times. K a = 2 nM; Bma ~ = 37 fmol/mg protein. 
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concentration (0.2-100 nM). Scatchard analysis 
[ 19] of these binding data yielded curvilinear plots, 
suggesting either negatively cooperative interac- 
tions among one class of binding sites or the 
existence of binding sites of different affinities. 

The first of these two possibilities seemed un- 
likely, since the time course of [3H]dihydroalpre- 
nolol dissociation induced by a 100-fold dilution 
with buffer was unchanged whether the buffer 
contained propranolol or not (data not shown). 
On the other hand, the existence of heterogeneous 
binding was supported by computer analysis of 
the Scatchard plots which indicated that the bind- 
ing data were, in fact, compatible with dihydroal- 
prenolol binding to two different affinity sites: one 
having high affinity (K d = 1.63 + 1.30 nM) but 
low binding capacity (Bmax=32+ 17 fmol/mg 
protein) and the other one having low affinity 
(K d = 137 + 54 nM) but high binding capacity 
( B m a  x = 930 + 430 fmol/mg protein) (mean + S.D. 
of five separate experiments). 

Displacement of [~H]dihydroalprenolol binding by 
isoproterenol and propranolol 

Competitive displacement of the total amount 
of [3H]dihydroalprenolol bound at 5 nM by ( - ) -  
propranolol and (-)-isoproterenol is shown in 
Fig. 3. As can be seen, the corresponding curves 
were quite different. In fact, the (-)-propranolol- 
competition curve was clearly biphasic (Hill num- 
ber 0.40). Moreover, computer analysis of these 
curves indicated interaction of (-)-propranolol 
with two different classes of [ 3 H]dihydroalprenolol 
binding sites: one having high affinity for ( - ) -  
propranolol (K d = 3.3 nM) representing 31% of 
the labeled sites and which is stereospecific, and 
one having lower affinity and which is apparently 
non-stereospecific, as shown by the equipotency of 
the (+)- and (-)-propranolol stereoisomers to 
compete with these sites (respective K d values 800 
and 1100 nM). In contrast, the (-)-isoproterenol 
competition curves were shallow (Hill number 
0.70), yielding an apparent K d value of 27 nM, 
and were steeper in the presence of p[NH]ppG 
(n H = 1.02, K d = 146 nM), a property commonly 
shared by agonist-binding to true r-receptors 
[4,26-28]. Moreover, displacement by isopro- 
terenol was stereospecific, the (+)-stereoisomer 
being 60-times less potent than the (-)-stereoiso- 
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Fig. 3. Displacement of total [3 H]dihydroalprenolol binding to 
hamster  white fat cell membranes  by the stereoisomers of 
propranolol  and isoproterenol. Influence of p [NH]ppG.  Mem- 
branes  were incubated with 5 nM [3H]dihydroalprenolol and 
various concentrat ions of the ( + )  and ( - ) - s t e r eo i somers  of 
propranolol  and isoproterenol at 30°C for 8 min after which 
the amount  of  ligand remaining bound  was determined. In 
some experiments, a fixed concentrat ion of p [NH]p p G (100 
# M )  was added together with ( - ) - i sopro te reno l .  Each point 
represents the mean of three different experiments performed 
in triplicate. Data  given below represent the computer-mod-  
elled parameters  of the interaction of propranolol  and isopro- 
terenol with [3H]dihydroalprenolol binding, where n H is the 
pseudo-Hill  number  and K d the calculated dissociation con- 
stant  for "the competi tors  at the high- and low-affinity sites. 

High Low 
affinity affinity 

K a % K d % 

n H 

( - )-Propanolol (,x) 3.3 31 ! I00 69 0.40 
( + )-Propanolol (A) - -  - -  800 100 - -  
( - )-Isoproterenol (n)  27.0 30 - -  - -  0.70 
( - )-Isoproterenol 

+ p [ N H ] p p G  ( ~ )  - -  - -  146 30 1.02 
( + )-Isoproterenol (ll) - -  - -  1 620 30 - -  

mer. Finally, maximal displacement by (-)-iso- 
proterenol corresponded to the occupancy of only 
30% of the total binding sites, a proportion which 
is equivalent to the proportion of sites displaced 
with high affinity by (-)-propranolol. These re- 
sults thus strongly suggest that the displacement of 



[ s H]dihydroalprenolol binding by ( - )-proprano- 
lol concentrations higher than 100 nM reflects the 
displacement of dihydroalprenolol bound to un- 
specific and non-receptor sites. Therefore, in all 
the following experiments, (-)-isoproterenol (5 
/xM) was used instead of (-)-propranolol  (10/~M) 
to assess the amount of [3H]dihydroalprenolol 
nonspecific binding. 

Kinetics and equilibrium studies of isoproterenol-dis- 
placeable [ 3H]dihydroalprenol binding 

Under these experimental conditions, the kinet- 
ics of [SH]dihydroalprenolol association and dis- 
sociation yielded the following values: kob s = 0.808 
min-  1, k, = 1.37 • l0 s M -  1. rain- l and k 2 = 0.260 
min-~, and the dissociation data were consistent 
with dissociation from one binding site only. From 
these results, the kinetically derived estimates of 
the dissociation c o n s t a n t  K d yielded the value of 
1.9 nM, which is in good agreement with the K d 

value calculated for the high-affinity site depicted 
in Fig. 2. 

Under the same conditions, reinvestigation of 
the equilibrium binding of [3H]dihydroalprenolol 
yielded linear Scatchard plots (Fig. 4), consistent 
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Fig. 4. Concentration-dependence curve for specific binding of 
[3H]dihydroalprenolol to hamster  white fat cell membranes.  
Membranes  were incubated with increasing concentrations of 
[3H]dihydroalprenolol at 30°C for 8 rain in the absence (total 
binding) and presence of 5/~M (- ) - i soproterenol  (nonspecific 
binding) after which specifically bound radioactive ligand was 
determined. Data  points represent the mean  value of triplicate 
determinations from one representative experiment repeated 
four times. Inset: Scatchard plot of the same experiment. 
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TABLE I 

COMPARISON OF THE f l -RECEPTOR DISSOCIATION 
CONSTANTS FOR C A T E C H O L A M I N E S  WITH THE 
C A T E C H O L A M I N E - A C T I V A T I O N  CONSTANTS FOR 
CYCLIC AMP A C C U M U L A T I O N  IN HAMSTER WHITE 
FAT CELLS 

The K d values were calculated [30] from three separate compe- 
tition binding experiments performed as described in the text; 
the Kac t values represent the concentration causing half-maxi- 
mal cyclic AMP accumulation and were obtained from three 
experiments performed as described under Fig. 5B. 

( - )-Iso- ( - )-Norepi- ( - )-Epi- 
proterenol nephrine nephrine 

K d values 
(nM) 27 + 10 48 + 25 240 + 67 

Kac t values 
(nM) 35+ 4 129+30 3355:54 

again with the existence of a single class of binding 
sites with a K d value of 1.56_ 0.51 nM, which is 
in good agreement with the value derived kineti- 
cally (see above). The maximal number of sites 
calculated from these experiments was 53_  13 
fmo l /mg  protein, which is similar to the calcu- 
lated binding capacity of the apparent high-affin- 
ity [3H]dihydroalprenolol binding sites shown in 
Fig. 2 and which represents 4000 + 980 binding 
sites per adipocyte. 

fl-Adrenergic specificity of [3H]dihydroalprenolol 
binding 

As shown in Table I, the order of potency of 
fl-adrenergic agonists to displace the [3H]dihydro- 
alprenolol specific binding was (-)-isoproterenol 
> ( - )-norepinephrine > ( - )-epinephrine, which 
is characteristic for the fl,-receptor subtype of 
adrenergic receptors [29]. Calculation [30] of the 
relative K d values for these agonists yielded the 
values 27, 48, 240 nM for (-)-isoproterenol, ( - ) -  
norepinephrine and (-)-epinephrine, respectively. 
Finally, the potent a2-agonist clonidine [31] was 
unable to displace [3H]dihydroalprenolol binding 
at concentrations up to l0 laM. 

Relationship between [ 3H] dihydroalprenolol binding 
and fl-adrenergic regulation of adenylate cyclase, 
cyclic AMP accumulation and lipolysis 

Adenylate cyclase was studied in ghosts, in the 
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Fig. 5. A. Dose-response curve of ( - )-isoproterenol-stimulated 
adenylate cyclase activity (:,) in hamster adipocyte membranes 
and its inhibition by ( - ) -propranolol  (A). Incubations were 
performed as described in the text. Each point is the mean 
value of three different experiments performed in triplicate and 
is expressed as percentage of basal value (1480 ± 285 pmo l /mg  
protein per 10 min). Adenylate cyclase inhibition by proprano- 
Iol was studied in the presence of 10 #M (-)-isoproterenol.  B. 
Dose-response curve of catecholamine-stimulated cyclic AMP 
accumulation in hamster white adipocytes. Fat cells were in- 
cubated as described in the text, in the presence of theophylline 
(0.1 mM) and adenosine deaminase (50 m U / m l )  with ( - ).iso- 
proterenol alone (zx), ( - ) - i sopro terenol+  100 /~M phentola- 
mine (Q), ( - ) - i sopro te renol+  100 /~M yohimbine (O),  ( - ) -  
norepinephrine+ 100 ~M phentolamine (O)  or ( - ) -ep ineph-  
r ine+ 100 ~tM phentolamine (123). Each point is the mean value 
of triplicate determinations from one representative experiment 
repeated three times and is expressed as the percentage of the 
basal cyclic AMP level (755 ± 140 pmol /g  lipid per 10 min). 

presence of GTP, which is required to observe 
hormonal stimulation of this enzyme in hamster 
adipocytes [32]. As shown in Fig. 5A, with 1 taM 
GTP (optimal concentration, data not shown), 
half-maximal stimulation of adenylate cyclase by 
(-)-isoproterenol occurred at 86 + 12 nM (n = 3), 
a Kac  t value which is in between the isoproterenol 
K d values found in the competition experiments 
performed in the absence and presence of 
p[NH]ppG (see Fig. 3). Moreover, calculation [30] 
of the K i value for the inhibition of isoproterenol 
maximally stimulated adenylate cyclase by ( - ) -  
propranolol yielded 3.6 nM, which is in good 
agreement with the (-)-propranolol  K d value de- 
rived from binding experiments. 

As shown in Fig. 5B, the cyclic AMP accumula- 
tion in intact adipocytes in response to increasing 
concentrations of adrenergic agonists resulted, in 
the case of (-)-isoproterenol, in a bell-shaped 
curve with a peak at 1 /~M. The inhibition found 
at higher concentrations was likely to be due to the 
interaction of isoproterenol with the a2-adrenergic 
receptors [13] since, as shown in Fig. 5B, this 

inhibition was prevented by phentolamine (a mixed 
a~- and a2-antagonist ) or by yohimbine (a pure 
a2-antagonist). Paradoxically, this inhibitory effect 
of high isoproterenol concentrations was not ob- 
served on adenylate cyclase (Fig. 5A), although 
c~-adrenergic antagonists were not present in the 
incubation. However, this is not surprising, consid- 
ering that high concentrations of sodium, which 
are required for adenylate cyclase inhibition by 
a2-adrenergic agonists [33], were not present in 
these experiments. As also shown in Fig. 5B, the 
order of potency of catecholamines (in the pres- 
ence of phentolamine) to increase cyclic AMP 
accumulation was typical for a flFreceptor-media- 
ted process, and the data in Table I indicate that 
the corresponding g a c  t values for the catechola- 
mines were very similar to their K o values derived 
from competition experiments. 

Data in Fig. 6A compare the lipolytic re- 
sponsiveness of hamster adipocytes to increasing 
concentra t ions  of ( - ) - i sopro te reno l ,  ( - ) -  
norepinephrine and (-)-epinephrine, in the ab- 
sence of theophylline and adenosine deaminase. 
As can be seen, half-maximal lipolysis stimulation 
occurred at concentrations similar to the g a c  t val- 
ues derived from the stimulation of cyclic AMP 
accumulation by these catecholamines. Moreover. 
the magnitude of the maximal lipolytic effect in- 
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Fig. 6. Dose-response curve of catecholamine-stimulated lipoly- 
sis in hamster white adipocytes: influence of theophylline and 
adenosine deaminase. Fat cells were incubated, as described in 
the text, with increasing concentrations of ( - ) - isoproterenol  
(A), ( - ) -norepinephr ine  (O), ( - ) .norep inephr ine+  100 #M 
phentolamine (O), ( - ) -epinephr ine  (El) o r  ( - ) -epinephr ine  + 
100 #M phentolamine ( i ) ,  in the absence (A) or presence (B) of 
theophylline (0.1 mM) and adenosine deaminase (50 mU/ml) .  
Each point is the mean value of triplicate determinations f r o m  

o n e  representative experimedt repeated twice, and is expressed 
as the percentage of the basal glycerol release (in A, 4.23 __ 0.38; 
in B, 13.80± i.05 # m o l / g  lipid per 60 min). 



duced by (-)-norepinephrine and (-)-epineph- 
rine was similar to that seen with (-)-isopro- 
terenol and was unaffected by the addition of 
phentolamine. However, when the same experi- 
ments were repeated in the presence of theophyl- 
line (0.1 mM) and adenosine deaminase (50 
mU/ml),  (-)-norepinephrine was clearly less 
potent than (-)-isoproterenol (Fig. 6B), a dif- 
ference which was suppressed by the addition of 
phentolarnine to the incubation medium. 

Discussion 

It is now well-established that hamster white fat 
cells exhibit, like the human adipocytes [5,6], a 
mixed a- and fl-adrenergic responsiveness [9,10,34]. 
Therefore, these cells have been widely used as a 
model to investigate the adrenergic regulation of 
lipolysis. However, though physiological studies 
[34] have suggested and binding experiments 
[ 11-13] demonstrated the coexistence of both a~- 
and a2-adrenergic receptor subtypes in these cells, 
no attempt has been made before to characterize 
the nature of the r-receptor of hamster white 
adipocytes. The aim of this study was to probe the 
existence of such receptors, by identifying specific 
binding sites for the r-antagonist [3H]dihydroal- 
prenolol and by comparing their properties with 
the fl-adrenergic responsiveness of adenylate 
cyclase, cyclic AMP accumulation and lipolysis. 

As shown here, [3H]dihydroalprenolol specifi- 
cally labels a single homogeneous class of binding 
sites, provided that the specific binding is defined 
as the binding displaceable by the fl-agonist ( - ) -  
isoproterenol, and not, as usually done in such 
studies, by the r-antagonist (-)-propranolol. In 
fact, as shown in Fig. 3, (-)-propranolol displaced 
nonspecific binding, even when used at the recom- 
mended concentration [35] (i.e., 100-times the K d 
value of the binding sites displaced with high 
affinity by (-)-propranolol), here 330 nM. 
According to the recent suggestion of Dax and 
PartiUa [36] who reported, as have others with 
erythrocytes [37], the same phenomenon in rat 
adipocyte [38] and hepatocyte membranes [39], 
these different behaviours of ( - )-isoproterenol and 
(-)-propranolol in competing with dihydroalpre- 
nolol binding might be due to the lipophilic char- 
acter of dihydroalprenolol and propranolol [40] as 
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compared to the hydrophilic character of isopro- 
terenol. 

Moreover, this study shows that the sites 
specifically labeled by [3H]dihydroalprenolol en- 
tirely fulfil the binding criteria expected of true 
physiological r-receptors. In fact, the binding of 
[3H]dihydroalprenolol was rapid, reversible and 
saturable, displaying a high affinity for this ligand, 
which is similar to the r-receptor affinities re- 
ported in other mammalian cells, including rat 
adipocyte [25], human adipocyte [14,15,17] and 
hamster brown adipose tissue [41]. This binding 
was also stereospecific and consistent with the fli 
nature of the catecholamine-induced cyclic AMP 
accumulation in the intact cell. Moreover, the af- 
finity of the [3H]dihydroalprenolol specific bind- 
ing sites towards (-)-isoproterenol was decreased 
by guanine nucleotides, a property which is com- 
monly shared by the binding of catecholamines to 
fl-adrenergic receptors [4,26-28]. Finally, the abili- 
ties of (-)-isoproterenol to displace [3H]dihydro- 
alprenolol binding and to stimulate adenylate 
cyclase activity in membranes and cyclic AMP 
accumulation in the intact cells were comparable. 
It can thus be concluded that the sites specifically 
labeled by [3H]dihydroalprenolol represent the true 
fl-adrenergic receptors of hamster white adipo- 
cytes. 

A peculiar feature of hamster epididymal 
adipocytes is their number of fl-adrenergic recep- 
tors (53 fmol/mg protein), which is rather low 
compared to the density reported in other species 
for white adipocytes of the same size, 280 fmol/mg 
protein in the rat [4] and 320 fmol/mg protein in 
human subcutaneous adipose tissue [14,15]. More- 
over, this number of ilvreceptors appears ex- 
tremely low compared to the density of a-adren- 
ergic receptors reported in the same cells (800-1100 
fmol/mg protein) [11,13], a situation which is not 
encountered in human omental [15] and subcuta- 
neous fat [15,16], in which the fll/a-adrenergic 
receptor number ratio is close to one. From these 
data and from the similarities between the respec- 
tive affinities of the r-  and a2-receplors [13] tO- 
wards norepinephrine in hamster adipocytes, one 
would predict that the a2-inhibitory component of 
catecholamines would prevail over the flvstimu- 
latory component on the lipolytic response of these 
cells. However, considering the dose-response 
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curves of lipolysis to norepinephrine and epineph- 
rine, it is clear that the/3~-adrenergic stimulatory 
effect is predominant. This is particularly obvious 
when lipolysis is studied in the absence of theo- 
phyltine and adenosine deaminase in the incuba- 
tion, a condition under which no marked dif- 
ference was observed between the magnitude of 
the maximal lipolytic response induced by the 
rather pure fl-agonist isoproterenol and by the 
mixed a//~-agonists norepinephrine and epineph- 
rine. However, confirming the observations of 
Schimmel [42], when theophylline and adenosine 
deaminase were added to the incubation system, 
the a2-adrenergic antilipolytic effect of nor- 
epinephrine was clearly revealed, as shown by the 
rather weak ability of norepinephrine to stimulate 
lipolysis in comparison with the lipolytic potency 
of isoproterenol observed under the same condi- 
tions. A likely explanation for this amplification of 
the az-antilipolytic effect of catecholamines is that, 
because adenosine deaminase and theophylline 
suppress the accumulation and the binding of 
adenosine to its receptors [43], respectively, addi- 
tion of these agents should prevent the competi- 
tion, which normally occurs in the cell under phys- 
iological conditions, between the inhibitory effects 
of endogenous adenosine [44,45] and a2-agonists 
on both adenylate cyclase and lipolysis [5,33,46]. 
Therefore, this raises the question of whether the 
a2-adrenergic component of catecholamines plays 
any significant role in the in vitro adrenergic regu- 
lation of lipolysis in hamster adipocytes, when 
adenosine metabolism is unimpaired. The same 
question may also be raised in vivo, all the more so 
as the adenosine level in adipose tissue has been 
reported to be increased by sympathetic nerve 
stimulation [47]. Further studies on the turnover of 
adenosine in adipose tissue would probably pro- 
vide an answer to these questions. 

Finally, comparison of our present data on 
lipolysis in hamster epididymal adipocytes with 
those reported for the human abdominal subcuta- 
neous adipose tissue [48] indicates that, in spite of 
differences in the respective proportion of a- and 
/3-adrenergic receptors between these two tissues, 
their lipolytic responsivenesses to catecholamines 
are similar. The hamster white adipocyte may thus 
be an appropriate model for studies on the adren- 
ergic regulation of lipolysis in, at least, the human 
abdominal subcutaneous fat. 
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