
Lymnaea are capable of learning an association between light and rotation. The conditioning paradigm

to produce this association and the unconditioned escape response are the same for both Lymnaea and

Hermissenda, but the underlying neural mechanisms appear to differ between the two species due to dif-

ferences in the organization and function of their visuo- and vestibular-sensory systems. The RPeD11

interneuron in Lymnaea controls withdrawal behavior. We analyzed the electrophysiologic characteris-

tics of the RPeD11 and observed an increase in cell excitability; that is, spontaneous activity of the post-

synaptic potential in the RpeD11 was increased in conditioned animals after learning acquisition.

Keywords: Withdrawal neuron – RPeD11 excitability – spontaneous EPSP – visuo- and vestibular con-
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Lymnaea can learn the sequential events of a light stimulus and vestibular turbulence.

The laboratory results are reproducible when light stimuli are presented as the con-

ditional stimulus (CS) and orbital rotation is presented as the unconditional stimulus

(US). Naive Lymnaea do not respond to a flash of light; that is, the onset of a light

flash is a neutral stimulus to this animal. Thus, conditioning with light and rotation

is a typical example of Pavlovian classical conditioning [4]. This conditioning para-

digm used to produce the association and the unconditional escape response are the

same as those of Hermissenda. The underlying neural mechanisms of this visuo-

vestibular conditioning, however, seems to differ substantially between Lymnaea and
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Hermissenda because the neuronal organization for processing each stimulus is dif-

ferent, e.g. the eye structure in Hermissenda comprises only 5 photoreceptors where-

as that in Lymnaea comprises more than 100 photoreceptors. Furthermore, though

both species contain the same 13 statocyst hair cells, the light response is quite dif-

ferent; light stimuli excite or inhibit these cells depending on the location of the hair

cells in Lymnaea, whereas light stimuli induce hyperpolarization of these cells in

Hermissenda [1, 3]. Lymnaea have an elaborate withdrawal system and the RPeD11

is the interneuron that controls this behavior [6]. We analyzed the fundamental char-

acteristics of RPeD11 between naïve and conditioned Lymnaea.

The animals, conditioning protocol, and electrophysiology methods were

described previously [2–5]. Because our previous study demonstrated that condi-

tioned animals respond to the onset of a light flash within 0.5 s (see Table 1 and Fig.

2 of Sakakibara et al. [4] with a whole-body withdrawal response, we considered ani-

mals to be conditioned if they responded by withdrawing within 0.5 s of the light

onset in 2 of 3 presentations of the light stimulus delivered every 10 min after the

conditioning paradigm. Of 10 animals, 4 were conditioned by day 4 after 10 light and

rotation pairings per day for 3 days.

Electrophysiological experiments in RPeD11 neurons were performed in a dis-

sected preparation of four-conditioned animals with the pair of eyes intact. Intra-

cellular recordings were made with a glass microelectrode of approximately 40 MΩ
filled with 3M-KCl. The figure compares typical spontaneous synaptic activity

Fig. 1. Spontaneous activity was recorded from conditioned and naïve RPeD11 neurons. No prominent

activity was observed in naïve neurons, while periodic EPSPs were observed in conditioned neurons. The

statistical analyses of the findings in naïve and conditioned RPeD11 are summarized in the Table inset.

RMP: resting membrane potential, EPSP: excitatory post-synaptic potential, **p < 0.01



recorded from RPeD11 neurons in conditioned and naïve animals. There were clear

excitatory post-synaptic potentials in the conditioned RPeD11 compared to the naïve

RPeD11, which had a comparatively stable membrane potential. The resting mem-

brane potential in the conditioned RPeD11 tended to be less negative than that of the

naïve RPeD11, but the difference was not significant. The Table inset of Fig. 1 sum-

marizes the statistics of the resting membrane potential and excitatory post-synaptic

potential (EPSP). The EPSP frequency of the conditioned RPeD11 was significantly

greater than that of the unconditioned RPeD11 (p < 0.01). This spontaneous activity

seemed to be generated very regularly and no inhibitory effect was observed.

In addition to spontaneous activity, we examined whether RPeD11 responds to

light by applying a 4 s light stimulus after a 10-min dark adaptation period. Because

a conditioned animal responds to the onset of a light flash by withdrawing its body

into the shell, we expected to record a photo-induced response. We did not detect an

appreciable light response, however, from the conditioned RPeD11 neuron. This may

represent a light adapted-state eye, because after completion of the conditioning each

animal was exposed to bright light to facilitate dissection of the nervous system

which included the eyes. It is quite unlikely that the visual information-processing

neuronal fiber was damaged during the course of dissection because all of the con-

ditioned RPeD11 cells showed identical periodic spontaneous post-synaptic activity

whereas the naïve RPeD11 cells did not.
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