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Analysis of the action of oxytocin at synapse level in regulating nociceptive
transmission in rat spinal dorsal horn
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We examined how oxytocin affects synaptic transmission in substantia gelatinosa
(SG) neurons by applying the patch-clamp technique to the SG neurons of adult rat spinal cord slices.
Bath-applied oxytocin unaffected excitatory transmission while producing an inward current at -70 mV and
enhancing spontaneous inhibitory transmission. These activities were mimicked by oxytocin-receptor
agonist. The oxytocin current was inhibited by oxytocin-receptor antagonist, U-73122,
2-aminoethoxydiphenyl borate but not dantrolene, chelerythrine, dibutyryl cyclic-AMP and tetrodotoxin,
while the spontaneous inhibitory transmission _enhancement was depressed by tetrodotoxin. It is concluded
that oxytocin produces a membrane depolarization mediated by oxytocin receptors, which increases neuronal
activity, resulting in the enhancement of inhibitory transmission, a possible mechanism for
antinociception. This depolarization is possibly mediated by phospholipase C and IP3-induced
Ca2+-release.



Sprague-Dawley 6—~8
1.2~1.5
9/kg
1.5~2.0cm
a-
3 )
600 g m
L5
650 p
m
EM
36
15~20
ml/ mM

NaCl, 117; KCI, 3.6; CaCl,, 2.5; MgCl,,
1.2; NaH,PO,, 1.2; glucose, 11; NaHCO;, 25
pH = 7.4

(mM)
EPSC
K-gluconate, 135; KCI, 5; CaCl,,
0.5; MgCl,, 2; EGTA, 5; HEPES, 5; Mg-ATP,

5 pH=7.2
IPSC Cs-sulfate, 110;
CaCl,, 0.5; MgCl,, 2; EGTA, 5; HEPES, 5; TEA,
5; Mg-ATP, 5 pH=7.2 EPSC
-70mvV CI-
IPSC
IPSC 0 mV AMPA
EPSC
GABA
I1PSC
IPSC
GABA,
EPSC
0.1ms
0.2Hz
1uM -70 mV
Ad C
omv
30 2
8
Na*
AMPA
CNQX Ca?

ECs 0.021p M

GDP-B -S



Na*

U-73122 1P;

K" Na'

VlA
TNMA

T™MA

0.024p M

14

30% K

K+
C
Ca* 2-
C
C a2+ Ca2+
AMP
1P, Ca
ACh
ACh
ACh
TMA
GABA
ECs,
0.038u M

ACh

Qin Kang, Chang-Yu Jiang, Tsugumi Fujita,
Eiichi Kumamoto: Spontaneous L- glutamate
relesse  enhancement in rat substantia
gelatinosa neurons by (-)-carvone and
(+)-carvone which activate different types of
TRP channel. Biochemical and Biophysical
Research Communications, 459 (3), 498-503
(2015). DOL:
10.1016/j.bbrc.2013.02.127.

Yasuhiko Kawasaki, Tsugumi Fujita, Kun
Yang, Eiichi Kumamoto: Anandamide
depresses  glycinergic and GABAergic
inhibitory transmissions in adult rat substantia
gelatinosa  neurons.  Pharmacology &
Pharmacy, 6 (3), 103-117 (2015).
http://dx.doi.org/10.4236/pp.2015.63013.

Sena Ohtsubo, Tsugumi Fujita, Akitomo
Matsushita, Eiichi Kumamoto: Inhibition of
the compound action potentials of frog sciatic
nerves by aroma-oil compounds having
various chemical structures. Pharmacology
Research & Perspectives, 3 (2), 00127
(2015). DOI: 10.1002/ prp2.127.

P— > >

. Pain Research, 30 (1),
16-29  (2015).
http://dx.doi.org/10.11154/pain.30.16.

Qing-Tian Luo, Tsugumi Fujita, Chang-Yu
Jiang,  Eiichi Kumamoto:  Carvacrol
presynaptically enhances spontaneous
excitatory transmission and produces outward
current in adult rat spinal substantia
gelatinosa neurons. Brain Research, 1592
44-54  (2014). DOLI:
10.1016/j.brainres.2014.10.021.

Yuhei Uemura, Tsugumi Fujita, Sena Ohtsubo,
Naomi Hirakawa, Yoshiro Sakaguchi, Eiichi
Kumamoto: Effects of various antiepileptics
used to alleviate neuropathic pain on
compound action potentials in frog sciatic
nerves — Comparison with those of local
anesthetics. BioMed Research International,
2014, 540238 (2014). DOI:
10.1155/2014/540238.

Chang-Yu Jiang, Tsugumi Fujita, Eiichi
Kumamoto: Synaptic modulation and inward
current produced by oxytocin in substantia
gelatinosa neurons of adult rat spinal cord
slices. Journal of Neurophysiology, 111 (5),
991-1007 (2014). DOLI:
10.1152/jn.00609.2013.




Eiichi Kumamoto, Tsugumi Fujita, Chang-Yu
Jiang: TRP channels involved in spontaneous
L-glutamate release enhancement in the adult
rat spinal substantia gelatinosa. Cells, 3 (2),

331-362  (2014). DOLI:
10.3390/cells3020331.
s II

. Pain Research, 29 (4), 215-231
(2014). http:/

dx.doi.org/10.11154/pain.29.215.

> ] > E

B

,35(1), 16-24 (2014).

DOI URL
1:RP ,
,35(1), 36-45 (2014).
DOI URL .
. , 35 (1), 25-35
(2014). DOI URL
. Pain

Research, 29 (1), 17-30 (2014).
http://dx.doi.org/10.11154/pain.29.17.

Toshiharu Yasaka, Sheena Y.X. Tiong, Erika
Polgar, Masahiko Watanabe, Eiichi
Kumamoto, John S. Riddell, Andrew J. Todd:
A putative relay circuit  providing
low-threshold mechanoreceptive input to
lamina I projection neurons via vertical cells
in lamina II of the rat dorsal horn. Molecular
Pain, 10;3 (2014) DOLI:
10.1186/1744-8069-10-3.

Hai-Yuan Yue, Chang-Yu lJiang, Tsugumi
Fujita, Eiichi Kumamoto: Zingerone enhances
glutamatergic spontaneous excitatory
transmission by activating TRPA1 but not
TRPVI1 channels in the adult rat substantia
gelatinosa. Journal of Neurophysiology, 110
(3), 658-671 (2013). DOLI:
10.1152/jn.00754.2012.

Tao Liu, Chang-Yu Jiang, Tsugumi Fujita,
Shi-Wen Luo, Eiichi Kumamoto:
Enhancement by interleukin-1p of AMPA
and NMDA receptor-mediated currents in
adult rat spinal superficial dorsal horn
neurons. Molecular Pain, 9:16 (2013).

DOI: 10.1186/ 1744-8069-9-16.

Akitomo Matsushita, Sena Ohtsubo, Tsugumi
Fujita, Eiichi Kumamoto: Inhibition by
TRPA1 agonists of compound action

@

potentials in the frog sciatic nerve.
Biochemical and Biophysical Research
Communications, 434 (1), 179-184 (2013).

DOLI: 10.1016/j.bbre.2013.02.127.

Daisuke Tomohiro, Kotaro Mizuta, Tsugumi
Fujita, Yukiko Nishikubo, Eiichi Kumamoto:
Inhibition by capsaicin and its related
vanilloids of compound action potentials in
frog sciatic nerves. Life Sciences, 92 (6-7),
368-378  (2013). DOI:
10.1016/5.1£s.2013.01.011.

Hiroki Kawasaki, Kotaro Mizuta, Tsugumi
Fujita, Eiichi Kumamoto: Inhibition by
menthol and its related chemicals of
compound action potentials in frog sciatic
nerves. Life Sciences, 92 (6-7), 359-367
(2013). DOI:
10.1016/j.1£s.2013.01.012.

E 5 >

> > > B

. Pain Research, 28 (1),
9-21 (2013).
http://dx.doi.org/10.11154/pain.28.9.

Kotaro Mizuta, Tsugumi Fujita, Eiichi
Kumamoto: Inhibition by morphine and its
analogs of action potentials in adult rat dorsal
root ganglion neurons. Journal  of
Neuroscience Research, 90 (9), 1830-1841

(2012). DOI: 10.1002/jnr.23059.
Masanari Inoue, Tsugumi Fujita, Masaaki
Goto, Eiichi Kumamoto: Presynaptic

enhancement by eugenol of spontaneous
excitatory transmission in rat spinal
substantia gelatinosa neurons is mediated by
transient receptor potential Al channels.
Neuroscience, 210, 403-415 (2012).

DOI: 10.1016/j.neuroscience.2012.02.040.

Satoko Uemura, Tsugumi Fujita, Yoshiro
Sakaguchi, Eiichi Kumamoto: Actions of a
novel water-soluble benzodiazepine-receptor
agonist JM-1232(—) on synaptic transmission
in adult rat spinal substantia gelatinosa
neurons. Biochemical and Biophysical
Research Communications, 418 (4), 695-700
(2012). DOLI:
10.1016/j.bbrc.2012.01.080.

Kotaro Mizuta, Tsugumi Fujita, Eiichi
Kumamoto: Actions of morphine and its related
drugs on primary-afferent neurons — their
clinical significances. Advances in Medicine
and Biology, 45, 27-52 (2012).
https://www.novapublishers.com/catalog/
product_info.php?products 1d=29847&0
sCsid=94fb67ca2fal440efdeab6082ec04a
c3.

> )

__: Menthol
. Pain Research,

27 (1), 37-51 (2012).

http://dx.doi.org/10.11154/pain.27.37.

> ) > >

b B > >



, 34(1), 30-39 (2012).
DOI URL .

,34(1),20-29 (2012). DOI
URL .
. 92
2015.3.21.
18- 14 ’ T
. 92
. 2015.3.21.

Eiichi Kumamoto, Tsugumi Fujita, Chang-Yu
Jiang, Lan Zhu, Chong Wang: TRP activation
by plant-derived chemicals in the adult rat
superficial dorsal horn. The 12th Korea-Japan
Joint Symposium of Brain Sciences, and
Cardiac and Smooth Muscle Sciences.
2015.1.23. Yongin (Republic of Korea).

Chang-Yu Jiang, Tsugumi Fujita, Lan Zhu,
Chong Wang, Eiichi Kumamoto: Synaptic
modulation by oxytocin in adult rat
superficial dorsal horn neurons. The 12th
Korea-Japan Joint Symposium of Brain
Sciences, and Cardiac and Smooth Muscle
Sciences. 2015.1.22. Yongin (Republic of
Korea).

Chang-Yu Jiang, Tsugumi Fujita, Nian-Xiang
Xu, Sena Ohtsubo, Akitomo Matsushita,
Eiichi Kumamoto: Enhancements by 1,8- and
1,4-cinecole of spontaneous excitatory
transmission in adult rat spinal substantia
gelatinosa neurons. Neuroscience 2014.
2014.11.17. Washington, D.C. (USA).

£} > > E

37 .2014.9.13.

— >

TRPA1 . 37
.2014.9.11.

. 24
2014.8.9.

’ 11
. 36
2014.6.20. KKR
91
. 2014.3.16.
. 91
. 2014.3.16.
, . TRP
. 91
2014.3.18.

Chang-Yu Jiang, Tsugumi Fujita, Hai-Yuan
Yue, Sena Ohtsubo, Akitomo Matsushita,
Zhi-Hao Xu, Eiichi Kumamoto: Vanilloid
zingerone enhances spontaneous excitatory
transmission by activating TRPA1 but not
TRPVI1 channels in the adult rat substantia
gelatinosa. The 5th Asian Pain Symposium.
2013.12.18.

Chang-Yu Jiang, Tsugumi Fujita, Qing-Tian
Luo, Qin Kang, Sena Ohtsubo, Akitomo
Matsushita, Eiichi Kumamoto: Modulation by
oxytocin of excitatory and inhibitory synaptic
transmission in adult rat spinal substantia
gelatinosa neurons. Neuroscience 2013.
2013.11.13. San Diego (USA).

Qing-Tian Luo, Tsugumi Fujita, Chang-Yu
Jiang, Qin Kang, Toshiharu Yasaka, Sena
Ohtsubo, Akitomo  Matsushita, Eiichi
Kumamoto: Effect of carvacrol on
glutamatergic spontaneous excitatory
transmission in adult rat spinal substantia
gelatinosa  neurons. Neuroscience 2013.
2013.11.13. San Diego (USA).

Chang-Yu Jiang, Tsugumi Fujita, Sena
Ohtsubo, Akitomo Matsushita, Zhi-Hao Xu,
Eiichi Kumamoto: Cellular mechanisms for
inward currents produced by oxytocin in
adult rat spinal superficial dorsal horn
neurons. The 4th Asia-Pacific International
Peptide Symposium. 2013.11.6. Hotel
Hankyu Expo Park .

L— B B



@

@

35
2013.7.12.

35
. 2013.7.12.

. 36
2013.6.20.

0 1,8-

36 .2013.6.20.

90
.2013.3.28.

Chang-Yu Jiang, Tsugumi Fujita, Nian-Xiang
Xu, Akitomo Matsushita, Sena Ohtsubo, Tao
Liu, Eiichi Kumamoto: Oxytocin modulates
the membrane excitability of adult rat spinal
substantia gelatinosa neurons in a biphasic
manner. Neuroscience 2012. 2012.10.15.
New Orleans, (USA).

Nian-Xiang Xu, Tsugumi Fujita, Chang-Yu
Jiang, Akitomo Matsushita, Sena Ohtsubo,
Toshiharu Yasaka, Kotaro Mizuta, Tao Liu,
Eiichi Kumamoto: Effects of cineole on
spontaneous excitatory synaptic transmission
in adult rat spinal substantia gelatinosa
neurons. Neuroscience 2012. 2012.10.15.
New Orleans, (USA).

> ) B B

49
. 2012.11.8.

. 35
. 2012.9.19.

. 22
2012.8.5.
34
2012.7.21.
Science&Practice 5.
. . pp.45-46
(2014).
. pp-104-145
(2014).

Eiichi Kumamoto, Kotaro Mizuta, Tsugumi
Fujita: Nova Science Publishers. (New York,
USA). Frogs: Biology, Ecology and Uses.
James L. Murray (Ed.). pp.89-106 (2012).

http://www.neurophysiology.med.saga-u.ac.jp

o

@

®

Kumamoto, Eiichi

60136603

Fujita, Tsugumi

70336139



