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The effect of motor traning for cognitive function
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To investigate the effect of voluntary movement in developmental period for
cognitive function, we kept 3 week age mice in the environmental enrichment (EE) for 2 weeks. We
examined AMPA receptor expression and Brain drive neurotrophic factor (BDNF) after in cingulate
cortex after voluntary movement. The EE grope showed significantly increase of anti-anxiety behavior
and inhibitory avoidance (IA) score, and positive correlation between IA score and the amount of
movement. In addition, although AMPA receptor expression did not change, BDNF expression
significantly increased in the EE group. These results suggest the trophic effect of voluntary
movement in developmental period.

AMPA



AMPA

@

(
(n=32
(25°C)

@)

10

(AMPA
AMPA
AMPA
AMPA
3 C57B6
20 30g, )
(40 x 25 x 25 cm)
12
( )
(D
2
1

(Discrimination index)

Vv

3 week p

o)
+ \__\/  voluntary exercise Behavioral test
Brain slice
2 week Electrophyisiology
(1
(3)
AMPA AMPA
BDNF
BCA Protein Assay Kit (Pierce,Rockford, IL)
SDS
( )
1 BDNF
(1:1000, Abcom) f - (1:1000,
BioLegend, San Diego, CA, USA)
HRP 2
, ECL
(GE Healthcare,

Chalfont St. Giles, UK)
Image-J (Alpha Innotech, San Leandro, CA)

4)
( )
30
1
(5% C04/95% O,)
(25.0 mM NaHCO;,

1.25 mM NaH,PO,, 2.5 mM KCl, 0.5 mM CaCl,,
7.0 mM MgCl,, 25.0 mM glucose, 110.0 mM
choline chloride, 11.6 mM ascorbic acid)

(Leica vibratome,
VT-1200) 350 um

(22-

25°C, 118 mM NaCl, 2.5 mM KCI, 26 mM
NaHCO;, 1 mM NaH,PO,4, 10 mM glucose, 4
mM MgCl,, 4 mM CaCl,, pH7.4)

( 600 , Olympus BX51)
(C2741-79, Hamamatsu
Photonics)

(prelimbic cortex, PrL)  II/III

(GD-1.5, Narishige, JAPAN)
(P-97, Sutter Instruments)

4-7MQ
22
25° C
(Axoclamp 1D, Axon Instruments)
A-D (Digidata

1440A, Axon Instruments)



(Clampex AMPA
10, Axon Instruments)

AMPA
(115 mM AMPA (data not shown)
cesium methanesulfonate, 20 mM CsCl, 10 mM ( 3A,
Hepes, 2.5 mM MgCl2, 4 mM Na2ATP, 0.4 mM Mann-Whitney test, P < 0.05)
Na3GTP, 10 mM sodium phosphocreatine, 0.6
mM EGTA at pH 7.25)
(Sigma, 100 p BDNF
M) (Sigma, 4 uM) (3B, Mann-Whitney test, P < 0.05) (
( ) 3)
TI/111 BEEE RER
( 2mm) 200-300 P m GIUAT [ s | 4 110D
0.4 0.7

mA 10 pA
60 T [ ] 45900

AMPA +40 mV A B
150 g0 - .
NMDA £ o0 E’ 200
50 100 2 é
NMDA AMPA g L
AMPA/NMDA z 3 o
BEEEE REHER BEHEAH RHED
) (3
+
V/VI /1
Mann-Whitney test
Pearson's test NMDA NMDA/
0.05 AMPA (n=
27) 021 £ 0.04
(n=23) 0.77 £ 0.12
2 (Mann-Whitney test, P <0.05, 4A, B)
)
A ;: B
— 200 10 PA
(2B, Mann-Whitney test, P < 0.05) s 50'—
o ms
& s
g * 3
2 g
(  2C, Mann-Whitney test, P = 0.66) 2 e
(IA ) z 23
( BEHE RNED 0 250
D) NMDA/AMPA ratio (%)
1A (4
( 2E
Pearson'sr=0.51 (p <0.05)) (  2)
A B C
3000 H 300 o mumE 5
3 T " RIED H
% 1000 E 100 * E
BEHAE RIREH Aain iy BEHEE RINEH
D * E
300 300 yf;_;.:)nSX +71.375
Homecage /] E 200 E 200 . e
a—A = = . .
ATAJ"//%W@EM |:| Emo :./E/‘/
- ’ BEHEEAE RGEH “b ;»gg];1(><1n5)

(2



6
1. Mechanisms of motor learning mediated
by synaptic plasticity in rat primary motor
cortex.
Kida H, Mitsushima D. Neurosci
Res.128:14-18. (2017), invited review.

2. Differential Temperature Sensitivity of
Synaptic and Firing Processes in a Neural
Mass Model of Epileptic Discharges
Explains Heterogeneous Response of
Experimental Epilepsyto Focal Brain
Cooling.

Soriano J, Kubo T, Inoue T, Kida H,
Yamakawa T, Suzuki M, Ikeda K. PL0oS
Comput Biol. 13(10):e1005736. doi:
10.1371/journal.pcbi.1005736. (2017)

3. Slice patch clamp technique to analyze
learning-induced plasticity.

Kida H, Sakimoto Y, Mitsushima D. J Vis
Exp. €55876, doi:10.3791/55876 (2017)

4. Epidural Focal Brain Cooling Abolishes
Neocortical Seizures in Cats and
Non-human Primates.

Inoue T, Fujii M, Kida H, Yamakawa T,
Maruta Y, Tokiwa T, He Y, Nomura S,
Owada Y, Yamakawa T and Suzuki M.
Neurosci Res. 122:35-44. (2017)

5. Motor training promotes both synaptic
and intrinsic plasticity of layer 11/111
pyramidal neurons in the primary motor
cortex.

Kida H, Tsuda Y, Ito N, Yamamoto Y,

Owada Y, Kamiya Y, Mitsushima D.
Cerebral Cortex. 26(8):3494-507. (2016

6. Astrocyte-expressed FABP7 regulates
dendritic morphology and excitatory
synaptic function of cortical neurons.
Ebrahimi M, Yamamoto Y, Sharifi K, Kida
H, Kagawa Y, Yasumoto Y, Islam A,
Miyazaki H, Shimamoto C, Maekawa M,
Mitsushima D, Yoshikawa T, Owada Y.
Glia.64(1):48-62. (2016)

6
1. Motor training strengthens the
glutamatergic synapses of layers V
neurons in the primary motor cortex.
Hiroyuki Otaku, Hiroyuki Kida, Dai
Mitsushima 2018 3 28

95 ( )

2. Motor training promotes both synaptic
and intrinsic plasticity of layer 1I/111
pyramidal neurons in the primary motor
cortex.

, 2017 3 28
— 94
( )
3. AMPA/GABA
2016 12 7
28

( )

4. Motor training promotes both synaptic
and intrinsic plasticity of layer 11/111
pyramidal neurons in the primary motor
cortex.

Kida H, Tsuda Y, Yamamoto Y, Owada Y
and Mitsushima D. 2016 11 17

San Diego 46th Society for Neuroscience

(USA)
5. AMPA/GABA
2016 3 22
93
( )
6. AMPA/GABA
2015 10 24
67
( )
0
o 0
o 0



http://ds.cc.yvamaguchi-u.ac.jp/~seiri2/index.html

@
KIDA, Hiroyuki

@

®

MITSUSHIMA, Dai

YAMAMOTO, Yui

*




