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Although first described for its actions on the heart of the snail, Helix (Lloyd,
1978), small cardioactive peptide B (SCPB) has since received attention primarily
for its neuronal effects. The effects of SCPB on the feeding neuronal networks of
gastropods are particularly well characterized (e.g. Lloyd et al. 1984; Murphy et al.
1985; Sossin et al. 1987; Willows et al. 1988). However, less is known about cellular
mechanisms by which the peptide enhances feeding responsiveness. The isolated
central nervous system (CNS) preparation of the terrestrial slug Limax maximus is
particularly useful for studies which examine the role of peptides in the expression
of feeding, since the feeding motor programme can be reliably elicited by chemical
stimulation of the lips (Gelperin et al. 1978) or electrical stimulation of the lip
nerves (Phifer & Prior, 1985). SCPB increases both the responsiveness of the
feeding motor programme and the burst frequency of the fast salivary burster
neurone of Limax (Prior et al. 1985; Prior & Watson, 1988). We therefore used
intracellular recordings to examine the membrane responses which underlie the
ability of SCPB to increase the burst frequency of the fast salivary burster neurone
(FSB). Portions of this work have appeared in an earlier abstract (Hess & Prior,
1986).
The isolated cerebral and buccal ganglia of Limax were pinned in a Sylgardlined recording chamber and superfused with slug saline (Prior & Grega, 1982) at a
rate of l-Omlmin" 1 , an exchange rate equivalent to two volumes of the recording
chamber every minute. Experiments with phenol red added to the superfusate
showed that the dye attained an apparently uniform concentration in the chamber
within 2min. All experiments were made at room temperature (17-23°C).
Fig. 1 shows the effects of a 2min exposure to 2xlO~ 7 moll~ 1 SCPB on the
endogenous bursting activity of the FSB neurone. SCPB application caused an
increase in the burst frequency (Fig. 1A). In addition, the peptide increased the
* Present address: Section of Neurobiology, Department of Biological Sciences, University of
Southern California, Los Angeles, CA 90089-0371, USA.
t Present address: Department of Biological Sciences, Northern Arizona University, Flagstaff, AZ 86011, USA.
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Fig. 1. Typical response of the fast salivary burster neurone (FSB) to application of
2xlO~ 7 moll~ 1 SCPB- In A, intracellular recordings from the FSB are shown before
(top) and 1-5 min after the start of SCPB supervision. SCPB depolarized the FSB by
4mV, increased the burst frequency and increased the rate of interburst depolarization. In B, traces recorded at a higher gain before and during SCPB application are
superimposed to show the effects on the interburst depolarization.

rate of interburst depolarization, changed the voltage trajectory immediately
preceding the burst plateau (Fig. IB), and caused a long-lasting depolarization.
Each of these effects occurred within 50 s of the start of SCPB administration.
However, the recovery was always slower than the onset of the effects, often
taking 6-8min. Since the chamber volume was exchanged within 2min, these
recovery times presumably reflect the time necessary for dissociation of the
peptide from receptors or the kinetics of possible peptide-triggered intracellular
events, or both.
We chose the maximum interburst hyperpolarization as a reference point to
examine the peptide's effect on the interburst membrane potential. Exposure of
the isolated CNS to SCPB for 2 min resulted in dose-dependent prolonged
depolarization of the FSB in 27 of 31 trials (Table 1). In two trials the FSB
hyperpolarized during SCPB supervision, and in two others there was no
measurable change in membrane potential. During a 10min superfusion with
normal saline, the membrane potential of the FSB was stable; in no case did the
FSB become depolarized during these control experiments.
Fig. 2 illustrates the time course of the changes in the rate of interburst
depolarization produced by various concentrations of SCPB. The response to
2 x K P 6 m o l P 1 SCPB was evident lmin after the introduction of peptide and
reached its maximum lmin after the start of the saline wash. The peak rates of
depolarization caused by 2xlO~ 6 , 2xlO~ 7 and 2 x l 0 ~ 8 m o l P 1 SCPB were significantly different from their pretrial mean ( P < 0 0 5 , 0 0 1 , 0005, respectively,
N =5). The rate of interburst depolarization remained elevated for up to 6 min
after the start of the saline wash.
In addition to modifying the membrane potential and the rate of interburst
depolarization of the FSB, SCPB also changed the amplitude of the interburst
hyperpolarization. Although superfusion with 2 x 10~8 or 2 x 10~7 mol P 1 S C P B did
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Table 1. SCPB causes a dose-dependent prolonged depolarization of the fast
salivary burster neurone
SCPB
concentration
(moll" 1 )
2X10"8

Mean
depolarization
(mV)

Range
(mV)

P

1-8 ±0-3

1-0-2-0

<0-005

2-0-5-0

<0-025

2-0-11-0

<0-01

(N = 7 trials)
2-6 ±1-5
(N = 6 trials)
6-1 ±2-9
(N= 14 trials)

2xl(T 7
2xl(T 6

Each value represents the mean ± S.D. of the maximum depolarization observed during 2 min
trials from six CNS preparations.
For each dose, the depolarization caused by SCPB was significantly different from zero at the
given P value.
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Fig. 2. The effect of SCPB on the rate of interburst depolarization of the FSB. SCPB
was continuously superfused at the indicated concentrations beginning at the first
arrow, and washed out at the second arrow. Each data point is the mean (±S.E.M.) of
1-3 trials from each of five CNS preparations.

not change the maximum hyperpolarization, 2x10 6 moll 1 SCPB caused a
significant decrease from the pretrial mean (F<0-01, N = 5).
In an analysis of the other FSB burst parameters, we found that SCPB
concentrations as high as 2 x l O ~ 6 m o i r 1 had no statistically significant effect on
the action potential amplitude, action potential duration, burst duration or the
number of spikes per burst of the FSB. These results suggest that SCPB has
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Fig. 3. Intracellular current injection does not mimic the effects of SCPB on the
bursting activity of the FSB. In A, a 2min pulse of depolarizing current was injected
(I). B shows that a 2min pulse of hyperpolarizing current eliminated the bursting
activity of the FSB. A and B were recorded from the same preparation.

selective effects on the relatively slow currents that generate the burst rhythm (see
Kramer & Zucker, 1985).
Neuromodulators can affect the activity of bursting neurones without changing
the membrane potential (see Kupfermann, 1979, for examples). To determine if
the long-lasting depolarization produced by SCPB increased the burst frequency
and the rate of interburst depolarization of the FSB, the prolonged changes in
membrane potential produced by the peptide were simulated by current injection.
When the FSB was depolarized by 6 mV by current injection, the cell ceased firing
in a bursting mode and began firing continuously (Fig. 3A). Although the cell
showed bursting activity during the last minute of the depolarization pulse, the
burst duration was double the pretrial level and the amplitude of the interburst
hyperpolarization decreased by 5 mV. In contrast, SCPB application decreased the
amplitude of the interburst hyperpolarization, but had no effect on the burst
duration, even when the cell depolarized 11 mV during exposure to
2xlO~ 6 moll~ 1 SCP B . In addition, the FSB was silent for approximately 1 min
following the depolarization, an effect never observed following SCP B application.
These differences in the effects of the peptide and current injection suggest that
SCP B may alter the gating kinetics of the pacemaker currents of the FSB neurone
in addition to changing the membrane potential.
The observation that SCP B consistently increased the burst frequency and rate
of interburst depolarization of the FSB, even in those trials in which the cell was
hyperpolarized by the peptide, further supports this hypothesis. For example, the
maximum hyperpolarization observed during superfusion of SCPB was 2mV,
during which the burst frequency increased from 6 to 10 bursts min" 1 and the ratd
of interburst depolarization increased to 155 % of the control value. In contrast,
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Fig. 4. SCPB can induce bursting in the FSB neurone. When 2x 10 7 mol 1 l SCPB was
supervised, the FSB hyperpolarized by 2-0mV from a membrane potential of — 60mV
and began bursting. The two traces are continuous. The cell again became silent after
washout of the peptide (not shown).

bursting activity ceased when the FSB was hyperpolarized by 2mV by current
injection (Fig. 3B). Thus, prolonged changes in membrane potential cannot alone
explain the effects of SCPB on the activity of the fast salivary burster. However, we
do not know if SCPB acts at the soma, the site of our current injections, or on the
axon, the site of spike initiation (Beltz & Gelperin, 1980). Thus, it is possible that
some of the differences observed between the effects of the peptide and those due
to current injection could be the result of the current affecting more membrane
channels than are modulated by SCP B .
Further evidence that SCPB alters the bursting activity of the FSB by modulating
ion channel gating is shown in Fig. 4. In this preparation there was no spontaneous
bursting activity until the neurone was exposed to 2xlO~ 7 moll~ 1 SCP B . The
peptide caused the cell to hyperpolarize by 2mV and begin firing in a bursting
mode. Approximately 2min after a saline wash the FSB became silent again.
Thus, SCP B is capable of initiating the endogenous burst pattern without
depolarizing the FSB membrane potential, providing another indication that
modulation of pacemaker currents may underlie the observed effects on the FSB.
Superfusion with high-Mg2"1", low-Ca2+ saline, a treatment which reduces
chemical synaptic transmission in this preparation (Beltz & Gelperin, 1980), did
not eliminate the response of the FSB to SCP B . In two preparations, superfusion
with 2xlO~ 6 moll~ 1 SCPB caused the normal increases in the rate of interburst
depolarization and burst frequency. These data suggest that the effects of SCP B on
the FSB are not dependent upon chemically mediated synaptic input, but cannot
exclude the possibility that SCPB excites the FSB via an unknown electrical
synapse.
In summary, our data show that SCP B has profound effects on the bursting
activity of the FSB neurone. Neurones that are immunoreactive for SCPB-like
peptides, such as the large laterally positioned Bl, are present in the buccal
ganglion of Limax (Prior & Watson, 1988). Because intracellular stimulation of B l
increases the burst frequency of the fast salivary burster neurone (Prior &
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Delaney, 1986), it is possible that SCP B or a related peptide increases the activity
of the FSB in vivo, which is consistent with the peptide's ability to increase feeding
responsiveness (Prior & Watson, 1988). Likewise, stimulation of SCPB-containing
neurones in Tritonia increases the neuronal activity involved in swallowing
(Willows et al. 1988). Gastropods may use SCPB or related peptides to modulate
various aspects of the initiation and patterning of the neuronal output that
underlies feeding.
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