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FEDEFTHIRI BN R % ARAE 5 4 7HNHE Lz A2 T,
BRIRICB VT, EEEE LEFREL T 2 LAt
ZVH, IO EHMTITo 25 R LZEE TR
RICEDBH LN E)PIIHSNIZENTH RV, F I T,
SEATRFZE O 12 B T VERG 2R O HEAT IR B) B A
RO LTS FHBRNHHREEIIOWT, Tha §l
Tl a LiRBAREHE LB v Fe T 2
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1. EEBREW

EEEEYL 7 B Wistar RS v F30IET, Zh
b & (Control 5 LN, CH#E) 5L & SEERAE 25 L
WD 51T 72 FLC, EBRBEONSILIZRAENR DR
Zfrv (BT, Heat#), JR D 20tk b 7 A #HICBEA
UHEHLZERSI TS HNTHEKEETEE (Hindlimb
suspension ; BLF, HS) #4179 & & b2, 1) HSDO &K
Ot (LUF, HS# s n=5), 2) HSOBBRTRALH
i3 58 (LLF, HS&Heat®# ; n=6), 3) HSO &
THHE MR ES) % £ 3 58 (LLF, HS&Stretch
B, n=5), 4 HSOBR TR & HH005H MR ET)
*EMT LB (LLT, HS&Heat&Stretch# ; n = 4)
2R D 4T 7,

B, SROERIE, BEKEBYEBTRAICER
FIEEERREL, AWE%T, IEEAVSED LHWE
BRigstice U, RMKFEZM RS ERGR CER
L7z,

2. ®BBED: (Hindlimb suspension, HS)

HSE, Morey'? R 52 OWMEEBE LT O
FETEML, Tabh, MEIERLLZERO Y %
Fv bRy MIERSE, Vrsry oSBT
YA a2, Thesr—2 EEiZiEs 7284128
HiF7ze Z2LC, ZOFEBRLEIC LY B % IBE, &

HREEL, CORBOTF IHAMEAT LA, &8, &
BT L 7 v PRIBIBICTr -V AERBETE, K&
B H NI S B 7,

3. ImEAEIT 72 © NS FR B sREB) 0 J7 ik

WA ZIT)E£T v ML, BENICRY PSLE
F—NF YA (WOmg/kg) =5 L, MEZ1To
7ok, K42 TCOWKICER LR, TH» O HEE
zREL, €7 AHIEBATEZT->72 (Kla). ¥
72, BRBHIRER 21T &5 v ML, FEoFE
THBEZIT-> 7%, WH305H, EMEkor—7T
JERAE A R REIRMICHERIFL, I AHr IR
L7z (B1-b)o % 3B, HS&Heat&Stretch #IZB W T i
BB & AT o R ICHRER MR EB) 2 EM L, #R
BIZEBEMEARL EOREY RS 2720, CHE,
HS#IZ ML OR: & FARICRELD A 21T 72,

4. BRFEAE

LEBOEBRIIMETH%IE, &9 v FOBERENICRY
FSVE S — v+ b A (40mg/ke) 5L, B
Brairo/fk, Ml 7 AHAiB L7z, €L C, ik
HELZWEL, Al T AHITHERLEN S, A
b F A FHEAALER AT L 72

5. ML

Al 7 AHEHORITTRIECHEL, bSH
AR U7, U, WASETHIL
AR VHEATERFRL, 27VFA5 Y FEH
WTO6umBIZHY L. £L T, V—F » ATPase 4
. (pH 105) %HEL, HidMEs 5471 - THRHEICH
L7,

TEEMIT L LT, N—F > ATPase Jetaf§ % BM%sEH
FYZNA AT (FUJI FILM HC-300Z) TH#EL, /3
v 3~ (Apple Power Machintosh 8500/180) (ZH( D A
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6. HALFHTAT

HEALEB 547 & L TlX, Enzyme-linked immunosor-
bent assay (LLF, ELISA) #:& Western bloti%% A
WTk T AFNO Hsp 70 DR %475 72,

1) ELISA %

e 7 AFHo—Hx2h B L2%IC, 2ORAMOH
BEEOS0EEFRERO M) AKBEHE (10 mM Tris, 10
mM NaCl, 0.1 mM EDTA, pH 76) #Mz, K€Y
A= bL7o FEYV 2 A— MR, 4CICRELH
s O a2 v, O IE E 12,000 g O &4 T 15
SO EEE AT, BN L 72 BiE# % ELISA o
¥EL2Y, 2L C, Bradford I THREHRD 5 %
sEBREFNETSEEDIZ, Hsp 70 ELISA F v b
(Stressgen ) # VT, WEFDO Hsp 70 &4 72
E L7, BRI, Hsp 709k EMILES i< A
su7L— MIEBE 100 ulimimL, F|iRT2RHE IS
BELBIC, ¥y MIBOBRBKHE ToRIEKL 2. €0
%z, 4 F UE#EHsp 70 $UkZ 100 ML, EiR
TIEERG S8, iRV £ 5 —BE#T7 Y
JUBWE 100 FML, BRTINERDE S, £
LT, BEDHIZT b I AFANRYF T VBT E 100 u
WL, SERTI0HHES Y, BOOKICFy Mt
Bog bR cRmEELSE, FL—-t)—F— (7
F A ¥ ¥ »]JX, Lab system#ft) % H\vy, 450 nm D
BETWLEZMELL, £/, ¥y MIBOHsp 704
R HML, Hsp 70 ZHEA0.78, 156, 3.125, 6.25,
125, 25, 50ng/ml & %% X HITHBL2%IC, kile
RO FETERIEELZIEL, EEBREL RO, 2L
T, ToOREMRY E KT OHsp 7054 EE AT
L, #3084 7-0 TBE L7,

2) Western blot i

P LAEMe S AHo—8EMIH L, 300uo
Tris# & # (10 mM Tris, 10 mM NaCl, 0.1 mM
EDTA, 15 mM 2-mercaptoethanol, pH 7.6) %Mz &
BV F— b Lo FEV A= MR, 4TITEREL
TG HE L 2 v, OIS 12,000 ¢ D 54T
15455 ® 0 o B & AT, B L 72 ETE I & Western
blot DK & L7281 Western blot 3 LT O F g
THrolke T4bH, Bradford HICTHEHD & ¥ 8
yEBEFNEL, KRB0y o HiBEE FRROK
BT 2 ug/ W WCFTRE L 720 20T, 95 C 545,
HALE 2TV, 125% SDS-PAGEDZ L — 1220 ul D
RKEBIUOSFEY—FH—%uT—FKL, 200VOEERT
T1EEE, BRIk 21T o7, EXEKBHZIL, =tk

mg/g
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CE HeatB$ HSE HS& HS& HS&Heat&
Heatf#¥  StretchB  Stretch#¥

X . p<0.05
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N —RAFENLOVOEELETT705 M, BEEZIT, B
BEHEO= a0 —AfRE5%AF A INIICE B
BRSO TU Yy ¥ 72 RRTIRMITo72. 2L T,
—RPAIZH YT A Hsp 70€ / 7 1 F — VHAK
(Stressgen 1) % vy, 4 COWEHENT—BS S 4,
VRl IE T RBURICARV A F ¥ & — VPRSI~ 7 2 1gG
PRV, BRC2RMEICSE, EiELZ. 2o%kI,
ECL system (Amersham Bioscience 1) % Fivy, 1t
BhHEE, X#7 4 VA6, BEL, Hsp 700N
YRR L7,

7. MataLE

KEH-HVOL I AHOHEBERZ R THNERL,
471 - TiRMEOHBHEERE, %6 I ELISA I
YoTHMlESN/2Hsp OEHEEZHTHETZ7-0
12, —JeBLES AT (BLF, ANOVA) ##HL, &
BEAHEL), £7:, ANOVARXTHEEZZRD
WAIIE, £ EIEMREIC Fisher ® PLSD #: %@ L,
2BMBOABEERHE L. B, TRCOMFEL
bEBKEIS DR E L.

] R

1. MixtERROZE (K2)

EREOMM E R OFIMEIL, CREAY044 £ 003,
Heat # 4% 043 = 003, HS#E 7% 0.34 = 0.06, HS&Heat
B A% 039+ 0.05, HS&Stretch# 2% 039+ 0.07,
HS&Heat&Stretch 43040 = 004 TH H, ANOVAT
HRBAEVBDONT: (F 5 5 =519, p<00l)o €L
T, B2 T 5L HSHICHMBOSRIZFEICK
XD o725, HS&Heat #, HS&Stretch #f, HS&Heat&
Stretch O 3HMICIZABLITRD LN 572
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3 ATPase #fa(%
WHe L7l 5 A 7 T AR, B L i s 4 T T, 27— 1350 um 2R3
a : HS#, b : HS&Heat#, c : HS&Stretch #, d : HS&Heat&Stretch &, e : CEf,  : Heat B
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T T T
CH# Heat3® HSE HS& HS& HS&Heat&
Heat® Stretch#f StretchB¥

b: B A T IR

Hm X X
50 -

J ]
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10 -

O i :l : % i
CE  HewB HSE HS& HS& HS&Hea&

Heat®} Stretch# StretchB¥
X 5 p<0.05

4 CPHERAEEE O LK

2. WidMEEREOZAL (X3, 4)

Y47 1ROV MRMEE R, CHEAT455 =
94 um, Heat #74%46.6 = 9.0 um, HSHEAT34.9 = 7.8 um,
HS&Heat #f A% 37.7 = 81 um, HS&Stretch #f A% 40.7 +
7.8 um, HS&Heat&Stretch #E2541.8 = 99um TH ),
ANOVATHEENBD 5N72 (F (5 g0 = 36236,
p<00Do LT, H¥EZHLEKT S L HSEIZL~ Mo
S5 I A EIT K & {, HS&Heat #, HS&Stretch £,
HS&Heat&Stretch & @ 3#f T 13 HS&Heat&Stretch &

Miwd K&, KT HS&Stretch #, HS&Heat B o
NHTHK 4 DORBICHEED O ONA (K3, 4a).
RIZ, ¥4 7T UMMEDOFERMRMEE R, CEBH
380 = 7.7 um, Heat#4%376 = 70 um, HSH#HT283 +
6.6 um, HS&Heat#: % 320 + 6.2 um, HS&Stretch B
A732.0 £ 65 um, HS&Heat&Stretch #4324 + 7.7 um
THYH, ANOVATHEEDED HNT: (F (5 goom =
31754, p<00l)o €L T, KEZ LTS & HSHIC
HARMO ST IEAFICKE 2 o 72728, HS&Heat B,
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a: ELISAi:

ng/ug % ; p<0.05
0.8 7
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0.6 1

0.5 1

0.4

0.3 1 l

C# Heat#¥ HSE HS& HS& HS&Heat&
Heat®¥  StretchB  StretchB

b: Western
blotik

5 Hsp 70 ®FEBIKNR

HS&Stretch #, HS&Heat&Stretch #: o 3B M I XA
BEEEREO NG o7 (B3, 4-b)s

3. Hsp 70 DFEBURIRL (X4 5)

ELISA I X - TlE S /- Hsp 70 &F 2 DEME
X, CH#E #% 023 = 0.07ng/ug, Heat# A% 038 =
0.09 ng/ug, HSE %027 = 009 ng/ug, HS&Heat # A%
046 * 0.19 ng/ug, HS&Stretch #4%0.18 £ 0.06 ng/ug,
HS&Heat&Stretch # 2% 055 + 004ng/ug<T » 0 ,
ANOVA THEENSAD bNF: (F (o = 744, p<
001)s Z LT, MELRAM % 1T > /- Heat #f, HS&Heat
#, HS&Heat&Stretch B o Hsp 705 A &k, CH,
HSE:, HS&Stretch# DO ZN LD B EBICE o /2
(F5a), &512, Western blot #: CHilt X #17- Hsp 70
DNV KRBT B &, Heathf, HS&Heat 4,
HS&Heat&Stretch #iZfho 38 L DL T (K
5-b)o

z

HEOBK T, & - BAURRPF TR - BEARLICK
HEMEEICL > TR ZEAMHZEMZ VWAPIILTT
s 20 EETHL, TDD, ThEFTHHETE
B 1919 PR IaRER) Y, FERE T 2o
(2 & B BERIERS 24 O TR R S EREI E TV &
FWIRETHSHPIZEN TS, LAL, KROAME
R0 BRI B IR R 2 & CRERE Y 72 U MRS 20 W IR
R, itk & CHEREB AR S e wEEEI
BWTid, Lo k) RFEE#H U CRANHEHOE
TEFHTHI L INELRLEENE L, MOTEREER
TLIENRLELEbN S,

TAEDFATHETIE, 52 LOFHMALANIZHsp 70
WK EHTEBITE, ZORICEERHIBECEAENZE
firERIETH, TORBEIBETHL LMESINT

Wz ¥ by, Hsp T0OEHICERT AL, H
FHED—TE Td IR T b B EME O AT
EFHCEALWRENDY, TOZEEHLNIITEI
E, I EANBERO T FROREIIORD A
bOEEbNGL,

L OERP D, ANERLLZSTWSATT - I#
HE DX AT BT X T, HS&Heat #1X HSH 1L
REBIZKE L, HS&Heat B 1213 Hsp 70 OFEHAEM
LTw, T%bt, HS&HeatFHEDO L 7 A HIZB VT
1, IREBEMICX > THsp 700558 s, ZORET
HEFER)RTF FEOMERLIELWIT) BA, B
L7z v 2 BoBER EOEAYY »gEL T2
LHEgER NG, FLT, TOMERICX - CTHEAMERZEWM
OEATBIETEDONL Y v XV EOERIET & 4R
TS AEIHI SR, MRMICY A ST - THMEE DB
MM EHOETHIIH SN0 TR hrtEZbNR
b

—7, APV AREBIZBY LS v MEHBO Hsp
700, 74 7 IHMEOMBICIF L THRAT AL LS
o2& NTEY, Hsp 70 B VB LEEN 2 BT %
747 IEMECBW T S 2 OERSENRE L R LT
WBEEXLRTVS Y, 72, HANEHICLST
v MBI O Hsp T00%BIE, 747 Tz T L L
eI ABIN LA T IRHEE £ Lo REMERICH
WCTHETHL S EHHEIR TR Y, 2070,
BAGANOFEBLHEHES A TOBECII > TER LD
TR EEZLNLD, SROFERTIE, 47
I - THRAEE D (BB 250 O AT PRI R 2SR 5
N7ze LA T, I AHOY AT T - T#HEITE D
WIRBHEATIZ L o THsp 700358 L, ¥ ¥ X7 HOE
W RIS EEBIIIIL T LIS N 727,
4 [A4T - 72 ELISA #: % Western blot i Tid, #iE
il %4 > Hsp 70 DFBIRTIIHS 2 TE %L, 4HIE%
PR E R R LI L AMBILEL DN S $ 72,
WiRaME 7 4 TRERLAS R 7 B BRI O 2 IR R AT D%
BLWSHTEEVI EDRDS, SRIEIDOHIIOVTO
R bLEEEZ 5,

KIZ, RBEN L FRENHEESORE 2 KT 5
&, 74T I HMEOFERRAEE X HS&Heat& Stretch
BAED KX L, KT HS&Stretch B, HS&Heat #f
DIET, &4 DHMIZAEENRDON, Ledso T,
y 47 1 L o BE R AT 254 O AT I RIR) g, IRELVE
&0 b EE R ERE L, MR AR LS
BLoFLVEHEHSING,

2 B MR SR B V5 H M 5 25 o A TR LSRR B
ThHI L, TTRERICLVEESATHS Y,
FLT, TOAHZXAELTIE, BRI X
STHObENLEHNPFBETHRAL ) AV — LB
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AEERZMRL, M2 T, HMEOKERTTHAL v
2 ) YRR RNF 1R ER T 2 E 08B
57280, ¥R UEHMMERShBLEZ LN TY
2P LdioT, 447 T RMEOEREGEHO
HEATIHRIZIE, Hsp 70 OFEH X 0 & B A9 R 8 D
ERPERTHEEEZ 5ND, T2, SHOFERE,S,
i B T & R B R E B & BE ) U 72 5k, Hsp
70 DVER & BEM R R OB O TR AW H T
&2z, ThoZEMTH-72E L VHRNTH S
LIEEIND,

=7, A4 T LHHEOFHFHBMEE L, HS&Heat
#, HS&Stretch B, HS&Heat&Stretch # o> 38 [ 12
AEAIROONT, TORESIL, HxrEELIC
bHEEBEVPRDON oz BbNb, LidosT,
& A 7 MM L Cid, IREE AT R Y 5 (R 1 B
ZHMTIT->CTh, MEFEBLZHHL TOLERMAMEHEROE
ITHIHBI R IR BRI VW EEZZONRS, 2D XS
SHOERTIE, 74 7 THMEE & 1 7 T 8H TR
P IPRER), 7o ICRBEN & R EER %
HHLAEAOMREIER LT, 20T, ZOERK
E LTI, Sy 4 7 OB X o THMA MR
W B USSR B ZESHB L TWADTIE W

NEEZLNDEY, FEHIZOVTEAHTHY, 4HD
BERETH 5o
UEDZ Lapn, MmEASR I35 M 25 o 4T

IR TH A EDRBE I, FLT, ThIZRE
19 72 i GRE AR 2 W R0, BIENEE) T B AR X
NZWIRHICBW T ERITEELZTFRTH Y, S5BIZE
RISHIZ OV T L T & 720,

X [y

1) AEEY, HFOEM R - BHEEOTR.
163-167, 1984.

2) MIRIETT, EHMEY RERE. BERENC N Ty o8

- 2R, MIESAE, WRE & R, WEESE, 1995 ppl085-1105.

3) BEEMEIE, HFWAL  HHEEOA I XL, PT Vv —F
- 35: 385-394, 2001.

4) WAL BHREEE 2 ML AEHE. HARBIK 58
(2000 FEH4H]5): 97-101, 2000

5) Locke M: The cellular stress response to exercise: role
of stress proteins. Exerc Sport Sci Rev 25: 105-136, 1997.

6) Thomason DB, Biggs RB, et al: Protein metabolism and
Bmyosin heavy-chain mRNA in unweighted soleus mus-
cle. Am ] Physiol Regulatory Integrative Comp Physiol
257: R300-R305, 1989.

7) Ku Z, Thomason DB: Soleus muscle nascent polypeptide
chain elongation slow protein synthesis rate during non-
weight-bearing activity. Am ] Physiol Cell Physiol 267:
C115-C126, 1994.

8) Naito H, Powers SK, et al: Heat stress attenuates skele-

BEAHRE 1

9)

10)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24

=

25)

N4

26

tal muscle atrophy in hindlimb-unweighted rats. ] Appl
Physiol 88: 359-363, 2000.
WG BH, STEFREE - fb 0 BRER T 12 30T B SRR R ARIE A 1R
RBY7y FORHAEHZEHTHICRIZTEE. PTYv—
FIv 29: 135-138, 1995.
Yamazaki T, Tachino K. et al: Effect of short duration
stretching for prevention of disuse muscle atrophy in
mature rats. FREEREESE 23 349-354, 1996.
i %, whHE K - b R S S IR CoRE
BTy b T ABITB LTI BEESE 27 63-68
2000.
Morey ER: Spaceflight and bone turnover; correlation
with a new model of weightlessness. Bioscience 29:
168-172, 1979.
BT, RHEH ) - BEEERCEY Sy b e S A
AR VLTI —OEH & HEMIC L HIESHE. HRE
B2E 27 139-144, 2000.
MEEAL, IR - AR N L —= 2 7 A5B X
UE#T Y FERGOBRY 2 v 2 5 U7 BORBIZRIT
I8, HEEEZ 46: 203-210, 2000.
Herbert ME, Roy RR, et al. Influence of one-week
hindlimb suspension and intermittent high load exercise
on rat muscles. Exp Neurol 102: 190-198, 1989.
JREfE % 77XK7X%®%mﬂ%W®r B2 5 NS
BEFSIRICET A% +4 éﬁgammlwzw%
Brown M, Hasser EM: Weight-bearing effects on skele-
tal muscle during and after simulated bed rest. Arch
Phys Med Rehabil 76: 541-546, 1995.
Wi @ v b OBEHMRH BN I3 T 2 M BRI O E.
BeER kA 23 417-420, 1996
Alley KA, Thompson LV: Influence of simulated bed rest
and intermittent weight bearing on single skeletal mus-
cle fiber function in aged rats. Arch Phys Med Rehabil
78: 19-25, 1997.
Garramone RR Jr, Winters RM, et al.: Reduction of skele-
tal muscle injure through stress conditioning using the
heat-shock response. Plast Reconstr Surg 93: 1242-1247,
1994,
Locke M, Noble EG, et al. Inducible isoform of HSP 70
is constitutively expressed in a muscle fiber type spe-
cific pattern. Am ] Physiol 261: C774-C779, 1991.
Locke M, Atinson BG, et al. Shifts in type I fiber pro-
portion in rat hindlimb muscle are accompanied by
changes in HSP 72 content. Am ] Physiol 266:
C1240-C1246, 1994.
Goldspink DF: The influence of immobilization and
stretch on protein turnover of rat skeletal muscle. ]
Physiol 264: 267-282, 1977.
Perrone CE, Fenwick-Smith D, et al: Collagen and
stretch modulate autocrine secretion of insulin-like
growth factor-1 and insulin growth factor binding pro-
tein from differentiated skeletal muscle cell. J Biol Chem
270: 2099-2106, 1995.
Yang S, Aluageeb M, et al.. Change in muscle fiber type,
muscle mass and IGF-I gene expression in rabbit skele-
tal muscle subjected to stretch. J Anat 190: 613-622,
1997.
IIIWZHQEU] VEBBBE - S5y be S AHOBEHEERIC
RIZTHMREMEREMOEE. PTY v —F L 33
834-835, 1999.

NI | -El ectronic Library Service



Japanese Physical Therapy Association

BERIMREROTH & L TORBBTOREBIET S5 69

{Abstract)

Effects of Heat Stress on Prevention of Disuse Muscle Atrophy in Rat Soleus Muscle

Minoru OKITA, RPT, Tomoki ORIGUCHI, MD, Toshiro YOSHIMURA, MD
Nagasaki University, School of Health Sciences

Kazuyo NAKAIL RPT, Norika TOYODA, RPT
Department of Rehabilitation, Nagasaki KITA Hospital

Hideki KATAOKA, RPT
Department of Rehabilitation, Nagasaki Memorial Hospital

Jiro NAKANO, RPT
Department of Rehabilitation, Inoue Hospital

Tt is known that heat stress induces expression of heat shock protein 70 (Hsp 70) in myocytes.
Hsp 70 plays an important role in chaperoning nascent peptides during translation, and it has been
assumed that the elevation of cellular Hsp 70 levels can serve as a countermeasure to attenuate
the disuse-induced reduction in protein synthesis. We therefore investigated the effects of heat
stress, prolonged stretching, and heat stress combined with prolonged stretching on prevention of
disuse muscle atrophy in rat soleus (SOL) muscle. Thirty Wistar rats were divided randomly into
the control (Con, n=>5), heat stress (Heat, n=>5), hindlimb suspension (HS, n=5), HS and heat stress
(HS&Heat, n=6), HS and prolonged stretching (HS&Stretch, n=5), and HS and heat stress combined
with prolonged stretching (HS&Heat&Stretch, n=4) groups. Disuse muscle atrophy was induced by
hindlimb unweighting for 7 days. Each rat in the Heat, HS&Heat, and HS&Heat&Stretch groups
was anesthetized, and bilateral hindlimbs were immersed daily in hot water (42 C) for 60 min during
HS. In HS&Stretch and HS&Heat&Stretch groups, both soleus muscles underwent prolonged
stretching daily for 30 min during HS. At the end of the experimental period, the SOL muscles
were extracted and weighed. Frozen sections were stained with myofibrillar adenosin triphosphatase
(pH 105), and muscle fiber diameters of each fiber type were measured. To determine the levels
of Hsp 70 in muscular tissue, we performed an enzyme-linked immunosorbent assay (ELISA) and
western blotting methods. The weight of the SOL muscles relative to body weight for the HS&Heat,
HS&Stretch, and HS&Heat&Stretch groups increased significantly compared with the HS group.
The mean muscle fiber diameter of type I and II for the HS&Heat, HS&Stretch, and
HS&Heat&Stretch groups increased significantly compared with the HS group. HSP 70 levels were
significantly greater in the Heat, HS&Heat, and HS&Heat&Stretch groups compared with the Con,
HS, and HS&Stretch groups. Our results suggest that the progression of disuse muscle atrophy can
be attenuated by heat or stretch, and this mechanism is related to the expression of Hsp 70 or
mechanical stretch in myocytes.
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