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Studies on inhibition mechanism of synchronized bursts in neuronal network
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In order to understand the mechanism of general anesthesia with Xe, we carried out
the mesoscopic and microscopic measurements on cultured neuronal network from rat cortex. We measured the
activity depression of cultured neuronal network under Xe gas pressure bz multi-electrode arrags (mesosco

pic measurement) and by a Raman spectroscopy (microscopic measurement). When we applied Xe gas between 0.1
and 0.5 MPa on cultured neuronal network, the characteristic firing activity (synchronized burst firing)
was completely inhibited under the conditions of Xe pressure higher than 0.3 MPa. Raman spectra of neurons
showed the peak shift of C-H stretching mode of the cell membranes under Xe pressure, which indicated tha

t Xe molecules dissolved in membranes. This indication coincides with that suggested by MD simulation.



Xe
1961

Pauling Science, 134, 15, 1961 Miller
Proc. Nat. Acad. Sci., 47, 1515, 1961

(1.M. Klotz, the Frozen Cell, 5,

1970;
2006 )
MEA (H17
18 B
Xe
2d Suzukietal.,
47 , S184,
2009
(MD)

€))

@)

MEA
2 4
MEA

Xe

NMR (M
-MRI)
MD
(€))
MEA

Xe

Xe
Xe
Xe
0.3MPa  Xe
Xe
Uchida et al., 2012
MEA
Xe
0.3MPa
Xe

Xe



Kr Xe Xe 75%
CH, 50
Xe 60 80%; Preckel and Schlack,
2005
Xe Xe
Xe
(a)? [ () Xe pressurization -
— i e S 20
1 » i --4--5BR = Xe
33 g
1= [~
X2 z
55 1
MEA
Xe
MEA 0.1 0.5MPa
Xe
Xe
0.3MPa Xe
Xe 0.1 0.5MPa
0.3MPa Xe
Xe
0.3MPa 2 3ms Xe
5ms
Xe
Xe
s Xe
Bas | 12
:\ 2
0 i . S Xe
a 10 0 o 40 50 &0
Time afler pressure [min]
o Xe
Xe
Xe
Xe 0.3MPa 10
Xe




Xe
Xe
Xe
Xe
Xe

Xe

(€))

MD

MD

HBSS

Si0,

12
DEPC (18:1 A9-trans phsphocholine)
D,0 DEPC
Xe
C-H c-C
0-D
C-H DEPC
C-H
[ ]
[ ] Booker and Sum,

Biochim. Biophys. Acta, Biomembr., 1828,
1347, 2013

0.1 0.8MPa Xe 20
0
Xe
C-H Cc-C
O-H
C-H O-H
O-H str.
2 sio,+CCstr.
g C-H str.
5
0 500 10‘00 1500 2000 2500 3000 35‘00 4000
Raman shift [em™]

C-H



Xe
DEPC
Xe
L 1
20 (
IMPa
0-H
C-H
Xe
Xe
SUM
Xe
DPPC DEPC
Xe
Xe
Xe
Xe
Xe

Xe

MD

Xe
Xe

Xe

Xe

(€))
Xe

0.3MPa
Xe
Xe
Xe

Xe

Xe
T. Uchida and A. K. Sum, Raman

spectroscopic measurements on DEPC
liposome: phase transition
observation under Xe-gas pressure,

, , 71, 2013, 105-110.
http://hdl .handle.net/2115/52360

—, , 71, 81-89,
2013.
http://hdl .handle.net/2115/52356
M. Suzuki, K. lkeda, M. Yamaguchi, S.
N. Kudoh, K. Yokoyama, R. Satoh, D. Ito,
M. Nagayama, T. Uchida, K. Gohara,
Neuronal cell patterning on a
multi-electrode array for a network
analysis platform, Biomaterials,

, Vol. 34, 2013, 5210-5217. DOI:
10.1016/j .biomaterials.2013.03.042
T. Uchida, S. Suzuki, Y. Hirano, D. Ito,
M. Nagayama, and K. Gohara, Xenon-
induced inhibition of synchronized
bursts in a rat cortical neuronal
network, Neuroscience, , 214,
2012, 149-158. DOl : 10.1016/
J-neuroscience.2012.03.063

, Dimethyl sulfoxide

) , 58 (1), 59-63,



2012.

M. Yamaguchi, K. lkeda, M. Suzuki, A.
Kiyohara, S. N. Kudoh, K. Shimizu, T.
Taira, D. Ito, T. Uchida, K. Gohara,
Cell Patterning Using a Template of
Micro-structured Organosilane Layer
Fabricated by Vacuum Ultraviolet
Light Lithography, Langmuir, ,
Vol. 27, No. 20, 2011, 12521-12532.
DOI: 10.1021/1a202904g

T. Uchida, M. Nagayama, T. Taira, K.

Shimizu and M. Sakai, K. Gohara,
Optimal  temperature range for
low-temperature  preservation of
dissociated neonatal rat
cardiomyocytes, Cryobiology, Vol. 63,
No. 3, 279-284, 2011. DOl :

10.1016/j .cryobiol .2011.09.141

M. Anisimova, K. Yokoyama, D. Ito, M.
Suzuki, T. Uchida, K. Gohara, Analysis
of signal propagation in the isolated
patterned cortical neuronal networks,

25

, , 2014.3.11.
25

, 2014.3.10.

T. Uchida, A.K. Sum, Raman
measurements on DEPC Liposome, H,0
2013, , 2013.12.3.

D. Ito, K. Yokoyama, T. Uchida, K.
Gohara, Analysis and control of
cultured neuronal networks using
multi-electrode arrays: from gene
expression to network dynamics, IV
Int. Conf. Topical Problems in
Biophotonics 2013, Russia, 2013.7.22.

2013.3.7.

) ) , Xe

2012 2012.9.12.

, 73
, , 2012.9.12.

, ,2012.5.19.
T. Uchida, Gas Structured Water: From
Gas Hydrates to Cellular Activity
Inhibition, WINPTech2011, “ Water and

Light” session, , 2011.12.2.
, 2011
, , 2011.7.23.
__, Dimethyl sulfoxide
’ 56 I

, 2011.7.7.

http://l1abs.eng.hokudai.ac.jp/labo/BioP
hysics/

@
UCHIDA, Tsutomu

@
GOHARA, Kazutoshi

NAGAYAMA, Masafumi



