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SUMMARY

1. When terrestrial slugs (Limax maximus) are dehydrated to 65—70 %
of their initial body weight (IBW) their feeding responsiveness is greatly
decreased.

2. There is a 90 % decrease in feeding responsiveness when slugs are
injected with hyperosmotic mannitol solution that raises the haemolymph
osmolality to that of slugs dehydrated to 65-70 % IBW (i.e. 200
mosmolkg"1 H2O).

3. The duration of the Feeding Motor Programme (FMP) that can be
recorded from an isolated CNS-lip preparation is reduced by increasing
the osmolality of the saline bathing the preparation. The osmolality of the
saline that can modify the FMP corresponds to that of the haemolymph of
a slug dehydrated to 65—70 % IBW. The pattern of the motor programme
is not affected.

4. A gradual increase in saline osmolality which temporally mimics the
progressive increase in haemolymph osmolality of a dehydrating slug also
causes a decrease in the duration of the FMP.

5. The neural network underlying the FMP appears to adapt to
hyperosmotic saline since the duration of FMP bouts gradually returns to
normal levels after long-term exposure (6-8 h).

INTRODUCTION

Homeostasis involves both physiological and behavioural regulation of many
body functions. The tendency towards internal equilibrium is achieved by
numerous mechanisms ranging from the cellular to organism level. One form of
regulation often interacts with another, requiring a compromise between two or
more functions. For example, the interaction between body fluid regulation and
maintenance of blood nutrient levels is apparent in the relationship between
drinking and feeding.
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In most animals food and water intake are directly correlated, particularly when
either is restricted; "the 'thirsty' animal doesn't want to eat and the 'hungry'
animal doesn't want to drink" (Bolles, 1967). Reduced water intake during food
deprivation and the concomitant increase in drinking when food intake is
increased have been observed in most animals which have been examined (e.g.
Bolles, 1961; Kraly, 1984; for exceptions see Cizek, 1961; Schmidt-Nielsen,
Schmidt-Nielsen, Houpt & Jarnum, 1956). Reduced food intake during water
deprivation is even more commonly observed (e.g. Collier & Levitsky, 1967;
Kutscher, 1969; Levitsky, 1970). In both vertebrates and invertebrates, dehydra-
tion-induced reduction of food intake appears to be mediated by the increase in
blood osmotic pressure which accompanies dehydration (e.g. Bernays & Chap-
man, 1974; Hsiao & Langenes, 1971; Hsiao & Trankina, 1969̂ ; Yin, Hamilton &
Brobeck, 1970).

A change in feeding responsiveness which is associated with changes in blood
osmotic pressure might be mediated by osmotic effects on the central nervous
system, particularly in molluscs which lack a blood-brain barrier (Lane &
Treherne, 1972; Mirolli & Gorman, 1973; Prior, 1981, Sattelle, 1973). Indeed,
the sensitivity of isolated gastropod ganglia to changes in saline osmolality are well
known (Hughes & Kerkut, 1956; Kerkut & Taylor, 1956). The effects of osmotic
stress on neurones reflect an animal's tolerance to osmotic pressure changes (for a
review see Prior & Pierce, 1981). These effects include loss of excitability (Pichon
& Treherne, 1976), as well as changes in bursting activity and synaptic input to
neurones (Prior, 1981).

Terrestrial gastropods are ideal subjects for the study of the interactions
between water regulatory functions and feeding behaviour. Their moist skin and
the absence of an external shell make terrestrial slugs very susceptible to
desiccation. Indeed, slugs experience evaporative loss when the relative humidity
falls below 98-9 % (Machin, 1975) and the rate of loss can reach 16 % of their
body weight per hour during locomotion (Kunkel, 1916, cited in Howes & Wells,
1934), though much of the loss during locomotion is due to increased pedal
mucus. Thus slugs can dehydrate to 60—70 % of their initial body weight within
2h (Dainton, 1954). However, slugs, by their behaviour, can regulate body
hydration by contact-rehydration (Prior, 1982, 1984), huddling into groups
(Cook, 1981; Prior, Hume, Varga & Hess, 1983), changing locomotor activity
(Dainton, 1954), initiating a pneumostome closure rhythm (Prior et al. 1983) and
reducing food intake (Phifer & Prior, 1982; Prior, 1983). Many of the neural
correlates which underlie feeding behaviour have been described in several
gastropods (e.g. Gelperin, Chang & Reingold, 1978; Kater & Rowell, 1973;
Kupferman & Cohen, 1971; Rose & Benjamin, 1981; Willows, 1980); therefore
the central effects of dehydration can be directly observed by monitoring CNS
activity while manipulating the immediate environment of the CNS.

We have examined the interactions between body hydration level, haemolymph
osmolality and feeding behaviour in the terrestrial slug, Limax maximus, and
found that changes in haemolymph osmolality which accompany dehydration and
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rehydration can alter feeding motor programme activity. We thus describe a
direct effect of changes in osmolality on a neural correlate of a specific behaviour.
A preliminary report of a portion of these results has appeared in abstract form
(Phifer & Prior, 1982).

MATERIALS AND METHODS

Specimens of Limax maximus were collected from sites in and near Lexington,
Kentucky, or reared from eggs laid in the laboratory. No experimental differences
were observed between laboratory-reared and field-collected slugs. During most
of the study, animals were maintained at 20°C on a 14:10 light:dark cycle.
However, in the latter part of the study, slugs were kept in a growth chamber on a
14:10 light: dark cycle and a corresponding temperature cycle of 16°C lights-on
and 12°C lights-off temperature. Slugs were housed in vented plastic refrigerator
boxes (32 x 22 x 6-5 cm) lined with moist paper towelling and were provided with
rodent chow (Purina) ad libitum.

Slugs can be fasted for over 20 days and still refrain from eating when food is
presented (personal observations). Therefore, fasted slugs had to meet a feeding
responsiveness criterion before they were used in the behavioural tests of feeding.
This criterion was met when a slug made 10 radular rasps (bites) on a piece of dry
rodent chow placed directly in front of its head. The criterion was appropriate
because slugs which made fewer than 10 bites usually did not continue feeding,
and slugs which made more than 10 bites usually continued feeding for several
minutes.

One series of behavioural experiments was used to test the effect of air-
dehydration on the feeding responsiveness of Limax maximus. Slugs were
dehydrated by keeping them at room temperature and humidity (18-20°C,
20—50 % relative humidity) in a plastic Petri dish (15 x 4 cm) lined with dry paper
towelling and covered with 2 mm mesh nylon netting. This procedure permitted
dehydration to 65-70% of initial body weight (IBW) within approximately 2h.
Control animals were kept in dishes lined with wet towelling and covered with
vented lids for periods equivalent to the dehydration times. These animals
remained at 97-98 % IBW. Following the dehydration period, or an equivalent
time for control animals, slugs were given one 10-min feeding trial and scored as
either feeding or not feeding according to the criterion described above. Approxi-
mately one-half of the slugs subsequently were allowed to rehydrate and then
were given the reverse treatment in a repeated-measures design. That is, those
slugs which were dehydrated in the initial treatment were allowed to remain
hydrated prior to the next feeding test and vice versa.

In another series of behavioural experiments, the haemolymph osmolality of
the slugs was altered prior to feeding tests. Fasted slugs were randomly assigned
to one of four treatment conditions: (1) mannitol injection - a 1 osmolkg"' H2O
solution of mannitol (a non-metabolizable sugar) in l-0x slug saline (described in
Prior & Grega, 1982) was injected into the slug's haemocoel to raise haemolymph
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osmolality to specific levels (see Prior, 1983); (2) saline injection — isosmotic l-0x
saline (HOmosmolkg"1 H2O) was injected into slugs to control for volume
effects of the injection procedure; (3) needle — as a sham treatment, a needle was
inserted through the body wall without injection; (4) time — slugs were allowed to
rest unmolested for a time period equivalent to the other procedures. Injections
were administered in multiple 0-1- to 0-2-ml doses to avoid rapid increases in
body volume. Following the treatment procedures, feeding responsiveness was
determined in three, 10-min trials at 20-min intervals. As in the air-dehydration
experiments, some of the slugs subsequently were given each of the other
treatments at intervals of several days until each animal had received all four
treatments (i.e. repeated-measures in a counterbalanced design). Following the
initial treatments, subsequent treatments were applied in the order: mannitol,
saline, needle and time control.

The Feeding Motor Programme (FMP) was recorded from central nervous
system (CNS) preparations to test the effect of saline concentration and osmolal-
ity on the neuronal control of feeding. The preparation consisted of the brain and
attached lips which were isolated from one another by sealing the lips in small
plastic wells with petroleum jelly (see Gelperin et al. 1978). Recordings from the
CNS were made via suction electrodes attached to buccal ganglion nerves.
Electrical stimulation of the anterior lip nerve (7-s train of 10-ms pulses at 3 Hz;
amplitudes varied between, but not within, experiments) elicited reproducible
FMP bouts consisting of coordinated bursts of action potentials in buccal root 1
(BR1), buccal root 2 (BR2), salivary nerve (SN) and the gastric nerve of the buccal
ganglion. These bursts of activity drive radula protraction, radula retraction,
salivary duct contraction and oesophageal peristalsis, respectively, and therefore
are correlates of biting and swallowing in the intact slug. A bite cycle in this CNS-
lip preparation consists of action potential bursts in the buccal nerves that
correspond to one protraction / retraction cycle. An FMP bout usually consists of
20—60 individual bite cycles and can last several minutes after termination of
electrical stimulation to the anterior lip nerve.

FMP bouts were stimulated in slug brains exposed to several experimental
conditions. These included acute changes of bathing saline ionic concentration or
osmolality, as well as gradual and long-term changes in osmolality. Saline
osmolalities were determined by freezing point depression (Advanced Instru-
ments Osmette A).

RESULTS

Dehydration and feeding responsiveness

After a fasting period of 11 days, slugs which satisfied the feeding responsive-
ness criterion were tested for effects of air-dehydration on feeding. Following
dehydration to 66-1 +0-9 % IBW (X + S.E.M.), feeding was not observed in any of
the 21 animals in Group 2. However, of the 20 animals in Group 1, which
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Fig. 1. The effect of dehydration on feeding responsiveness as measured by the percentage of
slugs that feed. (A) Slugs in Group 2 (JV=21) were dehydrated to 65-70% IBW and slugs in
Group 1 (iV = 20) remained fully hydrated. (B) Some of the animals in Fig. 1A were subsequently
used in a second experiment but the treatments were reversed. Slugs in Group 1 (iV=ll) were
dehydrated and slugs in Group 2 (iV=9) remained hydrated.

remained hydrated (97-2 + 1-1 % IBW), 19 slugs fed during a 10-min trial
[Fig. 1A, ^2(l) = 300, P<0-0005].

Subsequently, the experiment was repeated with approximately one-half of the
slugs used previously (after additional fasting of 2—15 days, x = 9 days). However,
in this repetition, the treatments were reversed (Fig. IB). Following dehydration
to 63-8 + 2-0% IBW, feeding was not observed in any of the 11 animals in
Group 1. However, of the 9 animals in Group 2, which remained hydrated
(98-1 ±1-2% IBW), 7 slugs fed [x2(l) = ll-6, P<0-005]. Fasted Umax maximus
thus exhibit a dramatic decrease in feeding responsiveness when air-dehydrated to
65-70 % IBW.

Haemolymph osmolality and feeding responsiveness

The reduction in feeding responsiveness observed in air-dehydrated slugs
could have been due to the dehydration-induced decrease in haemolymph volume
or the resulting increases in ionic concentration and haemolymph osmolality
(Hess & Prior, 1982; Prior et al. 1983). A series of injection experiments was used
to test the hypothesis that changes in haemolymph osmolality alone can affect
feeding responsiveness. After a fasting period of 13 days, slugs which satisfied the
feeding responsiveness criterion were injected with mannitol or given one of three
control treatments and then tested for feeding responsiveness in three, 10-min
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Fig. 2. The effect of changes in haemolymph osmolality on feeding responsiveness. Initial
treatment: fasted slugs which were responsive to food received one of four treatments: mannitol
injection (calculated to raise haemolymph osmolality to 192-199 mosmol kg" ' H2O), saline
injection, needle insertion or an equivalent time delay (N=\0 slugs per treatment group).
Multiple treatments: animals from the initial treatment group (JV=24) were subsequently given
each of the four treatments in counterbalanced order (x±S.E.M.).

trials at 20-min intervals (Fig. 2, initial treatment). Slugs injected with
l'Oosmolkg"1 H2O mannitol (sufficient to increase haemolymph osmolality from
the normal level of 140 mosmol kg"1 H2O to 192-199 mosmol kg"1 H2O, equiva-
lent to the haemolymph osmolality of a slug dehydrated to 65-70 % IBW) fed
during fewer of the trials than slugs receiving equivalent volume l-0x saline
injections, sham needle insertions or time controls (P<0-02, 0-02, 0-01, respec-
tively; N=\0 slugs per treatment, Kruskal-Wallis rank sums with Dunn's
multiple comparison procedure). No significant differences in feeding responsive-
ness were observed between any of the three latter groups. Subsequently 24 of
these 40 slugs were fasted for an additional 14 days. During this time each slug
received each of the other three treatments in counterbalanced order and was
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similarly tested for feeding responsiveness (Fig. 2, multiple treatments). As in the
initial test with each animal, slugs injected with hyperosmotic mannitol to
increase haemolymph osmolality fed during fewer trials than they did under the
three control conditions (saline injections, sham needle insertions or time
controls; P < 0-001, 0-0001, 0-0001, respectively; distribution-free multiple com-
parison based on Friedman rank sums). No significant differences in feeding
responsiveness were observed between any of the control groups.

If it is the increase in haemolymph osmolality produced by mannitol injections
that reduces feeding responsiveness, then dilution of the haemolymph should
reverse this reduction. Following an injection of 1-Oosmolkg"1 H2O mannitol
sufficient to increase haemolymph osmolality to 190— 199mosmolkg~1 H2O, 14
slugs fed during 1-21+0-51 of 3 feeding trials. After a subsequent injection of 01 x
slug saline (14mosmolkg~1 H2O), which lowered haemolymph osmolality to
179-183mosmolkg"1 H2O, the same slugs fed during 2-14 + 0-33 of 3 feeding
trials (P<0-02, Wilcoxon signed rank test). Thus dilution of the haemolymph
restored the feeding responsiveness of the mannitol-injected slugs.

Feeding motor programme

Changes in saline concentration

The effects of dehydration on the Feeding Motor Programme (FMP, Gelperin
et al. 1978) in Limax maximus were assessed by varying the concentration of saline
bathing the brain while maintaining a constant saline concentration at the site of
electrical stimulation (lip nerves). In five preparations, FMP bouts were stimu-
lated 2—4 times in each of three saline concentrations: l-0x (^Omosmolkg"1

H2O), l-5x (195-200 mosmol kg"1 H2O) and a second 10x . Three FMP bouts
from a typical experiment are shown in Fig. 3. The duration of the FMP bout and
the number of individual bite cycles per FMP bout were reduced when the
preparation was exposed to l-5x saline. A slug may eat for a long period at a low
bite frequency and consume less than another slug which bites rapidly for a
shorter period, therefore, the number of bite cycles per bout was used as the
primary measure for comparing FMP bout length in different saline concentra-
tions (Fig. 4). Despite the variation in mean bout length between different slugs,
the length was always decreased when saline concentration was increased (l-5x)
and returned to near the original level when l-0x strength saline was replaced. An
analysis of variance revealed no significant difference between bout lengths in the
first and second l-0x salines. However, there was a significant difference between
bout length in each of the l-0x salines and in l-5x saline [first 10x vs l-5x ,
F(l,8) = 13-05,P<0-012;l-5x msecondl-Ox ,F(l,8) = 15-25,P<O-O17].Theactual
duration of FMP bouts (in seconds) also decreased when the saline was changed
from l-0x to 1-5x [F(1,8) = 16-6, P < 0-014] and subsequently increased when l-0x
saline was replaced [F(l,8) = 22-7, P<0-006].

The burst durations and interburst intervals of activity in the salivary burster
neurone (SB) were analysed from records taken during FMP bouts and during the
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Fig. 3. Example record showing the effect of changes in saline concentration on the Feeding
Motor Programme (FMP). FMP bouts were elicited by identical electrical stimulation (arrow)
while the brain was bathed in normal saline (10x , HOmosmolkg"1 H2O), concentrated saline
(l-5x , 200mosmolkg~1 H2O), and again in normal saline (1-Ox ). SN, salivary nerve; BR2, buccal
ganglion root 2; BR1, buccal ganglion root 1.

endogenous activity which occurred between bouts. When comparisons of these
parameters were made between different saline treatments the only significant
difference was between SB burst durations during FMP bouts in l-5x saline and
the second 1-Ox saline [F(l,8) = 12-97, P< 0-028]. However, this difference was not
upheld in the comparison of the first l'Ox and l-5x salines. No treatment effects
were detected for endogenous SB burst durations or for interburst intervals either
during or between FMP bouts.

Changes in saline osmolality

In order to examine whether the effects of saline concentration on FMP bouts
were due to ionic and/or osmotic differences between the solutions, hyperosmotic
saline (with mannitol, 190-200mosmol kg"1 H2O) was applied to the CNS-lip
preparation instead of l-5x saline in six preparations (Fig. 5). As in the experiment
with saline concentration changes, the number of bite cycles per FMP bout was
reversibly decreased when the saline was changed from l-0x to hyperosmotic
saline (l-0x + mannitol). There was a significant difference between the bout
length in each of the l-0x salines and in l-0x + mannitol [first 10x vs l-0x
+ mannitol, F(l,10) = 29-56, P<0-002; l-0x + mannitol vs second l-0x,
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Fig. 4. The effect of saline concentration changes on the number of bite cycles per FMP bout.
This figure shows the results of five experiments (five different preparations) in which FMP
bouts were elicited by identical electrical stimulation in 10x , 15x and 10x salines. FMP bout
lengths for each experiment are plotted as the mean + s.E.M. number of bite cycles per FMP bout
for 2—6 stimulations in each saline.

F(l,10) = 34-51, P<0-001]. However, no significant difference in the number of
bite cycles per bout was observed in the comparison of the first and second 1-Ox
saline treatments. In addition, the duration of FMP bouts (in seconds) was
decreased when the saline was changed from l-0x to hyperosmotic saline
[F(l,10) = 36-9, P<O0004] and subsequently increased when l-0x saline was
replaced [F(l,10) = 35-5, P<0004].

Several other parameters of neural activity were analysed from records obtained
during and between FMP bouts. These parameters included SB burst duration,
interburst interval, action potential frequency within SB bursts and action
potentials per SB burst. None of these parameters exhibited significant treatment
effects when FMP bouts in l-0x saline were compared to bouts in l-0x + mannitol.
Indeed, the frequencies of bursts during FMP bouts stimulated in 1-Ox , l-5x or
hyperosmotic (with mannitol) saline were very similar (Fig. 6). Also no significant
variations occurred in the endogenous SB activity recorded in the intervals
between FMP bouts. The absence of an effect of saline ionic concentration or
osmolality on SB burst activity indicates that the primary effect of these
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Fig. 5. The effect of saline osmolality changes on the number of bite cycles per FMP bout. This
figure shows the results of six experiments (six different preparations) in which FMP bouts were
elicited by identical electrical stimulation in 10x saline, 10x saline plus mannitol (190—200
mosmolkg"1 H2O) and 10x saline. FMP bout lengths for each experiment are plotted as the
mean +S.E.M. number of bite cycles per bout for 3—5 stimulations in each saline.

treatments is on the duration of FMP bouts, not on the burst pattern within the
bout.

Gradual changes in osmolality

A slug exposed to air-dehydration does not experience abrupt changes in
haemolymph osmolality. Approximately 2 h of dehydration is required before
haemolymph osmolality reaches 190—200mosmolkg~1 H2O (i.e. 65 % IBW). In
order to mimic the gradual increase in osmolality seen in the intact dehydrating
slug, CNS-lip preparations were stimulated while being perfused with saline of
progressively greater osmolality. The saline osmolality was slowly increased from
140 to 200mosmolkg-1 H2O over a period of 1-5-2-5 h. After a brief period of
perfusion with the hyperosmotic saline, the osmolality was gradually returned to
HOmosmolkg"1 H2O over 0-6-1 Oh. In four preparations (Fig. 7) the number of
bite cycles per FMP bout gradually decreased during the increase in saline
osmolality and then returned to initial levels during the subsequent decrease in
osmolality. A significant negative correlation (P<0-02) between osmolality and
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Fig. 6. Burst frequencies for the salivary burster neurone (SB) in salines of different concentra-
tion or osmolality. These burst frequencies are plotted against the burst number beginning with
the first burst in an FMP bout. Each point represents the X + S.E.M. for: 16-29 bursts from eight
preparations in l-0x saline ( • ) , 3-9 bursts from four preparations in 1-5 X (A) saline or 3-6 bursts
from three preparations in 1-Ox +mannitol (A) saline.

bite cycles per FMP bout was obtained in each preparation. The most distinct
decreases in FMP bout length appeared to occur when the saline osmolality was
raised above approximately 160—lTSmosmolkg"1 H2O and this change was
reciprocated when the osmolality was subsequently lowered. Fig. 7C illustrates a
precipitous increase in FMP bout length that occurred when the decreasing
osmolality reached approximately lySmosmolkg"1 H2O. These results suggest
that the nervous system is capable of responding to changes in saline osmolality
which are comparable to the haemolymph variations that occur in the intact slug
during dehydration.

Long-term hyper osmotic treatment

In some of the experiments utilizing gradual changes in osmolality, the
duration of FMP bouts appeared to become progressively longer during extended
hyperosmotic treatment (Fig. 7C). This observation suggested that the neural
mechanisms which control the FMP might be capable of adapting to hyperosmo-
tic stress. In order to examine this question, FMP bouts were stimulated while the
brain was bathed in l-0x saline plus mannitol (194—218mosmolkg~1 H2O) for
periods of 6-8 h. During this treatment, FMP bouts were elicited every 20min
and the saline was changed every 1-2 h. In each of four experiments (Fig. 8) the
number of bite cycles per FMP bout was markedly decreased when hyperosmotic
saline was applied and remained so for 2—4 stimulations (40—80min). The length
of the bouts progressively increased throughout the duration of the hyperosmotic
treatment as indicated by the regression lines (dashed lines in Fig. 8) and
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Fig. 7. The relationship between saline osmolality and FMP bout length during gradual
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(A—D) represents one experiment on one CNS-lip preparation.
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correlation coefficients (r = 044, 0-93, 0-88 and 0-74 for 6A-6D respectively; all
correlation coefficients significant to P<0'05). This increase is not due to a time-
related improvement in the preparations; in six other preparations there were no
significant changes in bouts stimulated over 6—8 h in 1 -Ox saline. These data do not
provide any evidence for a sudden increase in bout length; rather the bout length
appears to increase gradually with continued exposure to hyperosmotic saline.
Thus it seems that the neural network underlying the FMP can adapt to
hyperosmotic conditions and that this adaptation occurs gradually over periods
ranging from 6 to 8 h or longer.

Despite the apparently complete adaptation of the FMP network to hyperos-
motic conditions, when l-0x saline was replaced each preparation exhibited a long
spontaneous bout (44—62 bite cycles, not shown in Fig. 8) that was not observed at
any other time. Further, the lengths of the first stimulated bouts in the replaced
l-0x saline often greatly exceeded the bouts in the initial l-0x saline, revealing a
possible rebound effect following long-term hyperosmotic treatment.

DISCUSSION

Haemolymph osmolality and feeding behaviour

Limax maximus exhibits a dramatic dehydration-induced reduction in feeding
responsiveness (Fig. 1) that is similar to that observed by Prior (1983) in Limax
pseudoflavus and Lehmannia valentiana. In all three species, dehydration to
60—70 % IBW results in almost complete abolition of feeding. Feeding respon-
siveness is, however, re-established when the slugs are rehydrated by either
contact-rehydration or injection of dilute saline. The effect of air-dehydration can
be mimicked by injections of hyperosmotic mannitol that raise haemolymph
osmolality to about 200mosmolkg~1 H2O, which corresponds to that of a slug
dehydrated to 65 % IBW (Fig. 2).

Similar dehydration effects have been reported in a variety of other species. For
example, a 35 % increase in haemolymph osmolality in locust nymphs resulted in
a 90% reduction in meal size (Bernays & Chapman, 1974). Similarly, among
vertebrate species, when rats were water-deprived for 1 day there was a 2 %
increase in serum osmolality (e.g. Rolls, Wood & Rolls, 1980) which was sufficient
to elicit a 45 % decrease in mean daily food intake (Collier & Levitsky, 1967). In
addition, when dehydrated rats were allowed to dilute their blood by drinking,
there was a 0-6 % decrease in serum osmolality and a 90 % decrease in the mean
latency to feed (Deaux & Kakolewski, 1971).

Thus, regardless of the relative sensitivity of various species to dehydration, it
appears that the accompanying increase in blood osmolality mediates a general
reduction in feeding responsiveness.

Feeding motor programme

Because gastropods lack an impermeable blood-brain barrier (Lane & Tre-
herne, 1972; Mirolli & Gorman, 1973; Prior, 1981; Sattelle, 1973), changes in
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haemolymph osmolality could have a direct effect on the neuronal network
underlying feeding. Indeed, increases in either ionic concentration or osmolality
of the saline bathing a CNS preparation result in a reduction in the duration of
FMP bouts (Figs 4,5). Furthermore, the reduction in FMP bout duration is
completely reversed when saline ionic concentration or osmolality is lowered to
the level found in fully hydrated slugs. The reversibility of this effect on the CNS
corresponds with the observations in intact slugs that decreases in feeding
responsiveness, which are induced by air-dehydration (Fig. 1, and Prior, 1983) or
increased blood osmolality (Fig. 2, and Prior, 1983), can be reversed by rehydra-
tion of the slug, either by drinking or injection of dilute saline.

Although exposure of the CNS preparation to ZOOmosmolkg"1 H2O saline
would appear to be a generally disruptive stress, none of the various parameters of
SB burst activity was significantly affected in a consistent manner. For example,
Fig. 6 illustrates the similarity of instantaneous SB burst frequency during FMP
bouts in hyperosmotic and normal salines. Thus it appears that the primary effect
of increases in saline ionic concentration or osmolality is on the duration of an
FMP bout rather than on the ongoing pattern of the neural programme. In
addition, since bouts were elicited in all salines with similar efficacy, increased
osmolality seems to alter the events involved in termination of the bouts.

When saline osmolality was gradually increased the reduction in the duration of
FMP bouts was similar to that observed during acute changes (Fig. 7). Also, the
reduction in FMP duration occurred gradually as the saline osmolality was
increased. These results suggest that the neuronal network which mediates the
FMP is similarly affected by both abrupt experimental changes in osmolality and
the gradual changes that occur during air-dehydration in the intact animal.
Therefore the changes in the FMP associated with variations in osmolality not
only represent the possible responses of the network, but also the probable
responses. In this experiment, as in the acute saline changes, the presence of the
FMP in all salines points to termination of bouts as the locus of osmotic effects.

Even dehydrated slugs will feed after sufficient food-deprivation (personal
observations); therefore one might predict that the neural mechanisms underlying
feeding could adapt to hyperosmotic conditions. When FMP bouts were stimu-
lated repeatedly in hyperosmotic saline the duration of the bouts gradually
increased until, after 6—8h, the bouts sometimes equalled those observed in 1-Ox
saline (Fig. 8). This response is similar to that observed in cardiac ganglion
follower neurones of Limulus (Prior & Pierce, 1981) and the spontaneous activity
of the SB neurone of Limax pseudoflavus (Prior, 1981) and may reflect the time
courses of various cell volume regulatory mechanisms. We have initiated an
investigation of the osmotic responses of several feeding motoneurones (e.g. B7,
B9, SB; Prior & Gelperin, 1977) and a modulatory interneurone (MGC;
Gelperin, 1981) in order to examine the neuronal mechanism underlying the
osmotic control of feeding responsiveness.

In conclusion, as in many other animals, dehydration of the slug causes a
decrease in feeding responsiveness and this effect is mediated by an increase in
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blood osmolality. Furthermore, this increase in osmolality appears to act directly
on the central nervous system to effect early termination of feeding bouts.
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