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Abstrae+The pharmacological characteristics of adenylate cyclase-coupled #Ladrenergic receptors were 
determined by examining potency series of fi-adrenergic agonists and antagonists on adenylate cyclase 
activity in membranes from six tissues: canine myocardium, diaphragmatic skeletal muscle, liver, lung, 
rat paraovarian fat and frog erythrocytes. Agonists were: isoproterenol, epinephrine, norepinephrine, 
soterenol and dobutamine. Antagonists were: d,l-propranolol, dicblorisoprotereno~, practolol (a selective 
,!j’ i antagonist) and butoxamine (a selective &, antagonist). Catecholamine stimulation of adenylate cyclase 
ranged from 1.7-fold in lung membranes to 9.1-fold in frog erythrocyte membranes. Isoproterenol was 
the most potent agonist and propranolol the most potent antagonist in all tissues. Norepinephrine was 
a potent agonist in cardiac and adipose membranes (l/3-1/5 isoproterenol) but was much weaker in the 
other tissues (l/SO-l/l000 isoproterenol). Soterenol was very weak in cardiac membranes but equipotent 
with norepinephrine and epinephrine in adipose membranes. Soterenol was more potent than norepineph- 
rine in muscle, liver, lung and erythrocyte membranes. Practoloi was a more potent antagonist than 
butoxamine in heart and adipose membranes. but the reverse was true in the other tissues. The potency 
ratio of practolol to butoxamine was 10 in fat. 5.8 in heart, Q16 in muscle, 0.1 S in liver and 0.07 in eryth’ro- 
cyte membranes. These results correlate reasonably well with previously determined results in more intact 
preparations. They suggest that adenylate cyclase-coupled P-adrenergic receptors reflect the specificity of 
physiological &adrenergic receptors. The receptors in cardiac and adipose membranes appear to be j?,- 
and those in muscle, liver, lung and erythrocyte /I,-adrenergic receptors. The data also indicate hetero- 
geneity of the receptors within each subclass (e.g. potency of soterenol in adipose vs cardiac membranes). 

~urad et al. [I] first described the st~muIation of 
adenylate cyciase by epinephrine and other fl-adrener- 
gic agents. Sub.~quent~y, an impressive amount of evi- 
dence has indicated that the characteristics of the 
receptors which mediate adrenergic stimulation of the 
enzyme are generally those of a typical j3-adrenergic 
receptor [2]. Thus, in a variety of tissues isoproterenol 
is a more potent agonist than norepinephrine, and 
catecholamine stimulation is competitively anta- 
gonized by fi-adrenergic blockers such as propranolol 
but not by cr-adrenergic antagonists such as phentola- 
mine [2f. 

Recently, pharmacologic data obtained with either 
intact animal or intact organ preparations have sug- 
gested that &adrenergic receptors are not homo- 
geneous [3J. These studies have utilized selective p- 
adrenergic agonist and antagonist drugs which prefer- 
entially interact with certain of the fl-adrenergic recep- 
tors. Although results with agonists and antagonists 
have not always agreed, two broad subctasses of p- 
adrenergic receptors have been delineated, PI and ,& 
The former are typified by the receptors mediating 
adrenergic effects on cardiac contractility and rate and 
on lipolysis in adipose tissue f3], The latter are exem- 
plified by those mediating effects of cate~hoiamines on 

* DCI = dichlorisoprotereI~o~. 

g~ycogenolysis in liver and skeletal muscle [4}, and 
relaxation of tracheal and uterine smooth muscle [3]. 

Since adenylate cyclase stimulation may be the 
mechanism by which many [2], if not ali [5], p- 
adrenergic effects are mediated, it seemed reasonable 
to ask to what extent ~-adrenergic receptors linked to 
adenylate cyciase reflect the specificity of adrenergic 
receptors in intact tissues. 

The information available in the literature to date 
already indicates that adenylate cyclase-coupled ,!?- 
adrenergic receptors are not a homogeneous 
group [6,7]. Nonetheless there has been no compre- 
hensive study of adenylate cyclase-linked /3-adrenergic 
receptors utilizing both conventional, catecholamines 
(isoproterenol, epinephrine, norepinephrine) and anta- 
gonists (propranolol, DCI)* as well as newer selective 
agents. Accordingly, the studies reported here were un- 
dertaken to determine the characteristics of adenylate 
cyclase-coupled adrenergic receptors in membrane 
fractions from a variety of tissues. 

Though complete agreement on criteria for classifi- 
cation of adrenergic receptors into /3$ and p2 sub- 
groups has not been reached, certain criteria are gener- 
ally accepted [3,6, S]. 

(1) “Standard ~techoiamines’~-norepinephri~ is 
significantly more potent at fil receptors (approxi- 
mately equipotent with epinephrine, l/3-- Ill0 as 
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potent as isoproterenol) than at /jz receptors where it 
is very weak. 

(2) Selective agonists e,g. soterenol or salbuta- 
mol [9]. have much higher afiinity for /I? than /Y, 
receptors. No clear-cut example of a selective /i, 
agonist has been reported. though a new drug. dobuta- 
mine, had been reported to be selective Ihr cardiac 
receptors, hence its inclusion in the prcscnt study [IO]. 

(3) Selective antagonists butoxamine [I I] appears 
to be relatively more potent at certain /rl receptors 
(uterus. 1iver)and practolol [I?] at certain /i, receptors 
(heart). 

These considerations dictated the choice of drugs in 
this study. Propranolol and DC1 wcrt also included as 
relatively general P-adrenergic antagonists for com- 
parative purposes. 

Tissues were selected so as to include cvamples of 
both p,-adrenergic receptors (heart and adipose) and 
P+drenergic receptors (skeletal muscle and liver). 
Attempts to obtain a relatively pure smooth muscle 
preparation ([i2) for study were of limited success. 
Repeated attempts to utilize uterine muscle from 
several species failed. Although basal adenylate cyclax 
activity could be detected, no stimulation by catecho- 
lamines was observed. Aithough It~ng homogenate 
membranes represent a mixture of cell types. these 
membranes did contain catecholaminc-sensitive 
adenylate cyclase and were used for these stud&. Frog 
erythrocyte adenylate cyclase was also studied because 
of the presence of a classical fl-adrcnergic receptor in 
these and other erythrocytc membranes [I?]. 

.MATEHI?%S 

I-Isoproterenol bitartrate, 1-epinephrine bitartrate. I- 
norepinephrine bitartrate, rl,/-propranolol. myokinase. 
phosphoenofpyruvate, pyruvate kinase, cyclic adeno- 
sine 3’,5’-monophosphate (CAMP) and ATP were pur- 
chased from Sigma. 

Soterenol (2’-hydroxy-5’-[l-hydroxy-?-(it-methoxy- 
pbenethy~dmino)-propyl] ~~~eth~~nes~~lfonanilide hyd- 
rochloride) was a gift of Mead Johnson. dichlorisopro- 
terenol and dobutani~ile (~)-4-[2-~-(~-hydroxy- 
phenyl)-I-met}iylpropyi amino ethyl pyrocatechol hy- 
drochlor~de] of Eli Lilly Co., practolol of Ayerst and 
butoxamine of Burroughs-Wellcol~c, 

[a-32P]ATP (I-10 Ci/m-mole) was from New Eng- 
land Nuclear Co. PHIcAMP was from Schwarz- 
Mann. 

Dowex AG 5OW-X2 (2(~.4~) mesh) was from 
BioRad. and (Woelm. neutral grade) was obtained 
from Nutritional Biochcmicals. 

MEI’HODS 

Tissue san~ples. Samples of left ventricular myocar- 
dium. liver, lung and diaphragmatic skeletal muscle 
were obtained from adult mongrel dogs (20-40 kg) sac- 
rificed by injection of pentobarbital. Adipose tissue 
was paraovarian fat from 200 to 225-g rats. Erythro- 

cytes wcrc obtuincd ii-om Southern tires lj.094 (C‘aro- 
lina Biological) hy cardiac puncture. 

Myocardium, liver. skeletal muscle and lung wcrc 
handled in a11 identical fashion. Tissue (0.5 g) minced 
with scissors was suspcndcd in IO ml 01‘ cold 0.15 M 
sucrose. 0.005 M Tris-I-ICI. pH 7.4. The tissue mince 
was disrupted by a IO-set exposure to a “Tis~ucmizcr” 
(Tekmar Co.) operating at one-hall mauimal speed. 
The thick slurry obtained was further homogenized 
with 10 strokes of a motor-driven Teflon glass Potter 
Elvehjcm homogenizer. The tissue homogcnatc was 
passed through a sin& layer of cheesecloth and then 
centri~~l~cd at l?.OOOy for lt)-tniil in a Sorvall RC2B 
centrifuge at ? The p&t was resuspcndcd in twice 
the original volume oi‘sucrosc buffer and recelltri~tlged 
at l2.000y for IO min. The washing procedure was 
rcpeatcd three or four times. Lfltiin~ltely. the pelict was 
resuspended and homogenized in a volume or 75 mM 
Tris-HCI. pH 7.4. and 3 mM MgCI, equal to the ori- 
ginal homogenate volume. Mcmbranc fractions were 
assayed immediately. 

Adipose tissue was paraovarian fat li-om 200 to 225- 
g C‘harlcs River (CD strain) rats fed trri ii/~. Animals 
wcrc killed by cervical dislocation. paraovarian fat was 
dissected and membranes were prcparcd essentially as 
dcscribcd by Czech and Lynn 1141, In brief. approxi- 
mately 25 g adipose tissue from X to IO rats was pooled 
and cut into snx11l pieces. Tho tissue was divided into 
3 to S-g portions and placed in plastic bottles contain- 
ing X IO ml of 3”,, albumin in “buffer” (12X mM NaC’l. 
I .X mM C’aC’I,. 4.5 mM MgSO,, 5.2 mM KCI. IO mM 
Na,HPO+ pH 74) wilh I n&ml of’ crude collagenase 
Type 1 (clostridium histolyticum. Worthington) and 
was incubated for 6Omin at 37 After this digestion, 
cells were filtered through cheesecloth and washed 
twice with albumin bull&, then once with warm 
O-25 M sucrose and finally added to a prechilled glass 
homogenizer with 25 ml of ice-cold “bufI&” and 
homogenized (T~RoII pestle) with seven up-and-down 
strokes. The l~ornog~ll~~te was centrifuged for 15 rnin at 
I X.000 g. ‘L-he resulting pellet was washed by rcstrspcn- 
sion and cc~~tri~~~g~~tio~~ in ice-cold @25 M sucrose, 
0305 Tris-HCI. pH 74, three times and finall\ sus- 
pcnded in 75 mM Tris-HCl. pH 7.4. and 25 M&3, by 
homogcniza tion. 

Blood from cold or warm adapted Southern Jumbo 
Grass frogs (Carolina Biological, Burlington, N.C.) 
was collected and the red cells were washed three times 
with saline. Cells were lysed in 5 mM Tris-HCI. pH 8.1, 
butrer and the membranes centrifuged at 1 X.OiN q foi 
15 min. The lysis process was repeated three t&es. 
Membranes were finally suspended in 75 mM Tris- 
HCI. pH 74. and 2.5 mM MgCIz by homogenization. 

iltlt~l&tc c~&.s(, IISSU~‘. The assay was performed 
using a modification of the method of Krishna t’r ~21. 
[ 15. 161. Assays were carried out in a volume of 50 ,uI 
which contained Tris-WC1 buffer. 30 mM (pH 7.4); 
MgC12, IO mM: cyclic AMP. 0.1 mM: ATP. I.5 mM: 
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[c+~“P]ATP, l-2 x 10’ cpm; phosph~no~pyruvate, 5 
mM; pyruvate kinase, 40 t-lgiml; myokinase, 20 pg/rni 
and agonists and/or antagonists at the indicated con- 
centrations. Incubations were for 10 min at 37”, and 
were stopped by addition of 1 ml of a sohrtion contain- 
ing [3H]cAMP (WOO ~pm/ml), ATP 100 @g and 
CAMP 50 pg. 32P-cAMP formed was isolated by chro- 
matography either on Dowex AG ~W-X2 (followed 
by two precipitations with B&Q,) as previously de- 
scribed [ 15, 161 or by chromatography on neutral alu- 
mina as described by Ramachandran [17]. Recovery 
was 50 per cent on Dowex and 70-75 per cent on the 
alumina columns. Labeled material isolated by either 
procedure was > 95 per cent cAMP as documented by 
thin-layer chromatography on Silica gel plates as de- 
scribed by Ramachandran [17]. Samples were added 
to I5 ml scintillation fluid [18], and counted in a Pack- 
ard liquid scintillation spectrometer. All results were 
corrected for product recovery on the basis of recovery 
of [~H]cA~P. 

For all membrane preparations, it was determined 
that reactions were iinear over the course of the IO-min 
incubation. Enzyme activity was directly proportional 
to protein concentration over the range of proteins 
used in the assays. Membranes were prepared fresh 
each day for each experiment. 

As noted in the legends to the figures and tables, all 
experiments were repeated in duplicate on four to six 
separate membrane preparations. In each experiment, 
stimulation by agonists was expressed as per cent 
above basal activity. In experiments with antagonists, 
“maximum response” refers to activity in the presence 
of isoproterenol 1 x 10- ’ M alone. The “Oy,; maximal 
response” refers to basal enzyme activity or complete 
inhibition of jsoproterel~o1 stimlllatjon by the anta- 
gonist. 

Protein was determined by the method of Lowry er 
al. [19]. 

~~~~s. All compounds were crystalline solids freshly 
dissolved in water for each experiment. Practolol was 
dissolved in dilute acetic acid. 

~f~~~z~~~rjofz,~. Relative potencies of agonists were caf- 
culated by comparing concentrations which produced 

comparable enzyme stimulation, and those of anta- 
gonists by comparing concentrations which produced 
50 per cent inhibition of isoproterenol-stimulated 
adenylate cyclase. 

RESULTS 

Basal ad~nylate cyckase activity and ~nsifivj~~ to 
~techolamine stinlu~tion of the membrane prep- 
arations are tabulated in Table 1. Stimulation by iso- 
proterenol ranged from only 65 per cent above basal 
in the lung preparations to 900 per cent above basal 
in the erythocyte membranes. 

The pattern of sensitivity of the adenylate cyclase to 
a variety of ~~-adrener~ic agonists was determined in 
each tissue and is presented in Fig. 1, a-f. Five 
agonists were used: three “classical” agonists---isopro- 
terenol, epinephrine and norepinephrinee-and two 
newer agents-sotercnol, a “selective ff2 agent” [9] and 
dobutamine, a putative cardioselective agent [lo]. 

In all membrane preparations, ~soproterenol was the 
most potent agonist. Marked variation in the patterns 
of response to the other agonists was found, however. 
In cardiac and adipose membranes, norepinephrine 
was quite potent (l/3- l/5 isoproterenol, almost eyui- 
potent with epinephrin~), whereas in other membranes 
it was relatively much weaker (ljSirl/lOO isoproter- 
enol in skeletal muscle, Iiver and lung and ljlOO0 iso- 
proterenol in frog erythrocytes). Moreover, in these 
membranes norepinephrine was less than l/l0 as 
potent as epinephrine. 

The selective ~-adrenergic agonist soterenoi was 
quite potent in skeletal muscle, liver, lung and erythro- 
cyte membranes, where it was more effective than nor- 
epinephrine. interestingly, this drug was also an effec- 
tive agonist in adipose membranes where its potency 
was virtually identical to that of norepinephrine and 
epinephrine. In heart membranes, soterenol was very 
weak. Doblitamitle was a relatively weak partial 
agonist in all membrane preparations and did not 
demonstrate any specificity for the cardiac enzyme. 
The potencies of each agonist in each tissue, relative to 
isoproterenol are summarized in Table 2. 

Table I. Catecho~mine-~nsiti~e adenylate cyclase in membranes prepared from various tissues* 

Tissue Species 
Basal adenylate cyclase 

(pmoles~min~mg protein) 

Mean maximal stimulation 
by isoprotereno~ 

(x basal) n 

Heart Canine 66 & 6 22 8 
Liver Canine 46 _t 3 2.6 8 
Lung Canine 69 i: 7 I.7 12 
Skeletal 

muscle Canine 21 22 2.6 9 
Adipose Rat 42 i: 3 $3 7 
Erytbrocyte Frog 30 f 3 9.1 5 

* Values shown for basal adenylate cyclase represent mean 2 S. E. of duplicate determinations performed on 5-12 separ- 
ate membrane preparations; “n’* refers to the number of different membrane preparations tested. 
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Fig. 1. Activation of adenylate cyclase by ~-adren~r~ic agonists in rneinb~~~e fractiom from: [a) heart, 
(b) fat, (c)skeletal muscle, (d) liver, (e) lung and (0 erytkrocytes. in panels a-e eack point is the mean & 
S.E.M. of determinations from three to five separate membrane preparations, and of two separate mem- 
brane preparations in panel f, All determinations were performed in duplicate. IS0 = isoproterenol, 

EPI = epinepkrine. NE = nore~it~e~krine, SOT = soterenol and DOB = dobutamine. 

The intrinsic activity [Zl] or maximum activity of 
each agonist in each tissue is tabulated in Table 3. Iso- 
proterenoi and epinepllrine generally had equal acti- 
vity with nore~ine~hrine slightly less active, except for 
lung and erythrocyte where norepinephrine had sig- 
nificantly less activity. ~obutamine had weak activity 
in all tissues. The activity of soterenot varied widely, 
generally being highest in those tissues where its rela- 
tive potency was greatest. 

In order to further study the characteristics of the 
adenylate cycIa~-coupled /3-adrenergic receptors, the 
ability of several ~-adrenergic antagonists to inhibit 

emyme stirnLl~ation by I x IO- i M ~so~rot~reno~ was 
investigated. Four ant~tgollists were used. rf,l-pro- 
pranolof and DC1 which are relativcIy general [6,7]. 
and blito~rn~~le (ii-) [I I] and practolo1 (p,) [ 12) 
which are more selective in their ~l~~~r~~~~lcoiogi~ effects. 

None of the antagonists produced significant stimu- 
lation or inhibition of basal enzyme activity when 
added &a iil~u~tio~~s in the co~lcen~r~~tiot~s used in this 
study (IQ-’ to IO- 3 M). Others have previously 
reported a slight stimulatory effect or DC1 on adeny- 
late cyclase at high concentrations, but it was not 
noted whether the differences were s~gnj~cant [1]. 
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Table 2. Relative potencies of adrenergic agonists in stimulating membrane adenylate cyclase in various tissues* 

Potency relative to isoproterenol 

Compound 

Isoproterenol 
Epinephrine 
Norepinephrine 
Sotercnol 
Dobutamine 

Canine Rat 
heart fat 

1 1 
0.26 0.33 
0.18 0.33 

t 0.33 
@Ol 0.01 

Canine Canine 
muscle liver 

1 1 
0.16 0.1 1 
0.01 0.0 I 
0.5 0.3 
0.02 t 

Canine 
lung 

I 
0.25 
0.02 
0.04 
0.01 

Frog 
erythrocytc 

I 
0. I 3 
OM I 
0.07 

t 

* “Potencies” were determined as the ratio of concentrations of compounds required to produce an equivalent res- 
ponse [ZO], generally that caused by a one-half maximally effective concentration of isoprotcrenol. When intrinsic aciti- 
vity 1211 of an agonist was less than one-half that of isoproterenol, a lower fractional response was selected on a portion 
of the isoproterenol dose-response curve which was approximately parallel to the dose-response curve of that particular 
agonist. Values were determined independently in 3-5 separate membrane preparations and the means are shown. Statisti- 
cal analysis was performed by comparing thi means in a r-test. The following differences were signi~cant (P < 0.05): heart. 
isoproterenol B epinephrine = norepinephrine > dobutamine > soterenol; fat, isoproterenol B epinephrine = nore- 
pinephrine = soternol > dobutamine; muscle, isoproterenol = soterenol t epinephrine > norepinephrine = dobuta- 
mine; liver, isoproterenol > soterenol > epinephrine > norepinephrine = dobutamine; lung, isoproterenol > epineph- 
rine > soterenol > norepinephrine = dobutamine; and erythrocyte, isoproterenol > epinephrine = soterenol > nore- 
pinephrine = dobutamine. 

t indicates that a compound was so weak that no meaningful potency ratio could be calculated. 

Also, inhibition by antagonists could always be over- 
come by increasing isoproterenol to 10W3 M (data not 
shown). 

Propranolol and DC1 were potent /ILadrenergic 
antagonists in all the membrane preparations (Fig. 2, 
a-f). Sensitivity to the other two compounds varied 
appreciably from tissue to tissue. Practolof was most 
effective in cardiac membranes where it was about I j7 
as potent as propranolol. Its potency relative to pro- 
pranolol was l/50 in fat, l/125 in liver and skeletal 
muscle and less than l/1000 in lung and erythrocyte. 
Conversely, butoxamine was least effective in heart 
and adipose membranes and considerably more potent 
in skeletal muscle, liver, lung and erythrocyte mem- 
branes. Concentrations of each antagonist producing 
50 per cent inhibition of isoproterenol stimulation in 
each of the tissues are summarized in Table 4. Of par- 
ticutar note was the ratio of the concentration of 

butoxamine to that of practolol necessary for 50 per 
cent inhibition of isoproterenol response. This was 10 
in fat, 5% in heart, 0.16 in muscle, @15 in liver and 0.07 
in erythrocyte membranes. Practolol was so weak in 
the lung membranes that a valid ratio could not be cal- 
culated. 

DISCUSSIOiY 

Since Ahlquist [22] first suggested classification of 
adrenergic receptors into alpha and beta types. this 
scheme has been successfully applied to adrenergic 
receptors in a wide variety of tissues. Recently, subclas- 
sification of adrenergic receptors in p, and /I’~ subtypes 
has gained increasing acceptance. Since adenylate cyc- 
lase may be the physiologically relevant target of p- 
adrenergic catecholamines in a number of tissues [Z]. 
careful classification of P-adrenergic receptors linked 

Table 3. Intrinsic activity of adrenergic agonists for stimulation of adenylate cyclase* 

Compound 

Isoproterenol 
Epinephrine 
Norepinephrine 
Soterenol 
Dobutamine 

Canine 
heart 

I 
1 

0.86 
@24? 
0.34t 

Rat 
fat 

I 
1 

0.83 
0.85 
@36t 

Canine 
muscle 

I 
0.95 
0667 
0.83t 
040t 

Canine 
liver 

I 
I 

088 
053t 
0,26t 

Canine 
lung 

1 

o.:,t 
0.63t 
0.47t 

Frog 
erythrocyte 

I 
I 

a5t.t 
0,37+ 
0,14t 

* All activities represent the ratio of the maximal enzyme stimulation achieved with a compound to that achieved with 
a maximally effective concentration of isoproterenol[21]. Each value shown is the mean of determinations on 3-5 separate 
membrane preparations. Mean values were compared in a r-test. 

f Indicates those values which were significantly (P < 0.05) less than that of isoproterenol. 
$ Indicates that, in erythrocytes, activity with norepinephrine had not plateaued even at low3 M. 
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Fig. 2. Inhibition of isoproterenol-stimulated adcnylatc cyclasc by /I-adrenergic antagonists in membrane 
fractions from: (a) heart, (b) fat, (c) skeletal muscle, (d) liver, (e) lung and (0 erythrocytes. Each point is 
the mean k S.E.M. of determinations (performed in duplicate) on the following number of membrane 
preparations: cardiac, four; fat, three; skeletal muscle, four; liver. five; lung, four; and erythrocytes, two. 
“Maximum” adenylate cyclase refers to enzyme activity in the presence of isoprotercnol, IO-’ M. “0” 
refers to basal enzyme activity or complete inhibition of the isoproterenol response by an antagonist. 

DC1 = dichlorisoproterenol. 
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Table 4. Concentrations of adrenergic antagonists causing 50 per cent inhibition of isoproterenol-stimulated adenylate 
cyclase* 

One-half maximal inhibition (M) 

Antagonist 
Canine Rat 
heart fat 

Canine 
muscle 

Canine 
liver 

Canine 
lung 

Frog 
erythrocytc 

Propranolol 4 X lO-h 6 x IO-.h 2 X IO-& 3.5 X IO-& I.5 X lomh 3.5 X 10-T 
DCI I x lo-’ 9 x 10-s 7 X 10-S 4 x 1W5 I.5 X lo-’ 2 X lo-” 
Butoxaminc 1.5 X lo-4 4 x Iv3 4 X 1om3 6 x lo-’ 2 X lo-a 2.5 X lo- 5 
Practolol 2.6 x 10-s 4 X lo-4 2.5 x lo-‘+ 4 x Io-5 3.5 X IO J 

* Isoproterenol was present at I x IO- ’ M. Values are the means of determinations performed on 2- 5 separate mem- 
brane preparations. In a c-test, the values for butoxamine differed significantly (P < 005) from that for practolol in each 
tissue. 

to adenylate cyclase and comparison of their proper- 
ties with those of the j+adrenergic receptors in intact 
tissues are of some importance. 

The adenylate cyclase-coupled fi-adrenergic recep- 
tors in cardiac membranes like those in intact hearts 
were 8,. Norepinephrine was l/5 as potent as isopro- 
terenol and almost as potent as epinephrine. Soterenol 
was very weak; practolol was considerably more effec- 
tive as an antagrlnist than butoxamine. The adipose 
membranes also appeared to contain p ,-adrenergic 
receptors. Norepinephrine and epinephrine were l/3 as 
potent as isoproterenol, and practolol was a more 
potent antagonist than butoxamine. Nonetheless, dif- 
ferences between the cardiac and adipose p, receptors 
were present. Thus, soterenol which had very little 
effect in heart membranes was equipotent with nore- 
pinephrine in adipose membranes. Also, prattolol was 
less effective as an antagonist in adipose than in heart 
membranes. These data are consistent with a recent 
report that soterenol is equipotent with norepineph- 
rine in stimulating lipolysis in isolated fat cells [23]. 

The /C-adrenergic receptors mediating effects of cate- 
cholamines on glycogenolysis in liver and skeletal 
muscle are known to be of the jZ variety [4]. In this 
study, adenylate cyclase was coupled to a fl,-adrener- 
gic receptor in membranes from these two tissues. Nor- 
epinephrine was only l/l00 as potent as isoproterenol 
and significantly less active than epinephrine. Soter- 
enol was even more potent than epinephrine, although 
its intrinsic activity was somewhat less. In both cases, 
blltoxamine was a more effective antagonist than prac- 
tolol. 

Similarly, as previously reported by Burges and 
Blackburn [6]. we found that the adenylate cyclase- 
coupled /I-adrenergic receptors in lung homogenate 
membranes were /12. Soterenol, however, was some- 
what less active in these preparations. It should be 
borne in mind, however, that of the preparations used 
in these studies, the lung homogenates were by far the 
most heterogenous. Although the results obtained do 
seem to reflect the pharmacological characteristics of 
@,-adrenergic receptors in bronchial smooth muscle, 
further data with more homogenous preparations of 
smooth muscle from several tissues will be required to 
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confirm the exact nature of adenglate cyclase-coupled 
~-adrenergic receptors in these cells. 

There is no well dehneated physiological p-adrener- 
gic response in frog erythrocytes to correlate with 
adenylate cyclase activation. Nonetheless, it seemed of 
interest to characterize these fl-adrenergic receptors for 
comparative purposes. The data clearly indicate a /I,- 
adrenergic receptor in these membranes. 

Our data are consistent with other published studies 
on adenylate cycfase activation by cdtecholamines. 
Mayer [7] has found that butoxamine and related 
compounds block hepatic receptors more effectively 
than cardiac receptors. Murad [24] found that practo- 
101 blocked heart receptors better than adipose recep- 
tors and was very weak on receptors in tracheal ring 
preparations. As noted above, Burges and Black- 
burn [6] found butoxamine to be more potent in lung 
than heart and the reverse for practolol. 

In summary, there appears to be a reasonable corre- 
lation between the characteristics of adenylate cyclase- 
coupled fi-adrenergic receptors in membrane fractions. 
and those of the /3-adrenergic receptors in intact tis- 
sues. However, considerably higher concentrations of 
agonists and antagonists were necessary for effects on 
the membrane preparations than on intact tissues. As 
has been emphasized in the literature, this is likely due 
to some distortion of the normal receptor-cyclase 
coupling mechanisms in the subcellular mem- 
branes [25]. The possible presence of “spare receptors” 
or of incomplete equilibration of drugs with the 
receptors may also play a role. The order of potencies 
of agonists and antagonists, however. was in reason- 
ably good agreement with information derived from 
more intact tissues. These correlations add further 
weight to the thesis that adenylate cyclase is the phy- 
siologically relevant target of j-adrenergic catechola- 
mines in a number of tissues. 

The adenylate cyclase system irt uitro may provide a 
simple and convenient assay system for screening new. 
potentially specific, P-adrenergic agonist and anta- 
gonist drugs. 
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