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FEEEREL () Effects of voluntary exercise on expression of neurotrophic factors
and neurotransmitter levels in rat brain
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MR R OMEEL (F&30) : Extracellular concentrations of monoamines were investigated in
the striatum and hippocampus before, during, and after treadmill exercise using
microdialysis technique. It was found that serotonin and norepinephrine levels were
increased during treadmill running and then returned to baseline levels; however,
dopamine levels peaked after treadmill exercise. Serotonin levels were increased in the
hippocampus during treadmill running after 1 week of treadmill exercise.

AT R TERE
(GFEEANL - 1)
[EREG Sy R & &t
200 644
200 7HE
200 84 900, 000 270, 000 1, 170, 000
200 94FERE 900, 000 270, 000 1, 170, 000
201 04 1, 000, 000 300, 000 1, 300, 000
i 2,800, 000 840, 000 3, 640, 000

l¥ivwar SO ecniztis
FHE DR - fH « ANRIELS: - U ) 7 —3 g R - ikl
F—U—R:=xA 70T VA McEWE, MO, EEhiRik, HRERITE

BB BENHD, FEZ0 L5 BRHEITIER
(AR, FT, MRRSEEIN T LR REY

1. WFIEBHAE S MDY 5
A aX AT Y RET, TR TO

MR EWE OMFEFIE L L TIIMESL S h
ZbDOTH LA, EERIICAE O thitmzE
HOEET DBENID 2 A
FER DOEBRITL DR & 9 BLRD D DB

BORTIL,BINF &t a h = Ao rT A
PR RE DOHEFRF I AARIICHERE L T WD 2
ERFESNTWS, L, RIFED X H
(I ZEE T V2 LC, TEE), fhRseE



K7, #RAnEWE OREMR 285 a3
DG T SR,

2. WEo HBY

Fx IXERICBW T, Mt REICHT 5
1 188 PR 32 5 BT o 3 IR D B4 & (R e 9~ % 2
CEWRELTE=, L2L, B MZIBWTE
DOFEREMIE B0 2 N 'E D 24 % it
THZELIIREETH S, £ T, AFEDHE
ML, IEZEET VT v b & W CRERERIE
D7 atAELDMANME EZH ST L,
T DI % N WA TE 9 2 f 3 7 3 Bl o)
WCHEIRIFE OB Z BIET b0 Th D, FF
WA RIOWZE T, MM EMEIZET 5K
MNEITO,

3. WrFED kL
AEIOMZETIE~A 7 a ATV v Ak
EHEALCE/ T NB: /L x 7Y
V. DA R—XI v 5-HT:Em h=Y) OHE
Jash R E L2 HE Uiz, EERIZIT 9 Ba o
Wistar 27 v b OREEGFF 22 PLfEH L7,
AV TNTG U DORNRET TT v b ENE
PE[EEHEE (SR-8N Narishige) THEIEL. 2
Bo7h—eRELHwRHE A N CEE
L7, HA RH=a—LOBAMEITT LY
~ % JEYEI TR S5 R1X (anterior i +0. 2mm,
lateral:3. Omm, ventral:3.5 mm). JE&HIZ
(anterior:—3. 8mm, lateral:2. Omm,
ventral:1.6 mm) & L7z, HA KA 3 H
H AR I AR i o A 7 A
(HTEC-500, = = A4L#Y) ZfEA L. 155
MR CHIE L7z, 728, SRIOEBRIIERE
KEFEERIGEHIHE W, IR B KFEE
BREB S DOARESGTITo 72,

(1) /7 3I00nbFLy RILETH
WEDEIIZENT I ERF LI, 7
vy FH MLy RIAVOREF, A 0°
T X 18m/min @ 30 4[] & L 7=,

(2) HBRIZEVWENNL—= 7 DFf
MCTEDEICENTDINERT LT,
KO A REA%3SBHIZ, 7y N
N RV TAEITHOREZZH
E L7z, AEITIEHE S 18m/min T 30 43 [
ELlL, FO%THM ML Yy RIV L
— =V T EATWV, T O%E US4 TETT
Mok ERE L, PL—=r71%
18m/min D& T30 HFRENSBB L.
ma B ERE S L THREMIC
24m/min T 60 N EER[EEIZ /R D L D IZ
To7,

(3) MFEZEMERRIZIC b Ly B VLT
HORELLENE LT, MEEET T L
XA Y TNT o OWARBETFTT v b &N
TENL[E B S CEE L, JHZ % REE L7k RE
THIREER (MHF-G150LR Moritex) X ¥ &%

SN TP 560nm DA A L2 5
REARE 0tz A — AR H L%

20mg/kg E L CUERL L7z, FRETERAZIZ A%
DOIEFF IS SN D XK 9, Bregma L VA
6mm *+ $%J7 4dmm Z .0 & U7-E A 10mm O &6
&L, MEREIT 20 5> TIT o 72, INFEZESE
%, B~ A R =a2— L ZfEA - [EHE
L3 A%, 7THHE, 4 BRICENFNES

18m/min @ 30 3T h L v NI VELT
HOREZLEZRE LT,

4. WFFERkE

(1) ~A4 7 uZA4 TV AOT—HiL, H
TEBIBRF N AR BT/ 5 Z & D 3 R LA
DT —H &AL, MLy RIVETRE
A% 60 4 DORESARIZIBIT D DA DAL E K]
1. 5-HT oAb &K 2 (127, BHICBT D
NE D75k %& X 3, DA DAL A [X] 4, 5-HT DZE
b X 512" d, AR T4 CRREN DS RER TR
AN 2R LT D,

1 #REAETO DA JEEEZE L (n=14)

T

05 | before run after

v
F 3
v
»
v

60 45 30 15 1B 30 15 30 44H &
—Dé

X2 $AERToO 5-HT EREZEAL (n=14)

0.95

22 -

0.5 \‘/\—\‘
21

0.05 - _ before _run after

0
a0 45 30 15 15 50 15 30 45 €

—5HT

BRI TIX NE OIS EE DMK < B A
T o7, DAMNTETICEVIBEN LA L,
T b @SR EDHERF STz, 5-HT 13
ITHRICIREN ERH U, ETH%RITEEMETT
DAHEA &2 L,



Q.3
025 -

Q3 -
015 -

a1l

0.05
before run after

. »
> >

F

2 |y

® 48 B 1= 5 3 1B N £

——NE

X3 ¥R ToONE EEEZ(L (n=12)

0.4

0.35

0d |

035 |

0z |

015 |

ot |

oos | before run after

a0 45 30 15 15 30 15 30 45 60
——=5HT

X 4 ¥EE TO 5-HT PRl (n=12)

0.12
atr |
0.08
0.08 -
004 -

0.02 -

X5 WS TO DAL (n=12)

WS CIINEREDO E— 7 1 3ETHICHY .
EITH G EITRT L O LB & O R B A HEEF
L CW e, 5-HT 13RI & FIgkIC, EfTHIC
BN EH U, EIT%ITRTORE IR 2 8n
s U7z DAZEITICE D EEN FH L, &
ITRIZE—7 RE THRAIBRENMETT 2
i %2 LT,

5-HT 12V XA EH T ER T Z L85
nNTEY, AEO KLy RIVESBTE PHE
WY EEN A L NE b [REREICETHIC B
FH LTV, DATETRIZ EAT 2 EmN
Tr B AT, DAVTERENICBI G- LT v . EEE
B OBECHRELS | 5% E R DRETN L
FWLEZTWD,

(2) 7T HElOoFL Yy RI L L —=V
THiIBTEITTORBELER L -,
before L EFTHIT 60 4y [ D1 E T,
run IXEIT 30 M DO ¥, after X ELT
#% 60 M OEHERLTVWD, £,
7T 7 OWMIT b L —= 0 TR, ERIT
FL—=U 7% %2R LTS, BMEERC
Bir3 DA o/ EK 6, 5-HT OEEHK 7
WO, MBS S NE O kA X 8, DA
DAL ZX 9, 5-HT OZLE X 10 1T,

[

of L oW

-

juy
— T T

befor Tun after
-4--DAR —B—DA%
X6 HREAATO DA HEEZA (n=4)

0.4 ‘
0.3 ‘ PR ...--’.._.__.'--“--..
0.2 ¢
b,y
N

befor un after
=g=-5HTH =—E—5HT#%
X 7 HREAETO 5-HT PR (n=4)

SR TIE, L —= U VRIS CREESL
DI —NIRERBACR KRNI -T2,

0.8
0.6
0.4 ./.\I
0.2 ST AL T T
o e T v
belure run aller

=g==NE B =—l=NE#
X 8 ¥iEHEToO NE BEEEZAL (n=4)



0.0
0.04
0.4
0.Nz
0.01

before mn after

=pe=DA W —E—DATH
X9 5 To DA BEEEZAL (n=4)

0.8 -
0.6 -
04

0.2

before 1mmn

== 5 HTH =—l=—5-HTH

10 YEE To 5-HT J2EEZEAL (n=4)

WEETIE DA ThL—=2 %O ET
#OREIR TN RE 2 MHARH LT,
F72 5-HT 1Z FL—=U 7B O FNETFO
R ERNKRE < e D Hlmmn i biuiz, 5-HT
WELTWZIE, NL—=u 7 %F 5201
L0V XLEHTRE EFPREIRY, K
DEALRHFE R LR TE D, A,
B2 DRRET TV 20,

(3) MIEEE/RBICFL Y FIVELT
P ORELRLE 3 H%, T HR, 14 BIZIZ
ENENHIE Lz, BRI TIL DA & 5-HT
W& b ETICEDEERIN NS D
A DA BTz, £ 70 MR TIL NE, DA, 5-HT,
DAETT 14 BEDHEEERIEIZEVRELR
DA DN I ST DN, RREN VIR A% E
AR EERTWVE W,

5. ERRERCE
(WFeae . WFe o4 M ORI SE 12
=Y

UEsEamsa) (B 1o1)

(D Kawahira K, Shimodozono M, Etoh S,
Kamada K, Noma T, Tanaka N. Effects of
intensive repetition of a new
facilitation technique on motor
functional recovery of the hemiplegic
upper limb and hand. Brain Inj. # 3t
A, 24(10);1202-13, 2010

Kawasaka T, Shimodozono M, Ogata A,

Tanaka N, Kawahira K. Salivary
secretion and occlusal force in
patients with wunilateral cerebral
stroke. Int J Neurosci. % &t f ,

120(5) ;355-60. 2010

Etoh S, Noma T, Matsumoto S, Kamishita
T, Shimodozono M, Ogata A, Kawahira K.
Stroke patient with mirror movement of
the affected hand due to an ipsilateral
motor pathway confirmed by
transcranial magnetic stimulation: a
case report. Int J Neurosci. ZLFeA,
120(3) ;231-5. 2010

Matsumoto S, Shimodozono M, Miyata R,
Kawahira K. Effect of the angiotensin
II  type 1 receptor antagonist
olmesartan on cerebral hemodynamics
and rehabilitation  outcomes in
hypertensive post—stroke patients
Brain Inj. #&#FH, 23(13-14);1065-72,
2009

Noma T, Matsumoto S, Etoh §,
Shimodozono M, Kawahira K.
Anti—spastic effects of the direct
application of vibratory stimuli to
the spastic muscles of hemiplegic
limbs in post-stroke patients. Brain
Inj. #&&efr, 23(7);623-31, 2009
Matayoshi S, Shimodozono M, Hirata Y,
Ueda T, Horio S, Kawahira K. Use of
calcitonin to prevent complex regional

pain syndrome type I 1in severe
hemiplegic patients after stroke
Disabil  Rehabil. & & A ,

31(21);1773-9, 2009

Kawahira K, Noma T, Iiyama J, Etoh S,
Ogata A, Shimodozono M. Improvements
in limb kinetic apraxia by repetition
of a newly designed facilitation
exercise in a patient with

corticobasal degeneration. Int J
Rehabil Res. & Ft A, 32(2);178-83
2009

Nomoto Y, Yoshida A, Ikeda S, Kamikawa
Y, Harada K, Ohwatashi A, Kawahira K.

Effect of menthol on detrusor
smooth-muscle contraction and the
micturition reflex in rats. Urology.
HH, 72(3);701-5, 2008

Etoh S, Kawahira K, Ogata A,

Shimodozono M, Tanaka N. Relationship
between dysgeusia and dysesthesia in
stroke patients. Int J Neurosci. Z&ie
A, 118(1);137-47, 2008

Iiyama J, Matsushita K, Tanaka N,
Kawahira K. Effects of single



bathing in
severe motor and

disabilities. Int J

A, 52(6):431-7

low—temperature sauna
patients with
intellectual
Biometeorol.

2008

(3] G

)

@

®

RENEZ, mH B, &5 HE, REER,
FINEARE, WREEE T, JIEmZE
RIE, WSS, FREICRBILE/ TIV0
HNZEE), 55 45 [B] B ARE PR E TR 2,
Iz B, 2010. 5. 28

Satoshi  Ikeda, Hirofumi  Sasaki,
Ken—Ichi Matsushita, Katsuhiro Harada,
Yurie Kamikawa, Akihiko Ohwatashi,
Akira Yoshida, Shuko Nerome, Yurika
Shimozono. Improvement of
Brachial-Ankle Pulse Wave Velocity by
Rehabilitative Exercise on Hemiplegic
Stroke Patients. 17" European Congress
European society of Physical and
Rehabilitation Medicine, Venice Italy
May 25, 2010

Satoshi Tkeda, Katsuhiro Harada, Yurie
Kamikawa, Akihiko Oowatashi, Keisuke
Horinouchi, Akira Yoshida, Yoshiko
Nomoto, Kazumi  Kawahira. Muscle
related gene expression on passive
repetitive stretching of skeletal
muscle. 2009 annual meeting of The

Association of Academic Physiatrists
Colorado Springs, CO Feb 26, 2009
JRHEMER, M, RKEREZ, BIIEES
, EEE, REEETF, TERHEESE,
JISEFNZE - FREFANMFEZE R BRELE 7 L D
TER% & BEREIEITE B9~ D WFE, 55 46 [a1 1
KYAEY P 3 VEFRHIMER,
e, 2009. 6. 4.
FINEAE, B, FEER, KER
Z, S, ¥oofET, TREABEE, I
WrE - T v MIEER R R & hAg
SR K D AR RN D 55 F W 1Y
Biat  E& RT-PCR I X B2h 5 HIE, &
45 AAR Y AEY T — 3 EERE
%, HEiE, 2008. 6. 6.
Mg, BIEEE, FEEER, KER
Z, EHE, TEREEE, JPERE : F
KA XTI 2B A L TR D2
B MR Z Ry [FAI ] D%
B, 45 MEARY ANEY T— g VES
RIS, Bk, 2008. 6. 6.
RNERZ, wE B, FEEER, BIE
G, HHOME, U8 WY, TREbE
7, BoofE 7, JIEFRZE : Photochemical
infarction €7 /V7 v MBI 5 IEEC
X HHEREMIE & GDNF DFEHIZHOWT,
43 [l B R FRE T RS, @i,

6.

2008. 5. 15.
Satoshi Tkeda, Katsuhiro Harada, Yurie

Kamikawa, Akihiko Ohwatashi, Keisuke
Horinouchi, Akira Yoshida, Yoshiko
Nomoto, Kazumi  Kawahira. Muscle

related gene expression on passive

repetitive stretching of skeletal
muscle. Association of academic
physiatrist annual meeting. Anaheim
CA, Feb 22, 2008

Katsuhiro Harada, Satoshi Ikeda

Akihiko Ohwatashi, Yurie Kamikawa,
Akira Yoshida, Kazumi Kawahira.

Effects of edaravone : a free radical
scavenger, on hemiplegic model of rat
cerebral infarction. Association of
academic physiatrist annual meeting

Anaheim CA, Feb 22, 2008

LI ik

(1) WFFEAREAE

K
FER RS « [R50 - Bh#K
WFgeE 5« 30295282

HZ2= (OHWATASHI  AKTIHIKO)

@) brgEn i
M % (IKEDA SATOSHI)

JER SRS « R -
AT
WFgeE 5 00343369

JIPE - fnse
JEVR SR - R B se Rt - Bz
WrgeE 2 - 20117493

AR R IR -

HHE s (YOSHIDA AKIRA)
RV R - Rt R AR - Bh#
WFgeE 35« 40347109

(KAWAHTRA  KAZUMI)



