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SUM MARY

The rates of recovery of response of rabbit aortic strips, blocked with N,N-dimethyh-
2-bronuo-2-phenylethuylamine, to noradrenaline, adrenaline, N-ethyl- and N-isopropyl-

noradrenahine have been determined. The close similarities of these recovery rates

suggests thuat “spare” receptors are of little significance in this system.

The use of 3H-labeled N,N-dimethyl-2-bromo-2-phuenylethyhamine enabled an esti-
mate of the concentration of a-receptors, 1.15 X 1012 receptors �ei’ milligram of tissue

dry weight, to be nuade and also providled good evidence for the view that tissue re-
sponse is proportional to time concentration of agonist-receptor complex.

In Part I (1) of this projected series of
papers dealing with the structure of the
adrenergic a-receptor we discussed the

specificity of action of N- (2-hronuoetluyl) -

N-ethyl-N-1-naphthylmethylamine hydro-

bromide (SY.28, I) ,� an agent represent-
ative of time competitive irreversible an-

tagonists active at tiue a-receptor. From

this discussion it was apparent that theo-
retical schetuies, based on protection of the
receptor with an agonist or short-lasting

antagonist p1-mom’ to treatment withu labeled!
blocking agent, were unlikely to be suc-
cessful with the irreversible blocking agents

currently available (1). The reasons for

this are the relative lack of specificity of

time irreversible antagonists and of nor-
adrenaline itself. Thus noradrenahine and

otiuer sympathuomimetic agents are known

to possess substantial affinity for sites other
than the adrenergic a-receptor; of partic-

ular importance amiiong suchu “nonreceptor”

sites are the anuine uptake and storage sites

Abbreviations used: SY.28, N-(2-bronioetliyl)-
N-ethyl-1-napthylmethylamine; II, N,N-dimethyl-

2-bromo-2-phenylethylamine.

(2-6) and among othuer sites muuay be listed!
monoamine oxi dase, cateehol-0-methyl-

transferase and othuer less well defined

“sites of loss” such as serunu albumin (7).
It will be anticipated that the 2-halogeno-

ethylamines, whose structure-activity rela-

tionship can be rationalized in termuus of

the phenylethuylamuuine pattermu (8) char-
acteristic of synupathomimetic amines, will
also show affinity for some or all of these
sites (9, 10), in addition to tlueir known
phuarniacologic activities in nonadrenergic

systems (11-14). These factors together
with the very low concentration of receptor
material in tissues makes the interpm’etation

of protection data of the variety discussed

in Part I very difficult.. It. thins appeared

desirable to attempt to obtain an experi-

mental estimate of the concentration of
adrenergic a-receptor material in tissues.

The present paper records our approach to

this problem.

From our previous (liscussiOmu (1), it was
apparent that the method adopted should
involve the use of physiologically viable

tissue. For this reason, it was decided not
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to adopt any procedures which involved the
determination of noradrenahine or irrevers-
ible antagonists hound to tissue fractions

or to determine by autoradiograpluic tech-

niques the sites and amounts of agonist or
antagonist bound in various tissues. The
technique that was adopted is based upon

our previous examination (9) of the
kinetics of recovery of tiue response to

noradrenahine of rabbit aortic strips pre-

treated with the irreversible eompeti�

tive antagonist, N,N-dimetiuyl-2-bromo-2-
phenylethylamine (II). In this work it was
dlemonstrated that II produced an irrevers-

ible block of rathuer short duration and

that the recovery process obeyed first-order
kinetics. From our previous and unpub-
hished observations on the duration of
adrenergic blocking action of 2-halogeno-
ethylamines, an explanation of the relative
rates of recovery of response from blockade

by these agents is best accommodated in
terms of an intramolecularly facilitated

hydrolysis of the alkylated receptor. pro-

vided that certain assumptions are nuade
concerning the relationship between recep-

tor occupancy and tissue response. Strictly
speaking, our work on the duration of
action of 2-halogenoethyhamines refers

only to the rate of recovery of tissue re-

sponse, not to thue rate of receptor regen-

eration. An interpretation in terms of thue
latter can be made if it is assumuued that
tissue response is proportional to receptor
occupation and that maximumn tissue re-
sponse occurs with 100% receptor occu-
pancy (9). Tluese are, of course, the fund-

amental assumptions made by Clark in his
original quantitative treatment of drug-

receptor interactions (15).

With the above assumptions a dIeter-

muuination of tlue anuount and time course of

thuc loss of radioactivity from tissues treated

with 3H-N,N-dimethyl-2-bromo-2-phenyl-

ethvlaiuuine would l)rovidle an estimate of

the amount of a-receptor immaterial in tis-
sues. This would certainly be a maximum

figure because of the relative muonspecificity
of action of 2-iualogenoethylanuines. If it

is assumuied! that the site alkvlated at the
a-receptor is a carboxylate anion, a certain
number of nonreceptor camboxyhate anions

will also be alkylated and thins may con-
tribute to an overestimation of the amount

of a-receptor material. The importance of
this factor may, however, be reduced by

appropriate control exl)eriluuents (see Re-

sults an(l Discussion).
However, the assunuptions muuade origi-

nally by Clark have, in recent years, been
subject to serious challenge by Ariins,

Stephenson, Furchgott and their co-workers
(16-20) ,2 Essentially, these workers have

suggested that tissue response may not be

pm’oportional to the concemutration of drug-

receptor oomplex (receptom’ occupamucy) and

that maximumui tissue respomuse can occur
when only a smuuall percentage of the re-

ceptors are occupied (time “spare” receptor

hypothesis). Estinuates of tiue pem’cemutage of

receptors thuat have to be occupied to pro-

duce a maximum response have ranged

down to 0.0001% (21), althouglu it is pro-
posed that the percentage occupancy at

maximunu response is a function of the

structure of the agonist.
2 An alternative treat nient has been offered liv

Paton (22, 23) which differs rather substantially

from the Clark-Arii�ns-Stephenson model since it

does not require the formation of a discrete inter-

mediate drug-receptor conip lix for receptor acti-

vation to occur. The act of association of a mole-

cule with the receptor is presumed sufficient to

initiate tissue response. The foundations of this

“rate” theory of drug action have been subject to

very pertinent criticism by Belleau (24), and at

the present time it would seem more profitable

to consider drug-receptor interactions on the basis

of time formation of a discrete intermediate com-

I )ICX :is roposed in t he Clark-Ari#{235}n�-$t lienson
model (16).
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Clearly, acceptance of the concepts of
“spare” receptors and of a lack of pro-
portionality between tissue response and

concentration of drug-receptor complex
would invalidate any interpretation of our

data for the rates of recovery of tissue
response following exposure to 2-halogeno-

ethylamines, in terms of receptor structure,
since it mighut be argued that our observa-

tions of 100% recovery of tissue response
refers only to reactivation of, fom’ example,

0.1% of the total receptor population (9).
It is equally apparent that attempts to

determine the concentration of receptor
material in tissues by the method nuen-
tione(! (page 29) would be subject to time
same criticisnu. Before attempting to carry
out the latter experiment, it appeared de-

sirable, therefore, to test the validity of the
assumptions made by Clark, Ari#{235}ns,

stephenson, et al.

A certain amount of pertinent criticism,
at the theoretical level (9, 24;), has been

directed at the Clark-Arh�ns-Stephuenson
tuuodel of drug-receptor interaction. In this

paper we pm’esent experimental evidence
h)earing on this model and which appears to
be of value in formulating theories of
drug-receptor interaction.

MATERIALS AND METHODS

Pharmaco1og�y. Rabbit aortic strips were
set up to record isotonic conti’actions (25,

26). Doses of the drugs are in granus per
milliliter (final bath concentration) and

refer to the following salts: DL-N-ethyl-
noradrenaline HC1, DL-isoprOpylnOradrena-
line HC1, D(-) -noradrenaline bitartrate,
OL-adrenaline as the free base, SY.28 and!
J\r,1\_d!ilulethuyl_2_bromuuo2_piuenylethmylaluuine

as the hydrobronuides.

Release of radioactivity. Strips were
completely blocked to noradm’enahine

with �H-N,N-dimethyl-2-bromo-2-phenyl-

et.hylamine after which they were washed
repeatedly for 10 minutes. The volunue of

the bathu was thmen returned to 20 muul and
SO-p.! aliquots were taken at 5-nuin inter-
vals and counted in time scintihlator solution
(iescl’ibed earlier (1). A nuiniiuiumuu of 10,000
counts was collected for each sample and

cori’ections for quenching were made by the

method of internal standardization (27).
The first-order rate constant was deter-
mined by plotting the data according to

Rose (28). Briefly, the alternate values of
total radioactivity in the bath are plotted
against one anothuer, i.e. the first 5 mm
determination against the third, the second
against the fourth, etc. The logarithm of

the slope of the straight line multiplied by
2.303/M, whuere �t = 10 muuin, gives k in

accordance with the equation

2.303 0.693

= � logslope:t,2 = k

Fronu time t112 it is possible to determine

the fm’action of radioactive material ap-

pearing in the bath over the total period of
measurement and hence, to calculate the

total amount of radioactivity which would
appear in the bath fluid if the process were
followed to completion. Usually measure-

nuents were made over a period of 1 hi’

(approximuiately 3 half-lives) after which
the strips were counted as described pre-

viously (1), and the fraction representing
material wimich was covalently bound an(l
�viuichm would not appear in tue radioactive

washout process was deternuined by sul)-
tracting the calculated value of the mate-

rial remaining whichu would undergo hiy -

drolysis on the basis of the first-order rate

process. Independent rate constants were
detcrmuuined in parallel strips using nor-

adrenaline, adirenaline, N-ethylnoradren -

ahine, and N-isopropyhnoradrenaline and
treating the data as described previously

(9, 26).
Chemical synthesis of labeled material

N,N- diinethyl-2- brorno-2-phen.yt- (2-3H)

ethyla mine Ii ydrobromnide, PhC’HBrCH2-

.VMe�, iIRr. To �-N,N-dimetiuylamino-

acetopluemiomue (29) (1.80 g, 0.011 mole)
dissolved in nuethanol (30 ml) and stirred
magnetically at 15-20#{176} was added tn-

tiated sodium borohydnide (114 mg, 0.003
mole, specific activity 200 mC/mmole front

New England Nuclear Corporation) dis-
solved in 2 ml of 5% sodium hydroxide.
After 2 hr stirring a further 30 mg of un-
labeled sodium borohydride was added and
most of the solvent was removed by dis-
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tihlation. The oil was taken up into chloro-

form (2 X 5 ml) and dried over anhydrous

magnesium sulfate. The dried chloroform
extract was stirred at 0#{176}and a solution of

phosphorus tribromide (3.0 g) in chloro-
form (8 ml) was added dropwise. When the
addition was complete the mixture was re-

fluxed for 4 hr. The solvent was removed,
and the residue was treated with boiling

iuuethanoh (2 X 25 ml) and filtered. On

cooling, the filtrate yielded N,N-dimethyl-
2-bromo-2-phenyl- (2-3H) ethylamine by-

drobromide (2.5 g, 81%), m.p. and mixed
m.p. 175-176#{176}. The material was recrystal-
lized to constant specific activity and dem-

onstrated to be pure by reverse isotope
dilution. The specific activity was 41.6
mC/mmole.

RESULTS

Responses of Aortic Strips to Catechol-

amines

Dose-response curves for noradrenaline,

adrenaline, N-ethylnoradrenaline, and N-
isopropylnoradrenaline were determined
using rabbit aortic strips set up according

to the method described by Furchgott and

Bhadrakom (25). The results have been

TABLE 1

The activities of catecholamine.s in a-receptor systems

Cumulative dose response curves were determined

on rabbit aortic strips with noradrenaline followed

by determination of the response of the same strips

to the other catecholamines. Decreases in sensitivity

were determined on control strips taken from the

same animal.

Intrinsic activitya

Rat vas

deferens (data

Amine Rabbit aorta from 30)

IiL-Adrenaline 1 .0 1 .0

n(-)-Noradrenaline 1 .0 1 .0
1)L-N-Ethylnor- 0.9 0.9

adrenaline
I)L-N-Isopropylnor- 0.6 0.6

adrenaline

a Intrinsic activity

- maximum response agonist
- maximum response to noradrenaline

expressed in terms of the intrinsic activity

factor-maximum contraction lueight of

agonist/maximum contraction height of
nonadrenaline (26). It will be observed

that noradnenaline and adrenaline luave

equal intrinsic activities, i.e., they produce
the same maximum contraction, but N-

ethyl- and N-isopropylnoradrenaline pro-

duce maximum contractions which are 90%
and 60%, respectively, of that produced by
noradrenaline. These results are in good
agreement with previously published data
(30) (Table 1).

Rates of Recovery of Tissue Response

Following Blockade by N,N-Dimethyl-�d-
bromno-2-phenylethylarnine

Rabbit aortic strips were completely

blocked to noradrenaline by pretreatment
withu N,N-dimethyl-2-bromo-2-phenyheth-

ylanuine (5 X 10� g/nul for 5 mm) and

the rates of recovery of tissue response to a
series of agonists, noradnenahine, adrenaline,
N-ethylnoradrenahine, and N-isopropylnor-

adrenaline, were determined. Full details of
the method used in plotting the recovery
data have been given previously (9, 26).

The only modification macic in these ex-
periments was to employ an amount of the

stimulating agonist that was marginally
above thue ED95 determined from internal
controls. Thus procedure made possible a

TABLE 2

The half-life of a-receptor blockade by N,N-diinethyl-

2-bromo-2-phenylethylamine as measured by the
response to agoni.st.s, partial aqonists, and

release of r(ulioactu’ity

The ti2’s were determined from the first-order

plots as described in Materials and Methods.

Compound t� (miii) ± S.D.

DL-Adrenahne (7)a 19.7 ± � .8

n(-)-Noradrenalme (7) 23.0 ± 2.6

DL-N-Ethylnoradrenaline(7) 26.6 ± 4.4

DL-N-Isopropylnoradrenaline (6) 27.8 ± 3. 2h

‘H-N,N-Dimethyl-2-bromo-2- 20.7 ± 4. 1

phenethvlamine (8)

#{176}Numbers in parentheses refer to number of

experiments.
Significantly different from noradrenaline using

the student t test, p = <0.05.
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TABLE 3

L.stunation of tie number of a-receptor sites in rabbit aortic strips

Amount of ‘H-N,.N-climethyl-2-bromo-2-phenylethylaniine, sufficient to give 100% blockade as measured

by the pharmacologic response to a supramaximal close of noradrenaline, were nicubated with rabbit aortic

strips for 5 mm in 20-mi muscle baths. After successive washing for 10 minutes, the volume was set at 20 ml

and 5OO-�il samples were taken. Time radioactivity wa.s determined and data were treated as described in Ma-

terials and Methods.

Total Dpm/mng

a�)�)earing in wash

Cone. of fluid Dpm/mg Number of molecules appearing in

II remaining wash fluid/mg dry weight tissue

Entry (�g/ml) Control SY.28#{176} on strip tv2 (mm) No. receptors/mg dry weight tissue

1

2

3

1 .8

1.8

1.8

503

719

483 -

1054
1016

1252

24

20

29

3.3 X 102 �

4.7 X 10#{176} � � 6 X 10#{176}

3.2 x 10#{176}

4 1.8 509 1024 17 3.35 x 1012

5

6

1.8

1.8

330
-- 416

774

610

29

24
2.2 X 1012 ) 45 X 10#{176}

2.7 X 10#{176}
7 1.15X1OL

8

9

3.7

3.7

951

1172 ----

2000

2251)

21

20

6.3 X 1012 -

7.7 X 1012 #{231}
10
11

3.7

3.7

669

628

132()
1054

27
24

4.4 X 1012

4.1 X 1012

12 2.75 X 10#{176}

13 5.6 984 2611 17 6.4 X 11)12

14 5.6 931) - 1832 18 6.1 X 1012

a Prior to treatment with 211-N,N-dimethyl-2-hromo-2-phenylethylamine these tissues were preblocked

with SY.2S t5 )< 11) g/mI for 10 miii).

Mo!. Piarmacol. 3, 28-36 (1967)
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more accurate determination of initial rates
and has resulted in a nuinor change from

our previously published first-order rate

constant for recovery to noradlrenaline. Tlue

results of these experiments are presented
in Table 2. First-order kinetics of recovery
was observed in all cases.

Rates and Amount of 3H-Washout Follow-

ing Blockade by 3H-N,N-Dimethyl-2-

b romo-2-phe nyle thyla.min a

In expeninuents similar to tluose de-
scribed above, 3H-N,N-dimethyl-2-bromo-

2-phenylethylamine was employed. Rabbit
aortic strips were blocked 100% with the

minimum concentration of tluis agent and

were then washed thoroughly for 10 mm to
remove noncovalently bound material. In

control experiments we found this time suf-
ficient to wash out completely an equiv-

alent amount of tlue corresponding alcohol.
The strips were tluen stimulated at 20-mm

intervals with noradrenaline (ED95, see
Table 2) or, in other strips, the radioac-

tivity lost from the tissue in each 5-mm
period was deternuined. Thus records of

tissue recovery and radioactive loss were
obtained from strips from the same animal.

A Guggenheim-type plot (28) of the radio-
activity data gave first-order plots (Fig. 1

is representative) with tlue tl/2 for the

process (Table 2) being 20.7 ± 4.1 mm.
Since our previous work with 2-halogeno-

ethylanuines indicates tluat tluey are rela-
tively nonspecific blocking agents, it was of

interest to determine the total anuount of
radioactivity coming from tissues that had

been treated with concentrations of �H-
N,N-dinuethyl-2-bromo-2-phuenyletluyhamine

somewhat higher than required for 100%
blockade. These results are presented in
Table 3. In other experiments designed to

explore this point further, aortic strips
were pretreated with SY.28 (a long-lasting

irreversible a-blocker, see Part I) to pro-
duce complete blockade of thue response to
noradrenaline prior to treatment with
3H - N,N - dimuuethyl - 2-bromo-2-phuemuylethyl-
amine. Tlue results of these experiments are
also presented in Table 3.

DISCUSSION

In the series of compounds noradrenaline,

adrenaline, N-ethylnoradrenaline, N-iso-
propylnoradrenaline , noradrenaline and

adrenaline are full agonists and N-ethyl-

and �\r_isopi.opylnoradI.e1ualmne are partial

agonists in the Ani#{235}ns-Stephuenson termi-
nology (31 ) . That is, N-ethyl- and N-iso-

propylnoradrenahine do not produce the

maximum responses (relative to the max-
imum response of noradrenahine) even at
nuaximum concemutrations (Table 1). Ac-
cording to the Anii�ns-Steplmenson tlueory,

the phenomenon of spare receptors is not

observed with partial agomuists because

such agents have to occupy all the recep-
tors in order to produce their maximum

responses.3 Thus, determination of tiuc
rates of recovery from irreversible block-

ade by N,N-diimiethyl-2-hroiuuo-2-plmenyl-
ethylamine using both full and partial

agonists as the stinuulating agents shuould

give either essentially identical recovery
rates if spare receptors do not exist and
the agonists have to occupy the sanue num-
ber of receptors to produce tlueir respective

maximum response, or widely differing
rates of recovery if spare receptors luave

the importance that the Ariins-Stephenson
nuodel would suggest.. Froimu time results in

Table 2, it is apparent that the differences
in the rates of recovery of tissue response

with the various agonists are far snualler
tluan would be anticipated if a significant
concentration of spare receptors existed.
Thus, if noradrenaline, wluich shows a t�2

of 23 ± 2.6 mm, needed to occupy only
0.1% of the a-receptors to produce a max-

imumuu response then tlue t1,12 for N-iso-
propylnoradrenahine which, according to
the Ari#{235}ns-Stephuenson treatment, luas to
occupy 100% of tlue receptors to produce

‘The phenomenon of “spare” receptors is also

encountered in the Paton theory of drug action in

the form of “spare receptor capacity,” where it is

proposed that if the rate of dissociation of the

agonist from the receptor is sufficiently rapid, then

maximum response is determined by the proper-

ties of the effector system ratlmer than by the

kinetics of the drug-receptor interaction.
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its maximum response, would be greater

tluan 20 hr as compared to the observed
time of 27.8 ± 3.2 nuin. Tlue close similarity
in the times for 50% recovery listed in

Table 2 indicates that all four agonists
have to occupy approximately the same

number of receptors to produce their re-
spective maximum responses,4 and that, at

least for time rabbit aortic strip systenu,
spare receptors are of little consequence.5

Thus, to produce the same percentage
response of their respective maximum re-

sponses, noradrenahine, adrenaline, N-

ethylnoradrenahine and N-isopropylnor-
adrenaline have to occupy approximately

the same number of receptors. It is appar-

ent however, that, since )\-isopropylnor-
adrenaline produces a maximum response

which is only 60% of tluat produced by
noradrenahine (Table 1), then 40% of the
X-isopropylnoradrenahine-receptor interac-

tions do not lead to tissue response. (An
argument strongly supporting the concept

that tissue-response is proportional to the
concentration of agonist-receptor complex

is presented in the next section.) This con-
clusion accords well withu Belleau’s con-
formational perturbation theory of drug-
receptor interactions (24) in which he

concludes that both specific and nonspecific

conformational changes of the receptor can

We are currently examining time application of

this approach to other tissue systems with the

dual aim of extending the validity of this con-

clusion and of improving the accuracy of our
results.

‘It will be observed, however, that there is a
definite trend in the times for 50% recovery listed

in Table 2, and this trend tends to parallel the

increase in /3-mimetic activity of the catechol-

amines. Thus the difference in rates of recovery

between noradrenalinc and N-isopropvlnoradren-

aline is statistically significant. However, even if

it is assumed that all this difference represents

spare receptors, then it can he calculated that at

maximum response with noradrenaline there

would be only 14% spare receptors. It seems
equally plausible, however, that the slower re-

movery rates found with N-isopropylnoradrenaline,

and to a lesser extent with N-ethylnoradrenaline,

are due to the increased activities of these com-

pounds, relative to noradrenaline and adrenaline,

at the /3-receptors (32).

occur following interaction with a drug

molecule, but that only thue former changes
can lead to tissue response.

Further evidence of direct relevance to

these conclusions was obtained from the
experiments in which the aortic strips were

completely blocked with the minimum con-
centration of 3H-N,N-dimuiethyl-2-bromo-2-

phenylethylamine. Thue t112 for the loss of
tissue radioactivity, which we assume to
represent material from the hydrolysis of

alkylated receptor, was found to be 20.7

± 4.1 mm (Table 2) which is in good
agreement with the t112 for tlue pharma-

cologic recovery process which was meas-
ured siniultaneously. The near identity of

the kinetic constants of these proce�es cer-

tainly suggests that the processes of re-
covery of response and of regeneration of
the a-receptor are directly related. If this

conclusion is accepted then it follows tluat,

to a chose approximation, the magnitude of
the agonist-induced response in rabbit

aortic strips is proportional to the concen-
tration of agonist-receptor comnplex. How-

ever, the results in Table 3 indicate that
as the concentration of 3H-N,N-dimethyl-
2-bromo-2-phenylethylamine is raised
above the minimum blocking dose, so the

amount of radioactivity coming from the

tissues tends to increase, suggesting the
increased importance of release from
nonreceptor material. In other experiments

in whiclu aortic strips were pretreated
withu SY.28 to produce 100% blockade of
the a-receptors, prior to treatment with
211W N,N - dimethyl - 2-bromo-2-phenylethyl-
amuuine, a 25-40% reduction in radioactive
washuout was observed; luowever, the tl/2

for tlue remaining, nonreceptor, process was
not significantly different from that ob-
served in control strips (Table 3) .‘ This

result is not surprising if it is assumed
that tlue site alkylated at the adrenergic

It is of interest to note from the results in

Table 3, that strips pretreated with SY.28 were

protected against nonspecific and specific labeling

(amount released by hydrolysis and amount re-

maining bound to tissue) by II to approximately

the same extent. This confirms our previous find-

ings (1) that SY.28 is chemically relatively non-

specific.
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a-receptor is a carboxylate anion (8, 9, 26),

since its occurrence in nonreceptor material

mnust be relatively common, i.e., glutanuyl

and aspartic acids, C-terminal amino acids,
fatty acids, and polysaccharides.

The difference in washuout of 3H-material

between tiue SY.28 pretreated tissues (En-
tries 5, 6, 10, and 11, Table 3) and the
control tissues (Entries 1, 2, 3, 4, 8, and 9,

Table 3) represents material derived, in

part, from hydrolysis of the 311-labeled

receptor and hence, assuming one alkyla-
tion per a-receptor, gives a maximum esti-
mate of tlue number of a-receptors per unit

of tissue (Entries 7 and 12, Table 3). The

figure calculated from experiments using
the nuinimum blocking concentration

of 3H-N,N-dimethyl -2- bronuo -2- phenyl -

ethylamine, 1.15 X 10� receptors per milli-
grain of tissue dry weight, should be the
most accurate estimate altluouglu it must

be emphasized tluat this represents a max-
imum figure because the relevant 3H-waslu-

out data probably contain a contribution
from tlue hydrolysis of nonreceptor

material.

Since there does not appear to have been
any otluer substantial attempt to deternuine

adrenergic a-receptor concentrations we are
unable to present any comparison withu our

data for this system. However, it appears
of interest to compame our results with
estimates of receptor concentration in otluer

systems.

Trams (33) has calculated from the data
of Waser (34) and otluers (35) tluat tissue
from the electric organ of tluc electric eel

can bind 1.12 mp.mole curare per grain of

tissue, which is equivalent to 3.4 X 10�
receptor sites per milligram of tissue dry

weight. Paton and Rang (23) have studied
the uptake of atropine in guinea pig intes-
tinal smooth muscle and luave tentatively

identified one component of this uptake,
with a binding capacity of 1.8 X 10��

mole/g, witlu the cholinergic receptor. This
corresponds to a figure of approximately

5 X l0� acetylcholine receptors per milli-
gram of tissue dry weight. The agreement,

to within an order of magnitude, of the
figures for the tissue concentrations of

adrenergic and chohinergic receptors is of

interest, although probably fortuitous, since

it must be recognized that these results

were obtained by different techniques witlu

different tissues.

Furthermuuore, tiue technique of receptor
titration and isolation using competitive

reversible antagonists offers serious draw-

backs which the use of an appropriately

designed irreversibly acting antagonist can

avoid. It seems probable tluat the use of

such irreversibly acting agents may lead to

significant advances in this field. The ap-

proachm reported in this paper has served to

suggest time insignificance of “spare” recep-
tors in rabbit aortic strips and to demon-

strate a proportionality between tissue
response and the concentration of agonist-

receptor complex. Furthermore, our ap-

proach iuas made possible an estimation of

the quantity of a-receptor material in an

adrenergically innervated tissue. This fig-
ure is certainly a maximum estimate, but it
does serve to give an indication as to the
sensitivity of muiet.hods and the amounts of
material required for an effective receptor
isolation procedure.
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