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The purpose of this review is to examine the present status of peptides as putative 
neurotransmitters. Special emphasis is placed on the evaluation of evidence for or 
against the transmitter role of peptides, particularly in mammalian CNS, according 
to the well-established criteria for transmitter identification (I, 2). The field of 
peptide transmitters is a new and rapidly developing one, and therefore, we can 
derive from the available results only tentative views as to whether or not certain 
peptides are likely to be transmitters. Although a number of peptides are known to 
influence various neural activities such as behavior and sleep (3-5), this review deals 
only with the peptides of known structures for which there is certain or definite 
neurochemical as well as electrophysiological evidence implicating their transmitter 
functions. 

The notion that certain nerve cells secrete pep tides from their axon terminals has 
been well known in the field of endocrinology since the early 1 950s (6). Bargmann 
et al (7) proposed the term peptidergic neuron for hypothalamic neurosecretory 
cells, and suggested that these neurons not only release peptide hormones into the 
blood stream but also form peptidergic synapses on endocrine epithelial cells. Re­
cent discovery of the powerful effects of physalaemin (8) and vasopressin on central 
neuronal activities (9) in 1971 sparked interest in the possibility that certain peptides 
may serve as neurotransmitters in mammalian CNS (10). This was timely because 
the recent progress in peptide chemistry was ready to promote the subsequent 
development of the field of peptide neuropharmacology. A considerable amount of 
data has accumulated that suggests the transmitter role of certain peptides. Particu­
larly good evidence has been obtained for two peptides, substance P and proctolin, 
which are described below in detail. 

SUBSTANCE P 

In 1 93 1, Euler & Gaddum (II) detected a smooth muscle-stimulating and vasodilat­
ing agent in extracts of equine brain and intestine. This agent was called substance 
P (12, 13) and was shown to be of peptide nature (14). Studies of substance P 
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distribution in the early 1950s (15-19) revealed that mammalian spinal dorsal root 
contains a larger amount of substance P than the ventral root. Based on these results, 
Lembeck proposed a hypothesis that substance P may be an excitatory transmitter 
of primary sensory neurons (16). The studies of substance P, however, had long been 
hampered by the ambiguity of its chemical nature. In fact, no pure substance P 
preparation was available, and for many years Lembeck's hypothesis could not be 
properly tested. In the early study of Galindo et al (20) with the crude preparation, 
no direct action of substance P on cat central neurons could be detected. 

A breakthrough in this field was made by the recent studies of Leeman and her 
colleagues, who succeeded in purifying substance P from bovine hypothalamus, 
determining its structure as an undecapeptide (Arg-Pro-Lys-Pro-Gln-Gln-Phe-Phe­
Gly-Leu-Met-NH2), and synthesizing the peptide (21-23). Before the discovery of 
the structure of the undecapeptide substance P, the definition of substance P was 
based on its pharmacological activities (24). Thus so-called substance P was postu­
lated to comprise multiple peptides (25-27). However, it is now generally agreed 
that substance P denotes the peptide characterized by Chang et al (22). 

Evidence for a Transmitter of Primary Sensory Neurons 

PRESENCE OF SUBSTANCE P IN PRIMARY SENSORY NEURONS Preferential 
distribution of substance P in spinal dorsal root as opposed to ventral root (15-19) 
was confirmed by recent studies using radioimmunoassay as well as bioassay com­
bined with column chromatography (28-30). Thus it was revealed that the concen­
tration of substance P in bovine and feline dorsal root is 9-27 times higher than that 
in the ventral root. Furthermore, the chemical, pharmacological, and immunologi­
cal properties of substance P extracted from bovine dorsal root were shown (28, 29) 
to be identical with those of substance P extracted from hypothalamus and charac­
terized by Chang et al (22). In order to examine further the relation between 
substance P and primary sensory neurons, Takahashi & Otsuka (30, 31), using 
bioassay, examined the distribution of substance P in cat spinal cord. It was thus 
shown that substance P is particularly concentrated in dorsal hom where a large 
part of the primary afferent fibers terminates and forms synapses (32). The highest 
level of substance P was found in the dorsal part of dorsal hom. After sectioning 
the incoming dorsal roots, the level of the peptide in the dorsal hom was markedly 
reduced. Furthermore, when the dorsal root was ligated, a large amount of sub­
stance P accumulated on the ganglion side of the ligature, which suggests that 
substance P is synthesized in spinal ganglia and transported through the dorsal root 
to their nerve terminals in the cord (30, 3 1). All these findings by bioassay were 
recently confirmed by immunohistochemical studies of Hokfeit and his colleagues, 
who showed that substance P-like immunoreactivity is selectively localized in nerve 
fibers of laminae I-III of spinal cord of the rat and cat (33, 34). The latter finding 
agrees with the results of subcellular fractionation studies using bioassay (35-37) as 
well as radioimmunoassay (38, 39), which indicate that substance P is most concen­
trated in synaptosomal fraction. 

ACTION OF SUBSTANCE P ON SPINAL NEURONS Application of synthetic sub­
stance P in quite low concentration induced a depolarization of motoneurons in 
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isolated frog spinal cord (28, 40, 41). The depolarizing potency of substance P was, 
on a molar basis, about 200 times higher than that of L-glutamate, another excita­
tory transmitter candidate (42). Substance P-induced depolarization of frog spinal 
motoneurons was accompanied by the increase of membrane conductance (41). 
In order to examine the possibility that substance P may depolarize the moto­
neurons by a transsynaptic mechanism, substance P was applied after the synaptic 

, transmission in the spinal cord was blocked by reducing Ca concentration in 
the medium or by adding tetrodotoxin (40, 41). Substance P still induced simi­
lar depolarizing responses indicating that the peptide acts directly on the moto­
neurons. 

Recently the effect of substance P on mammalian spinal cord was studied. For 
this purpose, an isolated spinal cord preparation of the newborn rat was developed 
(43). Substance P was applied into the perfusion bath in known concentrations and 
the effects were recorded either extracellularly from the ventral root or intracellu­
larly from the motoneurons. Substance P again induced a depolarization accom­
panied by high frequency spike discharges of the motoneurons (44-46). The 
depolarizing potency of substance P was 1000-9000 times higher than that of 
L-glutamate. When the preparation was soaked in a low Ca (0.2 mM) and high Mg 
(5 mM) medium, the spinal reflexes were completely blocked. Repetitive stimulation 
of the dorsal root did not produce any detectable synaptic potentials when recorded 
from the ventral root. Under such conditions, substance P still produced a similar 
depolarizing response although the dose-response curve was slightly displaced to the 
right. These results suggest that substance P causes the depolarization of rat 
motoneurons by both direct effect on the motoneurons and indirect effect activating 
the excitatory interneurons synapsing with the motoneurons (44-46; S. Konishi and 
M. Otsuka, unpublished). There is also evidence that substance P activates the 
inhibitory interneurons in the spinal cord (44). Electrophoretic application of sub­
stance P also produced an excitant effect on dorsal horn neurons and cuneate 
neurons of the cat (47, 48). 

ANTAGONISTS OF SUBSTANCE P Several substances, e.g. AMP, cystine­
di-,8-naphthylamide, and trimethaphan camphorsulfonate (Arfonad®), were re­
ported to antagonize the action of substance P on guinea pig ileum (49). It may be 
interesting to see whether or not these compounds antagonize the excitant action 
of substance P on central neurons. It was recently reported that baclofen [,8-(4-
chlorophenyl)-I'-aminobutyric acid, Lioresal®] antagonizes the depolarizing action 
of substance P on rat spinal motoneurons (45, 46). The depolarizing action of L­
glutamate was also reduced, but to a smaller extent (45, 46; cf 50). Since baclofen 
readily blocked the monosynaptic and polysnaptic reflexes as well as the dorsal root 
potential (45, 46, SO-52). it was proposed that baclofen blocks the primary afferent 
transmission by antagonizing the transmitter action of substance P (45. 46). The 
antagonism between baclofen and substance P was also observed by electrophoretic 
application on neurons of cat spinal cord and brain. although the excitant effects 
of L-glutamate and acetylcholine were also depressed by baclofen in some but not 
all cells (53-55). Further studies are needed to clarify the mechanism of action of 
baclofen. 
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STRUCTURE-ACTIVITY RELATIONSHIP From the studies on frog and rat spinal 
motoneurons, it has become evident that the C-terminal amino acid sequence is 
essential for the motoneuron-depolarizing activity of substance P (40, 46, 56, 57). 
Omission of one to five amino acids at the N-terminus did not cause any serious loss 
of the motoneuron-depolarizing activity. Two C-terminal analogues of substance P, 
i.e. hepta- and hexapeptides, were considerably more active than the undecapeptide 
substance P. By contrast, when the C-terminal methionine was omitted, the depolar­
izing activity was completely lost (46,57). Hypotensive and gut-contracting activi­
ties of the substance P analogues were roughly parallel with their motoneuron­
depolarizing activities (58). 

RELEASE OF SUBSTANCE P Early studies of Angelucci (59) and Ramwell et al 
(60) showed the presence of substance P-like activity in the perfusate of frog spinal 
cord. Recently, the isolated spinal cord of newborn rat was perfused, and the 
perfusates were analyzed by radioimmunoassay for substance P (61). Repetitive 
stimulation of dorsal roots caused a marked increase of substance P-Iike im­
munoreactivity in the perfusate. By contrast, when the preparation was perfused 
with a low Ca and high Mg medium where the synaptic transmission was completely 
blocked, the same stimulation of dorsal roots produced no change of the im­
munoreactivity. Perfusion of the spinal cord with high K (55 mM) solution caused 
a large increase in release of substance P-like immunoreactivity. Potassium-evoked 
release of substance P-like immunoreactivy was also observed from rat hypo­
thalamic slices, and this release was completely abolished in the low Ca and high 
Mg medium (62). 

INACTIVATION OF SUBSTANCE P There are two kinds of mechanisms known to 
inactivate transmitter substances, i.e. enzymatic breakdown and reuptake. When 
slices of rat spinal cord, substantia nigra, and hypothalamus were incubated with 
125I-labeled substance P, no accumulation of the peptide into the tissues could be 
detected (33, 62, 63). On the other hand, the presence of substance P-inactivating 
enzyme system in various regions of CNS, e.g. basal ganglia, hypothalamus, and 
spinal cord, was reported by many workers (64-70). The inactivating enzyme was 
extracted and partially purified from mammalian brain (69, 70). Studies of detailed 
distribution of this enzyme in nervous system will help to elucidate its physiological 
role. Furthermore, it will be interesting to find specific inhibitors of the substance 
P-inactivating enzyme and to examine their effect on primary afferent transmission 
in the spinal cord. In this connection, Krivoy reported that lysergic acid diethyla­
mide (LSD-25) inhibits the enzymatic inactivation of substance P by neural tissue 
extracts, and also enhances the fourth wave of the dorsal root potential in the cat 
(67, 71). 

STATUS OF SUBSTANCE P AS A SENSORY TRANSMITTER Among the criteria 
for transmitter identification, the presence in presynaptic neurons and the release 
in response to presynaptic stimulation have been fairly well established for substance 
P as a transmitter of primary afferent fibers. Further studies are needed to clarify 
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PEPTIDE NEUROTRANSMITTERS 429 

the details of substance P action, e.g. the reversal potential and ionic mechanism, 
its inactivation process at synaptic site, and its synthesis. However, judging from 
the data available at the present time, substance P seems likely to be an excitatory 
transmitter of spinal dorsal root fibers. 

The question arises whether substance P is a transmitter of all dorsal root fibers 
or of only a part of them. Immunohistochemical studies of Hokfelt et al (34, 72) 
showed that only 10-20% of neurons in the rat spinal ganglia were substance 
P-positive. However, the possibility cannot be excluded that many more spinal 
ganglion cells contain substance P, because in the cat spinal ganglia the substance 
P-positive fluorescence could be demonstrated in the cell bodies only after prevent­
ing the axonal transport of the peptide (33). Henry (54, 73) showed that electro­
phoretically applied substance P caused excitation of cat spinal neurons which were 
activated by noxious stimuli applied to the skin and suggested that substance P is 
specifically related to nociception. 

An important question is whether or not substance P is an excitatory transmitter 
of Group Ia fibers that monosynaptically excites spinal motoneurons. Some observa­
tions are consistent with the transmitter role of the peptide in this place. Namely, 
substance P exerts a direct depolarizing action on spinal motoneurons (40, 41, 44, 
46); spinal monosynaptic reflex is blocked by baclofen which antagonizes the depolar­
izing action of substance P (45, 46); and the level of substance P in the ventral hom 
is slightly reduced after the section of dorsal roots (30). To settle this question it 
may be crucial to find the drugs that correspond to curare or eserine in cholinergic 
synapse, and then to examine the effect of these drugs on monosynaptic excitatory 
postsynaptic potential (EPSP) recorded in the motoneurons. 

When substance P was applied to the isolated rat spinal cord, the time course of 
the depolarization of motoneurons was slightly slower than that of glutamate­
induced depolarization (44-46). This may be at least partly due to the diffusion of 
the peptide through the cord tissue. Kmjevic and his colleagues (47, 48), on the 
other hand, reported that the excitant effect of electrophoretically applied substance 
P on cuneate and spinal neurons appeared with a delay of 10-30 sec and persisted 
for 1-2 min after the end of application. In the experiment of Walker et al (74) in 
brain stem neurons, however, the effect of electrophoretically applied substance P 
appeared within 4 sec and subsided with a similarly fast time course. It would be 
desirable to examine the effect of substance P by iontophoretic application on 
synaptic sites of central neurons under visual control (75), possibly by using thin 
tissue slices or neurons in cell culture. 

Henry et al (48) showed that substance P potentiated the excitant effect of 
glutamate on cat spinal neurons, and proposed that the function of substance P is 
a form of sensitization or modulation. However, the simultaneous application of 
substance P and L-glutamate on the motoneurons in isolated rat or frog spinal cord 
produced a simply additive effect (41, 46). 

Other Possible Transmitter Functions of Substance P 

Substance P is widely and selectively distributed in mammalian eNS (17-19, 76-
78). Particularly high levels of substance P were found in trigeminal nerve nucleus, 
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hypothalamus, substantia nigra, etc. Immunohistochemical studies of Nilsson et al 
(79) suggested that substance P is concentrated in nerve endings in hypothalamus 
and other regions of rat CNS. Electrophoretic application of substance P on cerebral 
cortical as well as substantia nigral neurons caused excitatory responses (55, 74, 80). 
Duffy & Powell (81) reported that substance P stimulates the brain adenylate cyclase 
activity. 

An interesting possibility is that substance P may be released from the peripheral 
nerve terminals of primary sensory neurons and may serve as a transmitter of axon 
reflex vasodilatation. Dale in 1935 already suggested that the transmitter of axon 
reflex vasodilatation is closely related to the transmitter released by sensory neurons 
at the central synapse (82). In this connection, Hokfe1t et al (33) found substance 
P-positive fibers around blood vessels in the cat skin. 

Substance P exerts a powerful stimulant action on various smooth muscles (11, 
23, 29, 83). Immunohistochemical studies of Nilsson et al (84) showed the occur­
rence of substance P-positive fibers in mammalian gastrointestinal tract. Substance 
P extracted from equine intestine was shown by Studer et al (85) to be identical with 
substance P isolated from hypothalamus and characterized by Chang et al (22). 

The above results suggest that substance P may serve as a transmitter in many 
places in mammalian central and peripheral nervous system. 

PROCTOLIN 

Brown (86) found in the extract of cockroach gut a substance that causes a con­
traction of longitudinal muscle of the gut. This factor was first called gut factor. The 
concentration of the gut factor in the nerves innervating intestinal muscle was up 
to 150 times greater than that in the thoracic peripheral nerves which innervate 
somatic muscle. This gut factor is present in considerable amount in the rectum, and 
it is depleted from the rectum after surgical section of the innervating nerves, which 
suggests that the gut factor is of neural origin. In the homogenate of rectum, the 
gut factor is associated with subcellular particles which may correspond to synaptic 
vesicles. Based on these findings, Brown proposed that the gut factor functions as 
an excitatory transmitter in insect intestinal muscle. 

Recently the gut factor was purified and its structure determined as a penta pep­
tide (Arg-Tyr-Leu-Pro-Thr), which was named proctolin (87,88). Synthetic procto­
lin in quite a low concentration (10-9 M) produced a contraction of the rectum, and 
the peptide was fully active on tetrodotoxin-treated or surgically denervated muscle, 
indicating that proctolin acts directly on muscle membrane. Tyramine (10-6 M) 
suppressed the responses evoked both by proctolin and by nerve stimulation. Fur­
thermore, when a nerve-rectum preparation was perfused, an active substance with 
similar pharmacological activity as proctolin was released during repetitive nerve 
stimulation. Although further experiments are needed for elucidating, for example, 
the reversal potential of proctolin action and the identification of the active sub­
stance released from the nerve-rectum preparation, the above results provide im­
pressive evidence for proctolin as a transmitter in cockroach gut. Starratt & Brown 
(88) found that a substance chemically indistinguishable from proctolin is present 
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in eight other species of insects and proposed that proctolin is a universal constituent 
of the Insecta. 

CARNOSINE 

The cell bodies of primary olfactory neurons lie in the nasal olfactory epithelium, 
and send their axons to the olfactory bulb where these axons form synapses with 
mitral and periglomerular cells. Margolis (89, 90) and Neidle & Kandera (91) found 
that carnosine (p-alanyl-L-histidine) is highly concentrated in the olfactory bulb of 
mouse, rat, and guinea pig. The concentration of carnosine in the olfactory bulb of 
the mouse was about 20 times higher than that in cerebral hemisphere (91). Carno­
sine occurs also in olfactory epithelium in uniquely high concentration (89, 90). 
Degeneration studies showed that both carnosine and carnosine synthetase are 
highly localized in the primary olfactory pathway (89, 90, 92). Based on these 
findings, Margolis proposed a hypothesis that carnosine is a neurotransmitter of the 
primary olfactory pathway (89, 90, 92). A crucial test of this hypothesis would be 
to see the effect of carnosine on mitral and periglomerular cells, but this has not yet 
been performed. 

OTHER PEPTIDES 

Several peptides occur in mammalian CNS and exert either excitant or depressant 
action on central neurons when applied by microiontophoresis. Although these 
peptides were proposed as central neurotransmitters, evidence is still far from 
convincing. It would be desirable to examine the possible transmitter role of each 
of these peptides at anatomically defined synapses according to the criteria of 
transmitter identification. 

Enkephalin 

The presence of the opiate receptor, which specifically binds to morphine agonists 
and its antagonist, was recently shown in mammalian brain and intestine (93-95). 
These findings prompted several workers to search for an endogenous substance 
which acts on this receptor and has pharmacological properties similar to morphine 
(96--98). Consequently, a peptide factor, termed enkephalin (98), was found from 
brain extract. Enkephalin inhibits competitively the binding of dihydromorphine 
and naloxone, a morphine antagonist. to opiate receptor (96, 99, 100). Like mor­
phine. en kephalin inhibits neurally evoked contractions of vas deferens. and this 
effect is antagonized by naloxone (97. 98). Enkephalin is unevenly distributed in 
mammalian CNS and its distribution parallels that of the opiate receptor (97, 99. 
101). Recently enkephalin was shown to be localized in the synaptosomal fraction 
(99, 102). 

Hughes et al (\03) identified enkephalin as comprising two pentapeptides, 
methionine enkephalin (Tyr-Gly-Gly-Phe-Met) and leucine enkephalin (Tyr-Gly­
Gly-Phe-Leu). Although the hypothesis was proposed that enkephalin might serve 
as a neurotransmitter (100, 104), the hypothesis depends largely on the assumption 
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that morphine acts at certain synapses as an agonist of the transmitter, and this 
remains to be seen. Effects of enkephalin on neural activities were studied. Intracere­
broventricular administration of enkephalin to mice resulted in an analgesic effect 
(105). Iontophoretic application of methionine enkephalin produced a depressant 
effect on brain stem neurons of the rat and cat, and this effect was blocked by 
naloxone in the rat (106) but not in the cat (107). 

Hypothalamic Releasing Factors 

So far three hypothalamic releasing factors were structurally identified, i.e. thyrotro­
pin- releasing hormone (TRH) (l08, 109), luteinizing hormone-releasing hormone 
(LHRH) (110, 111), and somatostatin (growth hormone release inhibiting factor) 
(112). TRH and somatostatin are widely distributed in mammalian hypothalamic 
and extrahypothalamic brain tissues (113-116) as well as in the spinal cord (72, 117, 
118). With immunofluorescence and immunoperoxidase techniques, evidence was 
obtained that t�ese releasing factors are localized in certain nerve terminals (72, 
117-120). Hokfelt et al (72, 117) observed that somatostatin-like immunoreactivity 
is present in certain neuronal cell bodies in spinal ganglia and in fibers in the dorsal 
horn of the spinal cord, and suggested that somatostatin may play a role as a 
transmitter of primary sensory neurons. When administered by microiontophoresis, 
TRH, LHRH, and somatostatin produced a depressant or excitant effect on neurons 
of different regions of eNS (121-124). 

Neurohypophysial Peptides 

Vasopressin is synthesized primarily in supraoptic neurosecretory cells and re­
leased into the circulation from their axon terminals which are located in the neuro­
hypophysis. Nicoll & Barker (5, 9) found that vasopressin administered by micro­
iontophoresis decreased the firing rate of supraoptic neurosecretory cells. Based on 
this and other findings they proposed a hypothesis that this posterior pituitary 
hormone might also be released from recurrent collaterals of the supraoptic neurons 
and serve as the transmitter of recurrent inhibition. This hypothesis was supported 
by the observation of Vincent & Arnauld (125) that recurrent inhibition of supraop­
tic neurosecretory cells in the monkey disappeared after 5 days of water deprivation 
when a total depletion of vasopressin is expected to occur. However, a doubt as to 
the hypothesis has recently been raised by Dreifuss et al (126) who observed the 
recurrent inhibition of supraoptic neurosecretory cells in the Brattleboro strain of 
rats, which do not synthesize vasopressin. 

Moss et al (127) observed that iontophoretically applied oxytocin excited selec­
tively the paraventricular neurosecretory cells that produce oxytocin. The physio­
logical meaning of this observation is unknown. 

Angiotensin II 

Mammalian brain contains angiotensin I and II (128, 129) as well as angiotensin­
converting enzyme (130). Electrophoretic application of angiotensin II on supraop­
tic neurosecretory cells as well as on neurons of subfornical organ produced an 
excitant effect (131-134). The question remains whether this effect of angiotensin 
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reflects the transmitter action on these neurons or the response to the circulating 
angiotensin. 

CONCLUSIONS 

It now seems likely that a new class of substances, peptides, must be added to the 
list of neurotransmitters. Considerable evidence is available that substance P and 
proctolin are excitatory transmitters in mammalian primary sensory neurons and 
in insect peripheral nerves respectively. In view of the relatively small molecular 
weights of the established neurotransmitters, it may appear rather unexpected that 
a peptide of more than 1000 daltons serves a transmitter function. However, if we 
consider the many common characteristics shared by neurotransmission and 
neurosecretion (135), together with the fact that neurosecretory cells secrete 
various peptides, then the idea of peptide neurotransmitters may not be novel. In 
fact, it has been suggested by many authors that certain neurosecretory cells release 
peptides as hormones or releasing factors from some nerve endings into the circula­
tion and the same peptides as neurotransmitters from other nerve endings at syn­
apses (9, 121, 123, 125). This may be parallel with the case of primary sensory 
neurons which probably release substance P as excitatory transmitter from their 
intraspinal nerve endings and the same peptide as transmitter of axon reflex 
vasodilatation from the peripheral nerve endings contacting the blood vessels. 

A particular advantage for the study of peptide neurotransmitters is the availabil­
ity of immunological techniques. With a highly specific radioimmunoassay, it is 
possible to determine as little as 10-15 moles of substance P (38, 58, 136). Further­
more, immunohistochemical techniques enable one to locate specific peptide im­
munoreactivities at the light microscopic as well as electron microscopic level (33, 
72, 117-120). Such techniques will provide a useful means for mapping specific 
neurons in CNS, and may also be useful in chemical pathology for revealing abnor­
malities in diseases. 

Another promising field which may possibly be introduced by peptide transmit­
ters is its pharmacology. Little is known about the possible pharmacological manip­
ulation of peptidergic neurotransmission. With modem techniques of peptide 
chemistry it is probably not difficult to synthesize various peptides which act as 
agonists or antagonists of peptide transmitters. If we can synthesize peptides that 
penetrate into the CNS, a group of new drugs acting on the CNS may be introduced. 

The question remains why the nervous system needs relatively large and possibly 
expensive molecules such as undecapeptide to transmit either an excitatory or 
inhibitory effect if precise neuronal connections are assured by anatomical contacts 
at synapses. For example, do primary afferent fibers need diverse peptides for 
mediating different modalities of sensation? Future studies will clarify whether or 
not the functions of peptide transmitters are explicable in terms of traditional 
concepts of chemical transmission. 
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