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1. A5

SEREIICIZ 7THEEY O Wistar RS v F 1008 (K
#H 220+ 10g) #HV, HBKEICTRSAE QRT 5
CEEBT L — MICIRAE AN T AREICEERIZS T
FTOMY BT 7z,

2. MEAR DN

Ty FOBEBENICINRY PV ES—VF T A
(40 mg/kg) Z¥e5- L, WMELE1T- 728, WAKBIEDR
bRORATHEO FECELTERLEZY. Tabb,
Kz Q2CIHEL-HEORAF O —LVET—V
WIZT v O TR, S RIT % 605 MRiET 52
ETH o (B1D)e —F, BRETL— ML DM
BT L, 2o BN E i (UDH-104, UNIQUE

1 EAGIC L BERBERO N
EAKBIC X 2IEBRAME, HICRT LI, K2 42TICH
FL-HROEMAFT—VET—VHNIZT v SOTIEE»H
REEKEBET L HETIT-7. 208, BEIWELLZV
IHEEL.

MEDICAL#:) ¢ Z20&BE/NM 7O -T2 gRL L
BRHBESL—F (B lcm, £X: 2cm) ZHlAED
BhEEE AW TITo 7z (K2-A), BAEBIZE, TV
POBEEBENIZRY PAVESY—VF YT A
(40 mg/kg) ZPG L CTHBEZ AT 7288, & 2 $l
EL, v FeBILE Lz, FLT, FTHREBEHOB
PO EEREICEBAR T L — e EE ST TR
1, 42CoORERET 7T, REAAM LT,

3. B = SEI O 5 N IR 0 T 5E 7

BOE R E S (PTC-301, UNIQUE MEDICAL#k)
DZ— FVEGREL =% 5 v PO TREROIZIZH
REPTIRGOBMMCIFEALYE L, £LC, m#a
B, B 6045, 2 S O 60 4RI T = 5E
FEOHWELE % 10 5 FFR Tl e L 72,

EB2 [ BKE, BEREIL—-MOERKICELDZ T Y b
b5 A BORERMEHEROETIIH & HSP70 #3]

AREERTIE, BB ®E Hindlimb suspension ; LLF,
HS) 2k b F v s AMICBENEHERLERS Y,
FOMITBBICBVTHAB LERRT L - MIX 5
BAR 1T o7z Z LT, MiRMEZEMR O ML THHIR)AR &
HSP70 DRV & Hedchiss L 72o

1. MR ETE

FEREIM 21X, 7HEED Wistar fHET v b 2200 % H
v, IS 2 EfERICHEREE (DUF, CR) 4ImE 70
BOHSICE D T AHICHEHARHERZBESELE
EREE ISILIZIR O 4 72 2L C, EBEEEIZD HSOA
ZHitr¢ A8 (DN, HS#E, n=16), 2) HSZHE1T¥
LEBTRABICLVBERTANTAH (UT, HS &
Heat-Bath # ; n=6), 3) HS #/fif/ 9 %8 TELAM
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A BRBTL— MNERE
AEBIL, PUBEBMEAEEE (UDH-104, UNIQUE MEDICALH) & Z04&)EB/NE 7
O—72YRLAEBRRTL—F (RF) 040, BRESL—MIT v FFEBBEIZE
FELTHRATELLIMOBIRE 7> T b,

B:BRAHTL— ML AERBBHO
BRBEL727 v FEMEEAMGLE L, THEZESOHEHICHETAHEEMIZERM T L — b
(KH) 2HESETCRNL. ZLT, 2CoOBRERECRASE, BHANGETo77.

®1 FE, HiEZER, MHERL, HREEEOZL

Cht HS HS&Heat-Bath #  HS&Heat-Plate B

*E ()

EERBHIAHET 2156 = 11.8 2225+ 27 2140 = 114 2225 + 29

FERR T B 2043 118 2117 =61 1858 = 16.1*° 2113 = 48°
fREELE (%)™ - 52%60 - 49+ 26 - 132 + 45%P - 49+ 45°
WHIBEE (ng) 1021 129 696 * 98° 797 = 1222 89.0 = 69"
M ERE (mg/g) 050 + 006 033+ 003% 043 £ 007" 042 = 0.03*°
BAARHETLAE (um)

¥ AT 473 + 89 359 = 75° 385 £ 74%P 418 = 66>D¢

LAt 38779 300 = 662 356 + 74> 359 = 56%°
R E A = (B TR ORE — FEERBIIGRF DK E) % 100.

(ZBRBHRR IR D5 5H)
BHOT— 513, P+ BEREA TR,

CICHLoEESE (p<003). P HSEEOHEEE (p<005). ©: HS&Heat-BathBE: 0

B (p<005).

TV MIEDRHEEZAMNTLHE (DL, HS & Heat-
Plate# ; n=6) ®3BEIZIEY 5T 72,

HSiZ, BfELZV Y7 v 2Ty MCEHRE, #
DOEMFRRZ AT r — ¥ EHICE- 88Tk
THEL B, EWEIREE Lz, 4B, HSBEL I v
MIMKICTRE S — YN BB TX, KEAHIZHEBI
BNTE2 L5127, 72, HS %479 & HRGHE
RS B 720 KR O E b i L, @EHTICH
NEEOWEMA B2, 2T, CHOERELTXS
Y RBOFHAERE L T57:0, Vv ro Ml S,
BREBEL 2V L DA T R TERIEE R U45M4T
B L7z %38, HS & Heat-Bath # 0 1L7% & UFIZ HS
& Heat-Plate HED 2L, HS OBRBBIHEILT 5 2 &8
TETHREDERERD LY v v MEFIZ X BEEIEE
O BNz 7D ER G 5L 72,

MEAMO TN, EEBRLEFAETHY, <¥

¥ —F YA (4A0mg/kg) DOEEAKSIZL -
TIAE % 1T - 72 HS & Heat-Bath#, HS & Heat-Plate
HoO%7y MWL, EhERRARE, BRRTL— 1
2T H 60401, AR 42 CTlREE AL, &
BRI 7 HAT, ZOMBHIZREC X 2 EARR %
EORETER L TCH, OSHIZD FMHE THREED &
AT olze F7z, EERBUAR LTRSS v NORE
ZREL, REZMELRDL (KD,

2. MFEFik

GBI AT L 2R IC B WT, & R B L
CTORMEERTHOMENGTH Y, RHIVEEZHT
5L 1HEMTI0~15%, 3~ 58K T50%BERTH
EFT2E0bATVSE Y, 2020, REBRTIINR
HNHTH DT A& BRI 720
FERMEKRTHRIE, XYV ESY—LF Y7L
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(40 mg/kg) DEEAFHERGICE>TET v PEREEL
Flle s A e Lz, Ml L7k 7 A8, &K
FCTHBREEZIEL, Z0#, Hol3ihRfc
SEIL, —ERITRRIL IR, —ERISAAL A RIRER
WL 72

1) MERILFIRR

—EWomEENL, MY MTACEHEL, WAREFR
THHE LA IRV 7 VIERTEEER L7z, € LT,
FRELTHRABR 2T A7 v b EHWT T umE O H
BRI R & L, 343 ¥ ATPase §:fn (pH 105) %
TV, BHEE 74 7T - TSR L7z,

EEME LT, MBMERTY ¥ VA 25 (FUJL
FILM HC-300Z) #%#H\T3 # ¥ ¥ ATPase $efaff % /3
—VFNA =5 — T AL, WEEFY 7 by
=7 (NIH Image Verl62) T, ¥4 71 - I
MEDOFAAEER T 14720 200K EFHII L 720 7235,
Hi AR DO I Brooke'® OBAEIZHEVT - 720
2) HALFRIMRE

—EROMAEHE, EEO MY AEEE (10 mM Tris,
10 mM Nacl, 01 mM EDTA, pH 7.6) Mz &L,
4TI L 72 v H O 40 HEAR 2 B W Coaml O Ik 2
12,000 g THLMHEL 728, 2o BFEZBILL, #hahh
W& L7 #L T, BCA Protein Assay Kit (PIERCE
) A CHIBIRN D 7 v 87 BB 2 0E Lz,
& 55 Hi Y W 12 2-mercaptoethanol & & b U A #% & K
(10 mM Tris, 10 mM Nacl, 0.1 mM EDTA, 15mM 2-
mercaptoethanol, pH 7.6) Z@BMZ ¥ ¥ /37 HiRE
% 2ug/ul IS L, Thk Western blot ED#EHE L
oo KT, RFFZHBCTHoM, BAEL LB,
125 %D SDSKRY 77 Y IVT I FAVITHRML,
2%memEfﬁm\ﬁ BRIKB) ZIT o720 €D
#ix, OVOEBEBETTOHH, =rtakia—2 4>
TV YANDEF R, 7 AHHSP70€ / 7 01—
WHLAR (Stressgentlt) ZH Wi RiEgEr EiEL
ECL system TILFER L2 TV, X7 4 L AN L,
B L.

TR, KRB HE 5N HSPTO DN Y R &
AV a—F—1ZHYAA, WEBEHENY 7 T 2T
(NIH Image Verl62) %M\, ZoEEZHIE L.
ZLT, CEHOFEHHEL100%E L, Fhilxd 548
OMIHE (%) ERKDIz,

3. HEEtuLE
MEHLEICIE, —RES G (LU, ANOVA)

ZWISL, ANOVAICTHEZEZROLEEIZE, £

M EIC Fisher ® PLSDE#@H L7zo 2B, T

NTOFFTTHE b AFREIS %R E Lz,

BI3BET T
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3 THEZEEFHOHNIREDZE

B, E£E1, ER2ZDICRBRFHVEREZRS
\CHEBREMEE & B LK 2 7otk MREEVED
% By BRGSO & RIS K F W I BRRR IZ BV T
FEhtiL 720

] e

1. TREEHOBNRENZL (K3)
BN 2 PG T AR OMNIEEX32~33CTh -
720 KB & BIRBEM Z BT 2 &, HNIRETZR
Mz ERL, 600#%T413+04CITELA. T/, W
AWK TRIIBMICTRL, 605%T281+16CE
Y, IRABEMERGTANL D DKEE R o7

-, BRI L — MCXBRABRTIE, EAREBIC
HAGEE FRITBERHIT, 600%T389x04CL ko
77 F70, BBAMKRTRIZBRLMICTEL, 605%
T329x07CL%&Y, REAMZHELET S & (ZIXHE
it & %o 7z,

2. fREOEIL (1)

EERBEHOREOPHEIE, T XTORE HITIZH
BT, BEEZRADLI -T2, T2, EBRTHROKE
7 bR ESLRDOFE X, HS & Heat-Bath#f®
AMOTEL D ABIRMETH 5 720

3. WiRERE, HMERLOZL (KD
ZBWOMBEROFHMIE, CRICHKHSHE, HS
& Heat-Bath B 3AZIEMELZ/R LA, CHEHS &
HeatPlate BEOMICIZBEBEE RO o712 72, M
WHAR 2 EBFRTHEOKRE TR LM EE L THEY
L, CHEBChHAfbo3FITARICKMEEZRL, €L
T, HS#:, HS & Heat-Bath#, HS & Heat-Plate #®
3MTHET S L, HSHFICILXHS & Heat-Bath #if,
HS & Heat-Plate ftIZHRICEMEZ R L7224, HS &
Heat-Bath # & HS & Heat-Plate fEIZIZAE R AZ RO L

NI | -El ectronic Library Service



Japanese Physical Therapy Association

MAEM S EOBEND T v b5 AFOBRHEHEROBTIENICE L33 pe 359
otz TIERMATETCERLED, BB 7L — FTlRE

VCTETLIALEA LR 272 LA L, ER20KE
4. HRMEEEOE (K4, E1)
5 A 7 TRHME D T A E R, CERICH Ao 3 o x ¢
HIXARICEMER L2, £/, HSH, HS & Heat- 160 A —
Bath &, HS & Heat-Plate BO 3F # L35 &, #h
ZRORMICHEEZ%Z YD, HS & Heat-Plate #, HS
& Heat-Bath #, HSEONIZHMEZ R L 72, 120

140 1

K, HROSA T LREO TG E ] %

T5E, YA TIMMLTER, CEIZIL~Mo 38 IEH /

BIITH Y, <o 3B TEUSEIC~HS & 80 /é
HeatBath 8, HS & Heat-Plate B3 A EIZF5 A R L 60 3 é ;,Z 3
720 %72, 1S & Heat-Bath# & HS & Heat-Plate Bl A g H g H
WA B RO b5 T 40 - S é o é S
S < T

5. HSP70&& & (X5) 20 %

CRICNT 2 HSHOMMEZ A EICKEZ R L7, 0 Z

CR HSEE HS&Heat- HS&Heat-

F 72, HS & Heat-Bath# & HS & Heat-Plate B iZ, T Batht Plate®
TEDHSHIDARIIHMEE R LD, o 2FMIC ~
BERBERED L 572,

5 HSPI0&FRENOEAL
%z &= PR+ BAEARE. Western Blot G 5 L7 HISPT0 03 ¥
Fgx 79 7TIRT.
FEER1OMRHR LY, FTRZESOHNEEZ, BKE ¥ : p<005.

RS

4 ATPasefefaf% (pH 105)
A CH#, B: HS#, C: HS&Heat-Bath ¥, D : HS&Heat-Plate #.
BALTOLONY 4 TIHHE, FRLTWE005 4 7 IUEMETH 5. Bar = 100 yum.
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X b, HS & Heat-Bath# , HS & Heat-Plate# O
HSP7O & A& iE, HSHE VA BICHET, ZTo2HH

CAEER RO Lol L2 oT, BRET L —
MREABELIY DI AHOMERRRIETI VD,
HSP70 D FHE X BEMETEX 20 TR EVINEE R
Sz, BIEMICHE VT HSP70 % S HIREICD W
THATEZ BT 5 &, Skidmore b7 &5 v M &
2TCIHEELERFIC605HEET L L, PHERIT
~38CTHHIEBRRIIAACTETTLERL, I AHICE
HSP7OM#FE I hiz b HE L TwbH, ThITHL,
Ostberg & & (3 HERE % HWT68E, <7 A EBR
395~ 40CICHFET I L, SHONEEE TIX
HSP70 D& EAHD bz ds, BB TIERDHME
Polb#HELTWS, ZLT, BEREIZBWTIZE
BPEL & BRI ORI RS TR SV 1920 2 r 24
BTEZLE, BHRHEHET0~40THEE TINRS
N5 EHSPIOAFEENA2DOTREVWAEEbN S,
MZ T, HSP70 % %83 5 H I TR ML % b L
72in vitroEEBTH, AMEEIZ4TCURICEES L
THY WD Z2h U TFORETHRA LS DIERD
7o, 7275, REROHE PV 35T
DADBRBEM I L 2 TH D, —H, B 1,
YA LT38TC, 39C, 40CIZ@EL/AZI A MY
vk AR % 1, 2, 38M, EH20517) &,
TR BRSO HSPTO&A &I 1AB T T RTORE
BETEL L d o 2%, 28 H BT RTORER
BTN L 72 8 M LTV ZOWMEEBEICTH L
MR LIRBEN 21T 2, BRHAT40~ MCHTV
Ly Enz TH HSPIO Z# FET A Z L IEHET
hrrlbhsd, LT, REROBZMKTL— ML
LHBAMN T, TREEBOHAREIZHTET
Lo bR Lrdozds, ThZzEH 604 H, 78 gk
BLTI oz T AMIC HSPT0 OFFENRD H
e EN S,

Rz, HSEHoe 7 AHoMsE=RLL, ¥4 71 10
KA O SR KA PR X CBE D 2 M I B LA
ZRL7. 2%0, HSICED Sy b T ABldmIE
HEEICRE SR, BEIRBICHKD, BRAMHEEIE
BmEnzEwzs®, 2L, HS & Heat-Bath B &
HS & Heat-Plate O I AHOMHMERELZ LIS
A 71 - MO HHEMEERIL, HSHEOZIZT
NREFBEERL, 2o kL, £HLHORBANO
HETHEMEHEHOLT 2T 5 2 LAMRTH
HIEERBLTWA, LaL, HS & Heat-Bath B &
HS & Heat-Plate kBT 5 &, ¥4 7D
BRMEERTIAEEL RO R0, &4 7 1M

TIZHS & HeatPlate EXERICEMEE R LIz, 7272,
WEOHSPIOEHEETREREZRD 022 2

WI3KIBT T

5, BERIPERZEHE O AT R R IR BT DO H EOE
WHAEEBLZEEEZICL V. BELHL, 2T oK
BERBHATD) 2 ATy M L TRESIRE L, ERE
ICEBKRTROKREL S FICAEELEOFHHEIT,
HS & Heat-BathBOAMOMEL W AEICKETH - 72
IERLBIDOI LM TE L, —F, HS & Heat
Plate B IZ EBRII M P ICAENEILIZIZLA LR DL
+, EBRRTEOMARELR S ITEREER(LEIE CHER HS
BEEEERROLEP o7, LT, BRES L —
M2 X ARAEMIEKE LD D Ty b OAHID %
weEzbhs, ¥/, HS & Heat-Bathfif & HS &
Heat-Plate # CEBRR TROFEZLET L L, HS &
Heat-Plate B2 ZITEMHE T, FiEEORRIEIZO
CEBEELTVWAEDTE WL EbNS,
Ul Ehs, BRETL— 2BV RBNRR
BB 55T b K & RIS B A& 12 HSP70 % 753
T5Z LR, BNEHEROETERIBIRSHGFTE S
TEMRRBENS, FLT, RN ARRERAN G
Sk ﬂ‘f&%?ﬂ%& <, MRIZH LTy bJ:“C%)
BEICATZ A2 &0 s, EREMND BiE L ZR IR
D — AL THE-TETH Y, WARELD BEH
MHEROFHHEE LTHATR WA EERZLR
7o 7272, R IRAAN T, BOFEREZT v
P P TRECERLZZEIEMESH, ZOHITON
TIRAEBHEEMA T LEYFH B,
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Effects of Differences in Heating Methods on Inhibiting the Progression of
Disuse Muscle Atrophy in Rat Soleus Muscle

— Comparison of a Warm Water Bath and Electrical Heating Plate —
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Department of Rehabilitation, Nagasaki KITA Hospital
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The current research sought to study the effects of a warm water bath and electrical heating
plate on inhibiting the progression of disuse muscle atrophy of the rat soleus muscle. Twenty-two
Wistar male rats were divided into a control group of 4 rats and a test group of 18 rats in which
disuse muscle atrophy was induced in the soleus muscle through 7 days of hindlimb suspension
(HS). The test group was further divided into 1) a group that underwent HS alone (HS group; n =
6), 2) a group that had its lower body heated with a warm water bath in the course of HS (HS &
Heat-Bath group; n = 5), and 3) a group heated with an electrical heating plate in the course of HS
(HS & Heat-Plate group; n = 4). Heating lasted for 60 minutes a day under anesthesia and was
continued for 7 days. With both methods of heating, the load temperature was 42 C. Comparison
of body weight at the start and upon completion of the experiment indicated that the weight
decreased markedly only for the HS & Heat-Bath group. Additionally, the relative weight ratio of
soleus muscle and muscle fiber diameter of type I and II fiber was significantly greater in both
the HS & Heat-Bath group and HS & Heat-Plate group than the HS group, and the muscle fiber
diameter of type I fiber in the HS & Heat-Plate group was significantly greater than that in the
HS & Heat-Bath group. In addition, heat shock protein (HSP) 70 content was significantly higher
in both the HS & Heat-Bath group and HS & Heat-Plate group than the HS group, but the difference
between these 2 groups was not significant. Based on these findings, even local heating, ie. with
an electrical heating plate, may induce HSP70 in skeletal muscle. Given its effects on the entire
body, this form of heating may be more effective as a method of preventing disuse muscle atrophy

than a warm water bath.
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