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Existing sub-classi$cations of cu-adrenoceptors 

IX- and /3-adrenoceptors were conceived to explain 
quantitative differences between the effects of dif- 
ferent catecholamines [l]. 

In the case of cu-adrenoceptors, subdivision was 
postulated in an earlier commentary [61] on the basis 
of the anatomical location of the receptors and before 
a full profile of drug “selectivities” was established. 
cul-Adrenoceptors were the “post-synaptic” (Y- 
adrenoceptors which mediate contraction of smooth 
muscle; they are assumed to be located on smooth 
muscle cells. al-Adrenoceptors were the “pre-syn- 
aptic” cu-adrenoceptors which mediate a reduction 
of the action potential-induced output of transmitter 
from autonomic (particularly adrenergic) nerves; 
they are assumed to be located on the terminal 
regions of post-ganglionic neurones. 

(In this commentary, the term “post-junctional” 
will be used rather than “post-synaptic”. since the 
former covers more completely those receptors 
which are located on target organs and are accessible 
to circulating agonists, but may not be closely associ- 
ated with the “synapse” between nerve and muscle 
or nerve and nerve. “Pre-junctional” can then be 
used for receptors which are believed to be located 
on nerve terminals. Where possible, use of this type 
of terminology, however, provides no more than an 
anatomical guide and should not imply a function. 
For example the receptors on nerve terminals may 
have as their physiological agonist the transmitter 
from a different nerve cell; are these pre- or post- 
junctional? It can be helpful to refer, in addition, 
to the supposed site of the receptors, e.g. nerve 
terminal, smooth muscle, ganglion cell body, etc.) 

It was shown in various isolated preparations that 
some substances were relatively more potent as 
agonists at the pre-junctional (e.g. clonidine. xyla- 
zine) or post-junctional (e.g. phenylephrine) (Y- 
adrenoceptors. Although “selective” antagonists 
were harder to find, (1) all known cr-adrenoceptor 
antagonists had post-junctional antagonism, (2) sev- 
eral, including yohimbine piperoxan and phentolam- 
ine, were. in addition, potent pre-junctionally, and 
(3) a few, including prazosin and phenoxybenzamine 
were relatively more potent post- than pre-junction- 
ally. (For reviews see (37.851; for chemical structures 
of antagonists see Fig. 1.) 

It has long been known that of all the antagonists 
which could block the post-junctional effects of 
adrenaline on the cat nictitating membrane or blood 
pressure, some could, but others. (e.g. yohimbine 

and piperoxan) could not, block the corresponding 
response to sympathetic nerve stimulation [37,93]. 
This could now be explained in terms of antagonism 
at pre- and post-junctional cu-adrenoceptors. Com- 
pounds which block only post-junctional receptors 
reduce the response to exogenous agonists, e.g. 
injected adrenaline, or to nerve stimulation. Those 
which block pre- as well as post-junctional receptors, 
however, reduce the response to exogenous agonists 
but reduce less effectively the nerve-induced 
response. The current explanation is that they inter- 
rupt a “negative feedback loop” in which transmitter 
noradrenaline regulates its own release by acting via 
the pre-junctional cu-adrenoceptors. Thus the post- 
junctional antagonism may be offset by a greater 
release of transmitter. This interpretation is not uni- 
versally accepted since it does not fully explain the 
different effects of certain agonists and antagonists 
in some tissues (e.g. [37, 55, 561) but it serves, at 
present, to explain a large number of otherwise 
paradoxical observations. An additional explanation 
could, for example, be based on differences between 
the post-junctional receptors activated by nerves 
compared with those activated by agonists. 

Once it was established that receptors which 
mediate contraction of smooth muscle could be 
activated by phenylephrine and blocked by prazosin, 
these two became “markers” for the post-junctional 
or M-adrenoceptors on smooth muscle since neither 
was potent either as agonist or antagonist at the 
pre-junctional or cuz-adrenoceptor [37.85]. 

In the sub-classification of cu-adrenoceptors this 
seemed, until recently, to be the one fixed point 
around which further classification could be based. 
It is the breakdown of this rule and its consequences 
which form the subject for this commentary. 

Evidence that ai-adrenoceptors, alone, do not explain 
the effects of noradrenaline on vuscular sr?looth 
muscle 

Noradrenaline produces contraction of isolated 
strips of human palmar arteries and pressor effects 
in the pithed rat or anaesthetised cat, which are less 
susceptible to prazosin than to phentolamine or yoh- 
imbine [26,54,75]. In the pithed rat, the pressor 
response to phenylephrine is susceptible to low doses 
of prazosin [26]. This suggests that, in these prep- 
arations, (1) noradrenaline is acting through an a- 
adrenoceptor, as indicated by the effect of phento- 
lamine or yohimbine, (2) prazosin can block N,- 
adrenoceptors, as shown by its effect on phenyl- 
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ephrirre, but (3) the receptors through which nor- 
adrenaline acts cannot be of the nl-type since they 
are not blocked by prazosin. 

This raised the obvious question that. if these 
‘*post-junctional” cw-adrenoceptors. presumably situ- 
ated on vascular smooth muscle, were not CY,. were 
they Q? or were they some further. so far uncate- 
gorised, species? It was, at first, not possible to 
clarify this because yohimbine. which was the most 
selective antagonist of CY:- compared with el-adreno- 
ceptors which was available. was not suf~ciently 
‘*selective” for the purpose. antagonising the effects 
of both noradrenaline and phenylephrine [26]. 

However, by using relatively “selective“ agonists, 
we have demonstrated two sets of receptors respon- 
sible for pressor effects in the pithed rat, one of 
which could be categorised as cl and the other as 
similar to the ai-adrenoceptors which had been 
found previously at pre-junctional sites. The agonists 
were chosen on the basis of their “selectivity” for 
pre-junctjonal receptors, i.e. guanahenz and xyla- 
zine, or for post-junctional receptors, i.e. phenyle- 
phrine; the potency of each drug at pre- and post- 
junctional cu-adrenoceptors was established on rat 
vas deferens and rat heart [ 16, 19.64.671. The pres- 
sor responses to xylazine or guanahenz were more 
susceptible to blockade by yohimbine than prazosin. 
but. in contrast, those to phenylephrine were more 
susceptible to prazosin than to yohimbine 126. 191 
(see Fig. 2). This has been independently con~rined 

by at least three other groups using the alternative 
&I-agonists M-7 f2Sl. guanfacine, B-Hl‘9.U [Wl and 
B-HT 920 [SO]. The use of a sufficiently “4ecti\~e” 
a?-agonist was critical since several other agents_ 
particularly imidazoline derivatives \uch as clonidinc 
and oxymetazttline, were potent agonist\ at n:-adrcn- 
oceptors (pre-jutlctional. nerve terminal) but wel-e 
also sufficiently potent at the n,-i~drci~occl,tc~rs 
(post-junctional. smooth muscle) that their preshor 
effects were more susceptible to prazosin than to 
yohimbinc; this was c~~n~jr;lle~j by their zt’fecti in 
other test systems 116. IO]. 

In addition to the pithed rat preparation, cvitlencc 
for a?-adrenoceptors on vascular smooth muscle has 
been obtained in conscious or pithed rabbits 143. 711 
and in the perfused hind Irmh of the rabbit 1711 or 
dog [62]. Preliminary evidence for an --atlrenoccp- 
tor” which is resistant to cl;-adrenoccptor antagonist\ 
has been found in rat ;tnococcygeus irr .si,rt in pithed 
rats but the evidence from ~~I~t~lg(~ilists does no1 con- 
firm this as CY? and the same phenomenon cannot be 
described itz Z&V under standard condition5 (~mpuh- 
lished observations). The only report. \o far. t’r~)m 
in vitro experiments. for a \:;tsctilar smooth muscIc 
az-adrenoceptor is from canine v;iscular 4moctth 
muscle 1151: venous smooth mu\cic ~a> founct to 
respond to a,- or no-adrenoceptor agon~xt~ but 

arterial smooth muscle only to CC,: the cfl’cct\ ot 
antagonists tended to suppclrt this but wt‘rc compli- 
cated by the presence of non-c~)l~l~~~tit~vc ;tnt;rgon- 
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Fig. 2. Comparison of the diastolic pressor effects of w 
adrenocept.or agonists in the pithed rat with their effects 
in other “a+adrenoceptor” test systems. Potency on blood 
pressure is assessed as the negative logarithm of the dose 
(moles/kg) to produce an increase in diastolic arterial blood 
pressure by 50 mm Hg. This is plotted for (a) controls, (b) 
after prazosin, 1 mgikg, (c) after yohimbine, 1 mgikg. Car- 
diac pre-junctional ai-agonism is assessed as the negative 
logarithm of the dose (moles/kg) to produce 50% reduction 
in the cardioaccelerator response to sympathetic nerve 
stimulation in the pithed rat. Vas prost-indicates pre- 
junctional ai-agonism in vitro assessed as the negative 
logarithm of the concentration (molar) producing a 50% 
reduction in the response of the prostatic portion of rat vas 
deferens to a single field stimulus. Vas epid-indicates 
post-junctional aI-agonism in vitro assessed as the negative 
logarithm of the concentration producing a 1007~ increase 
in the contractile response of the epididymal portion of the 
rat vas deferens to a single field stimulus. The agonists are 
clonidine (0), oxymetazoline (O), xylazine (O), guanabenz 
(m), phenylephrine ( LI) and amidephrine (A bottom row 
only). An arrow attached to a symbol indicates that no 
potency could be detected at the dose indicated so that the 
real position of the point lies in the direction indicated. 
Since the plots are log/log the ratio of potencies can be 
found by projecting each point at right angles to the diag- 
onal scales indicated; this is calibrated as the pressor 

potency as a fraction of the other indices. 

ism. The classification of “post-junctional q-adren- 
oceptors” is thus still tentative since they have not 
undergone rigorous pharmacodynamic analysis in 
vitro. 

Properties of the “post-junctional” wadrenoceptors 

(a) Agonist speczficity. The effects of thousands of 
compounds which are chemically related to the natu- 
ral agonists, noradrenaline and adrenaline, have 
been tested for their ability to stimulate or block 
LY- or P-adrenoceptors in smooth muscle and other 
target tissues (e.g. [lo]). 

Since it has been realised that a-adrenoceptors are 
present also at autonomic nerve terminals, this 
exercise has been repeated comparing the pre- and 
post-junctional effects of, in particular, those com- 
pounds which were known already to be agonists for 
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post-junctional cu-adrenoceptors (for reviews see 
[85,37]). The rank order of potency for agonism at 
each receptor varied according to the experimental 
preparation and conditions employed but, in general, 
phenylephrine and methoxamine emerged as the 
compounds which were potent at the post-junctional 
but not the pre-junctional receptors [24,86,95] and 
xylazine consistently demonstrated greater potency 
for pre- rather than post-junctional a-adrenoceptors 
[24,95]. Clonidine was not sufficiently selective for 
the purpose of discriminating between post-junc- 
tional cl-adrenoceptors [19] but the availability or 
tritiated clonidine with a high specific activity has led 
to the use of this compound in identifying ligand 
binding sites, which are analogous to &I-adrenocep- 
tors, on membrane preparations [91]. Guanabenz 
was found to have a high potency at displacing clon- 
idine from such sites [53]. When guanabenz was 
assessed as an agonist at pre- and post- 
junctional acadrenoceptors in the rat vas deferens 
and heart, its relative potency (selectivity) at the 
different receptors was similar to that of xylazine but 
it was ten times more potent. For these reasons 
phenylephrine (~1) and xylazine and guanabenz 
(9) were chosen as the compounds most likely to 
allow discrimination between different receptors of 
these types. 

Figure 2 illustrates that the potencies of these 
agonists at pre- and post-junctional “a*-adrenocep- 
tars” in different tissues can be correlated. When 
the pressor effects in the pithed rat were compared 
with pre- or post-junctional effects in rat vas deferens 
or the pre-junctional effect on the cardiac sympath- 
etic nerves, the relative potencies of the different 
compounds showed no clear relationship (Fig. 2a). 
The effects were then examined after large doses 
(1 mgikg) of the antagonists prazosin and yohimbine 
which were chosen for their ability to virtually abolish 
responses to aI- or az-agonists, respectively. After 
administration of prazosin the pressor response cor- 
related well with the pre-junctional response in either 
the heart or vas deferens (a$, while any semblance 
of correlation with the post-junctional response in 
vas deferens ((E,), disappeared (Fig. 2b). After yoh- 
imbine, the pressor response correlated best with 
the post-junctional (UI) response in vas deferens and 
no longer showed a close relationship to the pre- 
junctional (~2 responses (Fig. 2~). 

The weakest part of this latter correlation was the 
relative potency of phenylephrine. We had been 
concerned from our earlier experiments in rat vas 
deferens that phenylephrine might not be the most 
suitable choice as a “selective” crI-adrenoceptor 
agonist since it had failed to produce as great a 
maximum response as the other agonists [64]. When 
this was investigated further, in the vas deferens and 
the cardiovascular system, phenylephrine exhibited 
pre-junctional E>-adrenoceptor agonism and pre- 
and post-junctional Padrenoceptor agonism, each 
of which appeared within the range of phenyle- 
phrine’s al-adrenoceptor concentration/response 
curve and, thus, distorted this relationship. This was 
confirmed by comparing phenylephrine with another 
“selective” aI-adrenoceptor agonist, amidephrine 

n31. 
Amidephrine could be shown to act almost entirely 



via aI-adrenoceptors. lacking the (I:-. I$- and /iI- 
adreno~e~tor-mediated effects of phenylephrine 
[Xl]. Indeed, one factor which makes phenyle- 
phrine’s pressor effect more susceptihic to cl-adren- 
oceptor antagonists than that of n(~r~~~~re~~~~iinc i\ the 
greater ~~-mediated vas~~dil~~tjon induced by the for- 
mer, which tends to exaggerate the ~i~~parcnt deprce 
of antagonism by reducing the response which 
remains after partm1 blockade. When ~ll~lidephr~r~e 
was plotted in Fig. tc the correlation of the pressor 
response after an s+drenoceptclr antagonist with 
the ~~3st-~uncti~n~l nl-mediated response tn vas def- 
erens was confirmed. As illustniteci by the case of 
~hen~~e~hrjne. when pre~~r~~tj~)~~~ c~nt~~ii? several 
adrenoceptors, deviations from the “potency series” 
can arise. ft is however such aberrations from the 
‘expected” pattern which assisr the refinement of 
receptor cl~~~~~~~ti~3n. 

An ~~~~I~~~~us exercise with the ~~n~c~3cc~~e~s 
h~~~~ights further pitfalls in this type of analysis. In 
contrast to the pressor responses, the contractile 
responses of the in situ anococcygeus did not show 
such a clear-cut relationship when agonist patencies 
were compared with the other preparations. Follow- 
ing prazosin, the rcm~lining response had a potenq 
series which was more closely correlated with the 
~-~~dr~noce~tor-mediated responses at other sites 
but yohimbine had no effect apart from a slight 
antagonists of the effects of~henyIe~~?r~nc, eiomdme 
and oxymetazoline and which could be ascribed to 
its ~~-~nt~g~~~is~l. Thus, although a prnxksin-resist- 
ant response can be shown, no part of the response 
could be ascribed to “~~-aitrenctceytt~rs’.. To inves- 
tigate this further. the rat anococcypeus was studied 
irr uitra. p,+ values were obtained for ~tntagonisn~ 
of responses to the agonists amidephrine and xyla- 
zJne by the antagonists c(~ry~i~nthil~c and rauwol- 
seine. The latter are stereoisomers of yohimbine 
which, in other preparations, have been shown to 
be relatively more potent against NI- and CZ-agonists, 
respectively [2X 29. XI, 741. The pA2 values for 
coryn~~nth~ne against each agonist were similar at 
7.0-7.5 and for rauwolscine were again similar for 
each agonist at 6.CHi.S ~un~ubl~sh~d observations~. 
These values are consistent with the relative potency 
of these aIltagonists against cy,-agonists in other tis- 
sues and reveal no evidence for a post-junctional 
a2-adrenoceptor. ~urth~rrn~~re the *‘(t.I” ~~~onis~l by 
xylazine stands in contrast to its effect if1 CGUO which 
was resistant to prazosin [ 191. These observations 
may be critical for the further study of putative 
post~ju~~ctjona~ aiadrenoceptors of a type other than 
4, indicating that they may he more easily demon- 
strated in brood-perfused tissues ii: sirir than in iso- 
lated tissues bathed in saline. Finding the conditions 
under which such receptors can be demonstrated in 
L&O may provide the key to the cellular mechanisms 
which they mediate and. hence. to their physiological 
role. The possibility of interconversion ot E-adren- 
oceptor sub-types. according to experimental con- 
ditions. cannot be excluded. 

As the evidence stands, in anococcygeus there is 
no evidence to justify classification of the in .&r, 
prazos~n-resistant response to the “&2-agonists” as 
an “adrenoceptor”, fet alone an at- or u‘:-adreno- 
ceptar. This problem arises whenever a response is 

An important f;ictor when using complex irg X?JKJ 
preparations is that the pressor recponsos have cont- 
plex time courses which rarely reflect sin ~~ujli~3r~ur~~ 
at the effector ceils. When comparing different corn- 
pounds and different tissues. ‘-peak’” responses may 
be misleading [?I]. The relationships shown in Fig. 
2 would be distorted if pre- and post-jurlctionat 
effects had not been assessed at the same time after 
adt~in~str~~tion of the agonist. This makes it even 
more difficult to quantify the effects of antagonists 
since. after an antagonist, responses may “peak” at 
different times. Quantitative assessment ofthc effect 
of an antagonist depends on the elimin~~ti~~n of the 
effector mechanists, as a factor. by t~~e~lsurcrneIlt of 
the concentrations of agonist producing equal 
“responses”. This becomes virtually im~~oss~ble in an 
in vi00 system. even one as -‘simple” as the pithed 
rat. Add to this the difficulty in determining the 
concentration of either the agonist or the antagonist 
at the receptor and quantification of ~rntnponism in 
the pithed rat becomes. at best, a rough estimate. 
This is not an argument against the USC’ of effcctor 
systems as a means of assessing adrenoccptor mech- 
anisms but is a pIea for caution. 

There may bc a difference in the time course of 
No” and a>-mediated effects (set />I]). The prcssur 
responses to several n:-uttrcnoceptor agonists tend 
to he slower in onset and longer lasting than those 
to phenylephrine or amideptrrine [19). This iilso 
applies to the slow onset of the iti IC~TO actions of 
xylazine and clonidinc on the rat ;mococcygrus. 
which is apparentlv nl-mediated. It is, therefiXc. nr,t 
yet clear whether such differences in time course XC 
due to the rate of establishment of an cyuilihrium 
at the receptor (infiuenccd by diffusion propertics 
and met~~~?oI~srn of agonist) or to the post-receptor 
events. If the latter is the case then possible differ- 
ences in the rofcs of different calcium storeh and 
channels might he of qezt interest jsoc jl:‘]i. 

(h) Anrq9~zk s~x+xficif~. Ciiven the ahovc rcser- 
vations, it is essential to use antagonists to establish 
whether the nl-adrenoceptor-resist:lrrt responses of 
agonists are due to iuL-adrcnoceptars or to something 
else. In this respect yohimbine and piperoxan had 
been used co~~rnoIljy as ~~~t~lg~)l~~sts which were less 
potent at aI than at ~2 until it was found that rau- 
wolscine ~~-y~?h~rnbjne~ was slightly fess potent than 
yohimbine at ~~-~Idren~)ceptors. while ret~~jn~ng 
potency at g:-adrenoceptors f74]. Much of the cvi- 
dence for the *‘R:“ nature of the ~~ra~os~n-r~s~st~~nt 
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pressor effect of catecholamines and other agonists 
arises from the use of these three compounds, 
i.e. piperoxan. yohimbine, rauwolscine 
[16,19,28,58,90,97]. None of these compounds 
are, however, as “selective” for mzuz-adrenoceptors as 
prazosin or corynanthine are for ml-adrenoceptors. 
Rauwolscine has the greatest ratio of potency at the 
two receptors [94] but there is only a narrow con- 
centration range (3 x 10-*M - 3 X lo-‘M) over 
which it can be regarded as a “selective” cyz-antag- 
onist in vitro since it has a pre-junctional cuz-adren- 
oceptor pA2 of approx. 7.5 but a post-junctional 
ml-adrenoceptor pA2 value of approx. 6; in a variety 
of tissues including rabbit pulmonary artery and rat 
anococcygeus and vas deferens [74,94, McGrath 
unpublished]. Rauwolscine has its slight advantage 
over yohimbine since it is approx. five times less 
potent than yohimbine at post-junctional ml-adren- 
oceptors but is almost equipotent at pre-junctional 
a2-adrenoceptors in these same preparations. A new 
series of imidazoyl-substituted benzodioxans have 
recently been synthesised and shown to be even 
more selective than rauwolscine for (~2, cf. cyl-adren- 
oceptors, e.g. RS 21361 [74]. The potencies of some 
antagonists at post-junctional al- and pre-junctional 
aZ-adrenoceptors in rat vas deferens are compared 
in Fig. 3 and the structures of the main series are 
shown in Fig. 1. 

In examining the effects of catecholamines on 
post-junctional cu-adrenoceptors the choice of antag- 
onists is critical, since the results of experiments can 

Fig. 3. Comparison of the pre- and post-junctional antag- 
onism of “d’-adrenoceptor antagonists in the rat vas def- 
erens, in oitro. The post-junctional effect is assessed as the 
negative logarithm of the concentration (molar) producing 
a 50% reduction of the adrenergic component of the 
response of the epididymal portion to a single field stimulus. 
The pre-junctional effect is the pAS for antagonism of the 
inhibitory effect of xylazine against the response of the 
prostatic portion to a single stimulus. Note that WB 4101 
has a greater potency ratio, post: pre, than corynanthine 
despite being considerably more potent pre-junctionally 
and that the yohimbine stereoisomers which are apparently 
“selective” for pre-junctional receptors owe this mainly to 
a lack of post-junctional potency. Prazosin could not be 
tested adequately in this system since it has excitatory 
effects on the smooth muscle in concentrations 3 lo-” M. 

become open to different interpretations due to the 
relative lack of “specificity” of the compounds avail- 
able. It is interesting that one of the most common 
tests for “adrenolytic” activity (which we would now 
interpret as acadrenoceptor blockade) in the 1930’s 
and 1940’s, when a vast number of compounds were 
prepared, was the ability to produce adrenaline 
reversal in the anaesthetised cat [lo]. It is possible 
that some compounds with cyzuz-antagonism might 
have been missed since they blocked only part of the 
response. The uniqueness of yohimbine and pipe- 
roxan (and more recently, phentolamine) as being 
“adrenolytique” but not “sympatholytique” can be 
interpreted as due to their possession of antagonism 
for both al-adrenoceptors (post-junctional) and (y2- 
adrenoceptors (pre- and post-junctional), [Bacq, 
personal communication; 3,931. Since the neuro- 
transmitter, noradrenaline, released from pressor 
nerves seems to act mainly at al-adrenoceptors 
[19,20], if an exclusively az-adrenoceptor antagonist 
had been tested it might have been discarded as 
weak in both its adrenolytic and sympatholytic qual- 
ities. In the quest for mZ-antagonists, which would 
be useful as pharmacological tools if for nothing else, 
we may, therefore, have to look no further than to 
retest some of the compounds which were expected 
to block responses to adrenaline on structure/activity 
grounds, but which proved ineffective, or to test 
further derivatives or analogues of existing blockers 
and agonists. 

The pithed rat provides a simple and effective 
screen for this purpose, compounds being tested 
against the pressor responses to one of the al-adren- 
oceptor agonists such as guanabenz, xylazine, B-HT 
920, B-HT 933 or M-7 [20,25,.58,89,90] or, if 
“physiological” receptors are of importance, against 
adrenaline in the presence of an al-adrenoceptor 
antagonist, e.g. prazosin [28]. Adrenaline has the 
additional advantage that it can be compared with 
any existing, historical data obtained on cats and 
dogs in the absence of cut-blockade. When employing 
adrenaline (as with phenylephrine, see above) the 
Pmediated vasodilation must be considered 
(although this is a physiological factor). This can be 
prevented by a /I-blocker or avoided by replacing 
adrenaline with noradrenaline, which lacks &-agon- 
ism [S, 28,]. Similarly, al-antagonism can be assessed 
against amidephrine or phenylephrine but the pos- 
sibility of different sub-groups of al-adrenoceptors 
indicates caution (see below). 

Although many antagonists have some ability to 
discriminate between different cu-adrenoceptors, 
blockade by them of the pressor effect of a compound 
should not be taken to indicate that that compound 
acts via a particular Lu-adrenoceptor, e.g. the yoh- 
imbine stereoisomers are all reasonably potent 
antagonists of 5-hydroxytryptamine receptors in both 
non-vascular [60] and vascular tissues (unpublished 
observations). These antagonists are not, therefore, 
“selective” in a broad sense and cannot, on their 
own, be used to identify the receptor activated by 
an agonist. Resistance to prazosin or corynanthine, 
sensitivity to rauwolscine and resistance to a 5- 
hydroxytryptamine antagonist such as methysergide 
or mianserin would be the best indicators currently 
available for the characterisation of a vascular, 
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(cf Effects of c~te~.h#lu~i~~~.s. The effects of syn- 
thetic agonists at a2-adrenoceptors on smooth muscle 
are given physiological significance by the observa- 
tion that part of the pressor response to circulating 
adrenaline or noradrenaline is mediated by this 
receptor. Exogenous catecho~amines. ~~~~ministered 
parenterally, or endogenous catccholamines. 
released from the adrenal medulla by stin~~ation of 
the appropriate sympathetic nerves, act partly 
through aI- and partly through al-adrenoceptors as 
shown by the blockade by different ~~ntagonists. 
alone and in combination [19.20,28,29]. In con- 
trast. under identical experimental conditions the 
ai-adrenoceptor antagonists, prazosin and corynan- 
thine. have a proportionately greater effect against 
the response to vasopressor nerve stimLllation than 
would be expected from their more limited effects 
against ~ntravenousIy administere~i Ilor~Idrenaline 
[19.20, Dochertv and McGrath, unpublished]. This 
is shown schema&ally in Fig. 4a. These observations 
have important consequences for the physiological 
role of adrenoceptors and the effects of drugs 
thereon. 
L)o nerues ucriuate only aI’! A key question concerns 
why the nerve-mediated response appears to he 
ma&y CY,. Several possil~il~ties will need to be tested 
in a wide range of preparations. If noradrenaline 
released from vascular sympathetic terminals pro- 
duces a pressor response by acting predominantly 
at cu,-adrenoceptors, then thus implies either (i) that 
n, are located nearer to the nerve v~~ric(~sities than 

-- Reloxotmn 

Fig. 4. Schematic representations of roles of aI- and w:- 
adrenoceptors in modulating tone of smooth muscle. (a) 
The simplest concensus from current results. (b) (i) Con- 
tinuing from (a). noradrenaline from nerves reaches only 
et; (ii) an alternative to (i). noradrenaline from nerves can 
reach ctz but LYE requires longer activation for its effect to 
develop: this effectively castrates the hypotheses in Fig. 5 

and cannot yet be discounted. 

Fig. 5. Possible anat~~mical reasons for rhc diffcrcnt cftects 
of WI- and &z-antagonists against sympathetic nerw’~ and 
circulating catecholamines. (a) In mner\atcd \cwls a,- 
adrenoceptors may be relatively cioscr to rhc new v;m- 
cosities or confined to ihe outer layers, v,hile n-adrcno- 
ceptors are spread more diffusely or confinotl to inner 
layers. (b) Innervated vessels contain on& (l,. (c) Non- 

innervated vessels contain only 0:. 

are CQ, or (ii) that the distribution of receptors ih 
similar but the receptor-contraction coupling is ~ch 
that n~~radrenaline from the nerves is more effective 
on N, than on CY? (Fig. 4~). Possibility (i) in turn. 
could be due to location of each receptor in different 
vessels or to different distribution of receptors within 
each vessel (Fig. 5). 

To distinguis~l between these ~~lterll~ltiv~s will 
require the study of the effects of uptake hlockadc 
and denervation on the responses to nerve stimu- 
lation and to a range of Cl- and CV-agonists somf of 
which are, and others not, substrates for the neuronal 
uptake process for n(~radrenaline. If n+drcnocep- 
tors are relatively nearer to the nerve varicosities 
(Fig. Sa or b), then such procedures rht~ld have 
more influence on the responses to Ll,-agonists. This 
would still not distinguish whether ~~-adrrnoceI,t~)rs 
were located in innervated vessels but distantI!; from 
the nerve varicositirs (Fig. Sn) or located in non- 
innervated vessels (Fig. SC). It might still be necess- 
ary to devise preparations which could discriminare 
between innervated and non-innervated ~cssrls. It 
seems that this has not yet been answered because 
the pressor, post-junctional a+Idrenoceptors have 
been satisfactorily demonstrated only in blood-per- 
fused, in s&r or itr oir~ preparations 119. 43. 721. In 
these circumstances removing the influence of the 
neuronal uptake process for 1lor~~drenaliIle has the 
additional effect of prolonging the presence, in the 
bloodstream, of agonists which are normally elim- 
inated by this route, For example, the pressor effects 
of both phenylephrine (a,) and xylazine (CXJ) in the 
pithed rat are increased by blocking neuronal uptake 
but interpretation is made difficult for the abo~c 
reasons [ZO]. Such experiments would he easier in 
isolated vascular preparations: it is not yet cicar 
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whether the absence of many such reports of LYZ- 
mediated effects is due to a critical property of cuz- 
adrenoceptors (or their excitation-contraction coup- 
ling mechanism). which is disrupted in in vitro con- 
ditions, or is because such receptors are restricted 
to small resistance vessels, which are not the type 
usually studied. 

The second possibility. that the cu:-adrenoceptors 
might be accessible to, but less susceptible to acti- 
vation by, neurally released noradrenaline, cannot 
be dismissed easily (Fig. 4b-ii). If the neurotrans- 
mitter is present at the receptors for a period of, at 
most, a few milliseconds, as is suggested by the 
electrophysiological evidence, then the nature of the 
post-receptor events might critically determine 
whether contraction of muscle could be initiated via 
each receptor type. In contrast the relative contri- 
bution from each receptor would be radically dif- 
ferent in the face of prolonged exposure to the cir- 
culating agonist. If the wZ-system was slower to 
activate but the effect was cumulative, this would 
explain the difference between the effects of neural 
and circulating noradrenaline. This factor is not 
always considered, when comparisons are made 
between responses to nerve stimulation and to 
agonists. Even where two populations of receptors 
have not yet been proposed, alternative modes of 
receptor-contraction coupling can result in radically 
different responses. For example, in rabbit ear artery 
two phases of the contractile response to noradren- 
aline or to nerve stimulation are well documented 
[8]; with exogenous noradrenaline both an immedi- 
ate. short-lived response and a more prolonged sec- 
ond phase are produced whereas with nerve stimu- 
lation the second phase will occur onl! after 
unphysiologically long trains of pulses. In ultra this 
problem can be reduced by applying the exogenous 
noradrenaline iontophoreticaily [46], an approach 
which can yield more detailed information on the 
receptors and post-receptor mechanisms involved in 
vascular neurotransmission. It will be interesting to 
see the effects of “selective” WI- and a;-adrenoceptor 
antagonists on responses to iontophoretic noradren- 
aline or on “biphasic” responses to noradrenaline. 
In the context of more than one type of cu-adreno- 
ceptor. of course, the prospect of more than one 
post-receptor mechanism for each type is daunting. 

Evidence which has been published so far on the 
relative contribution of w,- and cuz-adrenoceptors to 
the vascular response to sympathetic nerve stimu- 
lation is tenuous and open to several interpretations, 
for the above reasons and also because the effects 
of antagonists have been tested against the responses 
to trains of stimuli. This is open to the objection that 
the effects of a?-antagonists cannot be assessed 
adequately against effector responses since blockade 
at pre-junctional receptors might interfere with the 
release of transmitter. In attempting to answer the 
question “what proportions of the nerve-mediated 
response are mediated by post-junctional NI- and 
a2-adrenoceptors on vascular smooth muscle?“. 
there is currently an impasse. Madjar. Docherty and 
Starke [72] have examined the effects of “selective” 
antagonists and agonists in the rabbit. perfused hind 
limb. They concluded that blockade of nerve- 
mediated responses by rauwolscine could be attri- 

buted to participation of post-junctional cuz-adren- 
oceptors in the response to transmitter noradrena- 
line. This is based on the impotence of rauwolscine 
against phenylephrine and hence on its “selectivity” 
for aZ-adrenoceptors. However, if rauwolscine has 
any effect at post-junctional aI-adrenoceptors, this 
argument does not hold. Post-junctional a?-adren- 
oceptor involvement cannot, therefore. be abso- 
lutely confirmed. In contrast, Langer et ul. [62] have 
carried out similar experiments in the dog, perfused 
hindquarters. They demonstrated, as we had in the 
pithed rat [ 19,201, that prazosin was relatively more 
effective against nerve-induced than nor- 
adrenaline-induced pressor responses and con- 
cluded that on vascular smooth muscle al-adreno- 
ceptors are mainly “intrasynaptic” while cu?-adren- 
oceptors are mainly “extrasynaptic”. Unfortunately 
in this brief communication they did not mention the 
effect of an al-antagonist against the nerve-induced 
response so that the possibility of “intrasynaptic” 
post-junctional az-adrenoceptors could not be 
excluded. 

Neither of the above two studies could, therefore. 
confirm or exclude the possibility of “innervated” 
post-junctional az-adrenoceptors on vascular smooth 
muscle. The standard method of avoiding the prob- 
lem of feedback, when analysing the effector 
response to nerve stimulation, is to employ single 
pulses or low frequencies [18, 21. 691. With vascular 
preparations, however. this is technically difficult. 
We have produced pressor responses to single pulses 
of stimulation via the lower thoracic sympathetic 
outflow in the pithed rat or to trains of pulses at low 
(< 0.5 Hz) frequencies in the pithed rabbit. In each 
case the response was reduced by between 80 and 
100% by doses of prazosin which, according to their 
effects against injected agonists. were “selective” for 
nl-adrenoceptors but they were reduced by between 
10 and 60% by doses of rauwolscine. which, against 
agonists, were “selective” for az-adrenoceptors [N. 
A. Flavahan, J. C. McGrath and C. E. McKean. 
unpublished]. Clearly there is inadequate data from 
which to arrive at a definitive conclusion. However, 
an important consequence of these results may be 
to put in question, yet again, the validity of extrapo- 
lating from the effects against agonists to those 
against nerves. For example. recent evidence from 
the isolated anococcygeus of the rat indicates that 
there may be two populations of post-junctional 
“al”-adrenoceptors ((Y,;!, Ulh): (see later section- 
“anococcygeus”). If one sub-group. e.g. &lh. is pres- 
ent at the vascular neuroeffector ‘*junction”. but is 
in a minority over the rest of vascular smooth muscle. 
then the effects of circulating agonists might never 
reliably predict the events at the neuroeffector junc- 
tion. This is supported by the effects of antagonists 
against the pressor effects of phenylephrine or nor- 
adrenaline in the pithed rabbit or rat. Corynanthine 
was less potent against phenylephrine than against 
noradrenaline while prazosin showed no such dif- 
ferential effect; blocking each. This suggests that 
phenylephrine, particularly in low doses. activated 
receptors which were blocked by prazosin but not 
by corynanthine while noradrenaline activated 
receptors which were susceptible to each antagonist. 
Each of these receptors will be a, according to the 
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phenylephrine may not represent activation of the 
receptors activated by nerves. This may be a further 
factor in the difficulty of predicting the effect of an 
“cu-antagonist” against the response to nerve stimu- 
lation. Antagonists might have little or no effect 
against phenyiephrin~ yet be ant~~gonjsts at the 
sub-group of a,-adrenoceptors which are activated 
by noradrenaline from nerves. 

Even in the rat heart, where a positive chrono- 
tropic cu,-adrenoceptor-mediated component, but no 
equivalent ~~-adrenoceptor-mediated component. 
can be demonstrated, rauwolscine can inhibit. to a 
small extent, the cardioaccelerator response to nerve 
stimulation 131; Flavahan and McGrath. 
unpublished]. 
ml + &Z = ? The responses to NI- and ez-adrenoceptor 
activation do not appear to summate in a simple 
manner. This complicates pharmacological 
interpretati~~n of their relative significance. For 
example, in the pithed rat, El-antagonists, e.g. pra- 
zosin. corynanthine, and ai-antagonists, e.g. rau- 
wolscine. yohi~~bine. were tested against the pressor 
response to adrenaline. The effect of the combina- 
tion of antagonists was the same irrespective of order 
of addition while the effect of ~~-antagonjsm. on its 
own. seemed smaller than when it followed al-antag- 
onism (28,2Y]. Since prazosin produced no clear 
“potentiation” of the effects of cy:-antagonists against 
“selective” agonists, e.g. xvlazine. it seemed unlikely 
that this represented any-interaction of the antag- 
onists at the a?-adrenoceptor. An explanation can, 
however. be based on the observation that the effects 
are non-additive. LY- and ti2-adrenoceptors which are 
present together in a proportion of resistance vessels 
might produce. on simultaneous activation, a 
response which is less than the sum of their individual 
responses. This could arise from one or more of 
several common steps between receptor activation 
and constriction of the vessel. The greater effect of 
al-antagonism, i.e. a proportionately larger effect 
via B!-adrcnoceptors. can be due either to further 
beds, in series or in parallel. containing only @I- 
adrenoceptors. or to a proportionately greater effect 
by aI than IX? when the two occur together. At its 
most extreme, a situation could exist m which the 
sum of the responses was equal to the response of 
the dominant receptor. Thus, if ni was dominant, 
an m2-antagonist would have no effect on the 
response to an agonist which activates both receptors 
but an ~,-antagonist would produce a shift in the 
dose-response curve to coincide with the effect of 
az-agonism. In this way an agonist can produce an 
effect through two receptors but total blockade of 
only one receptor may modify the net response by 
very little. Subsequent blockade of the other recep- 
tor, however, should now eliminate the response. 
The effect of a “selective” antagonist, taken in iso- 
lation, may, therefore. give no information on the 
potency of an agonist on that receptor unless poten- 
tial effects at other receptors are eliminated. In the 
original dem~)nstration of “prazosin-resistant” pres- 
sor responses to noradrenaline in the rat and cat 
[26], responses were found to be resistant to yoh- 
imbine and. therefore. difficult to classify as “LQ’.. 
This obstacle is, however. overcome by studying the 

effects of the combinati~)n of til- and ~~-antaeonisnl. 
It should be noted that. once thi\ prin&plc of 

‘“non-summation” of response is accepted. it is but 
a small step to observe that some response3 ma! 
result from effects which “more than summate”. \.iL. 
since resistance is inversely proportional to the fourth 
power of the radius (and hence cir~urnfcrellce~ of 
the individual vessels, small changes in length of 
circularly-arranged smooth muscle cells will be more 
than additive in their effect on resistance and hence 
pressure changes. Until the locations of the individ- 
ual receptors and their effects within each Mood 
vessel are established, therefore, the interpretation 
of pharmacological effects. particularly of drug com- 
binations, would appear to be largely at the discrc- 
tion of the investigator. 

/d) P~~~~~u~ug~~u~ rok. Clearly the pattern of 
post-junctional a-adrenoceptors is not yet resolved. 
Its current practical importance, however, is that no 
ubiquitous explanation for the effects of “selective” 
cY-adrenoceptor antagonists should be expected. It 
is likely that the various sub-groups will he distri- 
buted in a different fashion between different organs, 
between different vessels in a particular organ and 
with species. Already it is clear that in man prazosin 
is “selective” for a,-adrenoceptors but that certain 
cardiovascular reflexes. exerted in part via sympath- 
etic nerves, can be maint~~ined during therapy 
163,731. Furthermore, the clinical use of cv,-adren- 
oceptor antagonists as a means of avoiding interfer- 
ence with pre-junctional n-adrenoceptor-metiiated 
feedback may run into the problem of post-junctional 
a2-adrenoceptor activation. For example. in the 
removal of phaeochromocytom~~. the effect of a 
non-selective acantagonist on &:-mediated feedback 
could become a problem. particularly if a muscle 
relaxant was used which blocked the neuronal re- 
uptake of noradrenaline [X2]. An cl-ndrenoceptor 
antagonist would not. however. suppress all the 
effects of circulating noradrenaline and it might he 
dangerous to attempt its use. A partial solution 
would be appropriate selection of the muscle rel;tx;tnt 
and other adjuvants to anaesthesia. The clinical 
ideal, however. would be to obtain an antagonist 
which was selective for post-juncti~)ll~~l a2-adreno- 
ceptors to use in combination. as required. with an 
al-antagonist. 

The multjplicit~7 of post-juilction~l n-adrenocep- 
tors, together with the /!Ladrcnoceptors. gives con- 
siderable scope for subtlety in the control of the 
vascular system by the synlpatlletic nervous system. 
As shown in Fig. 4a. circulating adrenaline. circu- 
lating noradrenaline and adrenergic nerve stimuln- 
tion each represent a different pattern of adrcno- 
ceptor activation, The study of the differences in the 
proportionate activation of post-junction~li n,- and 
@z-adrenoceptors by adrenaline and noradrenaline 
are complicated by the adrenaline’s [h-adrenoceptor 
agonism and the greater susceptibility of noradrcn- 
aline to neuronal uptake. Blocking /J-adrenoceptors 
or the uptake process will not provide a straight- 
foward answer since these m~lnoeuvres tvill. rcspec- 
tively, alter blood flow to different areas and vary 
the anatomical disposition of the c~~tect~~)l~~~~ines 
with respect to the nerve terminals. In most mam- 
malian species adrenaline is the dominant circulating 
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cate~ho~amin~ released from the adrenal medulla 
while noradrenaline is derived mainly from the 
post-ganglionic sympathetic nerve terminals. In 
many species, however, a significant proportion of 
adrenal catecholamines is comprised of noradrena- 
line, which is stored in different groups of cells from 
adrenaline and can be independently released 
according to the nature of the activating physiological 
stimulus. It will be interesting to see whether there 
is a different distribution of LYE-, a~- and &-adreno- 
ceptors in the blood vessels involved in the responses 
to these stimuli, e.g. exercise, cold, fear. 

Two further interactions may provide clues to the 
distribution and physiological roles of different 
adrenoceptors. 
/3~ us cu2. First, when @adrenoceptors are not 
blocked, rauwolscine almost abolishes the pressor 
response to adrenaline [28]. This contrasts with its 
failure to block the response to adrenaline after /I- 
blockade. Since the effect of rauwolscine against 
noradrenaline is not changed by @-blockade, it 
appears that this “non-summation” of (YI- and a~- 
adrenoceptor mediated responses is influenced by 
adrenaline’s paganism. This implies that the pres- 
ence of Paganism increases the contribution from 
a*-adrenoceptors. The explanation of this could be 
biochemical or anatomical, e.g. (1) BZ- and /L$-adren- 
oceptors have opposing effects on the same bio- 
chemical process in the cell membrane (e.g. aden- 
ylcylase) whereas the Lur-adrenoceptors do not act 
through this same mechanism (e.g. increased phos- 
phatidylinositol turnover) 1521 (2) it is also possible 
to pursue the hypothesis developed above, of the 
distribution of receptors among different beds. All 
that would be required would be a vascular bed 
which, under resting conditions, had a high resist- 
ance, but which was capable of considerable vaso- 
dilation. If this bed had 1yz- and ~-adreno~eptors, 
acting in opposition, then its az-component, on its 
own, would contribute little to the overall peripheral 
resistance and thus, in the absence of @-agonism, 
would still allow the dominance of ~1. In the face of 
&adrenoceptor mediated vasodilation, however, 
this bed would be a major determinant of peripheral 
resistance and thus a*-adrenoceptors could have a 
greater modulatory role. The obvious candidate for 
such a vascular bed would be skeletal muscle. There 
would be no objection to there also being a small 
al-component, which might be involved in neuro- 
genie vasoconstriction but whose effects would be 
easily overriden by the &-effect from circulating 
adrenaline and by local factors. 
Acid/base changes azlcul. The second observation, 
which may have considerable significance for the 
study of post-junctional &cyZ-adrenoceptors, is the 
influence of blood gases. In our standard procedure, 
pithed rats are ventilated with pure 02 at a minute 
volume which maintains an arterial blood pW of 
7.4 * 0.05, a P,COx of 35-40 mm Hg and a P,O, in 
excess of 300mm Hg. The balance of LYI- to (yz- 
adrenoceptor mediation of responses has. however, 
been found to vary according to the degree of ven- 
tilation and, hence, with blood gases 171,321. Rats 
were hyperventilated or hypoventilated in order to 
vary the P,C02 and the arterial pH. As the pH went 
from 7.6 to 7.2 the responses to catecholamines 

decreased, the effect on this of prazosin remained 
approximately constant (in percentage terms) but 
the effect of rauwolscine steadily increased. This 
could have been due either to an increase in the 
mr-mediated response or to a decline in the ml-influ- 
ence. Since the overall response to catecholamines 
declined and since the responses to &,-agonists 
declined but to az-agonists increased, our prelimi- 
nary interpretation is that as the rats became acidotic 
the a2 component from adrenaline has increased 
while the @I component has decreased ]33,71]. 

This observation has several consequences. It may 
explain quantitative differences between the obser- 
vations of different groups of workers who are using 
similar preparations, but with slight variations in 
technique, and must be an important factor in any 
studies involving organ perfusion at a fixed rate 
unrelated to metabolic demand. From our own ear- 
lier experience employing air-ventilated pithed rats 
[38,39] it is often necessary to hyperventilate in 
order to maintain an adequate P(,Oz. This results in 
a low P,COz and an arterial pH in the region of 
7.5-7.6. Under these conditions the effect of a?- 
antagonists against catecholamine response is at a 
minimum, 

The physiological significance may be that in local 
acidoticconditions the influence of sympathetic tone, 
exerted via c+adrenoceptors, will decline. Conse- 
quently, the effects of a generalised increase in sym- 
pathetic neural tone could be overriden in discrete 
areas of high metabolic activity. The reason for the 
relative resistance to acidosis of the &z-mediated 
effect is not immediately obvious but clearly it leaves 
open the possibility of a continued intluence of cir- 
culating catecholamines and, perhaps, of nerve- 
activated mr-adrenoceptors in certain specialised 
areas. If the pre-junctional cuz-adrenoceptors are sim- 
ilarly resistant to acidosis. as they might be if they 
are chemically identical with the post-junctional 
ones, then this would be advantageous in preventing 
the loss of any negative feedback which might occur 
at high frequencies of sympathetic discharge. Under 
conditions of stress this might be a factor in restrain- 
ing both vascular tone and the heart rate [ 171. 

In view of the “dominance” of ~2 under acidotic 
conditions, it is interesting that the first in vitro 
demonstration of post-junctional cuz-adrenoceptors 
is in veins [15]. Teleologically, it seems reasonable 
that q-adrenoceptors should be employed in veins 
where conditions are likely to be acidotic. The same 
argument could apply to tissues which are metab- 
olically active such as skeletal muscle. Among the 
commonly used vascular preparations this also raises 
several interesting questions. For example we have 
been unable to demonstrate post-junctional c2- 
adrenoceptors in portal vein but of course this “vein” 
does not carry acidotic blood. The pulmonary 
“artery” is commonly used to assess the effects of 
drugs at post-junctional ml-adrenoceptors in uitro: 
in the acidotic conditions in uiuo, however, these 
might remain ineffective, thus protecting pulmonary 
blood flow. These examples also raise the question 
of the suitability of the usual 95% Oz:S% COZ gas 
mixture employed in uitra. Perhaps it will be necess- 
ary to reduce the 02 and to vary the CO? according 
to the tissue employed. 



The effect of acidosis ih one of the few ciucs 
currently available in the pursuit of differences 
between the nl- and cTi-adrenoceptors. The site ot 
the effect could be :I change in the properties of (a) 
the agonist molecule. modifying it\ affnity for. or 
.‘actiCity” at the receptor: (b) the antagonist mol- 
eculc (ihis cannot bc the only change since the 
responses to the agonists are reduced): (ci the recep- 

tor: (d) the events following receptor activation (here 

a link between ptl: and C’a“ activation might be 
pertinent): (c) the intrinsic tone of the blood vessels. 

Adrenoceptors have been sub-classified as wI and 

W> according to the order of potency of agonists and 
antagonists established by Starke and co-workers for 
pre- and post-junctional n-adrenoceptors. particu- 
larly in the rabbit pulmonary artery [37. ,US]. Clearly 
tissues as diverse as frog skin 161 and blood platelets 
[42] have responses mediated by receptors akin to 
those at the terminals of the adrenergic nerves in the 
rabbit pulrn[~n~iry artery (c:). There is. howcvcr. a 
danger, that by applying only some of the criteria. 
receptors may be wrongly classified. This particularly 

applies to the tendency to equate .‘prazosin-rrsist- 
ante” with “n:“. If an attempt is made to classify a 
receptor by the use of agonists and antagonists and 

if it fits neither the n’l nor the (1; category then it will 
be more helpful for future categorisatlon if it remains 

unclassified. e.g. LX,, than if it is titted into the “near- 
est” category. This could also present problems of 
irtterpretati~~n in ii~and-binding experiments if these 
were based on the assLl1npti~~n of oni>- two possible 
sub-type>. 

So far, there is no substantial evidence to require 
the re-categorisation of cl-adrenoceptors mediating 
contraction of non-vascular smooth muscle as “LIZ”. 
On the other hand, such experiments are usually 
carried out it? vitro and the evidence for post-junc- 
tional a2-adrcnoceptors, even in vascular tissue, irt 
rCtro is inconclusive. There is. however, preliminary 
evidence from the anococcygeus and vas deferens 
in uirro that there are two distinct p[~st-junctioil~~l 
~-a~irel~~~ceptors each of which tits the gross category 
of “n,” but between which there arc differences in 
the potency series of both agonists and antagonists 
[&I. 65: MacDonald and McGrath, unpublished]. 
This latter observation has a bearing on previous 
hypotheses for sub-classification of m-adrenoceptors 
on smooth muscle. 

Three different means of distinguishing between 
sub-types of a-adrenoceptors have been (a) whether 
or not dopamine is an agonist [SO]: (b) whether or 
not optical isomers are ~quipotent [4]: (c) differences 
between the agonist effects of imidazolines and 
phenyiethylamines [XI?. X3]. It will be interesting to 
see whether these three categories can he amalga- 
mated with the &CQ system to give a comprehensive 
set of criteria for classification. 

At present it seems that none of these three meth- 
ods corresponds to an W/LQ @it. Post-junctional 
effects of dopamine which are affected by “o,-block- 

crs” are antagonired by “~~,-~lecti~ c” ~itq~~~i\t~ 

such as praz&in [X6: h&C;rath, unpubli+cd/. ( 1~ 
Amidephrine is a potent n,-agonixt on the hloc>ll 
pressure of the pittied rat but ( I )-amidephrinc I\ 
virtually totally inactive despite the \\.\tciii’\ \cn\i- 
tivity to fl+igonists [.?(I: Flavahan a;id .IlcC~r;~th. 
unpublished]. The effects of both ph”“Vlcth~l;~rrril~c~ 

and imidazolines on smooth muscle irr clitrcj XC read- 
ily antagonised by prazosin [McGrath. unpublishrd~. 
It seems rather that these arc method\ ~OI- tltc ;ull- 

classific~~ti(~n of ck,-attrcnoceptors. 
The ~~rnal~~lnl~ltioii of method\ (a) and ic) is 

already possible since Ruffolo rt al. [SL?] have cttxn- 

onstrated that dopamine act> more like imidazoline~ 

than like phenethylamines. Since dopamine dots not 

contain an asymmetrical centre it would bc poGble 

to refine (c) to distinguish between dopaminc and 
imidazolines (which generally have no asymmetry) 
on the one hand and the (I) isomers of phencthyl- 
amines on the other. ‘f’herc is insufficient evitlcncc 

for a general incorporation of isomerism into the 
c~~te~orisatioli but it is intercstinp that. wherea\ 

imidaz~~lines are generally considered to be partial 
agonists at post-juiiction;ll a-adrenocrptor\. tetra- 

hydrazotine. which has a centre of aymmetr’\. :rnd 
oxymetazoline. naphazoline and (3.4dih\drosy- 
phenylamino)-2-imidaroline. which have no chiral 
centre but have asy1nmctrical ring \\steiris. arc‘ all 

imidazolines which can be shown to. beha\ t’ ;I\ tull 

agonists in some test sy‘;tems 1.35. 77. Sl I. 

Can a general hypothesis incorporate thcsc diverse 

mean of cate~orlsin~ ai-ndrcnclceptt,r\‘.’ It ~cms, at 
present, that there IS no complete split. a5 there is 
between iy, and mZ. Some compounds. parti~ulnrl~ 
the (Q-isomers of the phenylethanolamincs, nora- 
drenaline and phenylcphrine (and the less common 
amidephrine) appear universally as al-agonists irre5- 

pective of the test system and it is possible th:lt the! 
act at all “~,“-adrenoceptors. In fact together l\ith 

their antagonism by prazosin, they probahl!~ con- 
tribute to the safest definition of an cl,-adrenoccl,tor. 

In contrast. the effects of the imidarolines ittld of 
the other co~lp(~un~ls which arc nr-agonisth. c.p. 
where the ilnidaz~~~ine has been replaced by another 

heterocyciic group (xylazine. Ba>-,, 6751 j 01 ky ;I 
guanidinium group (guanabenz. guanfacine). ;irc not 

consistent. For example, oxymetazolinc is at least 

as potent as noradrenaline or phcnylephrinc in ~-at 
or cat anococcygeus [35,68]. rat va5 dcfercns [h-L]. 
rat blood pressure after blocking al-~idrcnoc~ptor~ 
[IY] and rabbit pulmonary artery [SC2]. but it Ie’r~ 
potent on guinea pig aorta I%] and rat ;tort;i ISI 1 
and has virtually no effect on rabbit basilar ;~r’tcr\ 
171. This variation between noradrenaline antl OS\‘- 
metazoline could be due to the existence of different 

sub groups of ai-adrcnoceptors whose distribution 
varies between tissues. There is also cvidcncc for 
more than one component in the effector rcsponscs 
to “a,“-agonicts in sonic cases of these tissue\. 

Anoc~occ~~rzr.s. In both the rabbit basilar artcr! 
[7] and the rat anococcygcus [McGrath. unpuhlishcdl 
phenylethanolamines product dose-rcsponsc cur\cs 
with a “shoulder” indicating two component\. In 
contrast. the “non-phcnvlethanol~iiiiiiic.. agonist\ 



Post-junctional ~-adrenoceptor -177 

produce virtually no response in the rabbit basilar 
artery but a monophasic curve in rat anococcygeus. 
It seems possible that in anococcygeus the “low 
concentration” component of the response to 
phenylethanolamines and the response to “non- 
phenylethanolamines” is mediated by one type of 
cri-adrenoceptor (cui,) while the response to high con- 
centrations of phenylethanolamines is mediated by 
a second type ( LYI~) at which “non-phenylethanolam- 
ines” are relatively poor agonists. This is supported 
by the phasic nature of the response to low concen- 
trations of phenylethanolamines and to all but “max- 
imal” concentrations of non-phenylethanolamine 
agonists. The responses to low concentrations of 
indirect sympathomimetics also are “phasic” and 
after chemical sympathectomy or in the presence of 
an uptake I blocker, the increased sensitivity to 
noradrenaline is largely due to a greater phasic com- 
ponent at low concentrations, suggesting that these 
“ai,-adrenoceptors” are readily activated by pro- 
longed exposure to low concentrations of agonist 
within the tissue and that they mediate a phasic 
response. On the other hand. the adrenergic 
nerve-mediated response is not phasic and might 
therefore involve cub-adrenoceptors. This is rein- 
forced by the resistance of both nerves and high 
concentrations of noradrenaline to certain antag- 
onists, including rauwolscine. If this tentative 
hypothesis proves accurate, it will provide a further 
explanation, in addition to &z-mediated feedback, 
for the actions of antagonists which are “adrenolytic” 
but not “sympatholy&“. 

However, this provides no evidence for post-junc- 
tional receptors which, in uitro, are resistant to aI- 
antagonists. This raises the interesting possibility 
that the post-junctional cuz-adrenoceptors. as dem- 
onstrated in vivo, are transtnuted. under in vitro 
conditions, to resemble &I-adrenoceptors, at least as 
far as affinity of antagonists is concerned; they might 
even become one of the sub-groups. This would 
mark a difference from pre-junctional crz-adreno- 
ceptors, whose distinction from al-adrenoceptors, 
is, if anything, easier to demonstrate in vitro than 
in vivo. 

Rabbit basilar artery. This has a “low dose com- 
ponent” of the response to noradrenaline which cor- 
responds more closely to the “(Y,~” than “a.,,” adren- 
oceptors in anococcygeus, i.e. “non-phenyl- 
ethanolamines” have little agonist activity [7]: the 
extreme lack of activity may, however, indicate yet 
another receptor. 

If this hypothetical subdivision of cui-adrenocep- 
tors is correct, presumably those tissues, such as rat 
and guinea pig aorta. in which imidazolines are rela- 
tively impotent, owe the greater part of their 
response to alb-adrenoceptors. This subdivision of 
post-junctional al-adrenoceptors does not imply that 
imidazolines lack affinity for cuir,-adrenoceptors. 
Clearly imidazohnes can competitively antagonise 
the responses to phenylephrine, even in a tissue such 
as rat aorta in which the agonist potency of imida- 
zolines is low [gl]. An alternative to partial agonism 
could be agonism at some but antagonism at other 
sub-groups of ai-adrenoceptors. This could also 
explain why some agonists are “full” or “partial” 
according to the preparation. 

If this is true then it has importance for ligand- 
binding studies. First, if imidazolines have affinity 
for two types of a,-adrenoceptor plus cuz-adrenocep- 
tors, it is going to be difficult to use these compounds 
to differentiate among receptor subtypes since the 
system relies entirely on affinity. Secondly. if recep- 
tors on intact cells can change their properties so 
radically from in uiuo to in vitro, then considerable 
further changes can be expected in their transfer to 
purified membrane fragments. If this change is a 
further subtle change in affinity for antagonists (and 
it is known that the precise composition of the 
environment is crucial for binding of “antagonist” 
ligands) [88] then it is possible that some sub-types 
of al-adrenoceptors might appear to be classifiable 
as ~2. For example, the different binding character- 
istics of dihydroergotamine and prazosin for mem- 
brane fragments originating from rabbit uterus have 
been used as a basis for differentiation between 
GUI- and az-adrenoceptors in this organ [4Y]. How- 
ever, WB 4101, which has been shown to be “selec- 
tive” as a Iigand for ~,-adrenoceptors in membranes 
from calf brain [92] is not selective in the membranes 
from rabbit uterus [.SO]. While it can be argued that 
this shows non-selectivity of WE3 4101, it might also 
indicate that, under the experimental conditi~~ns to 
which these membranes are subjected, prazosin is 
distinguishing between Lul-adrenoceptor subtypes. 
This illustrates the difficulty in utilising. for ligand- 
binding studies, organs in which the physiological 
role of adrenoceptor subtypes is not known; there 
is no evidence which implicates ez-adrenoceptors in 
any effector response in rabbit uterus. 

The uas deferens. This provides further evidence 
for subdivision of @I-adrenoceptors. The post-junc- 
tional “agonist” effects of phenylethanolamines and 
imidazolines on rat vas deferens are complex. The 
excitatory effects of agonists are not directly related 
to contraction. This is of relevance to the interpret- 
ation of any study carried out on this organ since 
“dose-response” curves are often carried out after 
an exposure which is short enough to allow onlv an 
initial transient contraction whose disappearance is 
often described as “desensitisation”, even though 
phasic activity and potentiation of ne~e-induced 
responses may continue for several hours. Current 
evidence [64-66; MacDonald and McGrath. unpub- 
lished] suggests that the initial and long-term 
responses involve different mechanisms of 
receptor-contraction coupling, which, by implica- 
tion, suggests different receptors, in their “function” 
if not necessarily in their affinity for drugs. There 
is also evidence for an anatomical separation of these 
functionally different receptors since. after trans- 
verse bisection, the two ends of the vas have different 
properties. For example the epididymal portion is 
more susceptible than the prostatic portion to the 
excitatory effects of oxymetazoline whereas the two 
portions are equally sensitive to noradrenaline 164: 
MacDonald and McGrath, unpublished]. 

Ruffolo et al. [82] have shown a “lack of cross- 
desensitization” between imidazolines and phenyl- 
ethanolamines in the rat whole vas. The authors 
interpreted this to mean that the two classes of 
agonist interact at different sites on a single receptor 
[82]. While there may be such a receptor. the 



anatomical separation of receptors ~ndicatcd abo\ ck 
suggests that at lea\t part of the t’xplanation tar the 
apparent lack of cross-dr~ensitization is that phen?l- 

ethanolamincs can product a contraction through ;I 

receptor which starts insensitive to os\~metarolinc 

(similar to the nil,-adrenocei~tor of ~~n~~~~~~~~~e~ts’~). 

We have attempted to reproduce their findings uhinp 
bisected vasa but have met with no ~ucccss. 

Further evidencr for more than one type of a’!- 
adrenoceptor in the rat vzs defercns comes from :I 
comparison of the effects of different antagonists. 

The adrcnergio nerve-mediated response [hY 1 and 

the contractile responses to various “(t” agonists can 
be shown to hc broadly K, in that they are blocked 

by antagonists such as prazosin and WI3 4101 [h9. 631. 
The order of potency of antagonists against the two 
forms of stimulus are not, however. identical. For 
example. comparing the threshold concentrations of 
antagonists producing inhibition of nerve-induced 

response with the ~Jut~lislled p’1: I a!ues against 

phenylethanolamines: (i) for prazo\in the conccn- 
tration is similar. (ii) for yohimbine. WE3 4101 or 
rauwolscine the effect is greater against the ncrvcs. 

(iii) for ajmalicine the eifect is greater against the 
agonists 157. 70. 74: McGrath. unpublished]. This i\ 

another case in which the o,-adrent,ccptors activated 

by the n~ur[~tr~~nsn~itter. il~)r~~dr~~~~~li~~~. cannot bc 
shown to be identical with those activated by exogen- 
ous agonists. Considerahlc work remains to hc dent‘. 

for example. comparing the p:1: values for :rntap- 
onists against the contractile effects of the imida- 
zolineq. before the receptors acti\,ated bq the adrc- 
nergic nerves can be identitied: howcvcr. the greater 
adrenergic nerve induced contractile ~ol~l]~~~li~nt in 
the epididymal portion points to the type of receptor 
which can be activated 11~ imidazolines as well a’r by 

phenylethanolarnirles. i.c. “a,,,“. While the receptors 

activated by nerves in the ~~nococc~geus wcrc pas- 
tulated as o,,,. there ix ;I clear differcncc in the 
functional cap;;bilities of the adroncrgic nerves in 
the two cases: in anococeypcus rcpetitiyc sti~~i~~l~~tio~~ 
of the adrenergic ncrvcs can maintain contractile 

tone for several minutes without signs Of fatigue 
whereas in the vas the ‘.adrenergic” ~~~~ll~~~~~~e~~t of 
the nerve-induced contraction starts to decline aftet 

2. set [D. H. Brown and J. C. McGrath. unpuh- 

lished). This may be related to the respective ph;aio- 
logical functions of the ncrxes in each organ. It will 
be interesting to see whether such parallelc stand up 
to examination in other organs and what is the reta- 
tionshi~ to rn~~biiis~~tiotl ot diff~r~llt sources of t‘a’ ’ 

Himrrrz p~itmir rirtuYt~.v. III rGtro thfx provided 
one of the original observations for .‘prazosin-resist- 
ant” responses to noradrcnaline [‘A, 76). Although 

this has been cited as a precognition of post-junc- 
tional a:-adrenoceptors. it may have been. rather, 
a premonition of the diversity of p~,st-jilnction~ll c\- 
adrenocrptors. Subsequent studA by Moufds and 
co-workers [X7: Moulds. personal communicationI 
do not confirm that the “pr~~zosin-resistant” response 
is “a:” but rather that. in the human palnr:tr \-esaels. 

the order of potency of agonists and antagonicts do 
not coincide with either the “0,” or “n;“. which arc 
defined in the animal studies. The receptors appear 
to be similar to “n,-acireIioceptctrs” in respect of 
agonist potenq but. among the antagonist\. yoh- 

imbine is more potent. and praLosin less poteni. than 

expected. It is not yet clear whether this point< trt 
species differences among a-adrcnoccptors or to 
some feature of this particular experimental prq- 
aration. However. as in the animal studies. the lack 

of ~?r~-jun~ti~)n~t~ c7-:-adrrnoccptor\ itl rGtro doe4 not 
preclude their existence irk ~GIw. 

It has become common practice to assess the 

“selectivity” of agonists or antagonists for nl- and 
m2-adrenoceptors as the ratio of some index such as 

ED<,, or pill, often obt~~inet~ in different prep- 
arations, e.g. as shown in Fig. 2. If the post-junc- 
tional n,-adrenoceptors are not ;I homogeneous 
population and if the proportions of these rub-groups 
vary between organs. then these ratios will carry no 
general significance. Conflicting “data” from differ- 
ent groups of workers shouid he expected. 

Thr muirowmwt of’ the “rerYptor”. A start has 
been made towards studying adrenoceptors at the 
molecular level using li~an~l-bi~ldin~ techniques at 
a time when studies involving cffector responses arc 
resulting in a multiplication of the number of post- 
junction~~l m-adrenoceptors. It must he the aim of 
future research to link the molecular events which 
occur between the “drqPreceptor” interaction and 
the cffector rcsponsc. It li~tnd-bin~~in~ is taken as 
the first approximation to the “drugPrccuptor” inter- 
action, it is important that the li~ands arc thou-oughl\ 
tested for their i’h~trtnaccllogl~~tl protile again<t 
“effector” responses. preferably in the S;I~C tissue. 

Otherwise there is no guarantee that the “specific” 
binding site, presumably representing II particular 
molecular ~~~nf~~rIn~lti(~ii. is connected in an! \vit\ 
with the next stages in the “activation” process. i.c. 
is a receptor for any known process. Such confor- 
mations may occur in molecules involved \vith 
physi~)l~~~ic~~i processes lvhich arc. as I;ct. unknown, 
or even as part of structural elements. If attention 
is. however, paid to the .‘I’h;lrm;tcolopical” effects 
of all the substances employed in bimling studies. 
the results may become more retined and capable 

of picking out subtleties \uch as sub-groups of nI- 
adrenoceptors. It may eventuallq prove unfortunate 
that the nlin2 categories have been applied in binding 
studies. Since “post-jilnctional” receptors st‘cm 
likely to be the most abundant type in homogenised 
tissues, it could be predicted from isolated organ 
studies itz rCtro that different types of nI-adrenoccp- 
tors might be found and that some of thcsc might 
be the same molecular elements which would ‘Ippear. 
by the same definition. as c+~drenoceptors IS V~VO. 
However. it seems that “binding sites” are huing 
categorised by the n,!n: system. particularly accorti- 
ing to the affmity for ~liit~t~~~liists [%I. It might bc 
helpful. before this goes too far. to distinguish 
between “bindins sites” and “~ldrenoceptor”. Per- 
haps n:-binding \ttes will be the same thing\ ;I\ it.- 
adrrnoceptor\ which are found it1 Sw but. if thev 
are not. then it is going to be difficult. in ;I few vt’arh 
time. to comprehend the present literature. 

The res~~lution of this probiem of relatin! infor- 
mation derived (i) i77 I>~IY>. (ii) it7 Gtro. hut with ccstls 
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intact in “physiological saline” and (iii) in semi-puri- 
fied sub-cellular fragments, may lie in defining the 
environment and the adjacent elements to which it 
is believed that the “receptors” are connected. A 
considerable advance towards this has already been 
made in binding studies with the observation that 
affinity of “agonists” for binding sites is modified by 
the presence of GTP and inorganic cations [41.8X]. 

As well as providing evidence on the molecular 
level for the elements involved with drug-receptor 
interaction this also makes a start towards the study 
of the “receptors” under physiological conditions. 
Initially, ligand binding is facilitated by studying 
washed membrane fragments in a simple buffered 
medium, but to arrive at the reactions which occur 
in functioning cells it is necessary to replace envi- 
ronmental factors until “near-physiological” condo- 
tions pertain. In this context the reduction in binding 
of “antagonists” to “&z-binding sites” produced by 
the addition of monovalent cations and GTP is of 
great interest, given the possibility of interconversion 
suggested by the “effector” studies. It would be 
interesting to know whether, in some circumstances, 
these “a1-binding sites” can acquire affinity for 
“al-agonists” at the same time as losing it for ‘*a:- 
agonists”. 

In intact cells the problem is further complicated 
by the influence on the receptors of adjacent cellular 
elements. If the interaction of the drug and receptor 
can modify performance of such cellular elements, 
e.g. opening a particular “ion channel”. then it must 
be possible that, conversely. such elements can mod- 
ify the conformation of the receptor. An understand- 
ing of these “post-receptor” processes may be necess- 
ary for complete identification of “binding sites” with 
“adrenoceptors” and for a thorough understanding 
of the “drug-receptor interaction”. It should thus be 
noted that receptor-contraction coupling involving 
cu-adrenoceptors (to take one example) is not fully 
understood. Differences in agonist-mediated effec- 
tor responses and possible different roles of Ca” 
influx in (YI- and luz-mediated responses were men- 
tioned above. In particular, however, the events 
which follow from activation of e-adrenoceptors by 
noradrenaline released from sympathetic nerves are 
under debate. BY analogy with the cholinergic sys- 
tem, electrophyslological methods have been used 
to study the effect of adrenergic nerve stimulation 
on the intracellularly-recorded membrane potential 
in smooth muscle. Few organs are, however. suitable 
for this type of study. In two preparations which can 
be used. the vas deferens and arteriolar smooth 
muscle, excitatory junction potentials (ejp’s) can be 
produced by stimulating the sympathetic nerves. 
These ejp’s summate and. when the membrane 
potential reaches a threshold level, an action poten- 
tial is fired and is accompanied by contraction of the 
muscle. In the cholinergic system these processes are 
sequential: the entire process can be stopped by an 
antagonist which interferes with the initial agonist- 
receptor activation. In both vas deferens and arter- 
iolar smooth muscle, however, ml-adrenoceptor 
antagonists can reduce the contractile response to 
nerve stimulation without reducing the ejp’s 
[Y. 12,44,47,48,51]. This suggests two things which 
are crucial to the role of a-adrenoceptors in 

neurotransmission: (i) the ejp’s induced by stimu- 
lation of sympathetic nerves are not initiated by 
activation of a-adrenoceptors; (ii) the involvement 
of m-adrenoceptors in the contraction induced by 
sympathetic nerve stimulation is either independent 
of, or subsequent to, the ejp. 

In the case of the arteriolar smooth muscle, the 
al-antagonist prazosin can increase the threshold for 
firing of an action potential [48]. If this is confirmed 
as an “@,-antagonist” action then a link of a,- 
adrenoceptors with the electrical events will be main- 
tained but this will be associated with the action 
potential rather than the ejp. The mechanism of 
activation of the ejp remains obscure but Hirst and 
Neild [48] have suggested another adrenoceptor 
(y). A co-transmitter or even another set of (non- 
adrenergic) nerves cannot yet, however. be ruled 
out. 

In the vas deferens, dissociation of the post-junc- 
tional cr-adrenoceptors and the electrical events is 
even clearer. Here the contractile response to nerve 
stimulation consists of two components. adrenergic 
and “non-adrenergic” [2. 691. 

Recently it has been found that nifedipine. a Ca” 
entry blocker, can selectively block this “non-adre- 
nergic” contraction leaving the adrenergic compo- 
nent [34]. Nifedipine does not. however. act by 
interfering with the ejp’s but it does prevent the 
occurrence of the muscle action potential [9]. Since 
the adrenergic (ml-mediated) contraction is not 
modified, it can be inferred that the &,-induced con- 
traction does not require an action potential but 
utilises, perhaps. a more direct excitation-contrac- 
tion coupling process. If this is the case it could 
suggest a different type of cu-adrenoceptor compared 
with those involved in depolarising the cell mem- 
brane. This might also explain why the vas deferens 
has such a dense adrenergic innervation, since the 
“adrenergic” response would not be transmitted 
between cells. 

The transition from in vitro to in uivo can be 
expected to produce further changes in the environ- 
ment which might modify the properties of receptors. 
pH has already been mentioned as modifying the 
cuJ&* balance but temperature. 02. the composition 
of the extracellular fluid compared with “physio- 
logical” salines and the presence of blood-borne 
factors including hormones are all likely to play a 
part. Certain inorganic cations, which are already 
known to influence “ligand binding”, e.g. Mg”. are 
rarely present in the plasma or extracellular Huid in 
the same concentrations as in the commonly used 
salines. 

Structure/activity relatiomhips. Since Easson and 
Steadman 1271 first postulated a three-point attach- 
ment theory for the “adrenoceptor“. many 
hypotheses have been advanced for the structural 
requirements of drug molecules which interact at 
this site. 

Have any further clues been given now that more 
than one cu-adrenoceptor has been found? 

At every stage of the search for structure/activity 
relationships among the analogues of adrenaline a 
constant feature has been the ability of small ctruc- 
tural changes or substitutions to convert agonists to 
antagonists and vice versa [IO]. Many analogues of 
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Fig. 6. (a) Noradrenaline. extended: (b) noradrenaline. folded; (c) hypothetical “a”-;ldrenoccptor 
binding site. viewed from within. Critical areas are based on features in apoyohimhine--( 1) aromatic 
group. (2) amine. (3) carboxymethyl. (4) ring B nitrogen: (d) apoyohimbine: (e) WB 4101: (I) lahetalol 
(SR form); (g) prazosin; (h) noradrenaline, extended at “(~1” site: (i) noradrenaline. folded at “(12” 

site. 
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adrenaline have been devised on the principle of an 
amine group separated by two or three atoms (usu- 
ally C but sometimes including 0 or N) from a benzyl 
or other aromatic group. For example, substitution 
of ntetu and pnra hydroxyl groups on the phenyl 
group commonly convert5 antagonists into agonists. 
When this is interpreted according to current recep- 
tor theory it indicates that such substitutions increase 
“intrinsic activitv” alth(~ugh there might actually be 
a loss of ..affiniti” for the receptor [Sl]. Among such 
compounds. therefore. it has seemed likely that 
attachment of agonists or antagonists to the receptor 
is in an oricnt~lti~~n similar to that of the physi~)logic~ll 
agonists. 

This is generally viewed in terms of the extended 
conformation of noradrenaline, i.e. with the amine 
at its maximum possible distance from the ring. 
However, a survey of some of the rigid or semi-rigid 
analogues suggests that this conformation is impos- 
sible for certain a-agonists and that, coincidentally, 
this group includes several a?-agonists, e.g. B HT 
933 or tetrahydro-naphthalene derivatives. Instead, 
such compounds have a structure which is analogous 
to the folded form of noradrenaline or adrenaline. 
On quantum mechanical grounds the folded form of 
noradrenaline. i.e. with the terminal amino rotated 
towards the ring rather than pointing away from it, 
is at only a slight disadvantage compared with the 
extended form 1791. This produces several critical 
differences for structure/activity relationships. First. 
the distance from the phenol ring to the nitrogen is 
less in the folded form (Figs. 6a and b). Secondly 
the stereometric position of substituents at the amine 
or at the adjacent carbon are radically different in 
the two forms. Furthermore, substitution at the car- 
bon adjacent to the amino group, as occurs in ai 
methyl noradrenaline. favours the folded confor- 
mation and it is known that a-methyl noradrenaline 
is relatively potent at IWZ- compared with cu,-adren- 
oceptors. Thirdly, the influence of the chiral centre 
at the carbon adjacent to the aromatic ring may 
differ in the two conformations. Since the negatively 
charged &OH and positively charged amino group 
are likelv to remain cis to each other in either form, 
the presknce of this OH group eliminates or greatly 
decreases the relative stability of one of the two, 
otherwise likely. folded forms 1791. Thus, in the 
folded form. the @-OH group might not necessarily 
be a “point of attachment” in each case but could 
play a different role: influencing the absolute con- 
formation. It is, therefore, possible that noradren- 
aline and analogous compounds may interact with 
the cr,-adrenoceptor in the extended form and the 
a2-adrenoceptor in the folded form. Imidazoline- 
derived agonists are in the interesting position that 
they can adopt folded or extended forms but the 
favourability of each will depend on the nature of 
their link to the benzyl group and the substituents 
on the latter. 

The structures of a-adrenoceptor antagonists 
which are obvious analogues of catecholamines have, 
so far. given few clues to the structure of the “recep- 
tor” or to the requirements for “selectivity” between 
a, and ryl. It might, therefore, be worthwhile to 
speculate from the structures of some of the potent 
antagonist which have been synthesised and tested 

in the last few years and which are, generally. larger 
molecules. A hypothetical representation of some 
critical areas for binding of antagonists to the “ct:‘- 
adrenoceptor can be based on similarities in the 
structure of apoyohimbine and WB 4101 (Figs. 6c- 
e), both of which are potent antagonists at aI- and 
@z-adrenoceptors (Figs. 1 and 3). Apoyohimbine is 
interesting because it has a very rigid structure but 
is more potent at ~1 and approxim~Iteiy ecluipotent 
at e2 than the less rigid stereoisomers of yohimbine 
(Figs. 1 and 3). WB 4101. on the other hand is 
extremely flexible and has only one centre of asym- 
metry. Despite this, the three sites which art: likely 
to be important for binding in the yohimbine ona- 
logues, i.e. the aromatic ring A, the amine and the 
carboxymethyl substituent on ring E are precisely 
superimposable with corresponding groups in M/H 
4101. This may yet prove to be a red herring but. 
since it was proposed [80], it has been found that 
only one of the four possible isomers of lahetalol 
(SR) has potent cY-adrenoceptor antag~)n~sm 11 I] and 
that this is, coincidentally, the only one which can 
satisfy these same stereometric criteria (Fig. 6f). 

What can this predict about “tl,- and a:-selectiv- 
ity”? No one hypothesis is likely to fit all the diverse 
compounds which block cu-adr&oceptors but there 
are some clues available from the most “selective” 
compounds which are, currently, available. In the 
yohimbine series, the most striking feature is the 
lack of cuz-antagonism by corynanthine (Figs. 1 and 
3 [74,70]). Comparison of the stereoisomers indi- 
cates that the unique feature of corynanthine is its 
inability to place its ring E carboxymethyl substituent 
below the plane of the rest of the rather fat molecule 
(Fig. 1). The binding site here may thus differ 
between LY~ and crz, being below the plane in ai but 
above or on the plane in ~2. Corynanthinc’s impo- 
tence at crz would thus result from the loss of affinitv 
at this site. Since prazosin cannot tit the model 
indicated by apoyohimbine and WB 4101, either the 
model is wrong or prazosin has a different type of 
attachment. The latter can be demonstrated by fitting 
prazosin only to one part of the site and by allowing 
it to have an additional site, in the same plane. but 
outside the immediate vicinity (Fig. hg). Since this 
allows prazosin to occupy part of the “receptor area” 
without occupying the important “amino” binding 
area, it can explain whv prazosin. whose structure 
is not based on phenylamines and was not synthesised 
with the intention of blocking adrenoceptors. is so 
selective. The critical area for antagonism of mZ may 
be the aromatic ring and amino groups: this is sup- 
ported by the newly reported “selective” ai-antag- 
onist, RS 21361, whose benzodioxan and imidazoyl 
groups could be expected to bind here 173) and also 
by substituted analogues of clonidine which show 
some @z-antagonism 114). 

Although it appears that CYI- and a?-“selectivity’* 
have been achieved by precise specification at dif- 
ferent ends of the ‘*receptor area”. this need not 
imply that these are the critical areas for agonism. 
Nevertheless, it is possible to continue the specu- 
lation and combine it with the agonist data to suggest 
that a?-agonists may act in the area of the aromatic 
and amino groups while the &,-agonists still attach 
in the amino area but with 9 different second site. 



i.e. in the region where pra7osin can bind. This could 
also explain why high concentrations of prarosin 
demonstrate agonism. Interestinply, labetalol (SK 
form) (Fig. hf). when fitted to this “receptor”. czp- 
tures the extended ~~)tlf~~r~~~~~ti~)il of ~~~)r~idr~i~~~liil~ 
within its structure. strengthening the possibility that 
this represents the agonist conformation (Fig. 6h). 

Lahctalol is notable among n-adrentrceptor antag- 
onists for producing excitatory effcctr at concentra- 
tions which are within its antagonist concentration/ 
response r~l~~ti~~n~hip. No such obvious clue is ax:ail- 
able for the -‘tit” of the al-agonist. Lt could occupy 
the receptor either with its amine and phenyl ring 
in the same orientation as for n, or it might take up 
an alternative position in the same orientation as the 
nz-antagonists (Fig. (Ii). In either USC. if the amine 
in (I)-noradrenaline is kept projecting towards the 
viewer out of the surface in Fig. 0, then the j-i-oti 
group in the folded form (CD) is projecting up and, 
Fn the extended form (a,) is projecting down. In 
(tl)-noradren~~line this /SOtI switches to the other 
side of the plane in the folded form but Iremains on 
the same side in the extended form. This might 
underlie differences in the stereoselectivity of agorl- 
ists between n,- and aI- or hrttvecn different types 
of a,-adrenocrptors. For the same reason, an n-Me 
substitution will intrude above the plane in the 
extended but not the folded form. Another corre- 
lation is that neither of these possibilities unvisages 
a+gonists and n+mtagonists as binding to the 
receptor in the same way: in ligand binding studies 
it has been supgcsted that the affinity of “n2”- 
li~and-binding sites for agonists but not for antap- 
onists can be modified by several components of the 
incubation medium and that this is not the cake with 
El 131. XX]. 

As defined so far. the conformation of the anta!- 
onists and hence of the matching “receptor” area IS 
fairly flat with only a gentle depression in the area 
of the “amine” binding site. Since the upper surface 
as viewed in Fig. 6 has fewer projections. when all 
antagonists are considered. and smct‘ the amine is 
situated on this side in the yohimbines. it seems 
likely that this witl contact the receptor. A flat surface 
rather than a narrow cleft seems to he indicated if 
bulky three-dimensional structures such as the ergot 
alkaloids are to be accommodated in the same way. 
The distances between the three main binding,areas 
would seen to bc ideal to correspond to the adjacent 
side groups in two parallel protein chains in the /j- 
conformation as in the .~l(usnetso\-CTI~~kov Grids” 
proposed as the basis for various other “receptors” 
[SU. X4]. There is also ;I r~rn~~rk~~bl~ s~~~rnetr~ in the 
distribution of the binding sites postulated in Fig. (tc. 
Clearly a relatively small antagonist molecule could 
interact in either position l-2 or 3-2 and its “selec- 
tivity” would hc determined by its stereochemistry. 
It is already known that. for potency against mcth- 
oxaminr in rabbit aortic 4trips. stcreostructurc wac 
more critical for the isomer\ of piperosan (relatively 
more n:-antagonism) than for those of prosympal 
(relatively more nl-antagonism) [7X]. A different 
orientation of these two closely related compounds 
at one receptor or at two sub-groups could explain 
this. Stereoselectivit); of antagonists for ~g and n2 or 
among sub-groups ot 0, inay be of great interest. 

Does this mean that thelc is one c~-;ldr~nc,c,c,[~t~ll 
and that the different subgroups arise tram difter~nt 
interactions with the s;tme site’.! This could not 
explain why ai-agonism is \tijl possible in the ~I-C’V 
ence of an m+ntaponist. urile\s. of i’our\c, thci-c I\ 
another. adjacent. ;Imino-hindinF \itc. .A nioi-c 
attractive proposition wx~ld hc one generic t! pc 
whose properties can he modificd ~corrlin~ to Ioc:lI 
environmental conditions or in which cc~ltformntion;rl 
changes can be induced IV cnvironmentztl cofxtor~ 
or adjacent molecules. Th&c. in turn. could hc rrictti- 
ulated by cellular or circulating factors. ‘1% has ;I 
bearing &I the fundamental question of xyhcthct 
different types of adrcnoceptors arc irlterc‘on\ertihlc 
per sp or whether they arc part of <cparatc protein 
entities which have superficial similarities in thcil 
conformations, as Ivould he required of recognition 
sites for similar agonists. This applies not rmlv to 
@ii@2 but to many other per-mutation< of adrcnocep- 
tors including n,/{T, in the heart, n2:/$ in blood \z~els 
and any other cases where related effcctor sv\tcms 
arc under control of more than c~nc type of “;idren- 
oceptor”. The isolation of “receptors . \\ hich is ;m 
objective of lipand-bindin, 0 Gutlies. should ;ltiswcI 
this question. Initial I-rsult\ suggc\t that n- and 
nz-ligand-binding sites arc different pratcin cntitiL%s 
[40/ but, in the systetns used for \uch studies. it is 
not known whether the two groups come from the 
same cells: thus attachment to different effector \\s- 
terns rather than fundamental differences bet\\ &I 
the generic “receptor” site could explain this 

Whatever the bi~~~he~~~i~~ll i~~~~k~r~~tlll~i turn\ out 
to be. it is certain that different types of c-i-a&cm)- 
ceptors. the systems which they modulate. their 
developtncntal background and their intercom cr- 
sion or changing balance hv en\,il-onniciitilI. nervous 
and hormonal factors (and no doubt. hy druss) will 
preoccupy many phal-mact,lofiists for the nest few 
years. 

The concept of two types of n-adrenoceptor. ct; 
located on smooth muscle and mediating contraction 
and a, located OII nerve terminals and mediating 
inhibition of transmitter release. has broken down. 
In rriz~o it has been shown that post-,juilction~tl reccp- 
tors, with characteristics closely related to those ot 
the w:-adrenoceptors at nerve trrminnls. can mediate 
pressor responses and are. “post-junctional n:- 
adrenoceptors”. Several difference5 :tmonp agonists 
irt vitro have superficial similarities to the 111 r,i~o 
nJ&l system but do not correspond prccisrix arid 
seem to point to a sLib~iivisi[~i~ of Itost-jiilictictrl~il 
nl-adrenoceptors, A preliminary hypothesis is: irl 
V~UO N, is rapid in onset. short-li\,cd. utilixcs internal 
Ca” . prefers alkalosis and responds to short-term 
stimuli such as short bursts of ner\c impulses or 
bolus injections of catecholamines: n: is sln\\er in 
onset. longer-lived. utilises esternzl <‘:I‘ . prefers 
acidosis and responds to more prolonged stimuli \uch 
as circulating catecholamines: irr rG~r) these catcg- 
orics of response occur but antafoni5ts fail to dctinc 
an culim2 split, suggesting that some critical tactor 1s 
missing in uifro. The implications of’ these trends in 
cr-adrenoceptor classification arc discussed in rcla- 
tion to current ph~trln;icolopic~li ;md hiochcmic;~l 
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