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memory and apoptotic neuronal cell death following
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ABSTRACT

The effects of swimming exercise on the short-term
memory and apoptotic neuronal cell death following
intrastriatal hemorrhage in rats

Park Hoo-Sung

Advisor ! Prof. Wee Seung—Doo
Department of Physical Education,
Graduate School of Chosun University

Intracerebral hemorrhage is one of the most devastating types of stroke. It
1s known to cause severe neurological damage and is also associated with a
very high mortality rate. In the present study, we investigated the effects of
swimming exercise on short-term memory and apoptotic neuronal cell death
in the striatum following intracerebral hemorrhage in rats. Intracerebral
hemorrhage was induced by the injection of collagenase into the striatum
using a stereotaxic instrument. The animals in the swimming groups were
forced to swim for 30 min once daily for ten consecutive days. The present
results showed that lesion size and apoptotic neuronal cell death in the
striatum were significantly increased following intrastriatal hemorrhage and
that swimming exercise reduced the size of the hemorrhage—induced lesions and
inhibited apoptotic neuronal cell death in the striatum. Swimming exercise also
suppressed the intrastriatal hemorrhage-induced cell proliferation in the dentate
gyrus, which is a compensatory response to the excessive neuronal cell death
induced by hemorrhage. Here in this study, we demonstrated that swimming
exercise overcomes intracerebral hemorrhage-induced apoptotic neuronal cell

death and thus facilitates recovery following intracerebral hemorrhage.
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(Matsushita et al., 2000; Griesbach et al., 2004). =3 &€& 229 A$
AePAQ F4e HolA HH, &2 71z o Hol AP A &4E 45 A H
a1 37 AR 98 AR A7e AAAMEY &S fEe] <l

A, 7153, dHH oz o] of@A HE AFoltd (Qureshi et al, 2003).

A

ol HEEL AA nFAFNM HFAHoR YEEd el mid o1 fFEd
ol e AWt 2ol AAHoeR wolAa = FAlY] wWitel A&
ol tigh iy 2 o] 5 E4fol WiE IERWY Sol W ¥A=VF S

=527 A (central nerve system)= AATFS T F97 23U
st A o Aol AP v HE ol e QAAS L ol AES
AFste q9E v FFAABAY Vs &4 +F5, 47, d9A 715 &
A g 7R FAEES oIt SFAAA &4 g A Aqe F
2 ¥E5Y &4 2 Axas 1, 438 T5 58 A AAEE AEE
55 F3lo] o]Fojxa At} (Kerr et al, 1972). HEFE 2 dojyE oz &
Aol Hxek yeE Yy AAS Tt A AMEAL (neuronal cell death)”}

ZH ] (Li et al, 1997, Linnik, 1995) 2= H]7} Al Al 7F a4 &AFS do
1t H=dol g AAAEAE deder #5420 JAE FA4 (necrotic
processes) o2 o Az gl gy FH o= A EAE (apoptosis)o]HE T E
Aol A ZA A o] ABMEAL FaT TS due Aol dFH L Ak (Li
et al., 1997; Linnik, 1995; Shigeno et al., 1990).

HEES AEAME S fEsts FAlCd EAFAY EAF, AxE 55 71

(repair mechanism)< do7l+=d, 2 B 7|49 Uz HEIA AFAEA



Aol dA4sH= Aoz AZEH I 9t (Cramer & Chopp, 2000). A& E g3
IHEEe 54 ¥ 2= AFe] ¢ Folk AAFAE (neural stem cell)
7b EAs] A= A A MEZAYA (neurogenesis)o] A& oz dojur} (Biebl
et al., 2000; Eriksson et al., 1998). 53], A 2% Al A A ¥E 2] AAo] o] Fo]Zr}
2 HayE K4 F vt (hippocampus)= S5 7199 N FF2A v XA
3] (hippocampal dentate gyrus)ollA doju= AAAEZANAL g5, N-methyl
-D-aspartate (NMDA) 8 ZAdgA, AZEY, ez % FE5AF02
FgAEE v, FAd 22 2Ef 29 =32 Qlste] oAl®En (Fuchs &
Gould, 2000; Gould & Tanapat, 1999). H&8 <43 2 Wz d AHoA=
slvl A43le] ABAMEAYAYC] FrtHE = Aow BuHdY (Liu et al, 1998;
Parent et al., 1997).

AA EE2 o] 7HA dEe o Edor fEe A4S Fs
2

N
==
x

ot
-

A o HA k], HET T v

b

B o A dAA A5H 5
71538 ES 20AHA 2 (Johansson & Ohlsson, 1996; Lehmann et al., 1975),
AA 715 S FAAAY (Blomquist & Danner, 1987; Fordyce & Wehner, 1993).
Chodzko-Zajko ¢} Moore (1994)% <17k A H A=A S HEHI AV}
UTHAA FH AR 5] ¥ e S FAAA F vt Hustdn =3 &5
Tl AAAFAE] A& wshep #Ho]l AdE AlA o A A (neurotrophic
factor)e] #wW|7} =718 (Trejo et al, 2001; Goémez-Pinilla et al., 1998; Tao
et al., 1996; Neeper et al., 1995), Al 7}4 4] (synaptic plasticity)e] 5 7F% ™,
A7 87 FrE ol 719 7lEeol #gAE Y (Fordyce & Wehner, 1993). & &<
B3P A (Isaacs et al, 1992)3 AzEY EH 5& Z7FA# (Fuyjino et al,
2002; Weicker & Struder, 2001; Chaouloff, 1989) A A A E A, #7173, 719,

St&o d4FS FE= Aoz oJAAT (van Praag et al, 1999a). 2 A o Abol A

L SFABA EF SFAES AT A5 F WHORE ARAH EEo] BWol A
£33 9t} (Carro et al, 2001; Cotman & Berchtold, 2002). o]&2 % & %o] 3
Z8A dATEH S PN L, AATAH Ao E A7 =d 18T A5F B
Holeb= A& WA, 50 oud 7|HdS Foto] HAAAEL gk 2l
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AFAEE AEAI} Aoy w Aol ZuE MEA Tzads 2EA7
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7102 AMEAHA (programmed cell
death)etal % &bw A7 A Z o] A /\}“é, FE A Tl Fag %S g
Aoz 4# A vt (Danial et al., 2004; Griesbach et al., 2004). o] &3+ A EA}
2 719 MExAbels G AE7E S5 8 @AY o] dojdrt
Eg o] FEEo AMEAEAE YA F HAAE (macrophage)tt U3 AlE

of o9&t AAHE EAHS 7o, DNA £ &40l 239 laddering 3 E 2

DNA ¥4& yegdt 54 §34 & 344 250 93] AxzAE] A
A 2HAAANA Yol A H R BAHAY AAEd B AHA= 2
AdX oz Awol eyt Hrh Ed MEAIE LS ¥ &t HupE oA} £t
T8 vy, A W B AZE AANE NFozA FA FA
S A8 A AuddoR, A T 23 5 A4 x5 {4
2 98] "2 712Zoltl (Song et al, 1999; Schafer & Kornbluth, 2006). A

EAE e ThFE AT FRO MAYOE AAE Bursty, FE R4S AT

of 7hefjxl 2=l oA HAstE A EAPE S o] Al EAPE FAAE ]
of A8 A AMEAIES A= o2 d#A Qdtt ol e AEAIE S
WMA2 A Bel-2 family 7959 AAAH e ojm] &dHA 3
o, HAA Al A= 20F ] @& Bel-2 7Y EAEE AR B A
At Bel-27+-& Noxa, Harakiri, Bad, Bim, Bak. Bax, Bok, Bid $°] <&}3s}H,
A EAA 0] MM gdets sle] nfolEZ=glo} oRute Ala A Eo =

BN
i)
_O|L
rlr
e
=

[e] [e)
= T

dlo



A7leE Aoz dH A ATt (Adams & Cory, 1998; Danial & Korsmeyer, 2004).
ced-3° FALE EfFEE FTHAAE BT (interleukin)-18 A ¥ & 4 (ICE:
AAl caspase-1 olgt AR #wEH oM, I oF BE oE
caspase (cytein protease cleave after aspatic acid)® ®HF39 2™ (Alnemri et
al., 1996), A F7FA 14%F 2] caspase’} H 1% At} Caspases 2 @z o &7
BEHE A3 EAS 7HA L AT F, MEAIE Y A5 E WAIEAE caspase
AL ai7t dAER FA3E o] HFAH O R caspase-1, -3 E -4 Fo] AE
o oy @i AS Fejgorn AEAHo] o] Fojxlt}. Caspasesol sl 3l
HiE 713 dmAdse Axe 7e e 2EEE do F2% J988 s Ao
]

=
dedx 9o o]5o] &A35tE caspaseo] Y3 doHoZH AE A Hd

—|~
fr

1996; Li et al., 1997).
YT FETA, A ATE ol 9ol LAY
)

dof ANAAEA e AZAPE ] 7] Ve Ade SIS Sl

91:
2
[-AO
-
o
il
)
il
!
i
it

2. HANA 9 AEXZRAA

HEd ¥ oejvke] AAAEZA ] FdEHE Lord (1967) AFAIE I o]
F oalnk As e A g Ao AEAE 2 AESS ST A9 AE
B %t (Lee et al, 2005 Ohnishi et al, 2007). o]E AFoA FTEHOF,
vk 2 43]el A #AZE BrdU-UA AlEXse F7hstdvha ®aska 9t oS
o] dF AAAFAES Ad7] AN HiAMzAE AL JHEE

FAE A 714 bz AZhskAvt (Thompson, 1995). < 3 Aol A=



A zAbE o] AZAA ] FHolA dojdtt= S HolFA o™ (Magavi et al,
2000), olelgh WA & uf A3 A WaH FEA FrhE = AA AR
s ¥ SR frd AEZAEY SR Qs doluvs Ao=E Az
oAxITh ole gt AL ojv] H EFoE QA% AEAES T BEA VA, 9
5 E49 glutamate T8&A A 7F MEZAFE Bk olye} NEAANE FAAA
S5 AT BE dFEAA 4F5EHY Y (Bernabeu & Sharp, 2000). A #|
B ddem 3 Bwe Ao gFH HAde Hds 93 sfint

27450 Byst 99 5, He 54 FHoA AAAMEAAL] AT A5
o

2ttt (Kato et al, 2001). £3 27 43Axs

Ao 2 3 Eriksson 5(1998)9 A4+ 7MY B3 1

MM = AZE AT A Aol dAS Tl ALKdTeE AL FHEA FU
A7 MEAZ (neurogenesis)E A AAE7E FA = AEde] Bopste #A

= AAA "o AT FAM AAATAEE vkl A3 e FyAEe o

& Sharp, 2000; Gage, 2000). A= A AL B E = FoZ= FHA A=
o MAdet dd sivt xF3 Y AHAEE} ddow

al., 2002; Barth et al, 2007). T3 dfinf x43]= 558 AEZEAAZ AHAH
S48 7HAI Ao A7 AseeE 71ds Fete] Sa 79d Fad 98S

S pRom, Aze Joe Adat Ao deld Atk o e A

d AEAAZ] A EHAES A Fole AN AddE A3y 25 2 7Y 7E
2 Fdt} (Kempermann & Kronenberg, 2003). Kempermann %(1997)& t}ok
gk A ALSE FAVF b A AL 1B X 3]o A A AGAE

o o
7
rot
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@]
=N
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D
o
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o
<o}
<o}

° L
flo
i
Ip
=)
fitl
o
ok
)
o



ZAdste 7hol gt A AP HAG. AEo] AAHE AABAMEY AES H4 g
73 A=l st 2HRE T st AAAMEY A AL A AAA &
gt 24" F dvke 7heAdo]l AAE AT

aupoll 4 AAAE AL A ZE(serotonin), | ~E 24, A-methyl-Daspartate
(NMDA) F&A A3A|, H=d, HE5, &2 28 &5 st A A
A Aol dAE ¢l o (Cameron et al, 1995; Gould et al, 1997), 53] ¥ &Y A
ANAAEIRAZL 744 A2 119l Hu FFo] =Ldsdvirt 1
ATt (Liu et al, 1998). HET A AAMEZAAGo] F7tE v 71de &40z 2
gk BEel M EAHo] AAMEARALS AFrE Aot (Gould & Tanapat,
1997; Jin et al, 2001; Sharp et al.,, 2002).

Ak g oo Faw 4% FARE o el dvt £ G
593 719 So] AstHm &4 A wr) 7)ole] ARG (Squire & Zola
1996).

3. & A staA

FFA71AL, A A ABAEYE S FEAT=

Aoz BiuFdu} (Parent et al, 2002; Lee et al., 2005; Jin et al., 2006). &3t

AA-1 (IGF-1)9 A4 6;“:}71{4% sotol Fo sivtel A WAAEALE =



A FEe FX6te Jdor nuda u. HAWE], HEFT Y H &4
v gzstoln W) glEw Y 22 HYgA ¥ A3 FAA A5H 52 7]
T3 E S =RAAZH o™ (Lehmann et al, 1975; Johansson & Ohlsson, 1996) I
3 X7 %5S FAAAT (Blomquist & Danner, 1987; Fordyce & Wehner,

1993). Yob7t ¥ EF SFAolM =79 Feor dAF, dY 5o oA TH

o|N

o] WA}t (Risedal et al, 2002). A AN E FFAAA &4 A
55 9% A8 @ HHor AnH Fo] wol A& 9tk (Carro et al,

2001; Cotman & Berchtold, 2002).

rlr
o
N,
~
1o,
|m
=)
[r
i)
i}
AC)
N
il

Fordyce ¢} Farrar (1991) TFegg FAA st
ZUA 7lFel FHHATS Baustdh T X P Zo] BHAE«=
H ZHHE g9 FE7F EEol 93] W3 E ™ (Beninger & Miller, 1998; Ferry
et al., 1999), Tong 5 (2001) 353t & =2 7] & FH avfol Al AAH7AA,

TS A At (Blomquist & Danner, 1987; Fordyce & Wehner,

1993). 123 AA $EES WA FA24 HHE FFS vAu, @] F
R E mAERe] RS QA7

A AR A ¥ TVes dEeta ¥ JtaAdE FEAITIV AR AR



rot
O

HU
Mo
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N
il
X

Aol ®Wol ASH 9t (Carro et al, 2001;

=i}
= A, FAATIH M EFoEFEH AFRIAQ AEgte Aolvh(A d
A, 2004).

oo A FAG (A Zo] Folats AoR Azl oy TR AAAG
EdE0] 59 9FgS et AAEsoRE dEAAR VA 53] fnt
A choline acetyl transterase®] &Aool T/l i, FEAd 715l T4 A0l
B 1%tk (Fordyce & Farrar, 1991; Somani & Dube, 1992). T3 Mz A ¢ 3
oAl Eale] gAZ F7FE o™ (Chaouloff, 1989; Hattori, Noai &
Nishino, 1994), afwte} ¥ ztell A ojeudzd o] A #al7 FFE At
(Chaouloff, 1989). A A|&F2 dE3e] FTx ¥k olvgl (Harber & Sutton,
1984; Shyu, Anderson & Thoren, 1982) neuropeptide Y, neurokinin A,
neurotensin, substance P9 #& © & TR/ AAHAE HAEH= HHPo|x= J3F
S "X Y (Bucinskaite, Theodorsson, Crumpton, Stenfors, FEkblom
Lundeberg, 1996). Weicker & Struder (2001)+ 2 %o] HolA AZEW AL
BxAE Tt AAAE S FXse T8 JAALES Hisks

siul A F3]ol A AABAME AL FTaT 7HY SR HERE R
thorst A7k Ax7F vk (Cameron, Hazel & MxKay, 1998). 417 3ok <l

= AAEZIY AR AR ESE AT, FEY EXolu SAEdeR

=

r°*'
2o > ge

4z



H ABAELE BostH AWE AZ2e FAA7IeH, 5 AAIEH, AFS
A W ARG ARG 988 st Aoz dEA Jdth(Cotman et al, 2002). A1 A

A dA HdA JEgs v A (Carro et al, 2001;
Neeper, Gomez-Pinilla, Choi & Cotman, 1996; Trejo et al., 2001; Tong, Shen,
Perreau, Balazs & Cotma, 2001), &4 ¥ &447Fdd #ofst= glutamate 5
LA TdS stF xdete oex BRiasial 9t (Guezennec, Abdelmalki,
Serrurier, Merino, Bigard, Berthelot, Pierard & Peres, 1998). Neeper et al.,
(1996)2 74z 2229 & gE7l& g F sivtelA HiH AFISF dA
(brain derived neurotrophic factor, BDNF) mRNA¢] @& o] F7l5USS B
st o w, Gomez-Pinilla et al. (1998)& Al A Az A= 3o Add
718 A EAF QA (basic fibroblast growth factor, bFGF)7} &% % @ju}
oA FoetA F/tE P Bkt Carro et al. (2001)3 Trejo et al
(200)> EH=" ¥ Mz dasd-fFA AF <A A(Insulin-like
growth factor, IGF-D& &+ & S7IA 719, 55 Al A9 I35}
IGF-1& FAFstA S ®W sivtel A AAAE Al F48A S7HH =
Aoz "ol IGF-Io] &¥Fo 93 Ao AAH} 7s& scvhl o
t}. Fernandez, de la Bega & Torres-Aleman (1998)3 Pulford,
Whalen, Ishii (1999)+ ¥ &4 % ¥ 7|53 5 og AALFY a3+
FE2HE IGF-T o] ¥ 2 FFss A% ddAs & Jvar 2astoe] d5 9

=
=
IGF-T o] ol 2 Aaclel @ & v s, &Fo] Aol vA=

e FAHY ZHEo oyd LFoR fud AAANY AAEd g wE
= Aow AdEa glek(A g A, 2004).
oeld ¥ AFAEED % AAFILE AAES AR st TFo] ¥ AAA

2o 44 R AEL FAAAND, = AZAE Ado AEE gaaAd
= 9dAF+r37F vk, Kohl, Kuhn, Cooper-Kuhn, Winkler, Aigner &
Kempermann (2002)> A7 A Aol @kst o]y F oA AASFS AgHA

2 A3, dvke] AAAE Aol JAHNTS Baste] AAZEe] AGAE

ps

AAH e fEaE B4 A4AL AdsAh FHEG AGEY AT
$Fel waASY AX/F As 2 Ave 99e FEAAOM (Laurin,

_10_



Verreault, Lindsay, MacPherson & Rockwood, 2001), ¥ &%, &

Wy AE 5 ooy Hay HABom A% AAFH Fo

(Arkin, 1999; Petajan & W hite, 1999).
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<Table 1> Experimental equipments

A SRR
Freezing microtome Leica, Nussloch, Germany
Water bath Korea
Light microscope BX-51, Olympus, Japan
Multiscan Fullerton, CA, USA

A} A oF 5] A7

5-Bromo-2’-deoxyuridine (BrdU)

®

BrdU-specic™ mouse monoclonal

antibody Sigma Chemical Co., St. Louis, MO, USA
In Situ Cell Death Detection Kit® Roche, Mannheim, Germany

Caspase*3® mouse monoclonal Roche, Mannheim, Germany

antibody Roche, Mannheim, Germany

Biotinylated mouse secondary Vector Laboratories, Burlingame, CA, USA
antibody Vector Laboratories, Burlingame, CA, USA
Avidin-biotin-horseradish ~ perxidase Vibac Laboratories, Carros, France

complex

Zoletil 50"

HEEdRE Rd5ES A7 #ste S AYUA (collagenase) S 3 F 9
+2 AxAd FYgrh UEdH L dst] AFASNA Zoletil 50° (10 mg/
kg ip.; Vibac, Carros, France)& &H7ol FHd3ste] w3 & HANGTE 7]
(stereotaxic frame; David Kopf, USA)E o]&3lo] 1A Fo, wzRfEeo €
Arestal 7395 dA/g § Arl=ds ol gsto A7 ELy
A8 (bregma)ol A dZFo 2 00 mm, THAA doZ 3.0 mm, 7oA

6.0 mmoll Hamilton syringe (26 G)& A3kl 20 pg/4 we] = AIUA (Type

o

[\
B
B
o
(1
1o,
-
o,
o
i

_13_



4; Sigma chemical Co., St. Louis, MO. USA)E 0.1% L-ascorbic acid (Sigma,

USA)el oA 1 u/min® HEZ 323 FAsAdv. 325 7Ivd § FAH
2 2% ] mmo 52 AAE w1 AQRgE Bisgrt HE2Pe SubA
2 F 2d3t dAE FHsdw HAE2ds A AVA B dFAES HEd 72

=
Yo 495 FAsRA

rok

=
5% ¥4

FEdA FEH HASAdAE X 7 x 25 ecm SHE (0] 25 cm)oll A 287
obg S FHaA s F step-down avoidance testE A AT 7] 52 platform

Aol =l 5ol FaAsHA ¥ 1 cm HA9] 2E e~ A7) (42 x 25

0.3-mA2l A7) A=FE 2%3F Fof HEAA 79SS A7 H 48X F HAE
>
[¢]

g axsgon, 254

TAFOA Ugdo] 5 g AEE Ao 300274 7155

4) BrdU FA}

5-bromo-2’'-deoxyuridine (BrdU; 50 mg/kg in saline)S % °]& T HE 10

AZF 1Y 13] 938 W= &% 302 FAs T

_14_



5) =7 A4

/;\:_]

o] 50 mM phosphate buffer saline (PBS)ZS 5% %+ Fdsgdu. ALsiA 100

o] BY EEO Zoletile 5070 % mAAZ T F4L du FAA

e

mM9] phosphate buffer (PB)o] ¢l 4% paraformaldehyde (PFA)& & 47T 9

0]

A 10E7F BFAZ T HE AEstar, 4T A 4% PFAS Ao 2447 A A 7]
98 HZZFS 30% sucrose S0 dFA HAAZ

F w17

(1) TUNEL €A

< YE+= DNA #45 5435171 9t TUNEL @45 A
B e In Situ Cell Death Detection Kit® (Roche, Mannheim,

Germany)E AF&3FATH MEAIE S Yol MEd Soldo=w EAstes @A)
Ab-&-3f

H DNAY 7 3-OH w2 terminal deoxyuncleotidyl transferaseZ
o] F A3} incorporated fluoresceine horseradish peroxidase (POD)E 2 &3k

anti-fluorescein antibody Fab fragment® % 2]3sla WA 7]d 2 DABS A §3

uk
At} ethanol-acetic acid (2:1) €02 20T A 53 H-3A]71 & PBS

71 33 AAFsY 1, 0.1% sodium citrateo] 05% Triton X-1000] -3

ol
ol
o2 gLoa 28 FoF wre A AT PBSE 587 33 A% & PBS 29 ml9}

=T

OFOHU
o

Ho0r ¥ 1 me] oz ALor 527 vkg-A7]3, PBSZ 33 A3 &
ZA L Egtolto RAAAT. 24 A Yo 100 pg/ml proteinase K& H7 &
1 A 7H50r 37T oA ¥$-A 7] PBSE 287 53] AFH & Zgolt FHo &
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NS AASFL 20 o] T4 EHE HA F FEE FASHA 37CelA 147
Fek wrEAAT. PBS® 2¥7k 53 AA & F9 EBUE AAG

converter-PODE 7} =2 3 30 w AA F 37CAAA =5 FAH 303+

=

WF3-A171aL PBS®E 2@%F 53] AlFHGA. @Al 2= 33 -diaminobenzidine
tetrahydrochloride (©]3} DAB)S 50 mM Tris &&= (pH 7.6)° 0.02%

H02%= 0.003% = AF&3tAth EAurg- Ao A 1023 AlF o™, wgo] &
W ¥ x2S PBSE 1024 33 AlAHsA. EAo] &k X242 gelatin-—coated
slideoll  gloJ A 2A13F FF A2olA HE2AZ F oet&d Ts =07ty &
FA 713 xylenel. 2 T3 A AA polymount® B3 = 3 FuPog

#Z3to] TUNEL-%UA ATEFE =59
(2) Caspase-3 Y x2 354

Caspase-3 &dS =A35l7] #1359 caspase-3 ™9 x 2 3}stH
Zb agolA 8% ¥ HHS AEsied WA x3F
peroxidaseE Bl @A 3 A7]17] ¢4 50 mM PBSel 1%= 32w #2344
(HoO9) ol 30%7F w+8-A171 3 33 50 mM PBSE Al &3t 1% BSAS 10% 9
=
[e)

horse serum®. 2 1A 7+ o WF3$-Al71 & mouse anti—caspase-3 (1:500)
antibody, 0.05% BSA<®} 0.3% Triton X-1000] £ Ut L2k FA A4 124

B EG AL AFIHEA WA A FAFAANA Bl BUA =

N

= PBS® 39l AlHg Fof 1% BSAel 3 W ¢ vkgAIZ1 & 24 A&

A1zl 3 50 mM PBSolA 384 3¥ /‘1]73.?—5& t}g %A <& 3,3-diaminobenzidine
) A golo g HkSAIZl & F RS gelatin—coating® EFFol=o T3

=
A7) ve 2R
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= o]&ste] slint Aol AR AHHE AMEE FA

Zb A 124 W duE dEste] 50 mM PBSolA 3
B 30 A H3 & 05% Triton X-1002. 2 20%7F incubationS Al At =L th
& 50 mM PBSolA 384 3H A& e & 50% formamide-2 x standard saline
citrate (SSC) fdo =2 Wi 65C9 FxoA 247+ F<F shaking
incubationA] Z 2.1 ThA] 2 x SSC &Aoo =2 5787k 29 A #H s & 2N HClol| =
21& &7 37CeolA 307t incubations Al F A4 A 100 mM  sodium
borate (pH 85)& 25Tl A 10% o4 F3A7]122, 50 mM PBSo| A 3&E4 39
AFe & 1A Fek 1% BSA9 10%2] horse serum 12 il 3% Triton
X-1002.2 blockingg AAsA}h. Blocking % primary antibody? BrdU
(1:600; Roche, Mannheim, Germany)® 24A] 7} incubationA] 7] iZ, 50 mM PBSel
A3 3H AlFHT = AL 1AZE wob 23 A8 (1:200, Vector
Laboratories, Burlingame, CA, USA)olA 1A7+ For Ao A w--3A#H}

(o))

l‘

I

Vector Elite ABC Kit® (1:100, Vector Laboratories)® W$-& ZZ 71 & 50
mM PBSolA 382 3H A 23, Z27 S 33-diaminobenzidine (DAB) 241 &
Aoz WA v, BE

L=
A s A

mlo

gelatin—coating® &gtolt=o] T EFAZ %=

B Ao AL AR E SPSS (version 12.0) BAZZ 23S o] &35te] Az
sttt A= H £ AFUAR ZAE L 1F P v E 938t one-way

A€ Duncan’s post hoc test

FN L
I
=

o
ot
>
o
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<Fig 1> Effect of swimming exercise on latency in
step—down avoidance task.

The data presented as the mean+SD. A, normal

group; B, normal swimming group, C, hemorrhage

group; D, hemorrhage swimming group.

# p<.05 compared to the A, B, D group.

* p<.05 compared to the C group.
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N
[

ZA oA W R4 W3

dzAolAe] W w9lel 7] Wste] FEg obfol A B vhe} o]
T 2284 + 396%, MFY FT 779 + 3675%= ekt A4 A4
Fodel MWMBE YEA ggon Hzdze A4Ey wms EA40
= @ WA w9 /s JHNA. ¥EY F9dze £9 £5d o6
W 292 golaA #aAAT <Fig. 2>

<Fig 2> Effect of swimming exercise on the size of

intrastriatal lesions.

_20_



3. AZANAY caspase-3-%A AEF

N ZA A9 caspase-3-9A AMEY Hr g ol A BE nvre} o] AA
T 8847 + 2340/mm°, A4 FAT 41.00 + 29.77/mm°, HEFF 83271 +
115.98/mm”, ¥ %8 4T 47360 + 46.81/mm° S 2 YEbTh AATH AL 5
ogato] MEANAMY caspase-3-%A AEY FYA+= P, HEITLE HAE
Al A caspase-3-YA AE FE FASA F/AH LY, HEE FATS F
g $Eor MxAodM caspase-3-%A AEFZ FostA FAAAY <Fig.

3>.

+
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<Fig 3> Effect of swimming exercise on caspase—3
in the striatum.

#, p<.05 compared to the A, B, D group.

*, p<.05 compared to the C, D group.
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4. AZA A2 TUNEL-%34 AESF

AzA ol A e] TUNEL-YAMEFE] Htghe ofefjoll A He upe} o] A4
T 02027 + 7.32/mm°, A4 S99 2880 + 15.06/mm’, HEE T 1017.33 +
11053/mm’°, ¥ %38 $9 7 52463 £ 124.00/mm S 2 ERGTh AT A4
Fdarel AxA oA TUNEL-YA MEe Fozate g, HEdad AxA
A TUNEL-YA AX & FostA S7HA17oH, HE8 972 579 &

For MzA|dare] TUNEL-%A AELFE FodtA #2AHY <Fig. 4>.
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<Fig 4> Effect of swimming exercise on DNA

fragmentation in the striatum
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5. vk AZ3 oA BrdU-44 AEF

BrdU-44 Alxe 2439 A ES (SGZ)olA = AT vk 2%
3o Al BrdU-4%4 AlE£49] Ht gk o} o] AAT 3321 +
4.42/mm2, B4 F9T 6567 £ 4.89/mm’, HEHT 7270 £ 9.34/mm’, HE3
Gl 3444 £ 655/mm’e® UErgTh AT H AN S siup 243 o)

A BrdU-4 Az frolabs flolal, A& vk 27434 9 BrdU-

(] §U|=’
=
2
fx
s
=7
—_
©
e

G AZTE FAHA AL, HEY FETL F9 vEoR sk AR

ol M e BrdU-4A AlxsES FostAl A1t <Fig. 5>.
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<Fig 5> Effect of swimming exercise on cell

proliferation in the dentate gyrus.

#, p<.05 compared to the A, D group.

*, p<.05 compared to the B, C, D group.
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V. =9

HYAG s HPHe FIA £ st BAHE A2y A =
= T2 A AAETA AAofolt} (Voelker, 1997; Qureshi et al., 2001; Golding
2002). H=8 SASS AT AR A HAL ¥ E4 99
BetA AolsE HAsbste Zolw, B yolrt olm] AEAE X
FWH R (peri-infarct rim)olAl A A 72 S EA3A 7] Aoltt (Cramer &
Chopp, 2000).

Ho] HEH APRDS o] &g B2 Aol HEANA F2 AEdA
AFEAbE ] AFAQ Feeha 9 Astets SA4o] #EHJY (Ardizzone et
al., 2007; Barth et al, 2007). ¥ &d ¥ HEd F99 ¥ Ao dutz el A
ZIAE Y] EA 02 A= DNA #4do] dojdrt (Lee et al, 2005, Ohnishi
et al, 2007). =3 =3 F caspased wdo] F71E o™, caspase 2 A
FolA HEdE fFUE AlxAbde] FAskth (Love et al, 20005 Lee et al.,
2003; Yang et al., 2007).

B oAfoE HEE F AZzAA TUNEL-UA Al £ caspase-3-%4 Al
EO F7F F YA SrtEo] HEH o MEANE Y FUHE gk

HEd F vt AAAZAAl FFE Y= Lord (19678 A7-237F B
d olF = vk Ao eI ol AEHAE B A HEH st F
ZFEa o= AR o] A& HE Y (Lee et al, 2005 Ohnishi et al., 2007). °]&
ATolA FEHoR dvut X3 A #FE BrdU-YA AxFe S7HE A

it}
o o
=
i
do
lo,

H

2 APME HEdol o AEZAACl A Trhskdh Al EZAFE I A A
A Hobrlet ATl SFAAGANA Aot FAA] @R AT

(Bengzon et al., 1997; Barth et al, 2007). Bl %o] AlAHIAEL Adr] AA
Hol xate AT /ids 348 FAE HT 7149 stvz Azsidd
(Thompson, 1995). & g AFo A= A EZAHO] AEAYA L HoA dojt

v AL BoFdon (Magavi et al, 2000), oje st wWeto A B uj X3
A W d A Z=7EE A AT SAEE o &40 s S5% A TAY

hyA
o S7t= da dojye Ao AZEY. oHd spEL ojn ¥ EFom 4

O:

O
C
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245 UeE A 7)Ad, dF 59 glutamate A AdA| 7 Al EA

Ok olye} Ax AT TFAANASES HATE B2 dFsdA ds5=HATh
(Bernabeu & Sharp, 2000).

2 AFNAE HEHo] MEAIE Y AEZALS F7HAZAT oA HEE=R

AEAYLE HEdo AT F=d AZAE e B Aerdew

i)
Ay 7+ gl o}

AA FF5E AATHS FAA7IL, I ABAZAE S FAAT=
Ao 2 Bu¥ 3t (Parent et al, 2002; Lee et al, 2005; Jin et al., 2006). I3k
H EAA 82 3RS Sxlske Ao deA dow, old FE FFA
BA AEE AL e SAEY IETHESE FH87] 9T st HHow
o] 4% 1 9t} van Praag et al. (1999b)2 A&z el & G| 7|7t A A A E A
Ao AES FANASE Bas L, Trejo et al. (2001)2 %50 A&

AR QA-1 AGF- 19 4 F4714% Bstel 9 sirtl s AAAZA

mh 2] g3l A A EAAL S

AA EFoE AEAESE 2Hste &

TUNEL-%A A 3E 9} caspase-3-

okt ol Ay A A AAFI A o o AAzYE FHE =

Aste] Fo 2 M (Gobetto et al, 2001; Radak et al., 2001), % <*5 2 A XA}
e WEA7IA g3, AEAANSE TV SS Bad A8 A9 o

28+ t} (van Praag et al., 1999b; Lee et al., 2006).

Hed AZAPE S HEE A BAHE ¥ &Y dQo] HER HEFY A
B MEIAERZEYH AAMEE Hosts Zo] wl$ F2dt (Van praag et
al., 1999a; Reed, 2000). & HAFolAr= 9 +so HEI=Z Qsto iy

A L5 TEA H £ V- #oJs e glutamate FEAY] HHE 3}
gz A3l (Guezennec et al, 1998), &4tst =8-S FAAIZIH (Ji, 2002), =9

%!

A AE, 28 9 AWs Aae z2dst A499AR4E T
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Aoz &d4#x Atk (Gémez-Pinilla et al., 1998). 53] Trejo et al. (2001)
08 =7} E insulin-like growth factor I (IGF-D7F 3 sinlo A =&
AAMNEE 7ML &3tk B 0] van Praag et al. (1999a)= A @A o=
e R & Ee dyA BT OR QA% AAMAE 2AF 4 e
5 FNE 9 TS Fote] AT ANE 5+ v Basksd

o AFANME 7 5 Yot HEdRE st §438 F7hE AEARE
o] A Hl=F FFEoR HAHAJT EIF HEFIEA BAYVIHdoR Frhd

divke] AZAAELE 59 T5or JAHAN=H, YT AZAAH ] A= HE

A dFHAT. &
TS Feted A9 T FFUIFol FAHHJLW (van Praag et al, 1999b;
Anderson et al., 2000), =2lol A A FA & =
S A A Y (Fabre et al, 2002). T3 227 &5 Folo] AxANA 9 o

offl
rlo

<

>
i)
N
12
&

N
flo
x
N
olr

=d F dF @771 5 Ho]l T4 AT, (Lee et al, 2003).

2 AdFNAE 5 5 Tt AxAAAY HEE F AFHY @)Y
SEo] g4 AS gl

A FEe HER Ao A 4l }o

ALY Ao S FHdE AR
==

4
MEF Bl 2719 BEow FAF, AF 5 oAH §

it

S|t ¥ 7MAARS FAATIV] HT A5 g wHer &
TAEA HIHol ®ol AFEEa ) (Carro et al., 2001).
2 Age A9 HEd AF 9 slvl A oA AEZAE T XYL S {9
™ o

L5 e WEde Z1E AZAYEY AXANS
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