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Abstract-a-Adrenergic and p-adrenergic receptors were studied by measuring the binding of 
(“Hldihydroergocryptine and [:tH]dihydroalprenolol, respectively, to membranes prepared from homo- 
genized rabbit irides. The binding of [YH]dihydroergocryptine appears to be specific for a-adrenergic 
receptors as adrenergic agents displace this radioligand with the following order of potency: 
phentolamine > epinephrine 2 norepinephrine ti isoproterenol = propranolol. The binding of 
[:‘H]dihydroalprenolol appears to be specific for p-adrenergic receptors as adrenergic agents displace 
this radioligand with the following order of potency: propranolol >> isoproterenol 2 epinephrine 
> norepinephrine $ phentolamine. Several weeks after removal of the superior cervical ganglion, when 
all the adrenergic nerves to the tissue have degenerated, membranes prepared from denervated irides 
have an increased density of p-adrenergic receptors with no increase in the density of a-adrenergic 
receptors. A small decrease in the total number of a-adrenergic receptors probably occurs, which is 
due to the loss of pre-junctional receptors. The affinities of the receptors do not change. These findings 
suggest that unlike skeletal muscle, the supersensitivity that occurs in smooth muscle is not due to 
an increase in the population of receptors governing contraction. However, the change in population 
of b-adrenergic receptors is consistent with the hypothesis that. as in other tissues. the level of cyclic 
AMP modulates the density of the P-adrenergic receptor. 

One of the classical examples of cell-cell interaction 
is the trophic influence that a nerve has on the 
muscle that it innervates. Our best understandingof 
this phenomenon is for skeletal muscle, where 
denervation leads to a large increase in the number 
of cholinergic receptor sites on the muscle 
membrane 1 I, 21. Thus, the muscle becomes super- 
sensitive to exogenously administered neurotrans- 
mitter and numerous investigations have confirmed 
this hypothesis [3, 41. 

Supersensitivity also develops in smooth muscle 
upon denervation. For example, denervation of the 
nictitating membrane of the cat, leads to develop- 
ment of supersensitivity that has both pre-junctional 
and post-junctional components [S]. At an adrener- 
gic neuromuscular junction, the primary mechan- 
ism for terminating the influence of the released 
norepinephrine is uptake of the neurotransmitter 
into the nerve terminal [6]. Thus, the pre-junctional 
component of supersensitivity is due to the actual 
loss of neuronal uptake and, therefore, an increase 
in the effective concentration of administered cate- 
cholamine in the biophase at the receptor [S]. This 
type of supersensitivity develops quickly, corres- 
ponding with the degeneration of the nerves [7]. 

In addition, there is a post-junctional component 
of supersensitivity that develops slowly after dener- 
vation and also after decentralization, which inter- 
rupts the neural input to the tissue but maintains 
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the presence of the nerve endings[8]. Although a 
complete explanation of post-junctional supersensi- 
tivity at an adrenergic neuromuscular junction is 
not available, physiological and pharmacological 
evidence suggests that the post-junctional changes 
are non-specific and due to changes in excitability 
of the smooth muscle membrane rather than 
changes in the adrenergic receptor population [S]. 
Nevertheless, there have been no biochemical 
proofs. There is quantitative evidence, however, 
that increases in sensitivity at non-muscular 
adrenergic junctions are associated with increases 
in the density of the population of /I-adrenergic 
receptors [lo]. 

We have, therefore, studied both the a- and p- 
adrenergic receptor populations in membranes pre- 
pared from the same smooth muscle tissue, the 
heavily adrenergically innervated iris of the rabbit, 
before and after the development of supersensiti- 
vity. We have used in vitro methods recently de- 
veloped by Lefkowitz and co-workers [ I I, 121 for 
characterizing the affinity and density of adrenergic 
receptors prepared from homogenized tissue. 
These techniques are demonstrated capable of bio- 
chemical quantification of both a- and P-adrenergic 
receptor populations. 

MATERIALS AND METHODS 

Preparation of membranes. Unilateral extirpation 
of the superior cervical ganglion was performed on 
2-3 kg, male, albino New Zealand rabbits, anes- 
thetized intravenously (i.v.) with sodium pentobar- 

953 



954 E. D. PAtit and A. H. NEUFELD 

bital. Three to 4 weeks later. when all the adrenergic 
nerves had degenerated [ 131, the animals were sacri- 
ficed, eyes were enucleated, cut into anterior and 
posterior poles, and irides dissected free of sclera 
and vitreous. lrides of different animals, in groups 
of S-6. from the ipsilateral side of the surgery 
were pooled for the denervated preparation and 
irides from the contralateral side were pooled for the 
control preparation. 

Similar procedures were followed for decentrali- 
zation of the superior cervical ganglion. Although 
isolated surgically from the CNS and other parts of 
the ANS, the neural connections between the 
ganglion and the eye were left intact. Animals were 
used 3-4 weeks after surgery. 

Following described procedures [ I I], iridial tissue 
was homogenized in 20 ml of cold 0.25 M sucrose. 
I mM MgCI,. 5 mM Tris-HCI, pH 7.4 in motor- 
driven Teflon-glass homogenizers and, after filtra- 
tion through cheesecloth, centrifuged at 310 gfor IO 
min at 4”. The supernate obtained was centrifuged 
at 28,000 g for IO min at 4” and washed twice, with 
re-homogenization in 5 ml of cold IO mM MgCIZ, SO 
mM Tris-HCI. pH 7.55. The final pellet was sus- 
pended in 2 ml and stored frozen overnight, or for 
several days. with no apparent loss of activity. 
Immediately prior to use, this suspension was re- 
homogenized and a sample was taken for protein 
determination by the method of Lowry et al. [ 141, 
with bovine serum albumin as standard. This mem- 
brane preparation was assayed for both a- and 
/j-adrenergic receptors. Irides from normal, 
unoperated rabbits. as well as from frozen eyes 
obtained from Pel-Freez Biologicals. Inc. were pro- 
cessed in the same manner. No differences were 
noted. 

Assay for a-adrenergk receptors. a-Adrenergic 
receptors were assayed by determining the amount 
of binding to membranes, prepared as described 
above, of [“Hldihydroergocryptine, at S x IO-” M, 
that can be displaced by phentolamines at 5 x IO-” 
M [I I]. SO micrograms of membrane protein were 
incubated for IS min at 25” in IS0 ~1 of the following 
incubation medium: IO mM MgCI,. SO mM Tris- 
HCI. pH 7.55. SO nM [“Hldihydroergocryptine. 
When agents were present to displace the 
(“Hldihydroergocryptine from the binding site, e.g. 
phentolamine, epinephrine. etc. they were added to 
the lSO-$l volume to give the final molar concen- 
tration indicated. Incubation was terminated by the 
addition of I.5 ml of cold incubation medium and 
filtration through Whatman GF/C filters. Filters 
were washed twice with IO ml. dried for 1 hr at 65” 
and prepared for scintillation counting by solubili- 
zation in 0.5 ml ProtosolR followed by IO ml Econo- 
fluorrM. Nonspecific binding, or that amount of 
(“Hldihydroergocryptine not displaced by phentol- 
amine. was lo-50 per cent of the total binding, 
dependent upon the concentration of [:‘H]dihydro- 
ergocryptine used. and had a much lower affinity 
than specific binding. 

Assay for p-udrenergic receptors. ,!-Adrenergic 
receptors were assayed by determining the amount 
of binding to membranes, prepared as described 
above. of [“H]dihydroalprenolol. at IO-” M. that can 
be displaced by propranolol. at S x IO-” M 1121. The 

procedures used for the assay of the 4-adrenergic 
receptor were identical to that for the a-adrenergic 
receptor except that the IS-min incubation was at 
37’. Membranes werecollectedand washedon What- 
man GF/A filters and prepared for scintillation 
counting as above. Non-specific binding. or that 
amount of [:‘H]dihydroalprenolol not displaced by 
propranolol. was usually IO-IS per cent of the total 
binding. 

Mrrteriuls. [“H]dihydroergocryptine (24. I Ci/m- 
mole) and [“H]dihydroalprenolol (32.6 Ci/m-mole) 
were from New England Nuclear. j-Epinephrine. 
d-bitartrate. I-artereno, d-bitartrate, I-isoproterenol, 
d-bitartrate, dopamine. serotonin and d,lpropran- 
0101 were from Sigma. The following compounds 
were generously supplied: phentolamine (Ciba- 
Geigy), phenoxybenzamine (Smith. Kline and 
French). clorgyline (May and Baker). U-021 
(Upjohn). cocaine (Merck). 

KESULTS 

Genercrl observutions on binding of rudioligtrnds. 
The same preparation of membranes can be used 
to study both the a-adrenergic receptor with 
[“Hldihydroergocryptine and the P-adrenergic re- 
ceptor with [“H]dihydroalprenolol. Specific binding 
of these radioligands was unaltered by S x IO-” M 
of the following compounds: cocaine, an inhibitor 
of neuronal uptake[6], clorgyline, an inhibitor of 
monoamine oxidase [IS], and U-0521, an inhibitor of 
catechol-O-methyl transferase [ 161. The latter two 
compounds were routinely added to the incubation 
solution. 

a-Adrenergic receptor. As determined by Scatch- 
ard analysis, the K, for [“Hldihydroergocryptine 
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Fig. 1. Inhibition of [:‘H]dihydroergocryptine binding by 
adrenergic agonists. Iridial membranes prepared from 
rabbit eyes obtained from Pel-Freez Biologicals. Inc. 
were incubated with [“Hldihydroergocryptine in the ab- 
sence and presence of the indicated agonists. The ability 
of each agonist to displace the radioligand was compared 
to 100 per cent inhibition of binding by 5 x 10m5 M phen- 
tolamine, which corresponds to maximal specific bind- 
ing of 0.53 pmoles r’H]dihydroergocryptine/mg protein. 
Each value is the mean of duplicate determinations of at 
least two separate experiments. EPI: epinephrine: 

NOREPI: norepinephrine; ISOP: isoproterenol. 
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Table I. Inhibition of l:‘H]-ligand binding to 
membranes prepared from rabbit irides 

&J* 
n-Receptor ,9-Receptor 

IcM PM 

I-Norepinephrine 
CEpinephrine 
Cfsoproterenol 
Phentolamine 
Phenoxybenzamine 

d,/-Propranolol 
Dopamine 

1.2 4.0 
0.6 0.7 

100.0 0.3 
0.06 > 100.0 
1.8 - 

100.0 0.004 
3.3 > loo.0 

* The dissociation constant, Kn. was calculated from 
the following equation: 

where [3H]-~~ is the concentration of the radioligand in 
the assay, K13H]-~c is the dissociation constant for the 
radioligand computed by Scatchard analysis, and ECU,, is 
the concentration of the displacing compound which in- 
hibits 50 per cent of the binding of the radioligand [ 1 I]. 

binding to sites on membranes prepared from homo- 
genized rabbit irides is 22 nM. Figure 1 demon- 
strates the specificity for adrenergic agonists of 
these sites. Displacement of t~H]dihydroergocryp- 
tine by each agonist was compared to maximal 
displacement, or 100 per inhibition, of the specific 
binding of ]YH]dihydroergocryptine by 5 x IO-” M 
phentolamine. The order of potency for displacing 
the radioligand is epinephrine > norepinephrine $ 
isoproterenol. This order of potency is identical to 
that reported for rabbit uteri and agrees with the 
known a-adrenergic activity of these compounds 
[I I]. The KD values are given in Table I and are 

Fig, 2. Inhibition of [“Hldihydroergocryptine binding by 
adrenergic antagonists. Iridial membranes prepared from 
rabbit eyes obtained from Pel-Freez Biologicals. Inc. 
were incubated with ~~Hldihydr~rg~ryptine in the ab- 
sence and presence of the indicated agonists. The ability 
of each agonist to displace the radioligand was compared 
to 100 per cent inhibition of binding by 5 x loss M phen- 
tolamine. which corresponds to maximal specific binding 
of 0.53 pmoles [3H]dihydroerg~~ptine/mg protein. Each 
value is the mean of duplicate determinations of at least 
two separate experiments. PTA: phentolamine: PBA: 

phenoxybenzamine; PROP: propranolol. 
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Fig. 3. Inhibition of [:rH]dihydroaIprenolol binding by adre- 
nergic agonists. Iridial membranes prepared from rabbit 
eyes obtained from Pel-Freez Biologicals, Inc. were in- 
cubated with ~lH]dihydroalprenolol in the absence and 
presence of the indicated agonists. The ability of each 
agonist to displace the radioligand was compared to 100 
per cent inhibition of binding by 5 x IO+ M propranolol, 
which corresponds to maximal specific binding of 0.33 
pmoles I’~H]dihydr~Iprenoiol~mg protein. Each value is 
the mean of duplicate determinations of at least two 
separate experiments. ISOP: isoproterenol; EPI: epine- 

phrine: NOREPI: norepinephrine. 

approximat~iy the same as that reported for mem- 
branes prepared from rabbit uteri [I I]. Dopamine 
was active at the a-adrenergic receptor, whereas, 
serotonin had little activity (K, > lo-:’ M). 

Figure 2 demonstrates the specificity for adren- 
ergic antagonists of the binding of [3H]dihydro- 
ergocryptine to rabbit iridial membranes. The a- 
adrenergic specificity can clearly be seen when the 
ability of the competitive a-adrenergic antagonist, 
phentolamin~, to displace ~3H]dihydr~rg~ryptine 
is compared with that of propranolol. Phenoxy- 
benzamine, a non-competitive a-adrenergic an- 
tagonist has intermediate activity for displacing 
~~H]djhy~~rg~ryptine. The & values for these 
compounds, which are given in Table 1, are similar 
to those reported for membranes prepared from 
rabbit uteri, in which phentolamine and phenoxy- 
benzamine are equipotent [ Ill. 

~-A~renerg~c receptor. As determined by Scatch- 
ard analysis, the KD for [3H]dihydroalprenolol 
binding to sites on membranes prepared from homo- 
genized rabbit irides is 2.4 nM. Figure 3 demon- 
strates the specificity for adrenergic agonists of 
these sites. Displacement of [3H]dihydroaiprenoIol 
by each agonist was compared to maximal dis- 
placement, or IO0 per cent inhibition, of the specific 
binding of [3H]dihydroalprenoloI by 5 x IO+ M pro- 
pranolol. The order of potency for displacing the 
radioligand is isoproterenol > epinephrine > nor- 
epinephrine. This order of potency is identical to 
that reported for frog erythrocytes and rat pineal 
gland and agrees with the known /-adrenergic acti- 
vity of these com~unds, such as the stimulation 
of adenylate cycfase [ 12, 171. The KD values are 
given in Table I and are in reasonable agreement 
with other reported values [ 12. 171. 
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Fig. 4. Inhibition of l’~~]d~hydroalprenolol binding by adre- 
nergic antagonists. Iridial membranes prepared from 
rabbit eyes obtained from Pel-Freez Biologicals, Inc. 
were incubated with [“H]dihydroalprenoloI in the absence 
and presence of the indicated agonists. The ability of each 
agonist to displace the radioligand was compared to IOU 
per cent inhibitjon of binding by 5 x If)-’ M propranolol. 
which corresponds to maximal specific binding of 0.33 
pmoles [:‘H]dihydroalprenolol/mg protein. PROP: pro- 

pranolol: PTA: phentolamine. 

Figure 4 demonstrates the specificity for adren- 
ergic antagonists of the binding of [3HJdihydro- 

alprenolol to rabbit iridiai membranes. The ,8- 
adrenergic specificity can clearly be seen when the 
ability of propranolol to displace [“Hldihydro- 
atprenotol is compared to that of phentolamine, 
which is essentially inactive. The KD values are 
given in Table I and are in agreement with those 
presented for the frog erythrocyte [ 121. 

Adrenergic receptors before and after decentrali- 
x&m and denervation. Table 2 compares the 
densities of the a- and@-adrenergic receptors before 
and 25-30 days after decentralization and after de- 
nervation due to removal of the superior cervical 
ganglion. The phentolamine-sensitive binding of 
]:‘H]dihydroergocryptine is not significantly differ- 
ent to membranes prepared from control irides 
compared to membranes prepared from decentrali- 
zed iridrs (P > 0.30) but there is at least a suggestion 
of a decrease in density of a-adrenergic receptors 
with denervation when compared to the control 

Table 2. ],‘H]-ligand binding to membranes prepared 
from rabbit irides 

B ma\* 
pmoles [“HI-ligand/mg protein 

cr-Adrenergic receptor 
Control 
Denervated 
Decentralized 

p-Adrenergic receptor 
Control 
Denervated 
Decentralized 

0.53 r O.OSQ 16) 
0.43 t 0.04( i6) 
0.48 -r 0.03(8) 

0.33 t 0.02( 12) 
0.39 If: 0.02( 12) 
0.41 ” 0.02($) 

’ Maximal. specific binding of the [“HIJigand. 
f Mean + S.E.M. (number of eyes prepared). 

(P > 0. IO). Because of the paucity of material, the 
dissociation constants for dihydroergo~ryptine and 
for epinephrine in membranes prepared from de- 
nervated or decentralized irides were estimated by 
determining the binding activity at two concentra- 
tions along the dose-response curves for these 
agents. Thus. specific binding of dihydroergocryp- 
tine at IO and 50 nM was found to be the same as 
that for membranes prepared from control tissue. 
Percent inhibition of bindingof dihydroergocryptine 
by epinephrine was found to be the same at IO-’ M 
and IO-” M in the test and control membranes. 
Therefore. the affinities for dihydroergocryptine 
and for epinephrine are not different in membranes 
prepared from control. decentralized or denervated 
irides. 

However, when the /3-adrenergic receptors were 
studied, increases were noted. Membranes pre- 
pared from adrenergically decentralized or denerva- 
ted rabbit irides have an increased ability, when 
compared to the control (P < O.OS), to bind 
[“Hldihydroalprenolot to sites at which this radio- 
ligand can be displaced by propranolot. Similar to 
that described above for the a-adrenergic receptor 
studies, the dissociation constants for dihydroal- 
prenotol and isoproterenol in membranes prepared 
from denervated or decentralized irides were esti- 
mated by determining the binding activity at two 
concentrations along the dose-response curves. 
Thus, specific binding of dihydroalprenoloi at 2 and 
IO nM was found to be the same as that for mem- 
branes prepared from control tissue. Percent in- 
hibition of binding of dihydroalprenotol by iso- 
proterenol was found to be the same at IO-’ M 
and IO.-” M in the test and control membranes. 
Therefore, there is no difference in the affinities for 
dihydroaiprenolol or isoproterenol of membranes 
prepared from control, decentralized or denervated 
irides. 

DIS(‘lSSION 

Our findings confirm and extend the work by 
Lefkowitz and colleagues [II, 121 to a densely ad- 
renergically innervated smooth muscle containing 
both OL- and /$adrenergic receptors. The tissue that 
we have referred to as rabbit iris, and used for 
the preparation of membranes in these studies, 
is actually composed of several different smooth 
muscles all adrenergically innervated via the 
superior cervical ganglion. These include ciiiary 
muscle, vascular smooth muscle, iris sphincter and 
iris dilator. Thus, our findings generalize to adren- 
ergic neuromuscular junctions in several types of 
smooth muscle. 

Our observations with [“Hjdihydroergocryptine 
support the hypothesis that this compound binds 
to the a-adrenergic receptor [ I I]. We find at least 
3-fold more binding sites for [3H]dihydroergo- 
cryptine in membranes prepared from the rabbit iris 
than that reported previously for the rabbit uterus. 

a sparsely adrenergically innervated tissue. The 
phentolamine-sensitive binding of ~HJdihydr~rgo- 
cryptine is displaced by adrenergic agonists with the 
order of potency characteristic of interaction at 
an a-adrenergic receptor-epinephrine 3 norepine- 
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phrine > isoproterenol. Dopamine, which has a- 
adrenergic activity demonstrated by its ability to 
dilate the pupil when applied topically to the rabbit 
eye, even in the absence of adrenergic innervation, 
displaces [3H]dihydroergocryptine with a potency 
about one-fifth that of epinephrine (181. 

Our observations with [~H)dihydroalprenolol sup- 
port the hypothesis that this compound binds to the 
b-adrenergic receptor [ 121. Although there are no 
values in the literature to compare the density of 
p-adrenergic receptors in the iris with other smooth 
muscles, the value that we have obtained is similar 
to that reported for frog erythrocytes [ 121, rat pineal 
gland [ 171, and rat cerebral cortex using a different 
ligand [IO]. Propranolol-sensitive binding of [“HI- 
dihydroalprenolol is displaced by adrenergic 

agonists with the expected order of potency char- 
acteristic of interaction at a ,B-adrenergic receptor: 
isoproterenol B epinephrine > norepinephrine. This 
/3-adrenergic receptor is presumably associated with 
adenylate cyclase, as in other tissues, as stimulation 
of this tissue in vitro with adrenergic agents causes 
the synthesis of cyclic AMP, which can be inhibited 
by propranolol[ 191. 

The study of the a- and /I-adrenergic receptors in 
membranes prepared from denervated tissue pro- 
vides a method for localizing the receptors in the 
tissue and proving their specificity. At an adrenergic 
neuromuscular junction, a number of potential re- 
cognition sites for catecholamines exist, including 
pre-junctional a-adrenergic receptors, which exert 
a negative feedback regulation on the release of 
norepinephrine 1201, pre- and post-junctional sites 
for the uptake of noreineph~ne (67, sites that stimu- 
late the synthesis of protaglandins, which may, or 
may not, be intimately associated with the post- 
junctional, a-adrenergic receptors that stimulate 
the muscle to contract, and post-junctional, fi- 
adrenergic receptors which, through the production 
of cyclic AMP, cause relaxation of the muscle [22]. 
After denervation, a small decrease in the total 
number of a-adrenergic receptors probably occurs. 
This is undoubtedly due to the loss of the pre- 
junctional. a-adrenergic receptors with the de- 
generation of the nerves because this decrease 
does not occur after decentralization. Of the post- 
junctional adrenergic sites that could bind norepine- 
phrine, phentolamine, which is extremely potent at 
displacing [“Hldihydroergocryptine in our experi- 
ments, does not inhibit extraneuronal uptake or the 
synthesis of prostaglandins in the rabbit iris[23]. 
Thus, in membranes prepared from innervated 
tissue, perhaps 80-90 per cent of the specific binding 

of [“Hldihydroergocryptine is to the true post- 
junctional a-adrenergic receptors associated with 
the contraction of smooth muscle. Similarly, most, 
and probably all of the [3H]dihydroalprenolol binds 
to the post-junctional, /3-adrenergic receptors 
associated with relaxation of smooth muscle. 

neurotransmitter exerts atrophic intluence 1241. The 
supersensitivity that develops after adrenergic 
denervation of smooth muscle is, qualitatively, 
quite different from that which occurs in skeletal 
muscle. The major component in the development 
of supersensitivity to administered catecholamines 
in smooth muscle after degeneration of the adren- 
ergic nerves is the loss, from the tissue, of the pri- 
mary mechanism for inactivating the exogenous 
neurotransmitter, i.e., uptake into the nerve ter- 
minals [S]. Neuronal uptake is inhibited by cocaine. 
and the pre-junctional component of supersensiti- 
vity can be mimicked by administration of this agent 
[25]. However, the smooth muscle does undergo 
changes upon loss of its innervation which contri- 
bute to the total supersensitive response. This post- 
junctional supersensitivity can be demonstrated 
in the nictitating membrane and the vas deferens 
after complete denervation and also after decentra- 
lization, when the nerves remain intact in the tissue 
but neural input and, therefore, the release of nor- 
epinephrine is abolished. Physiological and pharma- 
cological experiments have indicated that post- 
junctional supersensitivity, which develops slowly. 
is non-specific; e.g., a muscle such as the vas 
deferens. made supersensitive, responds to nor- 
epinephrine, histamine or potassium [9]. However, 
because of the lack or specific biochemical ligands. 
changes in the density of athnity of the receptor 
populations that might contribute to the phenome- 
non of supersensitivity have not been investigated. 

The work of Lefkowitz and his colleagues [I I, 
121, and the extension of their work presented in this 
paper, indicates that the tritium-labeled compounds, 
dihydroergocryptine and dihydroalprenolol, can be 
used in an in vitro binding assay for characterizing 
a- and /I-adrenergic receptors in membranes pre- 
pared from homogenized rabbit irides. We find that 
in response to chronic and complete loss of the 
adrenergic nerves and norepinephrine from the 
tissue, the two adrenergic receptors on the smooth 
muscle behave quite differently. The post-junctional 
a-adrenergic receptor does not change in density 
or affinity for ~~H]dihydroerg~ryptine or catechol- 
amine. The a-adrenergic receptor in smooth muscle 
is functionally analogous to the cholinergic receptor 
in skeletal muscle in that stimulation of these sites, 
by the appropriate neurotransmitter, initiates the 
events which lead to contraction of the muscle. 
Thus, the difference in the trophic influences of the 
neurotransmitters on their post-junctional receptors 
is striking: at a cholinergic nerve-skeletal muscle 
junction, acetylcholine chronically released from 
the nerve influences the density of post-junctional 
cholinergic receptors, whereas at adrenergic nerve- 
smooth muscle junctions, norepinephrine chronic- 
ally released from the nerve has no influence on the 
density or affinity of post-junctional a-adrenergic 
receptors. 

The supersensitivity that develops after dener- The difference is even more striking when one 

vation of skeletal muscle is due, primarily, to an considers our findings concerning the p-adrenergic 
increased number of receptor sites for the neuro- receptor. Unlike the a-adrenergie receptor, the &- 
transmitter, acetylcholine, perhaps as much as a adrenergic receptor does increase in density on the 

20-fold increase in the total number of receptor muscle membrane upondenervation. This modest in-, 
sites, and may represent some developmentally pri- crease, about 20 per cent, is approximately the same 
mitive state of the muscle before the presence of as the increase in fi-adrenergic receptors demon- 
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strated in the rat cerebral cortex following destruc- 
tion of the adrenergic nerve terminals with 6- 
hydroxydopamine [IO]. The p-adrenergic receptors 
prepared from denervated irides do not exhibit 
altered affinities for either [“H]dihydroalprenoloI or 
the b-adrenergic agonist, isoproterenol. Thus, our 
findings in the peripheral nervous system are con- 
sistent with /3-adrenergic supersensitivity as de- 
scribed in other tissues. particularly those in the 
CNS, where increases p-adrenergic receptors and 

catecholamine-sensitive adenylate cyclase and 
cyclic AMP accumulation have been demon- 
strated [ 10, 261. The observation that changes in the 
density of p-adrenergic receptors occur without 
changes in the a-adrenergic receptors suggests that 
the intracellular level of cyclic AMP modulates the 
change in density of the /3-adrenergic receptors. 

In conclusion. unlike skeletal muscle, in adrener- 
gically innervated smooth muscle, the neurotrans- 
mitter itself does not exert a trophic influence on 
post-junctional receptors. Thus, finding no increase 
upon denervation in the adrenergic receptor popu- 
lation that stimulates contraction of smooth muscle 
indicates that supersensitivity at an adrenergic 
neuromuscular junction can be explained by a pre- 
junctional component, due to loss of the neural 
elements, and a post-junctional component, due 
to a non-specific increase in the excitability of 
the smooth muscle membrane. as previously 
suggested [5,9]. Why there should be changes in one 
receptor population and not in another, when both 
receptors influence the same physiological process, 
but in opposite directions, remains a question for 
further investigation. 

In addition, we have previously demonstrated 
that catecholamines decrease intraocular pressure, 
at least in part, through a mechanism mediated by 
cyclic AMP [27, 281. In the adrenergically denerva- 
ted rabbit eye, catecholamines cause a more pro- 
nounced decrease of the intraocular pressure and a 
greater increase in the level of cyclic AMP in the 
aqueous humor [29]. Clinically. local treatment with 
Ghydroxydopamine of patients with primary open 
angle glaucoma has been used to render these eyes 
more sensitive to administered epinephrine [JO]. 
Although loss of the adrenergic terminals will allow 
more epinephrine to be available, perhaps an in- 
creased density of /?-adrenergic receptors, pro- 
viding more cyclic AMP, also contributes to the 
influence of catecholamines on intraocular pressure 
in eyes made supersensitive. 
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