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Fig. 1 Cultured hippocampal neuronal networks on MEA
system

(a) Dish in MEA system. (b) Representative hippocampal neuronal

networks (15 days in vitro, div) cultured on MEA system, scale bar=

30 pm.
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Fig. 2 Spontaneous signals of hippocampal neuronal

networks (28 div) cultured on MEA system
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Fig. 3 Raster and crosscorrelograms of spontaneous spikes in hippocampal neuronal networks

(a) Raster of spontaneous spikes in hippocampal neuronal networks (25 div). In box below: three pairs of spikes well couple to each other between

channel 57 and channel 58. (b) Crosscorrelograms of spontaneous spikes in hippocampal neuronal networks (25 div; reference=channel 57; bin=5 ms).

In box: Crosscorrelograms of spontaneous spikes between channel 57 and channel 58.
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Fig. 4 Effects of different pair duration on responses and firing probability of responses within different time
frames after stimulus

(a) The relation of pair duration and response/stimulus ratio (n=50 experiments in 6 networks). Pair duration is the stimulation delay

between the pair of stimulated electrodes. (b) Peristimulus time histogram (bin=1 ms; n=30 experiments in 6 networks). The first peak

represents direct activation of neurons by the stimulus; the high firing stage following represents reverberating responses.
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Fig. 5 Examples of response during learning in a cultured
hippocampal neuronal network (21div)

Each trace within a panel shows recordings obtained 10 ms before the

stimulus to 140 ms after the stimulus, before (a) and after (b) the training

procedure. Note that the responsiveness of the electrode within the

designated time window increased appreciably.
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Fig. 6 Examples of learning curves in hippocampal
neuronal networks
(a) Example of change of response/stimulus ratio in one training cycle.
(b) Example of change of response time in one training cycle. The
response time (i.e., the duration of stimuli series until criterion is
fulfilled) is plotted against the number of stimulation cycle. Each point

depicts the time (in seconds) to accomplish the task in one cycle.
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Fig. 7 Selectivity of learning
Changes in response/stimulus ratio (stars) of the selected electrode
(filled circles) depicted by f, when the response/stimulus ratio of
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networks).
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The Learning Model in Cultured Hippocampal Neuronal Networks"

LI Yan-Ling, LI Xiang-Ning, ZHOU Wei, ZENG Shao-Qun, LTU Man, LUO Qing-Ming"”
(The Key Laboratory of Biomedical Photonics of Ministry of Education, Department of Biomedical Engineering,
Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract Learning a new behavior is an exploration process that involves the formation and the modulation of
association set between stimuli and neuronal networks’ responses. To construct one appropriate learning model at
networking level, on multi-electrode array, the closed-loop low frequency (1 Hz) pair stimulation was used to train
the cultured hippocampal neuronal network and induce the learning behavior at networking level. Once the
hippocampal neuronal network was trained successfully, the early postsynaptic responses were increased evidently,
the response/stimulus ratio was increased and the response time decreased, furthermore, selective. These results
indicate that the formation and the modulation of association between stimuli and neuronal networks’ responses

have been set, which means the learning behavior at networking level has occurred.

Key words hippocampus, neuronal networks, learning model, low frequency electrical stimulation,

multi-electrode array
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