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Optical analysis of functional development of olfaction-taste interaction in the
embryonic brain
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We applied voltage-sensitive dye recording to the embryonic chick/mouse/rat
nervous system and pursued functional development of olfaction-taste interaction. In this report, we
described functional development of the glossopharyngeal nerve (N.IX)-related neural circuits. We

optically identified the motor nucleus (the inferior salivatory nucleus (ISN)) and the first-order
sensory nucleus (the nucleus of the tractus solitarius (NTS)). We also succeeded in recording
optical responses in the second/higher-order sensory nuclei via the NTS. We also showed that the
neurons in the ISN were excitable at least at E11, and that functional synaptic transmission in the
NTS was first expressed at E12. In the second/higher-order sensory nuclei, synaptic function emerged
at around E12-13. By mapping optical responses to N.IX and vagus nerve (N.X) stimulation, we showed
that the distribution patterns of neural activity were different between the N.IX and the N.X from
the early stage of ontogenesis.
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[ 1] (A) Optical recording of neural responses to N.IX
stimulation in an E12 mouse en bloc preparation. The recording
was made with the ventral side up and with a magnification of x25.
The cut end of the N.IX was electrically stimulated with a
depolarizing pulse (8 LA/S msec) using a suction electrode.

(B) Enlarged traces of optical signals detected in positions 1—4 in
A. The signals detected in the rostro-medial region (gray shadow:
positions 1 and 2) consisted of a fast spike-like signal (indicated

by arrowheads), whereas those detected in the lateral region
(positions 3 and 4) exhibited two components: a fast spike-like
signal (indicated by arrowheads) and a long-lasting slow signal
(indicated by asterisks). N.IX, glossopharyngeal nerve; N.X, vagus

nerve
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[X 2] (A) Optical recording of

neural  responses to  N.IX
stimulation in an EI2 mouse
medulla slice preparation.

(B) Enlarged traces of optical
signals detected in the dorsolateral
region (a position indicated by an
asterisk in A). The upper trace is a
signal detected in a physiological
solution, and the lower trace is a
signal in a solution containing both
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[1X] 3] 1020-site optical recordings of neural responses to N.IX (A) and N.X (B) stimulation in an E14 mouse brainstem en
bloc preparation. Either N.IX or N.X stimulation elicited neural responses in three areas (Areas 1-3) on the stimulated side.
Area 1 (pink shadow) was located at the caudal level of the N.IX/N.X root, and corresponded to the NTS. Areas 2 and 3
(orange and green shadows, respectively) were discerned in the rostral medulla and pons, respectively. On the contralateral
side, small slow signals were detected in several positions as typified by arrowheads. G.VIII, vestibulo-cochlear ganglion.
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[[X] 5] Contour line maps of the amplitude of the slow
signal in response to N.IX (left panels) and N.X (right
panels) stimulation in an E13 (A) and E14 (B) en bloc
brainstem preparation. The numerals on the contour lines

(J3510)

Case 1: E13
Area 3 Area 3
Area 2 (o) ‘?
N.IX o Area 1
N.X
(J3265)
Case 2: E13
Q
%Area 3 Area 3
® .
Area 2,
Area 2 @
N.IX
Area 1 ® \Area 1
N.X
(J3289)
Case 3: E14

Area 3 Area 3%
\Area 2 Area 2|
N.IX y @
Area 1 N.X
Area 1
rostral
T (J3510)

[X] 6] Typical examples of the slow signal area and
the peak locations of the slow signal amplitude. The
slow signal areas (AI/I>1.0x10"*) are illustrated with
lines, and locations of the peak are shown with filled
circles. Blue lines and circles correspond to N.IX
responses, and red ones to N.X responses.
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