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Summary

A vasoactive intestinal peptide (VIP)-like peptide is after inhibition of release by exposure of the preparation
released by axonal stimulation in the giant axon—-Schwann to a prolonged pulse ofL-glutamate. A prolonged L-
cell preparation from the tropical squid Sepioteuthis glutamate pulse of 168 moll-1releases both substances for
sepioidea It is also released by direct application ofi- as long as the pulse is applied to the preparation, whereas
glutamate, the giant axon—Schwann cell signalling molecule a prolonged pulse of 1®moll1 L-glutamate releases
in this preparation. The release of the peptide parallels the acetylcholine in the same way but releases the VIP-like
release of acetylcholine from the Schwann cells themselves peptide only transiently. The VIP-like peptide is likely to
in this preparation in a number of different ways. The be co-released with acetylcholine from the Schwann cells.
release of both acetylcholine and the VIP-like peptide have
the same threshold (between>20710 and 5x1019moll=1)  Key words: glia, peripheral nerve, acetylcholine, neuropeptide,
for L-glutamate application and the same recovery time squid,Sepioteuthis sepioidea

Introduction

The co-release of multiple neuroactive substances from stimulation of the giant axon (Villegas, 1978a,b) and acts on
single neurone is now accepted as part of the complespecific glutamate receptors on the Schwann cells (Lieberman
signalling pathway between cells in the nervous systerst al., 1989; Evans et al., 1991a). The activation of a Jét of
(Hokfelt et al., 1987; Bartfai et al., 1988; Kupfermann, 1991 methylp-aspartate (NMDA) subclass of glutamate receptors
Church et al., 1993). In many neuronal preparations that cen the Schwann cells leads to plastic changes in the response
release a peptidergic and a non-peptidergic signal, the latterpsoperties of the Schwann cells for a period of 10-15min
used for fast, and the former for slow, chemical signal¢Evans et al., 1991a, 1992). Activation of a separate subclass
(lversen, 1984). Thus, for instance, a co-release aff metabotropic glutamate receptors (Evans et al., 1992) leads
acetylcholine and vasoactive intestinal peptide (VIP) has bedn a release of acetylcholine from the Schwann cells
demonstrated upon stimulation of the parasympathetic nernthemselves (Villegas and Jenden, 1979), which feeds back to
innervation to the cat submandibular salivary gland (Lundbergctivate nicotinic cholinergic receptors on the Schwann cells
1981; Lundberg et al., 1982). Current evidence suggests that\dllegas, 1975). The activation of these receptors increases the
range of neuroactive substances may also be synthesised amembrane permeability of the cells td iia a cyclic-AMP-
released from glial cells (see Martin, 1992). In the preserdependent pathway (Evans et al., 1985). Many of the above
paper, we examine the possibility that a peptidergic and a nonemponents of the signalling system can be modulated by the
peptidergic signal may also be co-released from a glial cebliogenic amine octopamine (Reale et al., 1986) and by a range
preparation. of neuropeptides (Evans et al., 1986). The latter include a VIP-

Studies on the neuronal—glial cell interactions in the gianlike peptide which appears to be released in this preparation at
nerve fibre from the stellate nerve of the tropical squidhe same time as acetylcholine during axonal stimulation
Sepioteuthis sepioiddaave demonstrated a complex form of (Evans et al., 1986; Evans and Villegas, 1988). The VIP-like
signalling between the giant axon and its surrounding adaxongéptide can also be released in this preparation by the
glial (or Schwann) cells (Villegas, 1981, 1984; Villegas et al.application of L-glutamate, which bypasses the axonal
1988; Evans et al., 1991b, 1995; see also Lieberman et agctivation stage in the signalling pathway between the axon
1994; Messenger, 1996). In this preparation, glutamate hamd the Schwann cells. This was demonstrated in experiments
been suggested to be released non-synaptically upavhere L-glutamate was shown to be capable of causing a
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Schwann cell hyperpolarization which was blockable by gurified a-bungarotoxin, which was kindly supplied by Dr
specific VIP-blocking agent after irreversible blockage of theMichael Raftery of the Department of Chemistry, California
nicotinic cholinergic receptors on the Schwann cells with Institute of Technology, USA.
bungarotoxin and potentiation of the effects of the
endogenously released neuropeptide by the biogenic amine
octopamine (Evans et al., 1995). Results

The present paper compares the properties of the release cﬁlutamate-induced release of acetylcholine and a VIP-like

the VIP-like peptide and of acetylcholine in the squid giant peptide
axon-Schwann cell preparation under a number of different To investigate the relationship between the release of the
conditions. VIP-like peptide and acetylcholine in the squid giant axon

preparation, we performed experiments to bypass the electrical
activation of the giant axon by directly activating the Schwann
Materials and methods cells by the application of.-glutamate, the presumed
Giant nerve fibres with a diameter of 300—4@0 were axon—Schwann cell signalling factor. Fig. 1A indicates that a
dissected in sea water from the hindmost stellar nerve of thareshold for an induction of a hyperpolarizing response in the
squid Sepioteuthis sepioideaGiant axons with their Schwann cells occurs betweenand 10°mol I for the
surrounding Schwann cell sheaths were then isolated aragpplication of 1min pulses ofi-glutamate. Increasing
cleaned of adhering bundles of small nerve fibres by dissectimoncentrations of L-glutamate produce dose-dependent
in artificial sea water (see below). increases in the size of the Schwann cell hyperpolarization,
The electrophysiological techniques used in the presenmtith a maximum effect occurring at concentrations of
study are based on the successive measurements of electrib@®moll~1 and above (Fig. 1A,B). However, as noted
potentials from a series of individual Schwann cells by briepreviously (Evans and Villegas, 1988; Evans et al., 1995), this
impalements from inside the axon (Villegas, 1972, 1973hyperpolarizing response is actually a composite response. It
1975). They have also been described in detail in subsequearnsists of a true cholinergic response that has been potentiated
publications (see Brunder and Lieberman, 1988; Lieberman bl the simultaneous release of small amounts of an endogenous
al., 1989; Lieberman and Sanzenbacher, 1992; Evans et allP-like peptide, which by itself is not released at a high
1990, 1991a, 1992). In addition, work by Brown et al. (1991knough concentration to elicit direct changes in Schwann cell
and by Brown and Abbot (1992) has validated the ‘transienhembrane potential. The true size of the cholinergic
sampling’ technique used here by showing that the sammomponent of the Schwann cell responsegtutamate can be
membrane potential profiles can be obtained using long-terestimated in experiments where the responses to 1 min pulses
microelectrode impalements of squid Schwann cells in spliof L-glutamate are compared in the presence and absence of
axon preparations. All experiments were carried out at roorthe VIP receptor blocking agent (pGiPhé, Leul’)VIP
temperature (20-22°C). In experiments where the degree (£02moll-1; Fig. 1A). This blocking agent preferentially
hyperpolarization of the Schwann cell membrane by a givehlocks VIP-mediated hyperpolarizing responses in the
drug has been quantified, it was calculated as the differen&chwann cells of the squid giant axon and has no effect on the
between the mean value of the control resting potential in theyperpolarizing responses generated by the application of
2min period immediately before drug application (averageactopamine, carbachol or substance P to these cells (Evans and
over 5-10 penetrations of individual Schwann cells) and th¥illegas, 1988). The true cholinergic component of the
mean value of the membrane potential in the 2min periotesponse has a smaller amplitude and a shorter time course
immediately after the end of the drug pulse (averaged oveompared with the full response, especially at low
5-10 penetrations of individual cells). The results are given ancentrations ofL-glutamate, but the threshold for the
the mean (#s.e.m.) hyperpolarization (in mV) induced by a response still occurs atglutamate concentrations between
drug using results obtained from at least four axons. A blind0° and 101%mol 1.
protocol was used in which the investigator sampling the Fig. 1B compares the concentration-dependence of the
Schwann cell membrane potential did not know the identity ofnaximum amplitude of the true cholinergic response with that
the test pulses being applied to the preparation. All thef the full hyperpolarization response induced by application
experiments shown were repeated at least three times in thel min pulses of-glutamate at different concentrations to the
format shown. Schwann cells. A significant reduction (Studeriti®st) in
Drugs were superfused over the surface of the preparati@amplitude of the glutamate-induced hyperpolarization was
and were dissolved in artificial sea water containingobtained in the presence of the VIP-blocking agent
442 mmol ! NaCl, 10mmoltl KCI, 11mmolrl CaCh, (10°moll1) at glutamate concentrations ckI®19moll-1
45mmol 1 MgClz2 and 10 mmolil Tris-Cl buffer (pH8.0). (P<0.001,N=6) and 10°mol -1 (P<0.05,N=6), demonstrating
All the superfused solutions were continuously bubbled with ¢he co-release of the VIP-like peptide and its potentiating effect
mixture of 96 % @and 5% CQ. All drugs were obtained from on the true cholinergic responses in this concentration range.
the Sigma Chemical Co., except for (@ERhe, Lell’)VIP The above experiments indicate that the threshold
(porcine), which was obtained from Bachem, UK Ltd, andconcentrations for the release of both acetylcholine and the
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endogenous VIP-like peptide occur betweexl®1° and

release in a giant axon—Schwann cell preparat#dr®

hyperpolarizing responses in these experiments, they do not

5x1010mol 1 L-glutamate (Fig. 1B). However, since the prove that the VIP-like peptide is not released at lower
release of the VIP-like peptide could be detected only bglutamate concentrations. To address this question directly, we
blocking its potentiating actions on the true cholinergichave examined the dose-dependence of the size of the
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— L-glutamate, the peptide response was small; at higher

concentrations of-glutamate, sufficient peptide was released

_A - - o
-30 L-Glutamate, 16 mol I to produce very large hyperpolarizations of the Schwann cell

a0 b e " membrane potential when potentiated by-octopamine
*t o (Fig. 1B,C).
50 |- RPNy . .
AR T AT AT The release of a VIP-like peptide by prolonged glutamate
60 pulses
Exposure of squid Schwann cells to prolonged pulses of
30 - B L-Glutamate, 210° mol |1 glutamate has provided evidence for the presence of a number
. of N-methylp-aspartate (NMDA) glutamate receptor subtypes
40 - W2, :-'-"':'-".'-""‘--"'-‘.""'-"'- on these cells as well as evidence for plasticity in the responses
r of the Schwann cells to the application aflutamate after the
50 v, activation of one class of NMDA receptor (Evans et al., 1991a,
o0 L 1992). Thus, we have investigated the relationship between the

release of acetylcholine and of the endogenous VIP-like
peptide during and after exposure of the squid giant

-20 C L-Glutamate, $10° mol I -
T axon-Schwann cell preparation to prolonged pulses-of

Schwann cell membrane potential (mV)

30 e, ten glutamate.
F foesT o Prolonged pulses (20 min) ofglutamate produce a variety
40 - g ! L of concentration-dependent effects on the membrane potential
. of the Schwann cell of the squid giant axon. Fig. 2 shows that
-50 — o< a pulse of 1®moll™l L-glutamate induced a prolonged
) hyperpolarization N=8), whilst a similar pulse of
-60 -~ 2x109mol I71 L-glutamate induced a rapid hyperpolarization
D t-Glutamate, 16 mol I followed by a return to control levels during the course of the
20 = Satestime s pulse (=5). Exposure to prolonged pulses of higher
a0 L .,.'-" . concentrations (i.e.>807° and 108mol 1) produced similar
transient hyperpolarizations followed by dose-dependent slow
T L depolarizationsN=10). The latter have previously been shown
. e : to be due to the activation of one class of NMDA-type
50 - *;_-" glutamate receptor since they can be specifically blocked by
pL-2-amino-5-phosphophonovaleric acid (APV or AP5), a
-60 selective NMDA receptor antagonist, but notday2-amino-
L ‘ ' | 4-phosphonobutyric acid (APB) (Evans et al., 1991a, 1992).
0 1°T. - )20 30 However, lower prolonged dosestefjlutamate can also be
Ime (min

shown to activate the NMDA receptors if given in the presence
Fig. 2. (A-D) The effects of prolonged pulses (20 min) of variousof subthreshold doses pi-octopamine. Fig. 3A shows that a
concentrations of.-glutamate (filled bar) on the Schwann cell 20 min pulse of 1@molI-1 L-glutamate given in the presence
membrane potential. Each point represents the potential differenegf  108moll~! pL-octopamine produced a transient
recorded in a different Schwann cell. hyperpolarization followed by a return to resting membrane
potential during the course of the pulse and that subsequent
hyperpolarizing component of the Schwann cell membranshort pulses (1min) of ®molll L-glutamate produced
potential due to theL-glutamate-induced release of the transient depolarizations. This suggests that the subthreshold
endogenous VIP-like peptide after blocking the cholinergiddose of octopamine can also potentiate the activation of the
component of the response by exposure of the preparation ®MMDA receptors, as indicated by the transient reversal of the
a-bungarotoxin, an irreversible inhibitor of the nicotinic responses to 1min pulses ofglutamate to depolarizing
cholinergic receptors in this preparation (Villegas, 1975)responses. The latter depolarizing effects have been shown to
Under these conditions, a direct hyperpolarizating action of thie due to the activation of a second NMDA receptor subtype
endogenously released peptide can be demonstrated that has a different pharmacology from that responsible for the
potentiating its effects in the presence of subthreshold dosesmoduction of the slow depolarizing responses described above
pL-octopamine (1®moll-1; Fig. 1B,C). Fig. 1C shows that (Evans et al., 1992). Under the conditions used in this
the peptide-induced effect is dose-dependent and has eaperiment, the prolongadglutamate-induced response will
threshold between x1010 and 5101%moll for 1min  again be a mixed response. It represents a combination of a
pulses of-glutamate. This is identical to the threshold for thecholinergic response due to the release of acetylcholine, a
release of the cholinergic component. At low concentrations gieptide-potentiating response due to the release of the
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endogenous VIP-like peptide and the response due to tle smaller and shorter. Surprisingly, after the prolonged
activation of the NMDA-type glutamate receptors. Theglutamate exposure, short pulses (1min) ofmoll~1 |-
cholinergic component of this response can be blockedlutamate, even given in the presence pafoctopamine
irreversibly by repeating the above experiment in the presen¢@08moll), did not produce rapid depolarizations. This
of 108moll1 a-bungarotoxin. Fig. 3B shows that, under suggests that, after exposureotdoungarotoxin, a prolonged
these conditions, the hyperpolarizing response to the longulse (20 min) of -glutamate at a concentration of ol I-1

glutamate pulse in the presence oférfol -1 bL-octopamine

does not lead to the activation of either the cholinergic
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Fig. 3. The effects of a prolonged pulse
(20 min) and subsequent short pulses (1 min)
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the Schwann cell membrane potential. bL.-Octopamine
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receptors or the NMDA receptors. Further, this suggests thaain be blocked if the prolonged pulse ofglutamate

the transient hyperpolarization induced by the prolonged (102moll-1) andbL-octopamine (1&moll1) is given in the
glutamate pulse under these conditions could be dusresence of a VIP blocker (Fmoll™1) (Fig. 3C). Thus, a
exclusively to the released VIP-like peptide. This suggestioprolonged pulse of ®moll1 L-glutamate gives rise to a

is strongly supported by the observation that hyperpolarizatioprolonged release of acetylcholine that lasts as long as
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Schwann cell membrane potential after B
exposure to 1®moll-! a-bungarotoxin - L-Glutamatd || il
BGT) (stippled bar). (A) With the prolonged pL-Octopaming 4 v
and some of the short pulses given in the VIP [
presence of I@moll™t bL-octopamine VIP blocker _ =
(hatched bars) and/or the VIP-blocking agent o a-BGT b
(pCl-0-Phé, Led)VIP (10°moll1) (open s -20r .
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VIP (open bar) given immediately after the
prolonged pulse. Each point represents the L L ' ' . L '
potential difference recorded in a different 0 10 20 ) 30 _ 40 50 60
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glutamate is applied, but only to a short transient release of tliepolarizations in response to short pulses (1min) of
VIP-like peptide lasting a couple of minutes. 108mol I~ L-glutamate at the end of the prolonged pulse due
Fig. 3B,C also indicates that, after a prolonged pulséo the subsequent activation of the second class of NMDA
(20 min) of 109mol I~ L-glutamate in a preparation that hasreceptor. If the prolonged pulse of 8ol I-! L-glutamate is
been exposed tai-bungarotoxin (1®moll™) to block given in the presence of Hmoll™l pL-octopamine, the
irreversibly the cholinergic receptors, the short hyperpolarizingesponse is converted to a transient hyperpolarization followed
responses due to the release of the VIP-like peptide by 1 mby a slow depolarization (Fig. 4C). The slow depolarization is
pulses ofL-glutamate (1@moll=1) in the presence ofL- due to the activation of the NMDA receptors since the response
octopamine (1®moll1) do not start to recover until can be converted to a prolonged hyperpolarization in the
10-15 min after the end of the prolonged pulse. This is a similgaresence of APV (T@moll) (Fig. 4B). The latter prolonged
time course to the recovery of theglutamate-induced hyperpolarization elicited under these conditions can be shown
cholinergic responses (Evans et al., 1991a, 1992). to be produced by the release of the endogenous VIP-like
The lack of activation of the NMDA receptors by a peptide since the biphasic response described above (Fig. 4C)
prolonged pulse of ®moll~1 L-glutamate after exposure of can be converted into a slow depolarization in the presence of
the preparation to I®moll-l a-bungarotoxin can be the VIP blocking agent (pGi-Phé Leul”)VIP (10-2moll)
overcome by increasing the concentration-gfutamate in the  (Fig. 5A).
pulse to 18 mol I (Fig. 4A). Under these circumstances, the The above results suggest that the time course of the
cholinergic receptors are still blocked, but the prolonged hyperpolarizing effect produced in the Schwann cells due to
glutamate pulse produces a slow depolarization due to thbe release of the endogenous VIP-like peptide is dependent on
activation of one class of NMDA receptor and rapidthe concentration af-glutamate in the prolonged pulse. It also
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suggests that activation of the NMDA receptors by theclass of NMDA receptor immediately after the prolonged
prolonged pulse of T8moll1 L-glutamate is not dependent depolarization induced by the first class of NMDA receptor
upon the activation of the VIP receptor in this preparation. IfEvans et al., 1991a, 1992) are not dependent on the release of
addition, the experiment shown in Fig. 5A indicates that théhe VIP-like peptide since they are not blocked by the VIP
rapid depolarizations initiated by short pulses (1min) ofblocking agent. However, the transient hyperpolarizations that
108mol 1 L-glutamate due to the activation of the seconddevelop 10-15min after the end of the NMDA-induced slow
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depolarization in response to short pulses (1min) o
10®8mol 1 L-glutamate in the presence of &toll~1 pL-
octopamine are due to the release of the VIP-like peptide sin

Table 1.A schematic outline of the steps involved in
signalling squid giant axon activity to the surrounding
adaxonal Schwann cells

they are blocked by the VIP blocking agent (Fig. 5A). The;
slow development of these responses is due to the recovery
the release of the VIP-like peptide after blockage of the relea:
mechanism due to the activation of the NMDA receptors. Th?
slow development of these responses is not due to a change
the responsiveness of the preparation to exogenously appli3
VIP, since a short pulse (1 min) of 2nol -1 VIP is capable

of inducing a transient hyperpolarization when givens
immediately after the end of a slow NMDA-receptor-induced
depolarization (Fig. 5B). 5

Glutamate release from the activated giant axon into the
adaxonal space

Glutamate activates specific receptors and/or a transporter on
Schwann cells

Induction of co-release (?) of acetylcholine and VIP-like peptide
from Schwann cells by a €adependent process

Acetylcholine and VIP-like peptide feed back to activate specific
autoreceptors on Schwann cells

Nicotinic acetylcholine receptor activation leads to Schwann cell
membrane hyperpolarizatiamia a second-messenger-mediated
pathway; VIP-like peptide receptor activation potentiates the
actions of the cholinergic pathway

The release of a VIP-like peptide after axonal stimulation

In the experiments described above, the recovery of th
release of acetylcholine and the VIP-like peptide after exposul
of the preparation to a prolonged pulseLaflutamate, at a
concentration high enough to activate the NMDA-type
glutamate receptors, was monitored by the application of shc
pulses (1 min) of-glutamate. Similar results were obtained if
the recovery was assessed by comparing the responses of mhaltistep pathway summarised in Table 1. In the present study,
Schwann cells to short periods (1 min) of axonal stimulation ave have shown that a VIP-like peptide is released both by
100Hz (Fig. 6). Fig. 6A indicates that, after a slowaxonal stimulation and by the application.ajlutamate to the
depolarization initiated by a 20min pulse of @@®olll .-  giant axon—Schwann cell preparation from the tropical squid
glutamate, short periods (1min) of axonal stimulation aSepioteuthis sepioidedhe release of this peptide closely
100Hz produced no immediate effect on the Schwann ceflarallels the previously described release of acetylcholine from
membrane potential. However, after 10—15min, such periodbe Schwann cells in this preparation (Villegas, 1973, 1975;
of axonal stimulation again induced rapid hyperpolarizingVillegas and Jenden, 1979). First, the release of both molecules
responses which could be reduced in size and time course whercurs with the same threshold of betweerl®10 and
given in the presence of the VIP blocking agent (p@&heé,  5x107%moll-1 for 1 min applications of-glutamate. Second,
Leul)VIP (10°mollY), indicating that they represent exposure of preparations to prolonged pulses-glutamate
cholinergic responses that have been potentiated by tieads to the activation of a class of NMDA-type glutamate
simultaneous release of the endogenous VIP-like peptideeceptor which results in a block of the release of both
Similarly, after such a slow depolarization, axonal stimulationacetylcholine and the VIP-like peptide. Third, after such a
even in the presence of low dosesbofoctopamine, did not blockage, the recoveries of the release of both acetylcholine
initiate any responses for 10-15min (Fig. 6B). When thend the VIP-like peptide have the same time course.
responses did return, they were potentiated by octopamine asThe simplest explanation for the above results is that the
demonstrated previously (Evans et al., 1986). The recovery ®P-like peptide and the acetylcholine are co-released from the
the release of the endogenous VIP-like peptide after &chwann cells after activation of the metabotropic
prolonged glutamate pulse can be followed in experiments iquisqualate/kainate subtype of glutamate receptors (Evans et
which the cholinergic responses are blocked after exposure af,, 1992) either by externally appliedglutamate or by
the preparation to ®mol 11 a-bungarotoxin (Fig. 6C). Here, glutamate released from the giant axon upon stimulation.
stimulation at 100Hz in the presence of8foll1 pL- However, the present results cannot directly rule out the
octopamine prior to the initiation of the glutamate-inducedpossibility that the exogenously applied, or endogenously
slow depolarization can be used to demonstrate the releaserefeased, glutamate in some way feeds back onto the giant axon
the endogenous VIP-like peptide (Evans et al.,, 1986)o initiate a release of the VIP-like peptide whilst acting on the
However, no response could be demonstrated until 10-15 mchwann cells to release acetylcholine. Nonetheless, the latter
after the end of the slow depolarization induced by activatioexplanation seems unlikely since it would require both the
of the NMDA receptors, which is the same time taken for thgiant axon and the Schwann cells to have quisqualate/kainate-
recovery of the cholinergic responses in this preparation.  subtype glutamate receptors with the same thresholds for the

activation of release. In addition, both cell types would also
have to possess identical NMDA-type glutamate receptors and,
Discussion after their activation, acetylcholine release from the Schwann

Information about the activity level of the squid giant axoncells and the release of the VIP-like peptide from the giant axon

is signalled to the adaxonal Schwann cells by the complewould need to be blocked and to recover with identical time

6 Schwann cells receive information about giant axon activity

VIP, vasoactive intestinal peptide.
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courses. Evidence is lacking for the existence of glutamat€a2* concentration in the bulk cytoplasm are required for a
receptors on non-synaptic regions of the squid giant axon. Imon-synaptic release of neuropeptides, in contrast to the need
a number of studies, the application .eflutamate to non- to produce greater increases ir?Ceoncentration at specific
synaptic regions of the squid giant axon has not been shoveynaptic sites in the vicinity of €achannels for the release
to alter its resting potential or the shape of action potentialsf conventional neurotransmitters (Verhage et al., 1991).
(Messenger et al., 1995). Also, glutamate application does nBurther studies are needed on the release mechanisms of
alter the levels of cyclic AMP (Baker and Carruthers, 1984) opeptidergic and non-peptidergic neurotransmitters from glial
cyclic GMP (Allen and Rouot, 1995) in squid giant axons.cells to explain the mechanisms underlying the above putative
Thus, the hypothesis we favour is that the acetylcholine ancb-release process.
the VIP-like peptide are likely to be co-released from the Itis clear from the results of the present study that activation
Schwann cells. Nevertheless, it should be noted that we are raitthe receptors for the endogenously released VIP-like peptide
able, with the techniques currently available, to rule out thés not required for activation of either of the two subclasses of
possibility that different subpopulations of Schwann cells ar&MDA receptor previously described to be present in this
responsible for the release of acetylcholine and the release mfeparation (Evans 1991a, 1992). In addition, a short pulse of
the VIP-like peptide. VIP can initiate an immediate transient hyperpolarization of
Experiments with prolonged (20 min) pulses aflutamate the Schwann cells after a prolonged pulse-gfutamate has
indicate the possibility that the release of acetylcholine and thectivated the NMDA receptors, whereas a short pulse of
VIP-like peptide in this preparation may be differentially glutamate or a 1 min period of axonal stimulation at 100 Hz in
sensitive to the level of intracellular €aProlonged pulses of the presence of a subthreshold dose of octopamine produces
108moll1 L-glutamate given in the presence of- no hyperpolarization for a period of 10-15 min after the end of
octopamine (1®moll™Y) and APV (106°moll-1), after the prolonged-glutamate pulse. This suggests that the release
pretreatment of the preparation with 4ol a-  of the endogenous VIP-like peptide is blocked after exposure
bungarotoxin, induce a sustained release of the VIP-likef the preparation to a prolonged pulseLegflutamate in a
peptide for the duration of theglutamate pulse, in a fashion fashion similar to the release of acetylcholine (Villegas, 1981;
similar to the release of acetylcholine from the Schwann cellEvans et al., 1992). The results of the present study indicate
(Villegas, 1981; Evans et al.,, 1991a). This experiment alsthat the recovery of the release of acetylcholine and the release
indicates that the release of the VIP-like peptide is nobf the endogenous VIP-like peptide from the Schwann cell
dependent upon the activation of the NMDA receptors or thhave the same time course after being blocked by exposure to
nicotinic cholinergic receptors and is likely to be mediated a prolonged pulse af-glutamate. At present, the mechanism
the activation of the metabotropic subclassLaflutamate of this inhibition of their release is not known, but it would
receptors on the Schwann cells (Evans et al., 1992). Howeveppear to involve an independent mechanism from the
if this experiment is repeated with a pulse_@lutamate at a activation of the NMDA receptors responsible for the fast
concentration of 18 moll~1, the results are slightly different. depolarizing responses seen transiently after exposure to a
Under these conditions, the release of acetylcholine stifprolonged pulse af-glutamate.
persists for the duration of the prolongeglutamate pulse, Although a considerable amount of information suggests
but in the presence afbungarotoxin (1®mol 1) the release that glial cells may release a range of neuroactive substances
of the VIP-like peptide is now only transient (2—-3min) and(Martin, 1992), very little is known about the functional roles
disappears even thoughglutamate is still present. In this of such released material. This is largely because most of the
experiment, it is not clear why the presence-tfungarotoxin ~ work has been carried out on astrocyte cultures in the absence
blocks the activation of both the cholinergic and the NMDAOof specific target sites. In addition, in many cases, it is not clear
receptors. It is possible that, under these conditions, thehether the released material has been synthesised by the cells
potentiating effect obL-octopamine, which is mediat@than  that release it or has been actively accumulated by specific
elevation of cyclic AMP concentration (Reale et al., 1986), hasptake mechanisms. However, at the denervated frog
an additive effect with the increased cyclic AMP levelsneuromuscular junction, Schwann cells release multimolecular
produced by activation of the nicotinic cholinergic receptoramounts of acetylcholine that evoke miniature endplate
(Evans et al., 1985) and that the removal of the lattepotentials in the muscle (Dennis and Miledi, 1974; Ito and
cholinergic component in the presencedfungarotoxin does Miledi, 1977). In a similar rat preparation, the release of
not provide sufficient potentiation for this concentration-of acetylcholine occurs only as a specific response to denervation
glutamate to activate the NMDA receptors. We havgBrockes, 1984) and may serve in some way to maintain the
previously hypothesised that activation of the metabotropipostsynaptic integrity of the synaptic site until it can be
glutamate receptors may lead to a release of acetylcholine ssoccupied by a regenerating motor nerve terminal.
the result of an elevation in Schwann celfCiavels (Evans Although the presence of VIP-like peptides has been reported
et al.,, 1992, 1995). Thus, it is possible that the release of tlireastrocytoma cell lines (Said and Rosenberg, 1976) and in non-
VIP-like peptide and of acetylcholine from the Schwann cellsieuronal fractions of brain tissue (Besson et al., 1979; see
could be differentially sensitive to intracellular@éevels. In  Rosténe, 1984), to our knowledge a co-release of a VIP-like
neurones, it has been suggested that small elevations in theptide and acetylcholine has not been reported from any glial
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cell preparation, although it has been reported from neuronesNeurobiology(ed. N. J. Abbott, R. Williamson and L. Maddock),
innervating the cat submandibular salivary gland (Lundberg, pp. 198-212. Oxford: Oxford University Press.

1981; Lundberg et al., 1982). This raises the question of thdlen, T. J. A. and Rouot, B.(1995). Cyclic nucleotide homeostasis
functional role of the release of these two substances from the@nd axonal G proteins in the squidligo forbesi In Cephaolopod

Schwann cells surrounding the squid giant axon. It would appearNe“;‘;big'zo%’(id'd'\'b J'fAZbSttt R. \(:/ill:jamson and L. Maddock),
. ; > ; -~ pp. 35-52. Oxford: Oxford University Press.
that in the animal, where the firing pattern of the giant axon IEaker, P. F. and Carruthers, A.(1984). Hormone-sensitive cyclic

likely to be slower and shorter than the 100 Hz test pulses fornucleotide metabolism in giant axons bligo. Curr. Topics
1min used in the present study, the quantity of VIP-like peptide \1ompr. Transporg2, 271-276.

released will be small and insufficient to produce any direchaifai, T., Iverfeldt, K., Fisone, G. and Serfozo, P.(1988).
effects on the Schwann cell membrane potential. Its functional Regulation of the release of coexisting transmittérsu. Rev.
role is therefore likely to be to potentiate both the amplitude and Pharmac. Toxicol28, 285-310.

time course of the hyperpolarizations in the Schwann ceBesson, J., Rotsztejn, W., Laburthe, M., Epelbaum, J., Beaudet,
membrane potential produced by the released acetylcholineA., Kordon, C. and Rosselin, G.(1979). Vasoactive Intestinal
acting on the nicotinic cholinergic receptors (Evans et al., 1986). Peptide (VIP): Brain distribution, subcellular localization and effect
However, it is also possible that the released VIP-like of deafferentation of the hypothalamus, in male rBtain Res.
neuropeptide could have other actions, for instance to stimulate165 79-86. ) , o

the breakdown of metabolic reserves in the Schwann cellg,kags’hJ' P'(198|g)3' Asssyssfor cLholéneBrgm f;cl’pirgt'fs in cultured
which would not have been detected in the present experimen ﬁn CE W; n:ngeAb.brgt(t:. N ' 3 (()1%92c))nMem§rane ; oteﬁti al in squid
Since the actions of both the cholinergic and peptidergic I . '

. . Schwann cells: stable impalements in the split open giant axon
components of this co-release system can be potentlatedlorem,ratiOn ot oligo. J. Physiol., Lond446, 320P.

independently in the presence of'low concentration®Lef  Brown, E. R., Bone, Q., Ryan, K. P. and Abbott, N. J(1991).
octopamine, which may act as a circulatory hormone releasedMorphology and electrical properties of Schwann cells around the
into squid haemolymph under stressful conditions (Reale et al., giant axon of the squidsoligo forbesiand Loligo vulgaris Proc.
1986), this system may have evolved to give the animal maximal R. Soc. Lond. B43 255-262.
flexibility in the use of this signalling system. This conclusionBrunder, D. G. and Lieberman, E. M.(1988). Studies of axon—glial
is further supported by the idea that the cholinergic and cell interactions and periaxonaf liomeostasis. I. The influence of
peptidergic components of the release system may be undef\@ K", CI” and cholinergic agents on the membrane potential of
independent regulation under some circumstances. the adaxonal glia of the crayfish medial giant axdeuroscience
. . . . 25, 951-959.
At present, the functional significance of the signalling

h h R h h hurch, P. J., Whim, M. D. and Lloyd, P. E.(1993). Modulation
pathway between the squid giant axon and the Schwann ce Sof neuromuscular transmission by conventional and peptide

is unknown. It has been suggested that it could function in the yangmitters released from excitatory and inhibitory motor neurons
spatial buffering of Kreleased into the adaxonal space around iy Aplysia J. Neuroscil3, 2790-2800.

the giant axon at times of high activity (e.g. see Abbott et alDennis, M. J. and Miledi, R.(1974). Electrically induced release of
1995). In addition, it is also possible that the signal could acetylcholine from denervated Schwann cellsPhysiol., Lond.
function to generate a metabolic response from the Schwann237, 431-452. _

cells at times of high axonal activity. It is interesting to noteEvans, P. D., Reale, V., Merzon, R. M. and Villegas, §1990).

in the latter context that the release of VIP, amongst other Substance P modulation of the membrane potential of the Schwann
modulators, in the mammalian cortex has been implicated in ¢&! oLthg SqRu'd |g|a\r}t n'arve fubr%haMS, 393‘\?'%4' 19012)

: ; ; vans, P. D., Reale, V., Merzon, R. M. and Villegas, a).
L e s et ssparts (MDA 2 o DA e gt
s . " receptors are present on squid giant axon Schwann gelsp.
initiate glycogenolysis in cultured astrocytes from neonatal rat g;; 157 593600
brain (Magistretti etal., ;983). Eurther studie; are requir_ed tBvans, P. D Reale, V., Merzon, R. M. and Villegas, §1991b).
determine whether VIP-like peptides serve a similar functional mechanisms of axon-Schwann cell signalling in the squid nerve
role in the complex process of signalling between the giant fibre. In Glial-Neuronal Interactionsvol. 633 (ed. N. J. Abbott),
axon and the Schwann cells in the squid nervous system. pp. 434-447. Annals of the New York Academy of Science.
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