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COMMENTARY 

PRESYNAPTIC HETERORECEPTORS IN REGULATION OF 
NEURONAL TRANSMISSION 

PIERRE M. LADURON 
Department of Biochemical Pharmacology, Janssen Pharmaceutics, B-2340 Beerse, Belgium 

Among the numerous factors involved in the control 
of neurotransmitter release, the presynaptic recep- 
tors seem to play a prominent role; these receptors, 
located at the nerve terminals, may either activate 
or inhibit transmitter release; they are thus part of 
a positive or negative regulatory mechanism. For 
instance, adrenaline is believed to enhance nor- 
adrenaline release by acting on presynaptic padre- 
nergic receptors in sympathetic nerve terminals [l], 
whereas presynaptic e-adrenoceptors [ 1,2] and 
muscarinic [3] receptors are inhibitory at the same 
terminals. However, these two inhibitory receptors 
are quite different: the first one, the a+adreno- 
ceptor, is an autoreceptor whereas the muscarinic 
one is not. An autoreceptor may be defined as a 
presynaptic receptor, which is located on terminals 
of a given neurone and is sensitive to the transmitter 
released by that neurone. In other words, the 
neurone is at once donor and recipient; it provides 
the signal and possesses the receptor site for the 
signal which can, thus, regulate its own release’. 

The purpose of this paper is to propose the concept 
of presynaptic heteroreceptors and to show to what 
extent the recent data on axonal transport of recep- 
tors have highlighted them; hitherto the regulation 

of neuronal transmission has only been proved to 
occur through presynaptic heteroreceptors rather 
than through autoreceptors. 

THE CONCEPT OF I’RESYNAPTIC HETERORECEPTORS 

Presynaptic muscarinic receptors in sympathetic 
nerves are not autoreceptors because they are not 
sensitive to the transmitter released by those nerves, 
i.e. noradrenaline; the noradrenergic neurone is thus 
the recipient but not the donor. We propose that 
these receptors should be called presynaptic het- 
eroreceptors (hetero: receptor for another trans- 
mitter thus originating from another neurone). 
Figure 1 illustrates schematically the concept: the 
neurone A provides the transmitter for presynaptic 
receptors of neurone B which, by its turn, is the 
recipient for the signal originating from neurone 
A and vice versa; for instance, acetylcholine from 
parasympathetic nerves may be considered as the 
signal for presynaptic muscarinic heteroreceptors of 
sympathetic nerves. However, this type of regulation 
can also occur within a single nerve trunk if it is 
formed from different types of neurones; in the vagus 
nerve which contains at least four different neuro- 
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Fig. 1. Scheme illustrating the regulation of neurotransmitter release through autoreceptors 
presynaptic heteroreceptors. 
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transmitters (acetylcholine, vasoactive intestinal 
polypeptide, substance P. and somatostatin) 141, pre- 
sumably in separate neurones, each transmitter can 
regulate the release of the others through presynaptic 
heteroreceptors. In this model, the presynaptic het- 
eroreceptors and the postsynaptic receptors (in Fig. 
1 located on effector cells) are the same molecular 
entity; this is not necessarily the case for auto- 
receptors, The reader will realize how confusing 
are the terms postsynaptic and presynaptic; indeed, 
except for the autoreceptors, all the receptors may 
be considered as being postsynaptic if the localization 
is determined from the viewpoint of the neurone 
which provides the signal, thus the donor. In Fig. 1 
receptors on terminals of neurone A are postsynaptic 
for neurone B but presynaptic when looking from 
neurone A. For practical reasons, the term pre- 
synaptic heteroreceptor will be adopted because it is 
easier to localize receptor sites on a recipient neurone 
than to identify the donor neurone. 

Finally the concept of presynaptic heteroreceptor 
also postulates that, within the neurone, hetero- 
receptors would coexist with a neurotransmitter in 
the same intracellular vesicles. 

Such a made1 represents, therefore, a more unified 
concept than that involving the existence of hypo- 
thetical autoreceptors. 

HOW DO RECEPTORS REACH NERVE TERMINALS? 

It is well known that protein synthesis exclusively 
occurs in the cell body or the soma of neurones; 
therefore, all the macromolecules present in nerve 
terminals must come from the cell body by means of 
axonal transport mechanisms [S]. The rate of axonal 
flow can be fast or slow depending on whether or 
not the macromolecules are particle-bound [6,7]. 
For instance. tyrosine hydroxylase and dopa-decar- 
boxylase which are not associated with subcellular 
particles move much more slowly than dopamine-P_ 
hydroxylase which is contained within synaptic ves- 
icles [7]. Small molecules like neurotransmitters, 
including peptides, also are transported antero- 
gradely at a fast rate along the axon as has been 
demonstrated through nerve ligation experiments 
[4,6-131. However, a local synthesis of biogenic 
amines also occurs in the nerve terminals where 
vesicles can, therefore. be reused. By contrast, pep- 

tide vesicles have to return to the perikaryon for 
reloading since peptide synthesis is restricted to this 
neuronal compartment. 

The neurotransmitter receptors, as all the intrinsic 
proteins, also have to be assembled in the perikaryon 
of the neurone. The first biochemical evidence for 
an axoplasmic transport of receptors was found in 
noradrenergic nerves [ 13,141: presynaptic musca- 
rinic receptors accumulated on both sides of a liga- 
ture placed on dog splenic nerves, thus suggesting a 
bidirectional axoplasmic flow. Since then, this finding 
has been confirmed in different nerves and in dif- 
ferent species (cf. Table 1). The main feature of this 
axonal transport is its fast rate which was found to 
be identical to that of noradrenaline and dopamine- 
Phydroxylase [ 13-161. Interestingly, the accumu- 
lation of muscarinic receptors above a ligature was 
linear up to 24 hr in rat sciatic nerves [15] but up to 
48 hr in dog splenic nerves [16]; this as well as other 
experiments using double ligature have been inter- 
preted in terms of receptor recycling 1151. This means 
that receptors returning from nerve terminals to the 
cell body can be recycled in the perikaryon and 
then move again anterogradely to the periphery [ 151, 
Recently, fractionation experiments provided evi- 
dence that presynaptic muscarinic receptors in dog 
splenic nerves are transported in synaptic vesicles 
containing noradrenaline and dopamine-~hydroxyl- 
ase [16], suggesting thus a possible coexistence of 
receptor and neurotransmitter in the same vesicles. 
The presynaptic muscarinic receptor in sympathetic 
nerves is, thus, a heteroreceptor also because it is 
associated in vesicles with a neurotransmitter nor- 
adrenaline. which does not bind on this receptor site. 

Opiate receptors also were found to undergo 
axonai flow in rat vagus nerves [21]; a large build-up 
of opiate receptors was found proximal to the ligature 
when light microscopic autoradiographic methods 
were used to identify the receptor sites. However, 
recent biochemical studies revealed a bidirectional 
transport of opiate receptors in the vagus using in 
uitm and in uivo binding techniques [ZZ]. The in 
uiuo binding consisted in injecting [3H]lofentanil 
intravenously into rats; radioactivity accumulated 
mostly in the distal part of the nerve, thus below the 
ligature [22]. More recent experiments also showed 
an accumulation of labelling in the absence of liga- 
ture in the nodose ganglion 16 hr after the injection 

Table 1. Evidence for axoplasmic transport of receptor sites in peripheral 
nerves 

Receptor Nerve. Species Reference 

Muscarinic 

Opiate 
CCK 
Nicotinic 

Splenic 
Sciatic 
Vagus 
Hypogastric 
Vagus 
Vagus 
Dorsal root 
Sciatic 

PAdrenergic Sciatic 

Dog 
Rat 
Rat 
Cat 
Rat 
Rat 
Rat 
Cat 
Monkey 
Human 
Rat 

13-16 
15.17. 18 
19 
20 
21-23 
24 
25 

26 
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(unpublished results). Naloxone, vagotomy and originally proposed as a presynaptic site [35], the 
chronic treatment with capsaicin markedly reduced 
the retention of [3H]lofentanil in the nodose 

data reported in the literature during the last years 
tend to make them more and more postsynaptic or 

ganglion, indicating that labelling was transported postjunctional (cf. Refs. 36 and 37). [3H]Clonidine 
from the vagus terminals to the ganglion. Inter- was found to label q-adrenoceptors on choline@ 
estingly, the accumulation of opiate receptors on neurones [38] but not on noradrenergic terminals; 
both sides of ligatures in rat vagus nerves practically moreover, these sites did not decrease but often 
disappeared after chronic treatment with capsaicin, increased after denervation with 6-hydroxydopamine 
indicating that the receptor sites are transported in [l, 391. Last but not least, a number of studies have 
sensory neurones of the vagus namely those con- seriously disputed the existence of presynaptic LX~- 
taining substance P [15,23]. Here again, the axonal receptors [40-43]. As pointed out by Kalsner [43], 
transport of opiate receptors occurs at a fast rate, the concept of feedback regulation of neuro- 
and a possible coexistence of opiate receptors with transmitter release has been prematurely integrated 
substance P in the same vesicles might be expected. in the corpus of accepted working hypotheses. The 

Axonal transport was similarly demonstrated for same process led to the hypotheses on the occurrence 
other receptor sites like Padrenergic [26], cho- of dopamine [27,29] and serotonin autoreceptors 
lecystokinin [24] and nicotinic [25]. Hence, the origin [28,30]; here again direct evidence for such sites 
of presynaptic receptors at the nerve terminals is is still absent. There is, thus, no evidence that a 
quite obvious: they have to come from the cell body neurotransmitter can regulate its own release 
through axonal transport mechanisms. If the recep- through autoreceptors. Hence, the regulation of 
tors are associated with a neurotransmitter in the transmitter release essentially appears to involve pre- 
synaptic vesicles-but this point needs further synaptic heteroreceptors. One cannot exclude the 
experimental evidence-one may expect that the possibility that effector cells also could secrete cer- 
receptor sites will become externalized during tain substances, trophic or not, which serve as a 
exocytosis of neurotransmitter. signal for receptor sites located on nerve terminals; 

a good example of this is nerve growth factor (NGF) 

PRESYNAI’TIC HETERORECEPTORS RATHER THAN 
[44]. Although the present concept is only based on 

AUTORECEPTORS experiments performed in peripheral nerves, one 
may assume that the same also is true in the brain. 

The recent data on the axonal transport of recep- Obviously neuronal transmission appears to be more 
tors provide new insights into the role of presynaptic and more a bidirectional process. Furthermore, pre- 
sites in neuronal transmission. During the last synaptic heteroreceptors might convey a drug from 
decade, numerous autoreceptors have been gen- nerve terminals to the cell body, a fact which could 
erated on the basis of pharmacological or bio- explain certain long-term effects of drugs. Since the 
chemical experiments which were believed to be the concept of heteroreceptors is a unified model-iden- 
consequence of specific effects occurring at the nerve tity between pre- and postsynaptic sites-the possi- 
terminals [ 1,2,27-301. Now that the intraneuronal bility to obtain drugs which will be exclusively selec- 
pathway of presynaptic receptors is demonstrated, tive for presynaptic receptors becomes unlikely; 
other criteria are necessary to assess the presynaptic perhaps the use of multiple target drugs would allow 
nature of a receptor site. This can only be proven if transmitter release to be modulated in a more appro- 
three criteria are fulfilled: (1) identification of the priate manner. 
receptor in the cell body, the axon and the terminals 
of a given neurone; (2) axoplasmic transport of this REFERENCES 
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