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In an in vitro semi-intact Lymnaea preparation we were successful in using a training procedure to bring 
about Conditioning Taste Aversion (CTA). Following paired presentation of the CS (sucrose) and US 
(tactile), the CS no longer elicits feeding. We can use sucrose to the lips in the semi-intact preparation as 
the CS; while we use direct current injection to depolarize RPeD II as the US. Following pairing of these 
stimuli, the CS no longer elicits fictive feeding. We can determine the changes in synaptic input to neurons 
that play key roles in controlling feeding behavior. 

Keywords: Taste avoidance conditioning - cerebral giant cell - right pedal dorsal 11 neuron - in vitro 
conditioning 

The pond snail, Lymnaea stagnalis, has been previously used in taste aversion condi
tioning (TAC) studies. This model system possesses a number of attributes including 
a good understanding of the neuronal circuitry that underlies many aspects of its feed
ing behavior. Previously we examined the effect Lymnaea TAC has on the electro
physiological properties of a modulatory neuron (CGC), a CPG neuron (N1M) and a 
motor neuron (B3) by comparing the properties of each of these cell types between 
naive and taste avoidance conditioned snails. However, the neuronal interactions 
between the feeding network and the network responsible to UCS-evoked response 
have not been clearly elucidated, only studies on tactile-elicited response and aspects 
of its underlying network have been reported [1-3]. 

Here, we report our findings from a new in vitro semi-intact preparation whereby 
we use sucrose as a conditional stimulus (CS) and direct current injection to depolar
ize RPeDII as the unconditional stimulus (US). This new semi-intact preparation is 
shown in Figure lA. Tt is comprised of the mouth, circumoesophageal ganglion and 
the buccal ganglion. Simultaneous intracellular recordings were made from a CGC
RPeDII pair or a CGC-B3 pair. The mouth was physically isolated from the rest of 

* Presented during the 12th ISIN Symposium on Invertebrate Neurobiology, August 31-September 4, 
2011, Tihany, Hungary. 

**Corresponding author; e-mail: manabu@tokai.ac.jp 

0236-5383/$ 20.00 ct:) 2012 Akademiai Kiad6, Budapest 



Tn vitro aversion conditioning in Lymnaea 191 

A 

sucrose (100 mM) 0.3 ml 

B 
'0 CGC 
0 

- .0 

- to 

::;- -
E 

-. 
- ..... 1-" 
ro 
~ -
Q) -70 

(5 
c.. 
Q) 
c: 

.. 0 co 
.c 
E .00 
Q) 

E $0 

0 

RPeD11 

I 
I 

-dO 

-.00 
0 10 .... 

time (sec) 

Fig. 1. A. Semi-intact preparation. (left) photograph, (right) schematic illustration of in vitro condition
ing: CS, sucrose application; UCS, membrane depolarization by current injection into RPeD 11. B. 
Simultaneous intracellular recordings from CGC and RPeDII. Membrane depolarization by current 
injection into RPeDll induced the inhibition in CGC to result in cessation of spontaneous impulse dis-
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Fig. 2. A. Schematic neuronal diagram involved in vitro conditioning. The upper half diagram is modified 
from Kemenes and Benjamin [5]. Note that RPeDll made a direct inhibition onto eGe with monosyn
aptic connection. B. (left panel) in vitro conditioning procedure: application of 100 mM sucrose for 5 sec 
is es; depolarization by current injection for 7 sec is ues. The paired stimuli were presented 10 times. 
(right panel) After the conditioning, sucrose application induced no fictive feeding activity observed in 

B3 motoneuron 
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the preparation by a Vaseline gap so that sucrose only came in contact with the mouth 
area. In this preparation we used direct intracellular depolarization of RPeD 11 as the 
US. RPeDll, a neuron that mediates the whole-animal withdrawal behavioral 
response, may play a role in TAC. This neuron has been shown to play a crucial role 
in raising the 'alert' level in the snail to avoid noxious stimuli [6-8]. Evoked activity 
in RPeDlI resulted in strong inhibition of CGC activity (Fig. I B). This inhibition 
continued to be observed even when the preparation was bathed in a hi-divalent cat
ion saline; whilst the inhibition disappeared in Ca2+-free saline (data not shown). 
These findings are consistent with the hypotheses that: 1) RPeDll inhibits the CGC 
via a direct monosynaptic chemical synapse and 2) RPeD II is a key neuron in the 
mediating TAC. 

Here we examined whether we could obtain a cellular analogue of TAC by using 
direct depolarization of RPeD II as the US to determine if after repeated pairing of the 
CS-US the CS would no longer elicit a neural correlate of feeding. In order to confirm 
this possibility we paired sucrose application to mouth (CS) with current injection into 
RPeD 11 (US; Fig. 2B left panel). After 10 paired presentations, application of 100 mM 
sucrose no longer induced the fictive feeding activity observed in naive preparation in 
B3 motoneuron as shown in Figure 2B right panel. In summary, before conditioning, 
presentation of the CS induced fictive feeding activity in B3, while after paired pres
entation of CS and UCS, the CS presentation did not induce fictive feeding activity, 
similar to our observations in intact freely behaving snails [4]. 
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