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Astrocytes in the brain stem have an important role in respiratory rhythm
formation in coordination with neurons. It was found that astrocytes play an important role in
hypoxic respiratory response mechanism as hypoxic sensors in the brain.

We developed a simulation model by coupling a neuronal network model and an astrocytic oscillator
model. We attempted to reveal roles of astrocytes in respiratory rhythm formation by simulations.



complex (preBotC)

preBotC

@ -

in vitro

pre-Botzinger

(2) in vivo

arundic acid

(3) invitro

preBotC
preBotC
c4
c4
(1) 2015 Hodgkin-Huxley
Rossler

preBotC
loosely coupled
oscillators

Respir Physiol Neurobiol,
2015

Butera

model 1 Purvis et al., J

Neurophysiol 2007

0.10 0.12

mutation

evolutionary algorithm

Fig. 1

ectopic firing



Initial (random)

10 15 2 25 0 10 2 o
No.of incomming synapsas No.of outgoing synapses.

Evolved (MM3) » Evolved (MM3)

o &l z‘el' A
Fig. 1
No. of incoming synapses A
No.
of outgoing synapses B
C
D
(B) Excitatory
T: tonic region neurons
C: core region neurons
A: activated region neurons
Fig2.
T
C A
Figure 2
() Neural mass
model
3
2
spike triggered averaging
Fig. 3 I1-DEC
Sherman (2015)
preBotC
Botzinger complex (BotC) E-DEC
E-AUG
E-DEC  E-AUG
preBotC preBotC
E-DEC  E-AUG

BotC preBo6tC r'VRG

pre-I/I*

v

tonic GABA

O @ crsacy
* accommodation property . Glu O Gly
Fig. 3
(3) in vivo
arundic acid
arundic acid
(4) invitro
preBotC
C4
preBotC
C4
preBotC
©)
Reference:

1. Purvis LK, Smith JC, Koizumi H, Butera
RJ. Intrinsic bursters increase the
robustness of rhythm generation in an
excitatory network. Journal of



Neurophysiology. 2007; 97(2):1515-1526.
2. Manninen T, Havela R and Linne M-L
(2018) Computational Models for
Calcium-Mediated Astrocyte Functions.
Front. Comput. Neurosci. 12:14.

15

H. Konno and Y. Tamura, Approximate
time-dependent solution of a master
equation with full linear birth-death
rates, Journal of Physics Communications,

, 10.1088/2399-6528/aaael3, 2018,

Atsumi Saito, Kazuya Miyagawa, Hiroko
Miyagishi, Kazuhiro Kurokawa, Akira Umeda,
Yasumasa Okada, Minoru Tsuji, Hiroshi
Takeda, Possible involvement of monoamine
neurons in the emotional abnormality in
Kir6.2-deficient mice. Physiology &
Behavior, , 188: 251-261
10.1016/] .physbeh.2018.02.014

T. Takai, Y. Tamura and H. Motoyama, A
new graphical approach to classify spatial
point patterns on hierarchical cluster
analysis, Journal of Japanese Society of
Computational Statistics, , Vol .30,
No. 1, 1-14, 2017.

Ikeda K, Kawakami K, Onimaru H, Okada
Y, Yokota S, Koshiya N, Oku Y, lizuka M,
Koizumi H , The respiratory control
mechanisms in the brainstem and spinal
cord: integrative views of the
neuroanatomy and neurophysiology. Journal
of Physiological Sciences, ,
67(1):45-62. 10.1007/s12576-016-0475-y,
2017.

Oku Y, Hulsmann S. A computational
model of the respiratory network
challenged and optimized by data from
optogenetic manipulation of glycinergic
neurons. Neuroscience, ,

2017; 347:111-122. doi:
10.1016/j .neuroscience.2017.01.041. Epub
2017 Feb 13.

Pokorski M, Takeda K, Okada Y . Oxygen
sensing mechanisms: a physiological
penumbra. Advances in Experimental
Medicine and Biology, , 952:1-8,
2016.

Terada J, Fukushi I, Takeda K, Hasebe
Y, Pokorski M, Tatsumi K, Okada Y,
Disharmony between wake- and
respiration-promoting activities:
Effects of modafinil on ventilatory
control in rodents. Respiratory Research,

, 17(1):148, 2016.
Takeda K, Pokorski M, Sato Y, Oyamada

Y, Okada Y, Respiratory toxicity of
dimethyl sulfoxide. Advances in
Experimental Medicine and Biology,

, 885: 89-96, 2016.

Lal A, Oku Y, Someya H, Miwakeichi F,
Tamura Y. Emergent network topology within
the respiratory rhythm-generating kernel
evolved in silico. PLoS One. ,
1(5): e0154049.
doi:10.1371/journal .pone.0154049.
eCollection 2016.

Fukushi 1, Takeda K, Yokota S, Hasebe
Y, Sato Y, Pokorski M, Horiuchi J, Okada
Y, Effects of arundic acid, an astrocytic
modulator, on the cerebral and respiratory
functions in severe hypoxia. Respiratory
Physiology and Neurobiology, )
226:24-29.

10.1016/j .resp-2015.11.011, 2015
40

Okada Y, Yazawa I, Okazaki S, Yokota S,
Takeda K, Someya H, Tamura Y, Onimaru H.
Detection of respiratory modulated
astrocytes in the ventrolateral medulla of
the isolated brainstem-spinal cord by
confocal calcium imaging. Annual Meeting
of the Society for Neuroscience
(Neuroscience2017) November 11-15, 2017,
Washington, DC, USA.

Oke Y, Miwakeichi F, Oku Y, Besser S,
Hirrlinger J, Hulsmann S. General pattern
of activation sequence among
excitatory/inhibitory inspiratory
neurons during rhythmic burst in the
pre-Bstzinger complex of the mice medulla
slice. X1V Oxford Conference on Modelling
and Control of Breathing, Oxford, UK,
2017.9.17-21.

Hasebe Y, Sugama S, Takeda K, Koizumi
K, Fukushi 1, HoshiaiM, Kakinuma Y,
Horiuchi J, Sugita K, Okada Y. Persistence
of post-stress blood pressure elevation is
induced by activated astrocytes.
Neuroscience 2016, 46th Society for
Neuroscience Annual Meeting, November
12-16, 2016. San Diego Convention Center,
San Diego, USA.

Okada Y, Yokota S, Shinozaki Y, Yasui
Y. Anatomical arrangement of neurons and
astrocytes in the phrenic nucleus of the
rat. Neuroscience 2016, 46th Society for
Neuroscience Annual Meeting, November
12-16, 2016. San Diego Convention Center,
San Diego, USA.

Pokorski M, Takeda K, Okada Y, Hypoxia
ventilatory mechanisms: Appraisal and
reappraisal. The International
Biophysical Medicine Symposium; IX
International Symposium "Actual Problems
of Biophysical Medicine", May 12-15, 2016,




Kiev, Ukraine.

Yokota S, Okada Y, Oka T, Asano H, Yasui
Y, Orexinergic fibers are in contact with
Ks1liker-Fuse neurons projecting to the
rostral ventral respiratory group and
phrenic and hypoglossal nuclei in the rat.
Neuroscience 2015, 45th Society for
Neuroscience Annual Meeting, October
17-21, 2015. McCormick Place, Chicago,
USA.

Okada Y, Oku Y, Sasaki T, Vivar C,
Yokota S, Takeda K, Fukushi I, Yazawa I,
Someya H, Tamura Y. A novel model of
respiratory rhythm generation: a
mechanism by interaction of intrinsically
oscillating astrocytes and neurons.
Neuroscience 2015, 45th Society for
Neuroscience Annual Meeting, October
17-21, 2015. McCormick Place, Chicago,
USA.

Fukushi I, Takeda K, Hasebe Y, Horiuchi
J, Okada Y. Maintenance of ventilation
under a hypoxic condition requires
activated astrocytes. The International
Society for Autonomic Neuroscience (I1SAN)
2015 Meeting, Stresa, Italy, from the 26th
- 29th September, 2015.

0

o

Tamura Yoshiyasu

60150033

@

Someya Hiroshi

00333518
Oku Yoshitaka

20252512
Okada Yasumasa

80160688

®

*



