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FZER B O (F£3C) © Wistar rats received traumatic brain injury (TBI) and were randomly divided
into two groups: 1) non-exercise group and 2) exercise group. The exercise group ran on a treadmill for
30 min/day at 22 m/min for 7 consecutive days. Immunohistochemistry was used to monitor neural stem
cell (NSC) proliferation around the damaged area and ex vivo technigques were used to isolate NSCs from
the damaged region in both groups. The number of nestin as a maker of NSC- and Ki67 as a marker of
proliferation cell-positive cells observed at 3 and 7 days after TBI was significantly greater in the exercise
group than in the non-exercise group (P<0.01). Furthermore, most nestin-positive cells in the exercise
group co-localized with Ki67-positive cells. In ex vivo studies, spheres could be isolated from injured
brain tissue from the exercise group at 3 and 7 days following TBI, but at only 3 days in the non-exercise
group. The number of spheres isolated from injured brain tissue was greater in the exercise group than in
the non-exercise group. Spheres were immunopositive for nestin and comprised of NSCs that could
differentiate into neurons and glia. Exercise increases the proliferation of NSCs around the damaged area
following TBI. Therefore, exercise therapy (rehabilitation) in the early phase following TBI is important
for recuperation from cerebral dysfunction induced by TBI

SEAF IR E R
(BHHHAL - 1)
[ERESE [ 2 a i
2008 £/ 2, 200, 000 660, 000 2, 860, 000
2009 £ 900, 000 270, 000 1,170, 000
2010 £ 500, 000 150, 000 650, 000
FHE
I
ik 3, 600, 000 1, 080, 000 4,680, 000




WFFEEF « AhERALSE, FhiR I B

B0 5R - HE - AETZ - VA F—a VR - muk T
X—U— R ME, U YT —3 g0 PRRENIIG, ES), s

1. WFFEBsE S WO 5

H AR TII Al H O A8 O F I X 5 Mot
BIZL D ECOCMRIEEORBIEZH T 5
BENEIE LTS, 20k o gsMEI Tt
EHIBEOMD TREVEETH D . MIME
% O Jibd I 3 AP R 55 ORI A B i TR IR
B7 7 a—F ORI ICEEARRET
b5,

2. WtoHBY

(1) AW TIERRAME TR SR I 38 1 D 1k g
A L EE K OGBS E & O RR A RS
AL, AAERFAY S X ONESN A L2 H
WCIRIHT A 2 L A HIOET 5,

(2) AWFFE O B WX IMEE R AT 3 1T 5 4
PP L EE) e OB EH LN THZ &
Th D, AL 10@E I Wistar 7> b
Z VN, pneumatic control injury device
THAME = 52 =14, filEE D h Ly R
VAT L, BREIE R D5 E AL E P o
BRAZ LT 5,

3. WD A

(1) =T VB O(ER

Pneumatic control injury device Z >
T Wistar 7 v & (10 #isa?) (ZWIME % 5
Z. WMEZ v M EERL LT,

(2) FEBE) S5k

WAME T~ b AR B S FEE B L M OUEE)
FEO RS T B BB EO T >~ MZIX 1 H,
1IEl (1 [51/15 43) . 3EEE 15m/43 D5l E )
(b RIV) %7 HEERE CIT-o 7,

(3) ek Y o

5% 1,3, 7THE (FLy RILKETH)
WZIEEEhEE S L ONEEEED T v & 49X T
RV LT VT e R CHREFIEE L, iK% B
DL, BERKREOES LV 20um O
IR 2R U 7e, @ife Ul i 3 B3> % nestin
KON Ki67 Hriiscoapggdeta L, 5 E Iz T
L TWDENFN OB A2 5t 20
5 OBEMEE T CiE L7z,

(4)nestin & Ki67 |24 5 —EYLM
8151% 3 H OEEhEE LK O EB RO U %
JAWT nestin & Ki67 Ot “HEYE AT
Toe T, HESL—Y—EEMEEE AT
BER OB ERE 21TV, iEEhEE &k OJEER)
BEDOF 21T > 7=,

(5) Pk il i o> B

HE% 1, 3, 7 BIZIEEB) R K OB HED
7 v MMOBEEAL & OIS 2mm DR E X
TR GRSy D A% FZARBASEE T THLY
H UL ARRR R Al o0 15 2 15 MLl C KM ECE %
Ry T IR ST, S
Az 1Y =20 A= BT 4
7a R FUREL LR L (£ 6em) —HZIZ
X 5% COy FICC 3 AMHE L, 5k 4
H B ICER LIS LIl & [me L, AL
HERMICH MR ZiEE, Loz C
10-14 A3 L., sphere #7157~ EEN—#
T 2% 720 @D sphere DEAEWPE LT, =6
MR D3 b & FA D 72 01T sphere & AL
=F MBI R T AN AT
24well DEZFE T L — M T4 HEEE L=,

(6) BEEMIRE O

Sy X7z sphere 23fHRRERHIANTH 5 M
D T2 DI RS EER 21T > 7=, sphere
Z FER N —H T A R TR B
ZRWTEEZIT\V), B 4 B & [E
E L., $higZpfifiino ~—h— ; Tujl, 7
A a2 U THfo~—d— ; GFAP, 1 =
Frora 7 U T~ —h—;04 Hiik%E
WY AT MRS 7 ) TR
~DA R LT,

4. WFZEEE
(Dnestin K ONKi67 BtHlat D24k
HIE% 3. 7 BIZBW GEENE CIIIEER)
BRI L CRBLOMINE %#H 3 5 nestin
NS EEE LM 1), £/-7 B#
TIRIEEBNHE CIXHEEE I nestin BED
JERLE SRR O TN, EEEETIE A D e
>7 (X 1), nestin BEPEMIAEIZIEEREIC
e U, EERECAHEICHEM L (P0.01,
X 1), £7-#EE% 3. 7HITBWTKI6T B
PRI S T IR EE R IS LEBIRE CH &
2L Tz (PC0.01, X 2),

X-2. Ki67 O
[X-1. nestin OFEEHL



(2)nestin & Ki67 dug e B Yuth
sME% OBEFFHMRIC L D nestin K&
OV Ki67 #t —EY B & X-3 1T Lz,
5% 3 H CIrIiEshfE & OJEEB#E T nestin
B 28 Ki67 Bt
LTz, L,
5% 7 HCIXER)
BECIE nestin BEIERM
Fa s Ki67 Bt 27~ L
7= IEEERE TITIE
L A YD nestin Gtk
FHAE 2N Ki67 Bt 2 7
ol

X-3. nestin & ONKi67 deyt —FEYLH

(3) Fhiek il il 0 55 B

HEEE PR 5% 1 B CIIIEEDRE
K ONBENFE T neurosphere D4 EEIL TE 72
72 (K 4), 5% 3 B CIEIEEERE LK ONE
FhEE DR D> D neurosphere D4EENTX
T OETIEETB A B U CHEEAE OB
JE PR 2> 45 B 172 neurosphere DN FH
BT % < T & 7 (P<O. 01, 4), Ll
NG, iR T H CI3FEEER R O 13
neurosphere MD43EEILTE 2o To NTEBNRE
DFLFE D B IX BN
T&E7, &bz, %
@ neurosphere [IIE
L A E IR nestin 2
M % 7= L 7z (P<0. 01,
4),

[X|-4. neurosphere D4 Ef

(4) Rt i O oL iRE
. - i S-S sV il
neurosphere [FAHREHIAE,
7 A ~a sy 7RO
FVIFr Rz T
fa~fb L7z (X 5),

-

Z
EEECHEEH% 1 B XY 7 HE T nestin O
PEHIREASZR S & 41, nestin BplERIaE 2 B 15

% 3 HCIKIZI o7z, Z ORERIZLIATFR
OWE LR E K LE[L2], &b
Changjong Moon & [3]153 T2 7= cryoinjury T
VLRI E OHBAEEPH T nestin BEtERIE2
5% 24 FERI O UL 4 H ETHM
L. ROWTHEADTDHZ EEBEL WD, &
512 A.G.Douen 5 [4] /34T o 7= ablation
injury FEB Tl nestin ORI IZ N2
BoOHBGHMTHER 3 H TRRIZRD L
TS LT b, £72S. Chen 5 [5]12 &k 5 CCT
ETFNVEBRTHHEER 24 RS 7T BT
nestin AR L 5404 H TR RKIZ
RHZEEREL TS, TNHDZEND
HREE P CITHEER 3,4 HIZIZ nestin D%
Hov—7r%2hzbEE200Tz,

EENAE CHEEIHRICR LEERY T
Ki67 BEtEMAR2S A B L, Ki67 Bitk%
A9 nestin BEPEMIREY 2 < FRD 4172, bFGF
AR R A LA LR e ey R A 12
HEXHDLIZERMONTWA[2,6], SHIZ
HEENIWEE S SVZ IZ81) D bFGF DFEAE %1
N E 4, nestin B ORRFRERAIIL D 4y 2L {2
1 X | neurogenesis A X Z TN HEIN
TWB 7], £/, EENIIEES SVZ 2B
T brain-derived neurotrophic factor
(BDNF) D BEAHANNSC TrkB 52 1R % BN & &
B LI X0 B E R oM R I & b
J0 &4 neurogenesis HEE I B T &Rk
HEINTWa[8]l, SHIZMNTEELESNT
insulin-like growth factor 1(IGF1) [9]=X°
Growth hormone (GH) [10J1ZM#ERIZIVNTHp
REAE O SR EEIES Z LRGSR
TW5, GEENE IGF 1 R°GH DFEA Z NS &,
5 T ORI IR O B R E SRS S
TW5I[9,10], 7 MEEMET VE R
FEBRIZ I\ T b MR 1% OB TR <> SVZ
TOHEEE AT D R g o 5N
neurogenesis #RHEIH 2L Z LW E SN
TW5 [1L,12] . ZhboZ &b iEBhRE
DFEEBNHEIC L CHRGRHIT KieT fatER
Fa23 BN U EEWEE T nestin PRI Ki67
Bt E Rl Em LB onDd, 2
D ENLEERYICRE W TERRE TIXIE
EENFEIC i Uy & aE 2 T D fffk s i
NELGFHETDHEEZOLND,

S O ICEENINE M E T V&2 VT2 E R
THNIZ B W TR M % 12384 L 7= Kigfk 7
1V hydroxyl radical (- OH) oA —/3—4
X4 K super oxide (0,) 25| Z 91k
A N RAZWRD S MRIRLSE & Il S
T EMHE SN TS [13], FxITEaO®
HTRAMERIZHET D (OH) RA— /3 —F
491 K super oxide (0,7) 23S FHRERHAE DM
JAEB I L, FVHNADR T —
DI RE A SE D RFEER 295 2 & &
H LTz, ZOZEnLIEBBMIMER IR
95 (- OH) o A —/X—FF Y%A K super oxide



0,) 2 SH2DZ LIk v MhgEiino
PS80 S 41, nestin BEPEAIRR2S N L7~
MHEIILIRN,

HE% 1 H, 3H, 7 HOHEEEHO KK
SR oy D B EARBAREE T CoBE L
nestin BEMEHIRE O B2 374 7=, 3 H#% Tl
JEEBRE N OVEEE TIX nestin BB D
sphere # Hiffid4 2 Z & 23H 3727 sphere %
R W TCHEBIRE CIITAEREMA R 5N T,
F72. 7 HTIZIEESERALETIL sphere O HiE]
N TE Do T EEBFRICEB VT nestin B
P sphere MHHEN T 7=, Figb OREICHEE:
JE PR C oA PRI R B D Ki6T Bat
fa ¥ & ARG B FHEAL Y & BLEE L7~ sphere
BUIHHBE LTk, HERFED Kie7 B
fa%k &R E e BUIMmET s b0 L E X
BT,

IAHRE SR FHICIS1T D nestin FPAlAR
KON Ki67 BpiEftiaticisnw T b g% 3 B
L7 RICBWCHEBIRE CIFEI RIS L
HERMEMEZZRD T, ZIUER D MIMER
(ZHRE R PHARRR 23T D nestin BEPEMIARIC
G ENDMRBHILOEEMAEE mD TV D
EEZDLNT, THDZ EnBRIMER D
Ki67 Bo M e (2 8 5 o fe it s e 23 2
NTRY, BETHDI EEEA LN,

FEEB AL & EENE CHUBES U7 sphere @
YL (0, TlL sphere £/AR)IZ nestin %
L Tujl, Vimentin ZIXEMECTH o772, A
EBR T 5 L7~ sphere OEEFENR L Y bFGF B
FOVEGF 2BV BrE ., HIZ 4 B DOREYE
T Tujil & GFAP DGPR3 FRD Tz,
S5 04 BEMEMAEARRD DT, Fx 3B
& FI OB EE FAFAHR D> & neurosphere 735
DAL, SIS Y T ~D 3 biEE A
THZEERE L], ZoZ LhbARE
BRCHEERS# X 1U72 sphere X neurosphere
Thy M s 70 7T~ 5k & 3
DT ENER I,

HRERAIIL O B RIZBI LT, %, A
DT A vt A FBRISEIZSE L
nestin ZFFOMIRERIHEEMAR & 72 0 B L iR
MAC b5 L) Z ERME ST
%[14,15], SHICFxITT v MEE T AT
Z ha YA RS bFGF fF{E F THHEA L
nestin PR ER AL~ & 284k L | AR
L7V TR~ e TS 2 LB Lz (6],
F 72 SVZ R SEZ \TAFAET 2 P i 73 b 75
HALIZ migration T Wo e S Ro 5
[16-18], L2>L7Z22s LEIEDHT, MoME#
(ZHBLT % nestin [HPEMIE ORI SVZ <2
SEZ 7 ARSI BB L T E T2 DT A
r A R AESEIC S L U nestin BfE
AR EEIN L 7 D2 BHE TldZe v, ARZEER
THHLNTIERLSABOERRFETH 5,

6)E L

M5 1% 0 BHINCAT o EBNI M SMEIZ K
Dol &k S HEEFBEMAMRCHIT S
HYGHRE & A9 2 #hiR N HIlE &2 5 e nestin By
PRS2 NS e 5 LB b nT-, HIER
HNCE#B 21795 2 L ITMREAEE2HEFICA
NI EERE (VB T—vay) i2ko
THLEETHIEEZ LN,

(7) 235 3CHk

1. Itoh T, Satou T, Hashimoto S,Ito H (2005)
Isolation of neural stem cells from damaged
rat cerebral cortex after TBI. Neuroreport 16:
1687-1691.

2. Itoh T, Satou T, Hashimoto S,Ito H (2007)
Immature and mature neurons coexist among
glial scars after rat traumatic brain injury.
Neurol Res 29: 734-742.

3. Moon C, Ahn M, Kim S, Jin JK, Sim KB, Kim
HM, Lee MY,Shin T (2004) Temporal patterns
of the embryonic intermediate filaments nestin
and vimentin expression in the cerebral cortex
of adult rats after cryoinjury. Brain Res 1028:
238-242.

4. Douen AG, Dong L, Vanance S, Munger R,
Hogan MJ, Thompson CS,Hakim AM (2004)
Regulation of nestin expression after cortical
ablation in adult rat brain. Brain Res 1008:
139-146.

5. Chen S, Pickard JD,Harris NG (2003) Time
course of cellular pathology after controlled
cortical impact injury. Exp Neurol 182:
87-102.

6. Itoh T, Satou T, Nishida S, Hashimoto S,Ito H
(2006) Cultured rat astrocytes give rise to
neural stem cells. Neurochem Res 31:
1381-1387.

7. Wu CW, Chen YC, Yu L, Chen HI, Jen CJ,
Huang AM, Tsai HJ, Chang YT,Kuo YM
(2007) Treadmill exercise counteracts the
suppressive effects of peripheral
lipopolysaccharide on hippocampal
neurogenesis and learning and memory. J
Neurochem 103: 2471-2481.

8. Wu CW, Chang YT, Yu L, Chen HlI, Jen CJ,
Wu SY, Lo CP,Kuo YM (2008) Exercise
enhances the proliferation of neural stem cells
and neurite growth and survival of neuronal
progenitor cells in dentate gyrus of
middle-aged mice. J Appl Physiol 105:
1585-1594.

9. Llorens-Martin M, Torres-Aleman I, Trejo JL
(2010) Exercise modulates insulin-like growth
factor 1-dependent and -independent effects on
adult hippocampal neurogenesis and behaviour.
Mol Cell Neurosci 44: 109-117.



10. Blackmore DG, Golmohammadi MG, Large B,
Waters MJ,Rietze RL (2009) Exercise
increases neural stem cell number in a growth
hormone-dependent manner, augmenting the
regenerative response in aged mice. Stem Cells
27: 2044-2052.

11.Luo CX, Jiang J, Zhou QG, Zhu XJ, Wang W,
Zhang ZJ, Han X,Zhu DY (2007) Voluntary
exercise-induced neurogenesis in the
postischemic dentate gyrus is associated with
spatial memory recovery from stroke. J
Neurosci Res 85: 1637-1646.

12.Komitova M, Zhao LR, Gido G, Johansson
BB,Eriksson P (2005) Postischemic exercise
attenuates whereas enriched environment has
certain enhancing effects on lesion-induced
subventricular zone activation in the adult rat.
Eur J Neurosci 21: 2397-2405.

13.Radak Z, Kaneko T, Tahara S, Nakamoto H,
Pucsok J, Sasvari M, Nyakas C,Goto S (2001)
Regular exercise improves cognitive function
and decreases oxidative damage in rat brain.
Neurochem Int 38: 17-23.

14.Seri B, Garcia-Verdugo JM, McEwen
BS,Alvarez-Buylla A (2001) Astrocytes give
rise to new neurons in the adult mammalian
hippocampus. J Neurosci 21: 7153-7160.

15.Picard-Riera N, Nait-Oumesmar B,Baron-Van
EA (2004) Endogenous adult neural stem cells:
limits and potential to repair the injured central
nervous system. J Neurosci Res 76: 223-231.

16.Lois C,Alvarez-Buylla A (1994)
Long-distance neuronal migration in the adult
mammalian brain. Science 264: 1145-1148.

17.Kuhn HG, Dickinson-Anson H,Gage FH
(1996) Neurogenesis in the dentate gyrus of
the adult rat: age-related decrease of neuronal
progenitor proliferation. J Neurosci 16:
2027-2033.

18. Parent JM, Yu TW, Leibowitz RT, Geschwind
DH, Sloviter RS,Lowenstein DH (1997)
Dentate granule cell neurogenesis is increased
by seizures and contributes to aberrant
network reorganization in the adult rat
hippocampus. J Neurosci 17: 3727-3738.

5. ERRERLFE
(WFgEf . WIZes 88 R OSBEHEERF T2 4 1
=Ny

UdEREam 30 (G 7 44)

Dltoh T, Imano M, Nishida S, Tsubaki M,
Hashimoto S, Ito A, Satou T, Exercise inhibits
neuronal apoptosis and improves cerebral
function following rat traumatic brain injury, J
Neural Transm, #E&if, inpress, 2011,

QT EEEAE, MMORRERTEE, 47 S DR FHE
55, BHIA, 147 %, 2011, 2-9

@ltoh T, Imano M, Nishida S, Tsubaki M,
Hashimoto S, Ito A, Satou T, Exercise
increases neural stem cell proliferation
surrounding the area of damage following rat
traumatic brain injury, J Neural Transm, &
A, 118 %, 2011, 193-202

@ltoh T, Satou T, Nishida S, Tsubaki M, Imano
M, Hashimoto S, Ito H, Edaravone protects
against apoptotic neuronal cell death and
improves cerebral dysfunction after traumatic
brain injury in rats, Neurochem Res, & #t4,
35 4, 2010, 348-355

(®ltoh T, Satou T, Takemori K, Hashimoto S, Ito
H, Neural stem cells and new neurons in the
cerebral cortex of stroke-prone spontaneously
hypertensive rats after stroke, J Mol, Neurosci,
A weAT, 41 %, 2010, 55-65

®ltoh T, Satou T, Nishida S, Tsubaki M,
Hashimoto S, Ito H, The novel free radical
scavenger, edaravone, increases neural stem
cell number around the area of damage
following rat traumatic brain injury, Neurotox
Res, frmcf, 16 24,2009, 378-389

(DChiba T, Itoh T, Tabuchi M, Satou T, Ezaki O,
Dietary protein, but not carbohydrate, is a
primary determinant of the onset of stroke in
hypertensive rats, Stroke, 5t 4, 2009,
2828-2835

(FaxR) GHbsih)

OFHEEEEAE, MMOIRREREE, 55 40 (A5 7% S8
falFe, 2010 4~ 7 H 24 BREFK K
O BEEEA, AR K, BT, 7 > MKsk
1% @ Edaravone & -5-12 3 1) 5 Ml i
OHBLUZE T A9, 55 53 Bl b

£ 2010 4E 9 H 4 A3E A

OV I, (FREREA, AR B IS, FHEIEAT,
EEREPIMET T VBT 2GR T
D A AP E B B9~ 2 K, 5 50 [a]
H AR B84, 2009 42 6 H 5 H &
#z EkRTh

O BEEEAE, VeiRlE R, T ARATE T, FHRIEAT,
Mo 2 v B ROEME L E B AR RIE T » b
(SHRSP) KIMIZ 351 B s 75 H FEE % D phifk
FACBAT 2 /T, 55 45 (B i+ B A
FFIVREEIRAS, 2009 4E 9 H 4 HRsFK
BT H X

OVEfEE I, (FEEREA, AR B IS, HETETT,
N &ME Jej T ~0> SDFla & CXCR4 7 > &% o=
A NEGIZE DRSS DEIZET %
SRR AR, 2R 98 (8] H AR iR
£:,20094E5 4 1 B sk




(Z DAh)
R BR— U
http://www. med. kindai. ac. jp/patho/gyous
eki2009. htm

6. WFIEE

(D) B s

Fti%  #E4 (ITOH TATSUKI)
TR « PR - A
HFgeE &5 40330245

(2) WFge /s

g BRI (SATOU  TAKAO)
ITR - B b - 2%
W7eE3 5 70162443

(3) BT
C )

WEE &



