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Elucidation of the Brain Operating Principles by Analyzing Large Scale
Neuron-Astrocyte Networks with Genetic Algorithm
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By calcium imaging, we recorded activities of neurons and astrocytes in the
brainstem respiratory center of the rat and mouse, and found a subset of astrocytes of which activities
preceded inspiratory neural output. By time series analysis of the imaging data and neural respiratory
output and by computer simulation of the rhythm generating neuron-astrocyte networks, we concluded that
respiratory rhythm is generated by loosely coupled intrinsically oscillating neurons and astrocytes.



€Y

@

®

€Y

@

in silico

in silico

®

@

in
vitro
preBotzinger complex

@

(€H) 24

260 ms

1 mm

AFF%

preBotzinger complex
preBotC

preBotzinger complex

preBotzinger complex

preinspiratory

astrocytes
inspiratory AF/F J\«WMLMMJR\‘MLL‘M(L”MJ g
astrocyte AF/IF o

Mt

Pong A,
L \M (SR LN
M A\

type 1
(pre-inspiratory) W‘mﬂw

type 2 [
(inspiratory) W/\AW

=
: 3
¢
:
‘?
£

type 3 \ f
(non-respiratory) k"““ M\/\J\J\\/‘-’\f\n‘
type 4

(silent)

inspiratory  F/F
type 3

type 4



short term

potentiation
arundic acid
ONO-2506 ONO-2506
MAPLE
() 25
GFP
GFAP-GFP
3) 26
NeuN
S100b

preBotzinger complex

preBotzinger
complex

GFAP
EGFP
preBotzinger complex
EGFP

<0.03Hz
10%

Hodgkin-Huxley
Rossler

preBotzinger complex

loosely coupled
oscillators



11

Boiroux D, Oke Y, Miwakeichi F,
Oku Y, Pixel timing correction in
time-lapsed calcium imaging using point
scanning microscopy, Journal of
Neuroscience Methods, Vol .237,
2014, 60-68
doi:10.1016/j . jneumeth.2014.08.008

Koshiya N, Oku Y, Yokota S,
Oyamada Y, Yasui Y, Okada Y. Anatomical
and functional pathways of rhythmogenic
inspiratory premotor information flow
originating in the pre-Botzinger
complex in the rat medulla. Neuro-
science, Vol .268, 2014, 194-211
doi:10.1016/j .neuroscience.2014.03.00
2

Pokorski M, Takeda K, Sato Y,
Okada Y. The hypoxic ventilatory
response and TRPA1 antagonism in
conscious mice, Acta Physiologica /
Acta Physiol. (0xf), Vol .210,
No.4, 2014, 928-938

Someya H, Striking a Mean- and
Parent-centric Balance in Real-valued
Crossover Operators, IEEE Transactions
on Evolutionary Computation, ,
Vol.17, No.6, 2013, 737-754

61 5
2013 444-454

AR

60 1 2012  149-157
Okada Y, Sasaki T, Oku Y,
Takahashi N, Seki M, Ujita S, Tanaka KF,
Matsuki, N, Ikegaya Y. , Preinspiratory
calcium rise in putative pre-Botzinger
complex astrocytes. Journal of
Physiology, Vol.590, No.19,
2012, 4933-4944.

32
Okada Y, Takeda K, Someya H,
Oku Y, Miwakeichi F, Ishiguro M, Tamura
Y, Pokorski M. Astrocytes mediate
short-term plasticity of breathing.
Experimental Biology 2015, Boston
Convention and Exhibition Center,

Boston, USA Mar.28-Apr.1l, 2015

120

92

2015 3 21

23

Okada Y, Oku Y, Yokota S, Oyamada Y,
Yasui Y, Koshiya N. Connectomics of the
inspiratory center: Anatomical tract
and propagation dynamics from the
preBotzinger complex, Society for
Neuroscience Meeting 2014, Washington
DC, USA, Nov 15-19, 2014.
Koshiya N, Oku Y, Okada Y, Smith JC,
From chaotic recruitment of the
pre-Botzinger complex (pre-BotC) to
functional connectomics of inter-pre-
BotC tract and pan-network premotor
pathways, The XIl1th Oxford Breathing
Meeting, Respiratory and
Cardiovascular, Sydney, Australia. Oct
26-31, 2014
Oku Y, Lal A, Oke Y,



Boiroux D, Network Connectivity of the
Respiratory Rhythm-generating Kernel,
24

2014 8 27 29

Okada Y, Fukushi I, Takeda K, Oyamada Y,
Oku Y, Miwakeichi F, Someya H, Ishiguro
M, Tamura Y, Pokorski M. Post-hypoxic
potentiation of breathing is induced by
sustained activation of astrocytes,

54

2014 4 26
Takeda K, Pokorski M, Sato Y, Oyamada Y,
Okada Y, Effects of TRPA1 channel
antagonism on hypoxic and hypercapnic
ventilatory responses. The 43rd annual
meeting of the Society for Neuroscience
(Neuroscience2013) , San Diego, USA,
November 9-13, 2013

Okada Y, Takeda K, Oyamada Y,

Oku Y, Miwakeichi F, Someya. H, Ishiguro
M, Tamura Y, Mieczyslaw. P,
Post-hypoxic potentiation of breathing
is mediated by astrocytes, XI European
Meeting on Glial Cells in Health and
Disease, Berlin, Germany, Jun.03, 2013
Okada Y, Yokota S, Oku Y,

Anatomical identification of
intrinsically chemosensitive
astrocytes and neurons in the ventral
medulla, FENS Forum, Barcelona, Spain,
Jul. 14-18, 2012

€Y)

@

®

Tamura Yoshiyasu

60150033

Someya Hiroshi

00333518
Oku Yoshitaka

20252512

Okada Yasumasa

80160688



