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Analysis of local circuit of the superior colliculus using

multielectrode stimulating/ recording system
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The superior colliculus (SC), converging center between the sensory input and motor
command, plays a crucial role in controlling of goal directed orientation responses towards novel
sensory stimuli. The SC is a laminated structure divided on functional ground into two major
divisions, superficial layers (sSC) and deeper layers (dSC). While the sSC receive the exclusively
visual information from the retina and visual cortex, the dSC receive visual and non-visual
information from a variety of brain regions and send motor command to the gaze control center in
the brainstem. In this work, the neuronal connectivity and signal processing in the synaptic level of
the SC local circuit has been investigated in the slice preparation obtained from mouse brain. She
has introduced the new experimental stimulating/recording system that works with a large
population of neurons to solve the problems of the sparse samplings from a few cells of whole cell
patch-clamp or one direction of field potential recording in previous studies. This system records
field potential simultaneously from 64 locations, 8x8 arrays with 150 pm inter-electrode spaces.
Moreover, while recording the field potentials in slice, it is possible to perform whole-cell patch-
clamp recording simultaneously.

The interlaminar and intralaminar circuits of the SC are described in this paper. In normal
controls, the field responses, shown in negative potential, were restricted to the electrodes adjacent
to the stimulation, and no clear responses were observed in the dSC. However, when the
GABAergic receptor antagonist, 10 pM bicculline (Bic), was applied, a large, long lasting negative
response was evoked in the dSC that followed a positive potential. They demonstrated that the
activation zone of such stimulation spreads more than 1 mm in the horizontal direction and its center
gradually shifts from the dorsal to ventral portion of the dSC. Then, to clarify the relationship
between the field responses and intracellular potentials, she analyzed the electrically evoked
responses in individual neurons from sSC and from dSC by whole-cell patch-clamp recording
simultaneously with the field potential recordings. After application of Bic, SGS stimulation
induced large negative responses in the sSC, which reflected the EPSPs in the neurons. The spread
of activity from the stimulation in the superficial layers in the presence of Bic, indicates the
existence of visuomotor pathway.

In the second part of this work, the spontaneous burst was exhibited in both field and whole
cell recording system when the extracellular solution containing low concentration of Magnesium
(Mg**) and 10 uM Bic was applied. These activities are proposed to share the common mechanism
in presaccadic burst activity in SGI neuron. The spontaneous activities in all 64-channel exhibited
the similar pattern to the burst that evoked by electrical stimulation, beginning with the short
duration negative filed responses which appeared in the sSC, whereas the positive responses in the
dSC. Then, the long and large negative potential happened in the dSC. Various characteristics of
spontaneous bursts were recorded, from single burst to complex burst. However, the pattern that
burst propagated from the sSC to the dSC is maintained in all spontaneous activity of all tested
slices. In addition, she has investigated the responses elicited by the photostimulation system in the
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various depth of the SC coronal slice. Surprisingly, the SGI stimulation exhibited the less spread of
activity than SGS or SO stimulation. This suggests that the amplified network in the sSC is
necessary for the wide spread of activity in the dSC. This finding supports that the burst activity
propagation is initiated in the sSC.

In the third part, lateral connection in the sSC, the horizontal slice comprising SGS and SO
layer was tested. The horizontal slice comprised stratum griseum superficial (SGS) and stratum
opticum (SO) layers were placed on the array of microelectrodes attached the SO layer toward the
planar electrodes. The excitatory postsynaptic potential or inhibitory postsynaptic potential in the
SGS neurons, elicited by stimulations from one of the planar electrodes to the SO layer, were
recorded by whole cell patch clamp recording. She analyzed the rostrocaudal and lateromedial
direction of evoked responses that depend on the distances between the stimuli and the neurons in
two stimulus protocols, single pulses and multiple pulses (200Hz, 50 ms). The center-surround
competitive interaction was found clearly in the high frequency repetitive stimuli condition. The
excitatory responses were prominent when stimulations were initiated at the closest electrodes. It is
indicated that those short excitatory connections are surrounded by the long inhibitory projection.
The neural network mediating the nearby excitatory and distant inhibitory connections was
investigated in the voltage clamp recording. The multiple stimuli, 200 Hz, were tested in SGS
neurons with two different holding potentials, at -80 mV and 0 mV, to examine the excitatory and
inhibitory response separately. The color images demonstrating the temporal profile of responses
on the stimulating electrode grid indicate that the both excitatory and inhibitory networks have both
short- and long-range connections and they are overlapped. The nearby excitatory and distant
inhibitory responses that we have seen in the current clamp recording are the subtracted results
between those connections. The different temporal patterns of those connections also mediate their
competitive relationship. The excitation rises fast in the first 10 ms, and then decline with faster
decay time than inhibition. Therefore, they hypothesize that the distant inhibitory response is
contributed by the slower desensitization of the inhibitory than excitatory synaptic connections.

Working with these two recording systems, multielectrode system and patch-clamp
recording system, allow them to investigate the neural network of large populations of neuron,
while precisely study the intracellular postsynaptic potentials which is important to clarify the
functional connectivity in the neural network.
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AFEICBNTHEEZIL, vVALERASA REERE2T v a0 LICEMBTRES L
6AF ¥ VI NLDEHBD LIZBEX, 74—V FEMEERBICHBIEES—NVENVI TV T
BEEELEHLET, FEROEVWEEOZ L OBBEHEBERICBNTED XS ILEFH R
WA, EE EREORRAMMRAENEDO L HIWCHEEATINEMER Lz,

FRFTAICBWT, LEBBRZERNE TSI LEEFOV VIANVEPTRERBOREE
HICBRE L TREEMNEEINIDLThHo B MEAEF IO MDY 7 ) 2
5 UTGABASAKREY T ny 7375 ALBECRIBICE > THEWERTERBIZIIRE R
BMEN., RECHREB RS REEEMLNEL, TORKBBTEULERBEEMIIRE
BB LEBICHMT TEE LTV olr, Z0OLEERBETHRBIITER SN IBE
BIIEETEE TCVWAERV VIR TAERETHY . EH2InsENORFITHE L,
FOBRRERICE L CHEEnsEFE L, ThbDERE - HBEOKE R EBERIINMDAR &
BOHERETHAAPVOBREIZ Lo THE LD T NDARI /L& I VBSEEEFETDH
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BNWTZ EREALMIC R o, DF D RERITE L R EEREOEPSPEEZIT TWHMZDE
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