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Representation of pain in the central nervous system studied by simultaneous
multicellular recording

Murase, Kazuyuki

14,600,000

in vitro in vivo

For the induction of hyperalgesia and chronic pain, glial cells, in addition to
neuronal plasticity in the spinal cord and brain, plays an important role. However, pain appears in
different pathologies, and it is quite unclear how pain is expressed by excitation patterns in neurons
and glial cells in the spinal cord and brain. In this study, we tried to record excitation of multiple

cells simultaneously in the spinal cord and the brain in vitro and in_vivo by using a Nipkow disk
confocal laser microscope, and to clarify how pain such as hyperalgesia is expressed in the cellular

activities.

in vivo



(Science 1994, Brain Res 1998)

(Euro J Neuroci 1999, J Neurophysiol
1999, 2000)

J Neurosci 2004, Eur J Neurosci 2006,
Science 2003, 2006
(Brain Res 2010)
(Eur J Neurosci 2007,

Molecular Pain 2007, Neurosci Res 2009)

2010

(2011

(IEEE Trans
Syst Man Cybernet 2008, 2009, 2011 )
in vivo

PET NIRS TMRI  MEG

invitro

in vivo

(Din vitro
2 3
500mm
Fluo-4 AM



K+ Ca*t
L-2-Aminoadipic Acid Cat*
S100B
Ca++
0.5
Ca++

(2) in vitro

Peripheral Nerve Injury, PNI

Complete

Freund"s adjuvant, CFA

500um Fluo-4 AM

ATP  Puff
PNI CFA

minocycline PNI 70%

CFA
L-alpha-aminoadipate L-a -AA
PNI ATP

ATP
ATP

(3) in vivo
in vitro
Fluo-4 AM

50um

in vivo
multimodal
3 3
1
Fluo-4 AM
1
Oregon
Green BAPTA-488 AM
20fps
20-40pm
162
150
142
4_5-55khz
106 5.9-10.3KHz
30%
v
2
1 Te2
posterior intralaminar
nucleus  peripeduncular nucleus
multimodal
(4) in vivo

Fluo-4 AM



100pm

VIVO

[1]

[2]

[3]

[4]

[5]

[6]

2

Thy1-GCaMP3 GAD67-GFP

in

35

T. Ito, J. Hirose, K. Murase, H. lkeda
(2014) Determining auditory-evoked
activities from multiple cells in
layer 1 of the dorsal cortex of the
inferior colliculus of mice by in vivo
calcium imaging, Brain Research 1590,
pp-45-55, doi
10.1016/j .brainres.2014.09.049

K. Nishida, S. Matsumura, W. Taniguchi,
D. Uta, H. Furue, S. Ito (2014)
Three-dimensional distribution of
sensory stimulation-evoked neuronal
activity of spinal dorsal horn neurons
analyzed by in vivo calcium imaging,
PLoS One 9(8) el103321 doi
10.1371/journal .pone.0103321

H. Yagi, T. Nagano, M.J. Xie, H. Ikeda,
K. Kuroda, M. Komada, T. Iguchi, R.M.
Tariqur, S. Morikubo, K. Noguchi, K.
Murase, M. Okabe, M. Sato (2014)
Filamin A-interacting protein (FILIP)
is a region-specific modulator of
myosin 2b and controls spine
morphology  and NMDA receptor
accumulation, Scientific Reports,
4:6353, doi:10.1038/srep06353
H. lkeda, S. Takasu, K. Murase (2014)
Contribution of anterior cingulate
cortex and descending pain inhibitory
system to analgesic effect of lemon
odor in mice, Molecular Pain, 10:14,

doi 10.1186/1744-8069-10-14

L. Hickey, Y. Li, S. Fyson, T. Watson,
R.  Perrins, J. Hewinson, A.
Teschemacher, H. Furue (2014) Bridget
Lumb, and  Anthony  Pickering.
Opto-activation of locus coeruleus
neurons evokes bidirectional changes
in thermal nociception in rats. The
Journal of Neuroscience 34(12),
pp-4148-4160, doi
10.1523/JINEUROSCI .4835-13.2014

A. Hakozaki, K. Imoto, Y. Hayashi, M.

[7]

[e]

[°]

[10]H.

Kawatani, H. Furue (2013) In vivo
patch-clamp analysis of visceral
spinal sensory synaptic transmission
and spinal control of lower urinary
tract function, Pain Research 28(3)
pp-155-165, doi
10.11154/pain.28.155
Y. Funai, K. Nishikawa, T. Mori, A.
Asada, K. Imoto, H. Furue (2013)
Systemic alpha-2 agonist
administration facilitates
inhibitory synaptic transmission in
the rat spinal dorsal horn mediated
through alpha-1 adorenoceptors, Pain
Research 28(3) pp.145-153,
doi 10.11154/pain.28.145, 2013
Y. Funai, A.E. Pickering, D. Uta, K.
Nishikawa, T. Mori, A. Asada, K. Imoto,
H. Furue (2013) Systemic
dexmedetomidine augments inhibitory
synaptic  transmission in the
superficial dorsal horn through
activation of descending
noradrenergic control: an in vivo
patch-clamp analysis of analgesic
mechamisms. Pain 155(3), pp.617-628,
doi 10.1016/j .pain.2013.12.018

H. lkeda, K. Mochizuki, K. Murase
(2013) Astrocytes are involved in
long-term facilitation of neuronal
excitation in the anterior cingulate
cortex of mice with inflammatory pain,
Pain, Volume 154, Issue 12,
pp-2836-2843, doi
10.1016/j .pain.2013.08.023

Ikeda, T. Kiritoshi, K. Murase
(2012) Contribution of microglia and
astrocytes to the central
sensitization, inflammatory  and
neuropathic pain in the juvenile rat.
Molecular Pain 8:43 doi
10.1186/1744-8069-8-43

[11]D. Sugiyama, S.W. Hur, A_E. Pickering,

D. Kase, S.J. Kim, M. Kawamata, K.

Imoto, H. Furue (2012) In vivo
patch-clamp recording from locus
coeruleus neurones in the rat
brainstem, Journal of Physiology 590,
pp.2225-2231, doi

10.1113/jphysiol .2011.226407

[12]D.J. Xie, D. Uta, P.Y. Feng, M. Wakita,

M.C. Shin, H. Furue, M. Yoshimura
(2012) Identification of  5-HT
receptor subtypes enhancing

inhibitory transmission in the rat
spinal dorsal horn in vitro, Molecular
Pain 8:58 doi
10.1186/1744-8069-8-58,



79

[1] Y. Watanabe, T. Ito, K. lwata, H.
Matsuzaki, Y. Konishi, H. lkeda, K.
Murase (2015) Analysis of
neurotransmitters in the brain and
behavioral abnormalities of
offsprings from stressed mother in

mice, 120
92 , ,

2015.3.21-23,

[2] T. Hosoe, T. Ito, M. Makinodan, H.
Ikeda, K. Murase (2015) Changing in
sociality, learning ability, and

neural activity induced by the
juvenile isolation in mice, ibid.
[3] (2015)
TRPV1 invivo
, ibid.
[4] (2015)
, ibid.

[5] N. Akimoto, A. Hakozaki, K. Imoto, H.
Furue (2015) In vivo analysis of
afferent pathways to the spinal cord
from the bladder and urethra, ibid.

[6]

_ (2014) -
-in vivo

2014.11.27,

[7] N. Morita, R.P. Hasegawa, T. Ito, H.
Ikeda, K. Murase (2014) Development
of functional connections between the
superficial and intermediate layers
of the rodent superior colliculus
revealed by optical imaging, Society
for Neuroscience, 2014.11.15-19,
Washington DC (USA)

[8] J. Hashimoto, K. Murase, H. lkeda
(2014) The contribution of astrocytes
in the anterior cingulate cortex to
the negative emotion and hyperalgesia
under neuropathic pain, 37

, 2014.9.11-13,

[9] N. Morita, R_P. Hasegawa, H. Ikeda, K.
Murase (2014) Functional asymmetry of
interlaminar connections in the
superior colliculus revealed by
optical imaging, ibid.

[10]D. Uta, T. Andoh, Y. Kuraishi, K.
Imoto, H. Furue (2014)
Electrophysiological analysis of
spinal dorsal horn neurons receiving
pruriceptive afferents in the adult
rat spinal cord. ibid.

[11]S. Takasu, S. Takeuchi, K. Murase, H.

Ikeda (2013) Contribution of the
descending pain inhibitory system to
the analgesic effect by smelling aroma
oil, Asian Pain Symposium,
2013.12.18-20,

[12]T. Hayashi, J. Hashimoto, K. Murase,
H. lkeda (2013) Involvement of
Extracellular Signal-Regulated
Kinase and NMDA receptor in the
Anterior Cingulate Cortex to the
affective component and
hypersensitivity of pain, ibid.

[13]K. lwasa, K. Murase, H. lkeda (2013)
Contribution of zinc to the
pain-induced ERK phosphorylation and
neuronal plasticity in the spinal
dorsal horn, ibid.

[14]H. Ikeda, K. Murase  (2013)
Involvement of Astrocytes in the
long-Term Facilitation of Neuronal
Exicitation in the Anterior Cingurate
Cortex of Mice with Inflammatory Pain,
ibid.

[15]N. Akimoto, D. Uta, K. Honda, Y. Takano,
K. Imoto, M. Noda, H. Furue (2013)
Effect of Chemokine (C-C motif) Ligand
1 on Synaptic Transmission in the
Spinal Dorsal Horn, ibid.

[16]D. Uta, K. Imoto. H. Furue (2013)
Firing pattern and morphological
analysis of substantia gelatinosa
neurons receiving TRPAl-expressing
afferent fibers in adult rat spinal
dorsal horn, ibid.

[17]K. Koga, M. Tsuda, K. Inoue, K. Imoto,
H. Furue (2013) Excitation of
GABAergic Inhibitory Interneurons
Mediated Through Presynaptic P2X3
Receptor in the Rat Spinal Dorsal Horn,
ibid.

[18]N. Morita, R.P. Hasegawa, K. Murase,
H. Ilkeda (2013) Analysis of the
interlaminar inhibitory circuit in
the rat superior colliculus by the
imaging of population activity with
the optical imaging, Neuro2013,
2013.6.20-23,

[19]T. Hayashi, K. Murase, H. Ikeda (2013)
Involvement of Extracellular
Signal-Regulated Kinase and NMDA
receptor in the Anterior Cingulate
Cortex in the affective component and
hypersensitivity of pain, ibid.

[20]K. lwasa, K. Murase, H. lkeda (2013)
Contribution of zinc to the
pain-induced ERK phosphorylation and
neuronal plasticity in the spinal
dorsal horn, ibid.




[21] J. Hirose, T. Ito, K. Murase, H. lkeda
(2013) Sound evoked activity of cells
in the superficial layer of the mouse
inferior collicular cortex: an invivo
calcium imaging study, ibid.

[22]H. Yagi, K. Kuroda, M-J Xie, H. lkeda,
T. lguchi, M. Komada, K. Murase, M.
Okabe, K. Noguchi, M. Sato (2012)
Filip is involved in the morphological
control of dendritic spine through
actomyosin regulation, Society For
Neuroscience 2012, 2012.10.13-17, New
Orleans (USA)

[23]D. Uta, Y. Gotoh, T. Andoh, Y. Kuraishi,
K. Imoto, H. Furue (2012) In vivo
puritic synaptic responses elicited
by cutaneous 5-HT application in the
superficial spinal dorsal horn of
adult rats, ibid.

[24]N. Akimoto, K. Honda, D. Uta, H. Furue,
K. Imoto, Y. Takano, M. Noda (2012) The
relationship between CCL-1 and
neuron/glia in the neuropathic pain
model, ibid.

[25]

, (2012) Contribution of the
descending pain inhibitory system to
the analgesic effect by smelling the
aroma oil, 35 ,
2012.9.18-21,

[26] . . .

_ ; (2012) FILIP
regulates dendritic spaine dynamics

controlling actomyosin activites,
ibid.
[27] , , (2012)
, ibid.
[28] , P.E. Anthony, H.M. Louise,
, L. Yong, (2012)
in vivo
, ibid.
[29] , ) .
) (2012) In vivo
patch-clamp analysis of spinal

neuronal control of the lower urinary
tract function, ibid.

[30]H. 1lIkeda, K. Mochizuki, K. Murase
(2012) Astrocyte involves in the
long-term facilitation of neuronal
excitation in the anterior cingulate
cortex of mice with inflammatory pain,
NIPS-WS 2012 Central Neuroplasticity
in Sensory Emotional Link,
2012.9.13-15,

[31]H. Furue (2012) In vivo patch clamp

analysis of spinal modulation of
nociceptive synaptic transmission by
optoactivation of the locus coeruleus,
ibid.

http://www_synapse.his.u-fukui.ac.jp

@D

MURASE, Kazuyuki
®

FURUE, Hideaki
®

IKEDA, Hiroshi



