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NEURONAL 5-HT RECEPTORS IN THE PERIPHERY

J. R. FozarD
Merrell-Dow Research Institute, Strasbourg Center, 16, rue d’Ankara, 67084 Strasbourg, France

Summary—5-Hydroxytryptamine (5-HT) induces responses in neurones from all branches of the
mammalian peripheral nervous system. Responses may be excitatory or inhibitory and are mediated
through at least four distinct receptor sites.

One receptor mediates excitation in motoneurones and preganglionic sympathetic neurones and can be
designated a D (or possibly 5-HT,) receptor since “classical’’ antagonists such as methysergide, metergoline
or cinanserin are potent and selective antagonists at this site. A second receptor mediating neuronal
excitation can be positively identified on the basis of susceptibility to blockade by small concentrations
of 1¢H,3a,50¢H-tropan-3-yl-3,5-dichlorobenzoate (MDL 72222) and the weak or negligible affinity,
relative to 5-HT, of certain agonists such as 5-methoxytryptamine. Such sites mediate depolarization of
sympathetic and parasympathetic neurones and excitation of both the cell bodies and terminals of primary
afferent fibres. A third receptor, mediating neuronal excitation, is the classical M-receptor of Gaddum
and Picarelli, at this stage clearly identified only on postganglionic parasympathetic neurones of the
guinea-pig myenteric plexus. These sites can be differentiated from other excitatory 5-HT receptors since
MDL 72222 is neither potent nor selective as an antagonist and 5-methoxytryptamine approaches the
potency of 5-HT as an agonist. (32-Homotropanyl)-1-methyl-5-fluoro-indole-3-carboxylic acid is a potent,
surmountable antagonist of 5-HT at the M-receptor of the ileum, but is non-selective.

Neuronal inhibitory responses have been observed using electrophysiological techniques or by
monitoring the decrease in depolarization-evoked release of transmitter in enteric, parasympathetic and
sympathetic neurones. Largely negative results, using selective agonists and antagonists, allow the
receptor(s) mediating inhibition to be clearly differentiated from the three neuronal excitatory receptors
for 5-HT. Comparison of relative potencies of agonists suggests similarities with the 5-HT, recognition
site of the central nervous system; no selective antagonist has yet emerged to permit their positive
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identification.
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1. INTRODUCTION AND SCOPE

5-Hydroxytryptamine (5-HT) induces responses in
neurones from all branches of the mammalian per-
ipheral nervous system, including preganglionic and
postganglionic parasympathetic and sympathetic
neurones, primary afferent cell bodies, axons and
terminals, neurones of the enteric nervous system and
motoneurones. Responses may be excitatory
(depolarization/induction of firing/facilitation of syn-
aptic transmission; increased transmitter release) or
inhibitory (hyperpolarization/inhibition of firing/
inhibition of synaptic transmission; decreased trans-
mitter release) and in the majority of instances the
available evidence implicates mediation through dis-
tinct 5-HT receptor sites. The primary objective of
this review is to describe these sites in detail.
Several basic considerations have shaped the form
and content of the presentation. First, and re-
sponding to the spirit of the title, where the principal
evidence for a receptor of a peripherally extending
neurone has been obtained largely from studies
within the central nervous system (i.e. motoneurones;
preganglionic sympathetic neurones), this has been
discussed relatively briefly. Second, particular em-
phasis has been laid on the functional rather than the

elzctrophysiological aspects of neuronal 5-HT recep-
tor activation. This is a reflection not only of the bias
of my personal interest and expertise, but also an
acknowiedgement of the several recent reviews in
which the electrophysiological aspects of neuronal
5-HT receptor stimulation have been particularly well
covered (Wallis, 1979; Gerschenfeld, Paupardin-
Tritsch and Deterre, 1981; Gershon, 1981; Weight
and Swenberg, 1981; Wallis, 1981; North, 1982).
Finally, and for obvious reasons, particular emphasis
has been placed on those studies in which the effects
of selective agonists and antagonists have been ex-
plored; only with the aid of such data can the
characteristics of individual neuronal 5-HT receptors
be described.

2. HISTORICAL PERSPECTIVES

The very earliest pharmacological experiments car-
ried out with 5-HT indicated clearly its capacity to
interact with a variety of peripheral neurones. For
instance, pain was reported following application of
5-HT to the blister base (Armstrong, Dry, Keele and
Markham, 1953) and the cardiovascular responses to

1473



1474

5-HT in a number of species had important reflex
components (reviewed by Page, 1958). But it was
experiments carried out with perhaps the commonest
of all pharmacological tissues, the guinea-pig ileum,
which led to the first clear demonstration of a distinct
neuronal receptor for S-HT. Working essentially in
parallel, the groups of Rocha e Silva and Gaddum,
showed 5-HT to contract the ileum by two mech-
anisms, one of which involved excitation of the
intramural cholinergic nerves (Rocha e Silva, Valle
and Picarelli, 1953; Gaddum and Hameed, 1954).
These efforts culminated in the seminal paper, co-
authored by a representative from each of these
groups, in which the first classification of 5-HT
receptors in the periphery was described (Gaddum
and Picarelli, 1957).

I cannot resist a brief comment on this rather
maligned paper. Almost from the moment of its
appearance, the classification of Gaddum and Pica-
relli was criticized largely on the basis of the use of
morphine and dibenzyline, the drugs giving rise to the
nomenclature, M and D (see, for example, Lewis,
1960; Brownlee and Johnson, 1963; Day and Vane,
1963; Drakontides and Gershon, 1968; Wurzel, 1966;
Eyre, 1975; Wallis, 1981; Humphrey, 1983). Yet, after
almost 30 years the basic concept that the guinea-pig
ileum contains at least two distinct 5-HT receptors,
one on the smooth muscle cells (the D-receptor) and
a second associated with the intramural cholinergic
nerves (the M-receptor), remains entirely valid. Of
course, with hindsight, morphine and dibenzyline
were clearly inappropriate tools for receptor
classification. But there has been a tendency to
overlook the fact that Gaddum and Picarelli substan-
tiated their results with dibenzyline using lysergide,
dihydroergotamine and bromolysergide. Moreover,
in addition to morphine, they used cocaine which
subsequently has been shown to be a selective and
surmountable antagonist of the indirect cholinergic
response to 5-HT in the guinea-pig ileum (Fozard,
Mobarok Ali and Newgrosh, 1979). It bears empha-
sis that Gaddum and Picarelli themselves were under
no illusion as to the deficiencies in the use of mor-
phine. In the final sentence of their paper they
acknowledge  that, “‘there is...no  proof
that ... [5-HT and morphine] ... act on the same re-
ceptors as one another”. Given the essential cor-
rectness of the M and D receptor concept, its histor-
ical significance and its general understanding by the
majority of pharmacologists, I believe it would be a
mistake to abandon it. Rather, we should be seeking
to modify, extend and, if necessary, redefine this
terminology to incorporate new discovery. The M
and D receptor terminology will be used in the course
of this review. Reference will also be made to the
5-HT,/5-HT, receptor classification introduced on
the basis of radioligand binding studies by Peroutka
and Snyder (1979) and rapidly becoming accepted as
a basis for the classification of both central and
peripheral S-HT receptors (Leysen, 1984).
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3. SHYDROXYTRYPTAMINE RESPONSES OF THE
MOTOR NERVOUS SYSTEM

The motoneurone is one example where pertinent
studies into the effects of 5-HT have been carried
out primarily on tissues within the brain or spinal
cord. The predominant effect of 5-HT, applied
iontophoretically to such neurones, is excitation
although in some instances, hyperpolarization and
decreased excitability have been described.

3.1. Excitation

The responses of neurones in the facial motor
nucleus of the rat brain stem have been extensively
studied by Aghajanian and his colleagues. Initial
experiments using extracellular single unit recording
revealed that the microiontophoretic administration
of small amounts of 5-HT caused facilitation of
excitatory synaptic inputs (McCall and Aghajanian,
1979). Subsequent intracellular recordings showed
that 5-HT evoked a slow depolarization of the mem-
brane, associated with an increase in input resistance
probably by decreasing the resting membrane con-
ductance to potassium ions (VanderMaelen and
Aghajanian, 1980, 1982a). These responses can be
mimicked by systemic  administration of
5-methoxy-N,N-dimethyltryptamine, a 5-HT agonist
which passes the blood—brain barrier (VanderMaelen
and Aghajanian, 1982b). Broadly similar results have
been obtained from spinal motoneurones where 5-HT
has been shown to cause depolarization (Parry and
Roberts, 1980) and facilitation of excitatory inputs in
both rats (Barasi and Roberts, 1974; Parry and
Roberts, 1980; White and Neumann, 1980, 1983) and
cats (White and Neumann, 1980).

A number of selective 5-HT receptor antagonists
has been used to explore the receptor type involved
in 5-HT-evoked motoneurone excitation. Responses
in both the facial nucleus and the spinal cord were
blocked selectively by systemically- and/or
iontophoretically-applied methysergide (Barasi and
Roberts, 1974; McCall and Aghajanian, 1979; Van-
derMaelen and Aghajanian, 1980; White and Neu-
mann, 1983), metergoline (McCall and Aghajanian,
1980; White and Neumann, 1983) cyproheptadine
and cinanserin (McCall and Aghajanian, 1980). Fol-
lowing systemic administration, the doses of these
antagonists required were generally small (McCall
and Aghajanian, 1980) and comfortably within the
range of those producing selective blockade of the D
(5-HT,) receptor for 5-HT (see, for example, Fozard,
1975; Fozard, 1982; Kalkman, Harms, Van Gelderin,
Batink, Timmermans and Van Zwieten, 1983). It is
safe to assume that D (5-HT,) receptors mediate the
excitatory response of the motoneurone to S-HT.

3.2. Inhibition

There have been reports of transient hyper-
polarization and decreased excitability of spinal mo-
toneurones in response to 5-HT (Phillis, Tebecis and
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York, 1968; Engberg, Flatman and Kadzielawa,
1976; White and Neumann, 1980, 1983). In the
experiments of White and Neumann, inhibition did
not outlast the period of application of current.
Moreover, similar brief inhibitory responses have
been recorded after electrophoretic application of a
number of agents, including adrenoceptor antago-
nists, local anaesthetics and calcium and hydrogen
ions (Engberg er al., 1976; White and Neumann,
1983) suggesting that the inhibitory effect of 5-HT
might be non-specific. Inhibition was resistant to
blockade by methysergide and metergoline (White
and Neumann, 1983); no evidence exists to indicate
that the response is receptor-mediated.

4. SSHYDROXYTRYPTAMINE RESPONSES OF THE
SYMPATHETIC NERVOUS SYSTEM

4.1. Preganglionic neurone

The approach to recording responses of the sym-
pathetic preganglionic neurones has been electro-
physiological and in general involved the recording of
activity in the preganglionic neurones in the inter-
mediolateral cell column of the thoraco-lumbar cord.
In studies employing microiontophoretic techniques,
5-HT has been found to excite the majority of
neurones tested, although a significant minority were
inhibited. Evidence that 5-HT excites and inhibits the
sympathetic preganglionic neurone has also been
obtained from experiments using isolated ganglia.

4.1.1. Excitation. That iontophoretically-applied
5-HT normally excites thoracic sympathetic pre-
ganglionic neurones has been well documented (De
Groat and Ryall, 1967; Coote, Mcleod, Fleetwood-
Walker and Gilbey, 1981; Kadzielawa, 1983; McCall,
1983). Excitation can be seen irrespective of whether
the neurones are quiescent, spontaneously active or
induced to discharge with excitatory amino acids
such as L-glutamate and DL-homocysteic acid. Dis-
tinct receptors appear to mediate the excitatory re-
sponse to 5-HT, since iontophoretic and/or systemic
administration of methysergide, metergoline or cin-
anserin attenuated the response to 5-HT, without
affecting the responses to the excitatory amino acids
(Kadzielawa, 1983; McCall, 1983). For methysergide
and metergoline, given systemically, the doses used
were within the range of those which selectively
inhibit responses to 5-HT, mediated through
D(5-HT,) receptors (Fozard, 1975; Fozard, 1982;
Kalkman et al, 1983), implicating these sites as
mediators of the excitatory response to 5-HT in
preganglionic sympathetic neurones. Excitatory
5-HT receptors are almost centainly present on the
sympathetic preganglionic nerve terminals within
rabbit superior cervical ganglion (Wallis and Wood-
ward, 1975; Wallis, Williams and Wali, 1978); their
pharmacological characteristics have not been deter-
mined.

4.1.2. Inhibition. 5-Hydroxytryptamine inhibited
firing in 149 of the thoracic preganglionic neurones
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tested both by Coote er al. (1981) and Kadzielawa
(1983). Inhibition was usually limited only to the
period of ejection, after which firing increased rapidly
to reach or even exceed the previous control level.
Coote et al. (1981) concluded that neuronal in-
hibition was most likely due to an action of the
creatinine which was ejected along with 5-HT since
the response was never observed when the bimaleate
salt was used. However, Kadzielawa (1983) obtained
inhibition in precisely the same proportion of his
cells, using’the hydrochloride salt of 5-HT. There is
no strong evidence that the inhibitory response
evoked by S5-HT in thoracic sympathetic pre-
ganglionic neurones is receptor-mediated.

In contrast, careful experiments, carried out with a
number of sympathetic ganglia, have revealed in-
hibitory effects of 5-HT on the preganglionic neu-
ronal terminals. In the cat superior cervical ganglion,
for instance, 5-HT inhibited ganglionic transmission
at concentrations which had minimal and inconsis-
tent effects on the ganglionic surface potential (De
Groat and Lalley, 1973; Haefely, 1974) and no effect
on depolarization induced directly by the nicotine
receptor antagonist, dimethylphenylpiperazinium io-
dide (DMPP) (Haefely, 1974). Dun and Karczmar
(1981) essentially confirmed these observations for
the rabbit superior cervical ganglion. No antagonist
of the presynaptic inhibitory action of 5-HT has yet
emerged despite a number of compounds having been
explored in this respect. The response was resistant to
blockade by lysergide, methysergide, morphine, atro-
pine, phenoxybenzamine, dihydroergotamine and
picrotoxin; at doses up to those which themselves
caused inhibition, methiothepin was also ineffective
(De Groat and Lalley, 1973; Haefely, 1974; Dun and
Karczmar, 1981). A role for D (5-HT,) receptors,
muscarinic cholinoceptors or «;,-adrenoceptors is,
therefore, unlikely. In the experiments of Haefely
(1974) both lysergide and methysergide mimicked
5-HT in inhibiting ganglion transmission. These com-
pounds may, therefore, have agonist activity at the
inhibitory 5-HT receptor of the preganglionic sym-
pathetic neurone as they appear to have at neuronal
inhibitory 5-HT receptors elsewhere (see Sections
4.2.2 and 7.2 below). In general, however, the puta-
tive 5-HT receptor, mediating 5-HT inhibition of
preganglionic sympathetic neurones, remains at this
stage undefined.

4.2. Postganglionic neurone

Electrophysiological and/or transmitter release ex-
periments have clearly demonstrated both excitatory
and inhibitory effects of 5-HT on the celi bodies,
axons or terminals of sympathetic postganglionic
neurones.

4.2.1. Excitation. An excitatory effect of 5-HT on
sympathetic ganglion cells manifested as rapid depo-
larization, induction of firing in postganglionic nerves
or facilitation of transmission, has been frequently
observed (see reviews by Trendelenburg, 1967, Hae-
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fely, 1972; Wallis, 1979, 1981; Weight and Swenburg,
1981). 5-Hydroxytryptamine also depolarizes sym-
pathetic postganglionic axons (Nash and Wallis,
1981) and excites certain axon terminals, resulting in
the release of noradrenaline (Jacob and Poite-
Bevierre, 1960; Fozard and Mwaluko, 1976; Gothert
and Diihrsen, 1979). The fast depolarization of the
ganglion cells is accompanied by a fall in membrane
resistance (Wallis and North, 1978) and is generated
by increases in Na* and K* conductance (Wallis and
Woodward, 1975; Wallis and North, 1978). Occa-
sionally, a slow, late depolarization of sympathetic
ganglion cells has been observed in response to 5-HT
(De Groat and Lalley, 1973; Haefely, 1974; Kiraly,
Ma and Dun, 1983). In the guinea-pig coeliac gan-
glion, such responses were accompanied by an in-
crease in membrane resistance (Kiraly er al., 1983)
and thus differed fundamentally from the fast depo-
larizing responses described and evaluated pharma-
cologically by most investigators.

There can be little doubt that excitation of sym-
pathetic postganglionic neurones by 5-HT is medi-
ated by distinct 5-HT receptors. For instance, ex-
citatory responses are not affected by nicotine,
muscarine or histamine receptor antagonists (see
Trendelenburg, 1967, Fozard and Mobarok Alj,
1978a; Wallis, 1979). Moreover, tachyphylaxis to
5-HT occurs readily and is not crossed to other
postganglionic neuronal excitatory stimuli (Haefely,
1974; Fozard and Mobarok Ali, 1978a; Wallis and
North, 1978). Both agonists and putative antagonists
have been used in attempts to characterize the 5-HT
receptor mediating excitation of the sympathetic
postganglionic neurone.

Several compounds structurally related to 5-HT
have been found to have qualitatively similar ex-
citatory activity to 5-HT on the inferior mesenteric
(Gyermek and Bindler, 1962a) and superior cervical
(Haefely, 1974) ganglia of the cat, the superior cervi-
cal ganglion of the rabbit (Wallis and Nash, 1981)
and the sympathetic nerve terminals of the rabbit
heart (Fozard and Mobarok Ali, 1978a; Géthert and
Diihrsen, 1979). In those cases where responses were
definitely established to be S-HT receptor mediated,
the agreement between relative potencies as stimu-
lants at the ganglion and at the terminal fibres was
generally good. For instance, a number of hydroxy-
lated tryptamine analogues, including those methyl-
ated at the terminal N atom, were consistently close
to 5-HT in activity at each site. Tryptamine was a
weak stimulant, both of the ganglion cells and the
cardiac sympathetic nerves. However, perhaps the
most striking feature of these studies was the fact that
5-methoxytryptamine, which is an active stimulant at
a variety of 5-HT receptors, including those on
enteric cholinergic neurones (see detailed discussion
in Fozard and Mobarok Ali, 1978a) was devoid of
agonist activity at either the ganglion (Gyermek and
Bindler, 1962a; Wallis and Nash, 1981) or the termi-
nal (Fozard and Mobarok Ali, 1978a) excitatory
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5-HT receptor. It would be unwise to draw detailed
conclusions from these agonist studies. Nevertheless,
the data point to substantial similarities between the
receptors of the cell body and the terminals of the
sympathetic postganglionic neurone and provide the
basis of comparison with other 5-HT receptor sites
(see Sections 6.1 and 7.1 below).

Until recently, the search for selective “silent”
antagonists of the excitatory effect of 5-HT had met
with little success. Classical 5-HT receptor antago-
nists, such as lysergide and methysergide, were not
effective (Gyermek and Bindler, 1962b; De Groat and
Lalley, 1973; Haefely, 1974; Fozard and Mobarok
Ali, 1978a) as indeed was morphine (Haefely, 1974,
Fozard and Mobarok Ali, 1978a; Lansdown, Nash,
Preston, Wallis and Williams, 1980). Picrotoxin was
identified by De Groat and Lalley (1973) as an
antagonist of 5-HT depolarization of the cat superior
cervical ganglion; blockade was, however, not selec-
tive since excitatory responses to GABA were in-
hibited at similar concentrations. Quipazine has been
shown to block selectively depolarization evoked by
5-HT in both rabbit and rat superior cervical ganglia
(Lansdown et al., 1980; Ireland, Straughan and
Tyers, 1982). Blockade was slow in onset, poorly
surmountable and not reversed by washing (Lan-
sdown er al., 1980). Moreover, at the concentrations
used, quipazine has stimulant and/or blocking activ-
ity at a variety of other 5-HT receptors (Hong and
Pardo, 1966; Lansdown et al., 1980; Géthert, 1982),
clearly limiting its use as a tool to discriminate
between these sites. Amongst other agents which have
been shown to inhibit selectively excitatory responses
to 5-HT in postganglionic sympathetic neurones, are
(—)-propranolol (Weinstock and Schechter, 1975),
metoclopramide (Fozard and Mobarok Ali, 1978b;
Wallis and Nash, 1980; Ireland er al., 1982; Ireland,
Fortune and Tyers, 1983) and cocaine (Gyermek and
Bindler,1962b; De Groat and Lalley, 1973; Fozard et
al., 1979), and a number of its analogues (Fozard,
1979; Fozard et al., 1979, Fozard, 1983a). All of these
agents have the obvious drawback that they display
other pharmacological actions at similar or smaller
concentrations to those effective against 5-HT.

Recently, a series of substituted benzoic acid esters
of tropine was synthesised (Fozard and Gittos, 1983),
several of which proved to be both potent and highly
selective antagonists at the 5-HT receptor mediating
excitation of sympathetic postganglionic neurones.
The most active compound, (laH,3a,5«H-
tropan-3-yl-3,5-dichlorobenzoate; MDL  72222)
blocked, at nanomolar concentrations, release of
noradrenaline evoked from the rabbit heart by acti-
vation of the excitatory S-HT receptors present on
the sympathetic terminal fibres (Fozard, 1984).
Blockade was selective since 1000-fold greater con-
centrations were required to inhibit responses to the
nicotine receptor agonist, DMPP (Fozard, 1984). The
drug MDL 72222 was similarly a selective, sur-
mountable antagonist of fast depolarization re-



Neuronal 5-HT receptors in the periphery

sponses induced by 5-HT in cells of both rat (Fortune
and Ireland, 1984) and rabbit (Wallis D. I., personal
communication) superior cervical ganglion, although
for both these tissues somewhat larger concentrations
were required for blockade than were necessary on
the heart.

At the present time, the receptor for 5-HT mediat-
ing excitation of postganglionic sympathetic neu-
rones can best be characterized by susceptibility to
blockade by MDL 72222 and by metoclopramide.
The clear lack of agonist activity of
S-methoxytryptamine is remarkable in view of the
powerful effects of this compound at other 5-HT
receptors, including the M-receptor of the guinea-pig
ileum; this also provides a means by which these sites
can be distinguished.

4.2.2. Inhibition. As discussed above, the depres-
sion of ganglionic transmission, seen with small
amounts of 5-HT, almost certainly reflects primarily
a presynaptic inhibitory effect of 5-HT (Haefely,
1974; Dun and Karczmar, 1981). The prominent
after-hyperpolarization of cells from rabbit superior
cervical ganglion, which succeeds the depolarization,
and which is seen prominently in sucrose-gap record-
ings, is similar to that seen following depolarization
with nicotine receptor agonists and appears to be due
to the activity of an electrogenic sodium pump
(Wallis and Woodward, 1975; Nash and Wallis,
1981). On the other hand, both De Groat and Lalley
(1973) and Haefely (1974) have documented post-
synaptic hyperpolarizing responses in cat superior
cervical ganglion. However, no detailed analysis of
these responses was made and therefore electro-
physiological experiments in the ganglion provide no
convincing evidence for a postsynaptic inhibitory
response to 5-HT, mediated through distinct 5-HT
receptors. In contrast, there is good evidence from
functional studies that the terminals of certain post-
ganglionic sympathetic neurones are endowed with
5-HT receptors which result in inhibition of
depolarization-induced, transmitter release when
activated.

McGrath and Shepherd were the first to demon-
strate unequivocally an inhibitory effect of 5-HT on
release of transmitter from postganglionic sym-
pathetic neurones (McGrath and Shepherd, 1976;
McGrath, 1977; McGrath and Shepherd, 1978). They
used strips of dog saphenous vein, whose sympathetic
neuronal transmitter stores had been labelled with
[*H]noradrenaline, and demonstrated inhibition of
both *H-overflow and the contractile response in
response to electrical stimulation of the sympathetic
nerves or depolarization with potassium. This basic
observation was confirmed for the dog saphenous
vein by Feniuk and his colleagues (Feniuk, Humph-
rey and Watts, 1979; Watts, Feniuk and Humphrey,
1981) and by Miiller-Schweinitzer (1981). Evidence
suggestive of prejunctional inhibitory responses to
5-HT has also been obtained in rabbit basilar artery
(Bevan, Duckles and Lee, 1975), dog tibial artery
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(McGrath 1977), rat mesenteric vasculature (Kubo
and Su, 1983) and guinea-pig atria (Adler-
Graschinsky, 1983) in vitro and using cardiac and/or
femoral vascular responses to sympathetic nerve
stimulation in anaesthetized dogs (Martinez and Lo-
khandwala, 1980; Feniuk, Humphrey and Watts,
1981a; Kimura and Satoh, 1983), and cats (Humph-
rey, Fenuik and Watts, 1983). On the other hand,
prejunctional inhibitory 5-HT receptors appear to be
absent from the sympathetic nerves of the rabbit
heart (Fozard and Muscholl, 1977) and pulmonary
arteries from both rabbit (Endo, Starke, Bangerter
and Taube, 1977) and man (Freeman, Rorie and
Tyce, 1981).

The majority of attempts to characterize the in-
hibitory 5-HT receptor has been carried out with the
dog saphenous vein. Although no selective antagonist
of these sites has yet been described, the use of a large
number of compounds, with known pharmacological
selectivities, allows all reasonable alternative expla-
nations to be eliminated. For instance, the response
was not blocked by phentolamine, yohimbine, pro-
pranolol, haloperidol, cyproheptadine, ketanserin,
morphine, metoclopramide, cocaine, atropine, me-
pyramine, cimetidine or metiamide (McGrath, 1977,
Feniuk ef al., 1979; Feniuk, Humphrey and Watts,
1981b; Engel, Gothert, Miiller-Schweinitzer, Sch-
licker, Sistonen and Stadler, 1983; Humphrey ef al.,
1983). Methysergide appears to be partial agonists
at this site, inhibiting responses to 5-HT only at
concentrations which themselves cause inhibition
(Feniuk et al., 1979; Watts et al., 1981). Neither in
domethacin nor meclofenate were effective antago-
nists of 5-HT (McGrath, 1977; Feniuk et al., 1979),
hence ruling out a role for the products of cy-
clooxygenase in the response. The prejunctional in-
hibitory 5-HT receptors in tissues other than the dog
saphenous vein have been less rigorously studied;
experiments with methysergide and cyproheptadine
in the anaesthetized dog suggest that the presynaptic
inhibitory response to 5-HT is not mediated by D
(5-HT,) receptors (Martinez and Lokhandwala, 1980;
Feniuk et al., 1981b; Kimura and Satoh, 1983).

Several authors have described the comparative
effects of various structural analogues of 5-HT as
stimulants at the inhibitory prejunctional 5-HT re-
ceptor of the dog saphenous vein. Several
5-carboxamide tryptamine derivatives were found to
be potent inhibitors of transmitter release, but inac-
tive or markedly weaker as agonists at the 5-HT,
receptors of the rabbit aorta or the M receptors of the
guinea-pig ileum (Feniuk et al., 1981b; Humphrey et
al., 1983). The remarkable potency and selectivity of
5-carboxamide tryptamine for the prejunctional
5-HT receptor in the dog saphenous vein was
confirmed by Engel er al. (1983) who also defined the
relative potency of 11 other 5-HT analogues, and of
5-HT itself at this site. From linear regression cor-
relation analysis, the site had clear similarities both to
the [PH]5-HT recognition site(s) and to the 5-HT
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autoreceptor in the cortex of the rat brain (Engel ez
al., 1983).

In conclusion, the absence of a selective antagonist
for the inhibitory 5-HT receptor of the post-
ganglionic sympathetic neurone precludes its
definitive identification. At this stage, the receptor
can best be identified by the high affinity shown by
certain S-carboxamide tryptamine analogues, the
absence of effect of established 5-HT receptor
antagonists plus the fact that methysergide is a partial
agonist.

5. SSHYDROXYTRYPTAMINE RECEPTORS OF THE
PARASYMPATHETIC NERVOUS SYSTEM

A strong case has been made for considering the
cholinergic nerves of the gut, which include both pre-
and postganglionic parasympathetic neurones, as
part of the enteric nervous system (Gershon, Dreyfus
and Rothman, 1979; Furness and Costa, 1980;
North, 1982) and this has been conceded in the
present review. Although, inevitably, this has dimin-
ished the scope of this section, it should be empha-
sized that discussion of many of the effects of 5-HT
on enteric neurones (see Section 7 below) would quite
properly pertain to elements of the parasympathetic
nervous system.

The work of Gyermek (1962), Vanov (1965) and
Saum and De Groat (1973) has clearly documented
the excitant effects of 5-HT on the parasympathetic
innervation to the bladder of dog, rat and cat,
respectively. Saum and De Groat (1973) further
demonstrated marked inhibitory effects of 5-HT on
transmission through the pelvic ganglion, although
whether 5-HT was acting pre- or postsynaptically in
this respect was not established. No clear definition
of any of the putative 5-HT receptors involved in
these responses is possible. In the cat, picrotoxin
blocked the excitatory response to 5-HT although no
evidence of selectivity was presented; inhibition was
resistant to blockade both by «- and f-adrenoceptor
antagonists and by methysergide but no antagonist
was described (Saum and De Groat, 1973).

More recently, the excitatory effects of 5-HT on the
parasympathetic neurones of rat bronchi (Aas, 1983)
and rabbit heart (Fozard J. R., unpublished) have
been described. In the rabbit heart, release of acetyl-
choline resulted from stimulation of the post-
ganglionic neurones and specific 5-HT receptors ap-
pear to be involved since rapid and selective receptor
desensitization can be achieved with an excess of 5-HT
(Fozard J. R., unpublished). The indirect cholinergic
response to 5-HT was inhibited by MDL 72222 at
concentrations similar to those which blocked release
of transmitter evoked by 5-HT from the sympathetic
neurones (Fozard J. R., unpublished). Since the
indirect cholinergic response to DMPP was
unaffected by MDL 72222 (Fozard J. R., un-
published), the data are consistent with similar ex-
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citatory 5-HT receptors being present on the post-
ganglionic fibres of each branch of the autonomic
nervous system supplying the rabbit heart. This con-
clusion may be considered surprising in view of the
lack of effect of MDL 72222 at the M-receptor,
mediating the indirect cholinergic response to 5-HT
on the guinea-pig ileum (Fozard, 1984; see Section 7.1
below); consistent with it, however, is the fact that
5-methoxytryptamine, which is a potent agonist at
the M-receptor, is not an agonist at the excitatory
5-HT receptor of either the parasympathetic or the
sympathetic neurones of the rabbit heart (Fozard and
Mobarok Ali, 1978a; Fozard J. R., unpublished).

6. SSHYDROXYTRYPTAMINE RESPONSES OF THE
SENSORY NERVOUS SYSTEM

5-Hydroxytryptamine is primarily an excitant of
the neurones of the sensory nervous system. Only in
rare instances has inhibition been seen.

6.1. Excitation

5-Hydroxytryptamine has long been recognized as
a potent excitant of afferent fibres in a wide variety
of peripheral nerves. The effects are manifested as
prominent reflex effects on respiration and within the
cardiovascular system (see for example Douglas and
Toh, 1953; Comroe, Van Lingen, Stroud and Ron-
coroni, 1953; Ginzel and Kottegoda, 1954; Jacobs
and Comroe, 1971) and the generation of pain in man
and animals (Armstrong et al., 1953; Lindahl, 1961;
Guzman, Braun and Lim, 1962; Sicuteri, Fanci-
ullacci, Franchi and Del Bianco, 1965). Stimulation
has been recorded directly from the terminals, axons
and/or cell bodies of cutaneous (Fjillbrant and Iggo,
1961; Beck and Handwerker, 1974), skeletal muscle
(Mense and Schmidt, 1974; Fock and Mense, 1976),
and visceral (Douglas and Ritchie, 1957; Higashi,
1977; Neto, 1978; Higashi, Ueda, Nishi, Gallagher
and Shinnick-Gallagher, 1982; Wallis, Stansfeld and
Nash, 1982) fibres. With rare exceptions it is the
unmyelinated C fibres which respond to 5-HT (Fock
and Mense, 1976; Higashi and Nishi, 1982; Higashi
et al., 1982; Stansfeld and Wallis, 1982).

A particularly detailed analysis of the excitant
effects of 5-HT on afferent neurones has been made
using visceral primary afferent neurones of cat, rabbit
and rat. With extracellular recording techniques,
Sampson and Jaffe (1975) and Simonds and De
Groat (1980) showed depolarization and increased
firing in cat vagal afferents. Using intracellular (Hig-
ashi, 1977; Higashi and Nishi, 1982; Higashi er al.,
1982) or sucrose gap (Wallis e al., 1982; Stansfeld
and Wallis, 1982) recording, 5-HT was found to
induce rapid depolarization in the majority of the
type C neurones of the rabbit nodose ganglion and a
prominent after-hyperpolarization was observed.
Neto (1978) and Ireland ez al. (1982) recorded depo-
larizing responses to 5-HT from the isolated vagus
nerves of rabbit and rat respectively. The
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Bezold-Jarisch effect of 5-HT in the anaesthetized rat
(Salmoiraghi, Page and McCubbin, 1956; Krayer,
1961; Paintal, 1973) affords a convenient in vivo
measure of vagal afferent fibre stimulation (Fozard,
1982; Fozard and Host, 1982; Fozard, 1984).
Attempts to define the receptor mediating the ex-
citatory responses to 5-HT in sensory afferent fibres
have been carried out using these techniques.

Depolarizing responses of afferent neurones to
5-HT were unaffected by atropine, hexamethonium,
mecamylamine, methysergide or lysergide (Neto,
1978; Higashi and Nishi, 1982; Ireland er al., 1982;
Wallis et al., 1982) hence ruling out an intermediary
role for cholinoceptors or the D (5-HT,) receptor.
Picrotoxin was shown to be a surmountable antago-
nist of 5-HT-evoked excitation of cat vagal afferent
fibres (Simonds and De Groat, 1980). Blockade was,
however, only poorly selective. Moreover, picrotoxin
is not a selective antagonist of excitatory responses to
5-HT in rabbit or rat vagal afferents (Higashi et al.,
1982; Ireland e: al, 1982; Wallis et al, 1982).
(+)-Tubocurarine, which blocks type A excitatory
responses induced by 5-HT in molluscan neurones
(Gerschenfeld et al., 1981), inhibited S-HT-induced
depolarization of the cells of rabbit nodose ganglion
(Higashi and Nishi, 1982). However,
(+)-tubocurarine was non-selective in this respect,
being a more potent antagonist of depolarizing re-
sponses to acetylcholine and GABA (Higashi et al.,
1982).

Several compounds have been claimed as selective
antagonists of the excitatory response to 5-HT of
vagal primary afferents. Quipazine, which blocks
depolarization induced by 5-HT in rat and rabbit
superior cervical ganglia (Lansdowne et al., 1980;
Ireland et al., 1982), produces a similar, slowly-
developing blockade of responses to 5-HT in rabbit
nodose ganglion (Wallis e al., 1982) and is a non-
surmountable, though selective, antagonist of 5-HT
on the rat vagus nerve (Ireland er al., 1982). Met-
oclopramide is both an antagonist of 5-HT on rat
vagus nerve (Ireland er al, 1982) and of the
Bezold-Jarisch component of the cardiovascular re-
sponse to 5-HT in the anaesthetized rat (Fozard and
Host, 1982; Donatsch, Engel, Richardson and
Stadler, 1984a). Cocaine and a number of related
compounds are similarly selective antagonists of the
Bezold-Jarisch effect of 5-HT (Fozard and Host,
1982). As tools to distinguish responses mediated
through neuronal 5-HT receptors, however, all these
agents have the drawback that they manifest other
pharmacological activities at doses or concentrations
similar to those blocking effects of 5-HT. This partic-
ular criticism cannot be levelled at MDL 72222,
which has been shown to be a selective antagonist of
depolarizing responses evoked by 5-HT from rabbit
nodose ganglion (Azami, Fozard, Round and Wallis,
1984), and rat and rabbit vagus nerve (Donatsch et
al., 1984a; Fortune and Ireland, 1984) and of the
Bezold—Jarisch effect of 5-HT (Fozard, 1984) at doses
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and concentrations which are otherwise pharma-
cologically inert (Fozard, 1984). Several compounds,
related structurally to MDL 72222, are similarly
highly potent antagonists of vagal afferent neuronal
depolarization caused by 5-HT and/or its
Bezold-Jarisch effect (Fozard and Gittos, 1983; Do-
natsch et al., 1984a; Donatsch, Engel, Richardson
and Stadler, 1984b).

There have been relatively few studies dealing with
agonist activity at excitatory 5-HT receptors on sen-
sory afferent fibres. It is, however, important to note
that in the rabbit nodose ganglion, loss of, or mask-
ing of, the hydroxyl group in position 5 of the indole
nucleus (e.g. tryptamine of S-methoxytryptamine)
results in a greatly reduced stimulant effect (Wallis er
al., 1982). Consistent with this, 5-methoxytryptamine
cannot evoke the Bezold-Jarisch effect in the ana-
esthetized rat (Fozard, 1983b). The lack of agonist
activity of 5-methoxytryptamine at this site can be
considered an important distinguishing feature since
the compound is a potent agonist at 5-HT receptors
elsewhere in the body (Vane, 1959; Fozard, 1983b)
including the excitatory neuronal receptor of the
enteric cholinergic neurones (Fozard and Mobarok
Ali, 1978a; see Section 7.1. below).

In conclusion, the principal distinguishing features
of the receptor for S-HT, which mediates excitation
of sensory afferent fibres, is its susceptibility to
blockade by MDL 72222 and metoclopramide, and
the fact that 5-methoxytryptamine is inactive as an
agonist.

6.2. Inhibition

In general, less than 5% of visceral primary
afferents respond to 5-HT with hyperpolarization
(Higashi, 1977; Higashi and Nishi, 1982; Higashi et
al., 1982). The response has not been investigated in
detail and no conclusions can be drawn as to the
receptor type which might be involved.

7. SSHYDROXYTRYPTAMINE RECEPTORS OF THE
ENTERIC NERVOUS SYSTEM

Electrophysiological studies distinguish two main
types of neurone within the enteric nervous system,
i.e. type 1 (or S) cells respond to focal stimulation
with a nicotinic fast excitatory postsynaptic potential,
and in this respect are similar to other autonomic
ganglion cells; type 2 (or AH) cells display no nico-
tinic excitatory postsynaptic potential, and the action
potential is followed by a prolonged hyper-
polarization (see Furness and Costa, 1980; North,
1982). Both type 1 (S) and type 2 (AH) cells are
present in the myenteric plexus whereas the neurones
of the submucous plexus seem to be exclusively of the
type 1 (S) type (Furness and Costa, 1980). The type
1 (S) cells are likely to include the cholinergic neu-
rones whose excitation results in the indirect choliner-
gic response to 5-HT in the ileum (Gaddum and
Picarelli, 1957). Both electrophysiological and func-
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tional studies clearly indicate that 5-HT can elicit
excitation and inhibition of neurones from the enteric
nervous system.

7.1. Excitation

Excitatory effects of 5-HT on neurones of the
guinea-pig myenteric plexus have been shown directly
using extracellular (Dingledine, Goldstein and Ken-
dig, 1974; Sato, Takayanagi and Takagi, 1974) and
intracellular (Wood and Mayer, 1978, 1979; Johnson,
Katayama and North, 1980; North, Henderson, Ka-
tayama and Johnson, 1980; Johnson, Katayama,
Morita and North, 1981) recording techniques.
Whether administered by superfusion or io-
ntophoresis, around 509 of the type 1 (S) cells failed
to respond to 5-HT and of the remainder, 30-359
were depolarized (Johnson et al., 1980, 1981). Depo-
larization was seen rather more often in type 1 (S)
than in type 2 (AH) cells (Johnson et al, 1980).
5-Hydroxytryptamine similarly depolarized neurones
in the guinea-pig submucous plexus (Hirst and Sil-
insky, 1975; Neild, 1981). In direct contrast to the
situation in sympathetic postganglionic and afferent
neurones, depolarizing responses of the myenteric
neurones to 5-HT were associated with an increase in
membrane resistance, probably the result of inac-
tivation of the membrane potassium conductance
(Johnson et al., 1980).

One functional consequence of the depolarization
of guinea-pig enteric neurones is the release of acetyl-
choline (Adam-Vizi and Vizi, 1978; Kilbinger, Kruel,
Pfeuffer-Friederich and Wessler, 1982), resulting in
an indirect cholinergic contractile response (Rocha e
Silva et al., 1953; Sinha and West, 1953; Gaddum and
Hameed, 1954; Gaddum and Picarelli, 1957; Brown-
lee and Johnson, 1963; Day and Vane, 1963; Fozard
and Mobarok Ali, 1978a; Huidobro-Toro and Foree,
1980). The failure of a wide variety of receptor
antagonists to block selectively the indirect choliner-
gic responses to 5-HT (see, for example, Brownlee
and Johnson, 1963; Day and Vane, 1963), plus the
evidence of rapid and selective receptor desensi-
tization (Gaddum, 1953; Rocha ¢ Silva et al., 1953),
have established beyond reasonable doubt that 5S-HT
activates specific receptors on the ileal cholinergic
nerves, originally designated “M” by Gaddum and
Picarelli (1957). An indirect cholinergic response to
5-HT can be elicited elsewhere in the guinea-pig
gastrointestinal tract (Akubue, 1966; Yamaguchi,
1972; Kamikawa and Shimo, 1983) and in gut
preparations from other species (see Garattini and
Valzelli, 1965; Drakontides and Gershon, 1968;
Burks, 1973).

Although the M-receptor can be rapidly and selec-
tively desensitized by 5-HT receptor agonists (Gyer-
mek, 1966; Fozard and Mobarok Ali, 1978a;
Huidobro-Toro and Foree, 1980), including phenyl-
biguanide (Drakontides and Gershon, 1968), no sat-
isfactory “silent” competitive antagonist has yet
emerged to allow its positive identification. Meto-
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clopramide, which is a surmountable antagonist at
excitatory 5-HT receptors on postganglionic sym-
pathetic and sensory afferent fibres (see Sections 4.2.1
and 6.1 above), is a partial agonist at the M-receptor
of the ileum (Kilbinger ez al., 1982). Historically, it is
of interest to recall that cocaine and a number of its
analogues are both surmountable and, to some ex-
tent, selective antagonists of 5-HT on the ileum
(Fozard et al., 1979; Fozard, 1983a). A recent pre-
liminary  report claims  (3x-homotropanyl)-
1-methyl-5-fluoro-indole-3-carboxylic acid to be a
competitive antagonist of 5-HT in the ileum with a
PA, value of 9.0 (Donatsch er al., 1984b). Although
the compound is not selective for the ileum M-
receptor, the finding raises hopes for the early devel-
opment of molecules with improved selectivity at this
site. It bears emphasis that MDL 72222 is not a
selective antagonist at the M-receptor (Fozard, 1984),
thus clearly differentiating this site from the ex-
citatory receptor of certain postganglionic sym-
pathetic and parasympathetic neurones and sensory
afferent fibres (see Sections 4.2.1, 5 and 6.1 above).

The use of selective agonists has similarly aliowed
discrimination between the M-receptor of the ileum
and neuronal excitatory 5-HT receptors elsewhere in
the peripheral nervous system. As noted above, loss
(or masking) of the hydroxyl group in the 5-position
of several tryptamine analogues leads to a significant
loss of activity relative to 5-HT as stimulants at
certain postganglionic sympathetic and parasym-
pathetic and visceral afferent neuronal 5-HT recep-
tors; 5-methoxytryptamine, in particular, is inactive
(Gyermek and Bindler, 1962a; Fozard and Mobarok
Ali, 1978a; Wallis and Nash, 1981; Stansfeld and
Wallis, 1982). By contrast, 5-methoxytryptamine is a
powerful stimulant of the M-receptor of the ileum,
with a potency in this respect close to that of 5-HT
(Bertaccini and Zamboni, 1961; Fozard and Mob-
arok Ali, 1978a).

Inevitably, since no satisfactory discriminatory an-
tagonist of the effects of 5-HT at the M-receptor has
yet been described, no precise way of identifying
responses mediated through such sites can be given.
The receptor can perhaps best be described at present
in the following terms: a site at which the effects of
5-HT are blocked surmountably by certain cocaine
analogues and by (3x-homotropanyl)-1-methyl-
5-fluoro-indole-3-carboxylic =~ acid, at  which
S-methoxytryptamine has substantial affinity as an
agonist, where metoclopramide is a partial agonist
and for which MDL 72222, a selective antagonist of
responses mediated through excitatory 5-HT recep-
tors elsewhere in the peripheral nervous system, has
negligible affinity.

7.2. Inhibition

Sound electrophysiological and functional evi-
dence of inhibitory responses to 5-HT in the enteric
nervous system has been obtained. For instance,
some 109 of type 1 (S) cells and some 50% of type
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2 (AH) cells tested by Johnson e al. (1980) responded
to 5-HT with hyperpolarization. The response, which
was associated with a marked fall in membrane
resistance and considered to be caused by activation
of the potassium membrane conductance, has not
been pharmacologically defined. Moreover, since the
effect was absent in calcium-free solutions, release of
an inhibitory neurotransmitter by 5-HT could be
involved (Johnson et al., 1980).

Rather more thoroughly investigated has been the
effect of 5-HT to inhibit release of acetylcholine from
neurones in the enteric nervous system. North et al.
{1980) recorded intracellularly from type 1 (S) neu-
rones of guinea-pig myenteric plexus and showed
5-HT to depress concentration-dependently and con-
sistently the amplitude of the evoked nicotinic ex-
citatory  postsynaptic  potential.  5-Hydroxy-
tryptamine did not affect the depolarization resulting
from iontophoretic application of acetyicholine,
strongly implicating a presynaptic site of action to
inhibit release of acetylcholine (North er afl., 1980).
Cyproheptadine, an antagonist at D (5-HT,) recep-
tors was not a selective antagonist of this effect.
Moreover, although evidence of blockade was
obtained with relatively large concentrations of both
methysergide and lysergide, these compounds them-
selves depressed the excitatory postsynaptic potential
suggesting partial agonist activity at this site (North
et al., 1980). In this respect there is a close parallel
with the effects of these compounds to inhibit trans-
mitter release from both the pre- and postganglionic
sympathetic neurones (see Sections 4.1.2 and 4.2.2
above).

A presynaptic inhibitory mechanism could explain
the blockade by small concentrations of 5-HT, of
contractions of guinea-pig ileum evoked by trans-
mural electrical stimulation (Gintzler and Musacchio,
1974). Preliminary details of direct evidence that
5-HT can inhibit release of acetylcholine evoked by
a depolarizing stimulus from myenteric neurones
have recently appeared (Kilbinger and
Pfeuffer-Friederich, 1982; Pfeuffer-Friederich and
Kilbinger, 1983). These authors labelled the trans-
mitter stores of the guinea-pig myenteric plexus with
[*H]choline and monitored the release of
[*Hlacetylcholine, evoked by electrical field stimu-
lation. 5-Hydroxytryptamine inhibited, in a
concentration-dependent manner, the evoked outflow
of [*HJacetyicholine. Inhibition was blocked sur-
mountably by methiothepin (pA, 7.7) and by meth-
ysergide, although only in concentrations much
greater than those selective for D (5-HT,) receptors
{Kilbinger and Pfeuffer-Friederich, 1982). Consistent
with the findings of North er al. (1980), lysergide had
agonist activity at the inhibitory 5-HT receptor of the
ileum (Pfeuffer-Friederich and Kilbinger, 1983).
However, it should be emphasized that the precise
site of action of 5-HT in inhibiting release of
[*H]acetylcholine has not at this stage been estab-
lished with certainty; clearly, with the methods used,
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transmitter could be released from both the pre- and
postsynaptic cholinergic neurones.

As with the inhibitory receptors for 5-HT in other
areas of the mammalian peripheral nervous system,
those found in the enteric nervous system cannot be
defined with precision at the present time. The lack
of effect of classical 5-HT antagonists, and the ago-
nist effects of methysergide and lysergide, provide a
clear link with the inhibitory receptor on sympathetic
postganglionic neurones and indirectly, therefore,
with both the 5-HT, recognition site and the auto-
receptor of the brain (Engel er al., 1983; see Section
4.2.2 above). The finding that methiothepin is a
potent, competitive antagonist of S5-HT inhibitory
responses in the myenteric plexus lends substantial
support to this supposition, since methiothepin is a
consistently effective antagonist of 5-HT at the auto-
receptor with appreciable affinity for 5-HT, recog-
nition sites (Géthert, 1982; Engel er al., 1983).

FINAL CONCLUSIONS

Table 1 draws together the principal characteristics
of the peripheral neuronal 5-HT receptors discussed
in this review. It will be immediately obvious that
despite significant recent progress, many gaps rerain
in our understanding of these sites. Nevertheless, a
number of conclusions can be justified in the interest
of defining an interim classification which can be
modified as advances dictate.

The receptors of the motoneurones and pregan-
glionic sympathetic neurones, which mediate ex-
citatory responses to 5-HT, can with confidence be
labelled D (5-HT,) receptors on the basis of the
careful antagonist studies described in Sections 3.1
and 4.1.1. Of the four other neuronal excitatory
responses (in postganglionic sympathetic and para-
sympathetic fibres and afferent and enteric neurones),
it can be equally certain that none involves a D
(5-HT,) receptor. The most parsimonious approach
distinguishes just two other excitatory receptor types,
one subserving excitation of certain sympathetic and
parasympathetic  postganglionic neurones and
afferent fibres; the other, the M-receptor of Gaddum
and Picarelli (1957), mediating release of acety-
Icholine from the enteric cholinergic neurones. The
drug MDL 72222 enables these two sites to be clearly
distinguished as does a careful analysis of the effects
of 5-methoxytryptamine and metoclopramide. The
designation of these sites as M with a subscript
indicating their anatomical location (A fferent; Para-
sympathetic; Sympathetic) is offered as a provisional
means of identification. Clearly, if the above reason-
ing turns out to be correct then the M,, M, and Mg
designation could eventually be abandoned in favour
of M with a single suitable subscript (say Mjy). For
consistency, the Gaddum and Picarelli M receptor
could, at that point, be renamed M,.

When inhibitory responses of peripheral neurones
are considered, there is little hard pharmacological
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Table 1. Classification of 5-HT receptors on _mammalian_peripheral neurones
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data upon which to base a classification. There is,
however, no evidence that the inhibitory sites present
in both branches of the autonomic nervous system
and the enteric nervous system differ from each other;
indeed, with respect to the partial agonist effects of
lysergide and methysergide, they are clearly similar.
As a working hypothesis, it can be suggested that
only one type of inhibitory S-HT receptor exists in the
mammalian peripheral nervous system. Moreover,
from the studies of Engel er al. (1983), this could be
a functional correlate of the 5-HT, recognition site(s)
and have similarities to the S-HT autoreceptor of
cortex of the rat brain. The availability of
5-carboxamide tryptamine represents an important
advance in our means of identifying these sites; only
the development of a selective antagonist(s) for the
putative 5-HT, receptor will allow vigorous test of the
hypothesis.
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