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Neural network mechanisms for the induction of sustained activity in the
vertical neural integrator
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Gaze holdin? in the horizontal and vertical directions is separately
controlled via the prepositus hypoglossi nucleus (PHN) and the interstitial nucleus of Cajal (INC),
respectively. In this study, we clarified the mechanisms of excitatory network activation in the PHN
and INC using whole-cell recordings in rat brainstem slices. The effect of a Ca2+-permeable AMPA
(CP-AMPA) receptor antagonist on the sustained EPSC response was significantly weaker in INC neurons
than in PHN neurons. Meanwhile, the effect of an NMDA receptor antagonist on the sustained EPSC
response was significantly stronger in INC neurons than in PHN neurons. These results strongly
suggest that these excitatory networks are activated via different synaptic mechanisms: a CP-AMPA

receptor-dependent mechanism and an NMDA receptor-dependent mechanism in horizontal and vertical
integrators, respectively.

NMDA



Prepositus Hypoglossi

Nucleus, PHN

Interstitial Nucleus of Cajal, INC
(Goldman et al. 2009)
PHN in vivo 90
in vitro PHN
AMPA CP-AMPA
(Saito and Yanagawa 2010) PHN
INC in vitro
INC INC
Saito et al. 2017 PHN
INC INC
CP-AMPA INC
PHN
INC PHN
INC
INC
11277
12252 Wild-type Long-Evans 30 18 21
PHN INC 400
PHN INC
100 Hz 20
EPSC EPSC 1
EPSC CP-AMPA 1-naphthyl acetyl
spermine (NAS) NMDA D-(-)-2-amino-5-phosphonopentanoic
acid APV EPSC
CP-AMPA NMDA AMPA
NMDA PHN  INC



PHN INC
EPSC
EPSC PHN  INC
PHN INC
PHN INC 'd 'g
EPSC
EPSC
EPSC 330,
gzo
310
i © 9
EPSC CP- . PHN INC w7y PHN INC
AMPA NAS S 5
PHN  INC EPSC 3. . =]
EPSC €] < a0 .
PHN  INC £ 5
= O 604
PHN INC g% g |
EPSC op- “ol Tl o
AVPA PHN INC ] _
(B 2) NAS $2liic X - T EPSC HipE |5 O skelsin
& EPSC S H A L =515 20T PHN & INC kb
EPSC . PHN INC — PHN INC
NMDA APV g e
PHN  INC EPSC 5= %
EPSC PHN £ , £
INC 2 Swl o
INC PHN 2 E 3
Ve o 0 ]
EPSC NMDA % gl . ¢ gl
INC PHN i K '
(14 3) APV $%5:1C X - T EPSC W |- H oo Fskilkm
& EPSC s i LI=al{31cD0» T PHN & INC D kbl
AMPA -60 V +40
v rectification index: RI
1 Ozawa
et al. 1991 PHN  INC RI
RI PHN 70.8 n=48 INC
53.3 (n = 45) PHN  INC RI p =0.01
CP-AMPA INC PHN
PHN  INC RI 1 j\ 3. PHN 4.INC
:{?:\‘/j - 12 - 12
RI %M B 2
RI 05s g 8 ?:’ 8
s 6 S 6
PAN INC Rl 2, ™~ 5. »
-60 mV E 2 E.
Wpﬂ\ & o b Y I = 0
05s 02 04 06 08 10 12 14 16 18 02 04 06 08 10 12 14 16 1.8
Rectification index Rectification index
NMDA PHN  INC
MNDA AMPA NMDA/AMPA
- NMDA +40 V NMDA
AMPA -70 Vv



NMDA/AMPA INC 1 2

0.82 + 0.44 n = 38 25, 'u—“—| - —_——
PHN 0.56 + 0.45 n = 44 o . o :
0.0001 < S o
NMDA NMDA 515, 8
5 2
- INC 19.2 + 8.2 2 g =
C/F PHN 11.8+5.6C/F 7| = Z
0.0001 . L | )
NMDA NMDA PHN INC
INC (M 5) 1. NMDA I5% & AMPA JE% Ok, 2. NMDA
PHN ORI B PHN & INC 0L
EPSC PHN CP-AMPA INC
NMDA
INC @

Vertical gaze

Horizontal gaze

PHN

1 Ca?*-permeable ! \ ~
AMPA receptor
I NMDA receptor
Il CAN channel i
] _——
|

-

Goldman et al. New Encycl Neurosci. 165-178, 2009
Ozawa et al. J Neurophysiol 66: 2-11, 1991

Saito and Yanagawa, J Neurosci 30: 15735-15746, 2010
Saito et al. eNeuro 4, ENEUR0.0180-17.2017



10 10 0 6

Sugimura Taketoshi Saito Yasuhiko 529

Distinct proportions of cholinergic neurons in the rat prepositus hypoglossi nucleus according 2020

to their cerebellar projection targets

Journal of Comparative Neurology 1541 1552
DOl

10.1002/cne. 25035

Yamamuro Kazuhiko Yoshino Hiroki Ogawa Yoichi Okamura Kazuya Nishihata Yosuke Makinodan 14

Manabu Saito Yasuhiko Kishimoto Toshifumi

Juvenile Social Isolation Enhances the Activity of Inhibitory Neuronal Circuits in the Medial 2020

Prefrontal Cortex

Frontiers in Cellular Neuroscience —
DOl

10.3389/fncel .2020.00105

Eura Nobuyuki Matsui Takeshi K. et al. 14

Brainstem Organoids From Human Pluripotent Stem Cells 2020

Frontiers in Neuroscience —
DOl

10.3389/fnins.2020.00538

Nakagawa Keiju Yoshino Hiroki Ogawa Yoichi Yamamuro Kazuhiko Kimoto Sohei Noriyama 14

Yoshinobu Makinodan Manabu Yamashita Masayuki Saito Yasuhiko Kishimoto Toshifumi

Maternal Immune Activation Affects Hippocampal Excitatory and Inhibitory Synaptic Transmission 2020

in Offspring From an Early Developmental Period to Adulthood

Frontiers in Cellular Neuroscience

DOl
10.3389/fncel .2020.00241




Morisaki Yudai Nakagawa Ichiro Ogawa Yoichi Yokoyama Shohei Furuta Takanori Saito
Yasuhiko Nakase Hiroyuki

Ischemic Postconditioning Reduces NMDA Receptor Currents Through the Opening of the 2020

Mitochondrial Permeability Transition Pore and KATP Channel in Mouse Neurons

Cellular and Molecular Neurobiology —
DOl

10.1007/s10571-020-00996-y

Nishitani Al  Kunisawa Naofumi Sugimura Taketoshi Sato Kazuaki Yoshida Yusaku Suzuki 1706

Toshiro Sakuma Tetsushi Yamamoto Takashi Asano Masahide Saito Yasuhiko Ohno Yukihiro

Kuramoto Takashi

Loss of HCN1 subunits causes absence epilepsy in rats 2019

Brain Research 209 217
DOl

10.1016/j -brainres.2018.11.004

Yokoyama Shohei Nakagawa Ichiro Ogawa Yoichi Morisaki Yudai Motoyama Yasushi Park Young 14

Su Saito Yasuhiko Nakase Hiroyuki

Ischemic postconditioning prevents surge of presynaptic glutamate release by activating 2019

mitochondrial ATP-dependent potassium channels in the mouse hippocampus

PLOS ONE -
DOl

10.1371/journal .pone.0215104

Saito Yasuhiko Sugimura Taketoshi 7

Different Activation Mechanisms of Excitatory Networks in the Rat Oculomotor Integrators for 2019

Vertical and Horizontal Gaze Holding

eneuro

DOl
10.1523/ENEUR0O.0364-19.2019




Zhang Yue Yanagawa Yuchio Saito Yasuhiko 120

Firing responses mediated via distinct nicotinic acetylcholine receptor subtypes in rat 2018
prepositus hypoglossi nuclei neurons

Journal of Neurophysiology 1525 1533

DOl
10.1152/jn.00168.2018

Sugioka Miho Saito Yasuhiko 48

Purinergic modulation of neuronal activity in the rat prepositus hypoglossi nucleus 2018

European Journal of Neuroscience 3354 3366
DOI

10.1111/ejn.14210

5 0 3

Sugimura T, Saito Y

Neural connections between oculomotor neural integrators and vestibulo-cerebellum.

Neuroscience 2019

2019

Sugimura T, Saito Y

The neural connections between the oculomotor neural integrators and the vestibulo-cerebellum

42 62

2019




Saito Y

NMDA receptor-mediated activation of excitatory networks in rat interstitial nucleus of Cajal.

9th FAOPS Congress

2019

Sugimura T Saito Y

The neural connections between the oculomotor neural integrators and the vestibulo-cerebellum.

9th FAOPS Congress

2019

Sugimura T Saito Y

The distribution of the oculomotor neural integrator neurons that project to the vestibulo-cerebellum.

41

2018

http://www.naramed-u.ac.jp/~1phy/company.html




(Sugimura Taketoshi)

(60812526)

(24601)




