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Abstract

Effects of Swimming Exercise on Hind-Limb Muscles and HSP 70 Expression in
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the Ischemic Stroke Model of Rats
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Ischemic stroke results from a transient or permanent reduction in cerebral blood flow that is restricted
to the territory of a major brain artery. Thus, this study was performed to examine (1) the effects of
swimming exercise on the improvement of muscle atrophy, and (2) exercise and HSP 70 expression in an
ischemic stroke model induced by middle cerebral artery occlusion. The results of this study were as fol-
lows: One week after ischemic stroke was induced, changes appeared in the muscle weight of the gastro—
cnemius muscle due to muscle atrophy in the affected side. Group II showed statistically significant dif-
ference from group III eight weeks after ischemic stroke was induced. (p<.05). One week and eight
weeks after ischemic stroke was induced there was significant decrease in the relative muscle weight of
the gastrocnemius muscle in each group except Group IV, while there was statistically significant in-
crease in group II eight weeks after ischemic stroke was induced, compared to group I (p<.05). For
neurologic exercise behavior tests, Group II generally had the highest score, compared to other groups. In
immunohistochemical observations, Group II showed a decrease in HSP 70. The above results suggest
that swimming exercise improved muscle atrophy, changed the HSP 70 expression of ischemic stroke in
rats, and contributed to the improvement of exercise function.

Key Words: Heat Shock Protein 70; Ischemic stroke; Swimming exercise.
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ol M= o] 714 &F WSl ATHolALL

AT APE B, F17 HEd] ol SEEAL 3
ae) W, e 27k Ak AL Ede 27h 9
AT FE AR, AT Fel B 3o
2 272 A%l Adta BRI,
20, MFEe AT A g B A7
g g

AT} Radak 5(2001)& ﬁg EH“OE EP Aol A 2
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25 FEEY 3, GABA A 584 S5°] JrKSharps}
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o2 4 FHNY ¥ = 4% H
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1) Xantopren, Bayer Dental, Germany.
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2) Mettler instrument AG CH-8606, Zurich, Swiss.
3) Sakura 2004, Japan.
4) Olympus Bx 50, Japan.
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WezAs A HEF 8 F 39, 15, 850

i g Ll = A i e Zﬁ*}o}‘?&‘:} Aegt Hx2s
1% HO0A &F 1587 RESAIZ] $ 10% normal horse
serum” ¥} bovine serum albumlr1> o] ¥3}t% phosphate
buffer saline®l]l 1A17F &<F WS- A]7]a, HSP 70 anti-
body”& 1:200¢] HI&E BAAIA 4TolA wHEAIZIT.
AreksgA oz AHE & NiClk - HHOE 33 dia-
minobenzidine tetrachloride” oA BHAA7) 31, €<= 32
sto] ZAFES ARSI HSP 709] 28 A==
AxZslsh oz APt 2AEAHS Fsrdn|HolA 1t

A o g sl P8R Trieb 5, 2001).
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o}, Western blot

HEFT T ¥ 3¢, 157, 85 4 o3 svEy g€
ato] H228 At Proteing F2317] gkl 22
150 mM NaCl, 5 mM EDTA, 50 mM Tri-HCI(pHR.0),
196-NP 40, 1 mM aprotinin, .1 mM leupeptin, 1mM
pepstatinZ} $HrE 84S Hrlste] 83gh the 14000
mmollA 30& T YA BT Protein(20 pg)-S
10% SDS*polyacrylamidegelsﬁ ol &3 A71FTS B3l
HAE & polyvinyl difluoride membrane®] Ho]%ict
Membrane2 PBSell 5% skin milk7} 712 8ol
blocking =]t} 2 T antibody HSP 70"”¢] 7}e &
Aol 1AIZE 5t RESAIZ] 5 PBSll 1% tween—20°]
S5 goloA MH3ITE MembraneS rabbit IgG
conjugated sencondary antibody7} 7} Mo 14
7t Bt RESAIZ vy #EEHT

2 AHgs
EEAR Vehhglon,
2 27 09 viwe &
APTEN AT D 2 7

1A} one-way ANOVAS 4

5) Toshiba, Japan.

6) Vectastain, U.S.A.

7) Sigma, U.S.A.

8) Mouse monoclonal IgG, Santacruz, U.S.A.
9) Sigma, U.S.A.

10) Mouse monoclonal IgG, Santacruz, U.S.A.
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7V AFe] W)

zZ} Ao AFe wsle ¥ 29 prh 4 AFE
o Ay AlF Al 20712l H AFL 26633+15.78 g
o7 7z} F 7r 2ozt e AL E YEhth AF 8
F 3 7 APTe 28 AA AA ATe Ay A%
Al AERTE 22 30.08%, 23.90%, 31.18%, 38.62%7}F
S7Veke 4SS Yellth T8 Ag 17 & 74 A9
o o5 AA AA AT AY A7 A ATHT:

ZYZy 3.44%, 2.58%, 1.92%, 3.40%7} Z7Vele AT
Uehion 29 39 F 7 4gwe 2% 24 439
Aze AY A% A AT 2 AelE wolA gk,

=ol] o oH 1580+523 mg Z}»—

Ao 2 yehdt [+3 079 =3 7A=9] FAA
ol Ztz} I+t°] 9.00+2.45 mg IIw°] 4.80+2.45 mgo-

2 $Zo] dEHo FAVE Ao Madt Blas) &
W 133 Do) $53 159 2pol7} HAashks 4%
= I:rLJJr HHoﬂ/\i F=3} A=) T
£ HATp<n). Ad 1
AT Hl—‘ii'EL %ﬂr A9 FA= IHEL
9] #=o] A= vl 7.00+4.33 mg S HAoZ e}
[23 Do 853 159 FARols 242
[T°] 6.00£5.23 mg, MT°] 6.00£46]1 mglZ FZo]
ASHG AL Agten FAHSCE {3 AolE
HATHE 3)(E 4.
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2 2 73 A% wsh oo g
B 8 = 1= 3 %
Todd o A9 ¥ A0 d9d A9 ¥ 3 49 d 49§ FA4®)

[ 246.00+10.84" 320.00£12.25 130.08 262.00+10.37 271.00£11.40 103.44 280.00+7.91 279.00£10.25 99.64
O 251.00+11.94 311.00+16.36 123.90 271.00+£11.94 278.00£12.55 10258 279.00£9.62 279.00£12.94 100.00
M 263.00+10.37 345.00+10.00 131.18 269.00+9.62 274.17+10.25 101.92 281.00+9.62 282.00+5.70  100.36

IV 246.00+7.42 341.00£8.22 138.62 265.00+10.00 274.00+7.42 10340 283.00£10.37 283.00+10.37 100.00

£ 3. 7 2709 A=) f=e] nEze] 2 @9l mg
34 1+ 8 T+
A5 2= as il A= 2=
I 142.60+6.50° 142.20+7.33 140.20+2.26 134.2042.61 159.60+10.01 150.60+10.01%
0 144.60+5.46 144.60+4.88 143.60+6.28 137.60+6.445 155.00+9.80 149.2049.52
M 144.60+6.88 144.60+6.50 142.00+6.11 136.00+6.30x 171.60+4.33 155.80+6.46%
IV 143.80+7.19 144.00+7.24 145.20+4.85 146.00+4.56 172.60+4.61 172.60+5.13
e
*p<.05
R 4. 7 3o A5 §=9 ddiFA 91 mg/g
34 1 8 F
Az 8z Az #= A= #=
I 51+.01° 51+.01 52+.02 50+.02" 50+.02 A7£.02
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R
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a3 3. di FFoxe] HSP 702] Wz 5}sH4 tﬂzz}
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A= FFEET, x100)
257

HSP 70 ——» | ———

B-actin— | S S S
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5. HSP 70 €94 3y
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=& d(cerebral  ischemia)e I BHF ¥ cerebral
vascular disease)9] Pl HEFNA 71 Zol L}E}
U= FEHEA, ABAEZE EFAA AAESHE dE
Zefate] AR 127G, AJZF e o]l
A4 FAE dodle Ao F2 Eey &
Z>)5 2 (middle cerebral artery)e] =7} 713

rlu rlo ol m

dlo] Ha o} HEFHA= AEA 4 7
I AsHAxelsson 5, 1984), AAEE 2 5A3}
(Duncan, 1994)59] 2914 oJ3)] =59 dwazm {27}
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359 T, ST ‘%l H| &5
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oA 24z} 15804523 g 700+433 g A= Z2 Ao
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o e 2% wule] olagel oF SAALTY
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2000:119-132.
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A 5813 2], 2000;39(4):638-644.
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Long-lasting behavioral alterations following a
hypoxic/ischemic brain injury in neonatal rats.

_64_



=t Ewe| A 5 e sl A A3 A3
PTK Vol. 13 No. 3  2006.

Brain Res. 2000;859(2):318-325.

Bederson JB, Pitts LH, Tsuji M, et al. Rat middle
cerebral artery occlusion: Evaluation of the
model and development of a
examination. Stroke. 1986;17(3):472-476.

Dattola R, Girlanda P, Vita G, et al. Muscle re—

arrangement in patients with hemiparesis after

neurologic

stroke: An electrophysiological and morphological
study. Eur Neurol. 1993;33(2):109-114.

De Ryck M, Van Reempts ], Borgers M, et al
Photochemical stroke model: Flunarizine prevents
sensorymotor deficits after neocortical infarcts in
rats. Stroke. 1989;20(10):1383-1390.

Duncan PW. Stroke disability.
1994;74(5):399-407.

Endres M, Gertz K, Lindauver U, et al. Mechanisms
of stroke protection by physical activity. Ann
Neurol. 2003;54(5):582-590.

Fredduzzi S, Mariucci G, Tantucci M, et al
Generalized induction of 72-kDa heat—shock pro-
tein after transient focal ischemia in rat brain.
Exp Brain Res. 2001;136(1):19-24.

Georgopoulos C, Welch W]. Role of the major heat
shock proteins as molecular chaperones. Annu
Rev Dev Cell Biol. 1993;9:601-634.

Goldstein LB, Davis JN. Post-lesion practice and
amphetamine-facilitated recovery of beam-walk-

Phys  Ther.

mmg in the rats. Restor Neurol Neurosci.
1990;1:311-314.

Gonzalez EA, Blanco ], Blanco M, Garabal JI, Alonso
MP. Enterotoxic, cytotoxic, necrotic and lethal
activities in cell-free extracts of Salmonella
strains isolated from humans. Zentralbl
Bakteriol. 1989;271(3):281-292.

Kawanaka K, Tabata I, Higuchi M. More tetanic
contractions are required for activating glucose
transport maximally in trained muscle. J Appl
Physol. 1997,83(2):429-433.

Hachisuka K, Umezu Y, Ogata H. Disuse muscle
atrophy of lower limbs in hemiplegic patients.
Arch Phys Med Rehabil. 1997,78(1):13-18.

Kiang JG, Tsokos GC. Heat shock protein 70kDa:

Molecular biology, biochemistry and physiology.
Pharmacol Ther. 1998,80(2):183-201.

Kim CS, Nakajima D, Yang CY, et al. Prolonged
swimming hypo-
phosphatemic osteopenia in stroke—prone sponta—
neously hypertensive rats (SHRSP). ] Physiol
Anthropol Appl Human Sci. 2000;19(6):271-277.

Kobayashi J, Mackinnon SE, Watanabe O, et al. The

effect of duration of muscle denervation on

exercise training induce

functional recovery in the rat model. Muscle
Nerve. 1997;20(7):858-66.

Longa EZ, Weinstein PR, Carlson S, et al. Reversible
middle cerebral artery occlusion without craniec—
tomy in rats. Stroke. 1989;20(1):84-91.

Marcuccilli CJ, Miller R]. CNS stress response: too hot
to handle? Trends Neurosci. 1994;17(4):135-138.

McCance KL, Heuther SE. Pathophysiology. Mosby,
St Luise, 1994.

Musacchia X]J, Steffen JM, Deavers DR. Rat hin-
diimb muscle responses to suspension hypo—
kinesia/hypodynamia. Aviat Space Environ Med.
1983;54(11):1015-1020.

Radak Z, Sasvari M, Nyakas C, et al. Single bout of
exercise eliminates the immobiliztion-induced
oxidative stress in rat brain. Neurochem Int.
2001;39(1):33-38.

Scelsi R, Lotta G, Lommi G, et al. Hemiplegic atrophy.
Morphological findings in the anterior tibial mus—
cle of patients will cerebral vascular accidents.
Acta Neuropathol (Berl). 1984;62(4):324-331.

Senturk UK, Aktekin B, Kuru O, et al. Effect of
long—term swimming exercise on somatosensory
evoked potentials in rats. Brain Res.
2000;887(1):199-202.

Shah MV. Rehabhilitation of the older adult with
stroke. Clin Geriatr Med. 2006;22(2):469-89.
Sharp FR, Sager SM. Alterations in gene expression as
an index of neuronal injury: Heat shock and the
immediate early gene response. Neurotoxicology.

1994;15(1):51-59.

Trieb K, Dirnhofer S, Krumbock N, et al. Heat
shock protein expression in the transplanted hu-—

_65_



=t Ewe| A 5 e sl A A3 A3
PTK Vol. 13 No. 3  2006.

man kidney. Transpl Int. 2001;14(5):281-286.

Welch W]J. How cells respond to stress. Sci Am.
1993;268(5):56-64.

Yenari MA, Fink SL, Sun GH, et al. Gene therapy
with HSP 72 is neuroprotective in rat models of
stroke and epilepsy. Ann Neurol.
1998;44(4):584-591.

=2 " T 4Y 2006 7€ 49
=AML 2006 8¢ 12¢

_66_



