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To el uci dat e the function and anat ony of the respiratory neuron groups inthe cervical

spinal cordthat areinvol vedinrespiratory rhythmand pattern generation, we conduct ed
vol tage i nagi ng, el ectrophysiol ogi cal recording and i rmunohi st ol ogi cal anal yses in /in
vitroand insiturat preparations. Vé found anovel respiratory neuron groupinthe high
(Cl-Q@) cervical spinal cord, and reportedit as "H gh Gervical Spinal Gord Respiratory
Neuron Goup (HR3". V& al so anal yzed the spatiotenporal profiles of the respiratory
neurons at the level of the phrenic nucleus (C3-G level), and found that phrenic and
scal ene notoneurons are |l ocated at the sane | evel but separately wth distinct activity
patterns. These findings will be the basis to better understand the pat hophysi ol ogy of

respiratory disturbance acconpani ed with cervical spinal cordinjury and to devel op new
treatnent nodality.

2008 1, 300, 000 390, 000 1, 690, 000
2009 1, 100, 000 330, 000 1, 430, 000
2010 1, 200, 000 360, 000 1, 560, 000

3, 600, 000 1, 080, 000 4, 680, 000




C3-C5

in vitro

insitu

in vitro

C1-C2

High Cervical Spina Cord Respiratory Neuron
Group (HCRG) Neuroreport

in situ
opioid DAMGO

23 3

19
Ryoma Aoyama, Yasumasa Okada, Shigefumi
Yokota, Yutaka Yasui, Kentaro Fukuda,
Yoshio Shinozaki, Hideaki Yoshida, Masaya
Nakamura, Kazuhiro Chiba, Yukihiko Yasui,
Fusao Kato, Yoshiaki Toyama.
Spatiotemporal and anatomical analyses of



P2X receptor-mediated neuronal and glia
processing of sensory signals in the rat
dorsal horn. Pain ( ), 2011.

Koganezawa T, Okada Y, Terui N, Paton

JFR, Oku Y. A p-opioid receptor agonist

DAMGO induces rapid breathing in the

arterialy-perfused in situ preparation of rat.

Respiratory Physiology and Neurobiology
177: 207-211, 2011.

Amit Lal, Yoshitaka Oku, Swen Hilsmann,
Yasumasa Okada, Fumikazu Miwakeichi,

Shigeharu Kawai, Yoshiyasu Tamura, Makio

Ishiguro. Dual oscillator mode of the

respiratory neuronal network generating

quantal dowing of respiratory rhythm.

Journal of Computational Neuroscience
30(2): 225-240, 2011.

Miwakeichi F, Oku Y, Okada Y, Kawai S,
Tamura Y, Ishiguro M. Detection and
visualization method of dynamic date

transition for biological spatio-temporal
imaging data. IEEE Transactions on Medical
Imaging 30(3): 859-866, 2011.

. THE LUNG perspectives
19 (1): 50-54, 2011.

Makio  Ishiguro, Shigeharu  Kawai,
Yasumasa Okada, Yoshitaka Oku, Fumikazu
Miwakeichi, Yoshiyasu Tamura, Amit Lal.
What does the multi-peaked respiratory

output pattern tell us about the respiratory
pattern  generating neuronal  network?

Advances in Experimental Medicine and

Biology 669: 235-238, 2010.

Shigefumi  Yokota, Yoshio  Shinozaki,
Yoshitaka Oku, Yasumasa Okada, Yukihiko

Yasui. Vesicular glutamate transporter
2-immunoreactive synapses onto phrenic
motoneurons in the neonatd rat. Advances in
Experimental Medicine and Biology

669: 189-192, 2010.

Yasumasa Okada, Shigefumi Yokota, Yoshio
Shinozaki, Fumikazu Miwakeichi, Yoshitaka
Oku, Yukihiko Yasui. Anatomical changes of

phrenic motoneurons during devel opment.
Advances in Experimental Medicine and
Biology 669: 33-36, 2010.

Okada Y, Yokota S, Shinozaki Y, Aoyama R,
Yasui Y, Ishiguro M, Oku Y. Anatomical
architecture and responses to acidosis of a
novel respiratory neuron group in the high
cervical spina cord (HCRG) of the neonatal
rat. Advances in Experimental Medicine and
Biology 648: 387-394, 2009.

Kawai S, Oku Y, Okada Y, Miwakeichi F,
Tamura Y, Ishiguro M. A novel datistical
andysis of voltage-imaging data by structural
time series modeling and its application to the
respiratory neurona network. Neuroscience
Research 63(3):165-171, 2009.

Masumiya H, Oku Y, Okada Y.

Inhomogeneous  didtribution of  action
potential characteristics in the rabbit
sino-atrial node revealed by voltage imaging.
Journal of Physiological Sciences

59: 227-241, 2009.



Okada Y, Kuwana S, Chen Z, Ishiguro M,
Oku Y. The central respiratory
chemoreceptor: Where is it located?
Advances in Experimental Medicine and
Biology 648: 377-385, 2009.

Ruangkittisskua A, Okada Y, Oku Y,
Koshiya N, Ballanyi K. Fluorescence

imaging of active respiratory networks.
Respiratory Physiology & Neurobiol ogy
168(1-2): 26-38, 2009.

85(2): 159-168, 2000.

Oku Y, Kimura N, Masumiya H, Okada Y.
Spatiotemporal  organization of  frog
respiratory neurons visualized on the ventral
medullary surface. Respiratory Physiology
and Neurobiology 161: 281-290,

2008.

Aoki T, Yamasawa F, Kawashiro T, Shibata

T, Ishizaka A, Urano T, Okada Y . Effects of

long-term low-dose oxygen supplementation

on the epitheia function, collagen

metabolism and intergtitial fibrogenesis in

the guinea pig lung. Respiratory Research
9:37, 2008.

Yoshitaka Oyamada, Michie Murai, Naoko

Harada, Akitoshi Ishizaka, Yasumasa Okada.

Age-dependent involvement of

ATP-sensitive potassium channel Kir6.2 in

hypoxic ventilatory depression of mouse.

Respiratory Physiology and Neurobiol ogy
162: 80-84, 2008.

Yoshitaka Oku, Akihito Okabe, Tetsu
Hayakawa, Yasumasa Okada. Respiratory

neuron group in the high cervical spinal cord
discovered by optical imaging. Neuroreport
19(17):1739-1743, 2008.

Akira Umeda, Kazuteru Kawasaki, Tadashi
Abe, Maki Watanabe, Akitoshi Ishizaka,
Yasumasa Okada. Hyperventilation and finger
exercise increase venous-arteria Pco, and
pH differences. The American Journa of
Emergency Medicine 26(9):
975-980, 2008.

39

Advances in the research on the
respiratory neuronal network of the spinal
cord: toward the integration of anatomy,
physiology and regenerative medicine 88

116
23 3 28
30

Miwakeichi F, Oku Y, Okada Y, Kawai S,
Tamura Y, Ishiguro M. Spatio-temporal

innovation approach for the analysis of
optical volage-imaging data. XXIV Annua
Meeting Federation of Societies of
Experimenta Biology (FeESBE — Federacdo
de Sociedades de Biologia Experimentd).
Aguas de Linddia, Sdo Paulo, Brazil. (August
19-22, 2009).



Yasumasa Okada, Shun-ichi Kuwana,
Shigefumi Yokota, Zibin Chen, Yoshitaka

OKu. Localization and mechanisms of
central chemoreception. Symposium.
"Chemical Control of Breathing: Molecular
and Systemic Mechanisms and Effects’
XXXVIth I nternational Union of

Physiological Sciences (IUPS), Kyoto, Japan.

(July 27-August 1, 2009).

Amit Lal, Yoshitaka Oku, Swen Hilsmann,
Yasumasa Okada, Fumikazu Miwakeichi,

Shigeharu Kawai, Yoshiyasu Tamura, Makio
Ishiguro. Non-deterministic breakdown of
the preBotzinger Complex  neuronal
synchronicity may lead to quantal slowing of
respiratory rhythm. XXXVIth International
Union of Physiological Sciences (IUPS),
Kyoto, Japan. (July 27-August 1, 2009).

Yoshio Shinozaki, Miwakeichi Fumikazu,
Shigefumi  Yokota, Ryoma Aoyama,
Yoshiteaka  Oku,  Yasumasa  Okada.
Spatiotemporal  activity of respiratory

neurons in the cervical spinal cord a the
level of the phrenic nucleus in neonatal rats.
The 11th Oxford Conference on Modeling
and Control of Breathing. July 24 (Friday) -
26 (Sunday), 2009, Nara, Japan.

Yokota Shigefumi, Shinozaki Yoshio, Oku
Yoshitaka, Okada Yasumasa, Yasui Yukihiko.
Anatomical and functional correlates

between phrenic and scalene motoneuronsin
the cervical spina cord of nonatal rats. The
11th Oxford Conference on Modeling and
Control of Breathing. July 24-26, 2009, Nara,

Japan.

Makio Ishiguro, Shigeharu Kawai, Yasumasa
Okada, Yoshitaka  Oku, Fumikazu
Miwakeichi, Yoshiyasu Tamura, Amit Lal.
What does the multi-peaked respiratory

output pattern tell us about the respiratory
pattern generating neuronal network? The
11th Oxford Conference on Modeling and
Control of Breathing. July 24-26, 2009, Nara,

Japan.

Yoshitaka Oku, Fumikazu Miwakeichi,

Shigeharu  Kawai, Yasumasa  Okada,

Yoshiyasu Tamura, and Makio Ishiguro.
Assumption free and structural methods that
characterize dynamics of optically recorded
respiratory  neuronal  activity  without
averaging. Internationa  Symposium  on
Respiratory Control at the Faculty Saint
Jéréme (Marseilles) and the Hoételerie du
Couvent Royal de & Maximin in Provence,
France (1-4 December 2008)

Koshiya, N., Oku, Y., Okada, Y. Chaotic

dynamics within a breath: Recruitment of

single inspiraions imaged in the
pre-Botzinger complex (pBC) of the rat
breathing dice. The 38th annual meeting of
the Society for Neuroscience, November
15-19, 2008. Washington DC, U.S.A.

Yoshitaka Oku, Fumikazu Miwakeichi,
Shigeharu Kawai, Yasumasa Okada, Makio

Ishiguro, Yoshiyasu Tamura. Autoregressive
and parametric modeling approaches to
optical imaging data characterize the dynamic
process of the respiratory central pattern
generator in the neonatal rat brainstem. 6th

FENS Forum of European Neuroscience (July



12-16, 2008; Geneva, Switzerland)

Okada Y. Centra chemoreceptors. where
and how. XVIIth INTERNATIONAL
SOCIETY FOR ARTERIAL
CHEMORECEPTION  (ISAC) Mesting
(Valladolid, Spain) July 1- July 5 2008

Shinozaki Y, Okada Y, Aoyama R,
Nakamura M, Yokota S, Yasui Y, Oku Y,
Chiba K, Toyama Y. Voltage-imaging
andysis of the respiratory neuronal
responses to CO2 at the level of the phrenic
nucleus in the rat spina cord. XVlith
INTERNATIONAL SOCIETY FOR
ARTERIAL CHEMORECEPTION (ISAC)
Meeting (Valadolid, Spain) July 1- July 5
2008.

Fumikazu Miwakeichi, Oku Yoshitaka,
Yasumasa Okada, Shigeharu Kawai,

Yoshiyasu  Tamura, Makio Ishiguro.
Innovation approach to detect the respiratory
related neurona activity in the brainstem
based on optical imaging data. 14th Annual
Meeting of the Organization for Human
Brain Mapping, June 15-19, 2008
(Melbourne, Australia).

2
Kawa S, Oku Y, Okada Y, Miwakeichi F,
Ishiguro M, Tamura Y. Parametric modeling

anaysis of optical imaging data on neuronal
activities in the brain. In Computational
Neuroscience (Springer Optimization and
Its Applications) (edited by Wanpracha
Chaovalitwongse, Panos Pardalos, Petros
Xanthopoul os) Springer pp213-225, 2010.

D)

2

pp 211-215, 2009.

KADA YASLMRSA

80160688

QU YCBH TAKA
20252512

(MWKE CH  FUM KAZY)

30360647



