=Y : F7|xel MBXIK|, 4SS HCRIERFA, Type [ 2]

F7142 AFAA 7 2EFQ Ak 257
Type I &80l v = &3

- 31X 2 el glote| LUSEM WL E AEt SSHE -

o of* - X H =2

1. A7 EHey

A o)t £A4bo] ol FFol ErbsdlAY AR
744 QA g TE 7] TolA] £33 ¥ (disequillibrium) 4+

& ze gt v &5 (inactivity) ol vt FEA 82 A
= Qd AlE E8AFE Tl 3 2R T4
9] 2(Dock, 1944), = 2 ¢} Z7} Roberts and Smith,
1989), THZ F& A7k W3}, 3 FFo) 44, A
14 A ¥sgH(Sandler, 1988), F713(Dock, 1944:
Greenleaf et al, 1977), &350 Jebdoh, gulopy
o A77e BEAGE 24P 44, BAZY
A4 ol % FH e A3, 7154 %3 (functional ca-
pacity) o] #<§& f-4d=(Hung et al, 1982).

FAZY2L YA FY A% £ (Faulkner et al,
1980), ©&% TAF A9 a4 o TAZAA S 3}
2.2 ol 8] A2t Ttol| wte} T8 ge] N4 FH R
225 0] el 85430 o8 TAT 50
e HAEAIZAAM  FH3gcH(Booth and
Seider, 1979 ; Jaspers and Tischler, 1984 ; Kasper et
al, 1990 : Morey-Holton and Wronski, 1981 ;
Musacchia et al, 1980).

7}z 23} Zho] A E 3 sk AL A A (Type

Ifiber) 2 FAE FAZo] waA 453 24+
(Type 1 fiber) 2 FAF /ol v]ai ] E 4z 9
Z5)v] (Booth and Seider, 1980 ; Musacchia et al,
1980, 1983) 5 A 8 A17to] 7 Aol whet Type 1
fiber9} »|go} A3ts)a Type I fibere] wl o) 57}
® ch(Kasper et al, 1982). %A 3} 7] 21t 7kAie| &
2| Type I fiberst A Aoz 9% == AL AL
AT RFEPL o]4Y Adgududs UAFHA
(Booth, 1982 ; Jaspers and Tischler, 1984) sithe] £
Foll % Z5A43sle F5o) AHA 1FA ol 7}x}w
= A o] 35%, 25 Al 45% A 3}5] Y cH(Musacchia
etal, 1981).

25529 o3 of3k(trophic influence)(Buller
et al, 1960)3 F¥oiA &5 (impulse-mediated ac-
tivity)-& 599 54 (motor unit properties) 2]
2% 24z 4uA Y TEL 5A4-=F s
A B £5E4-0] Fo3A Wt A AR
off (interference) & dosiANgx &9 F54+5&
2 7}A) 7] A vH(Schiaffino and Bormioli, 1973) = 344}
7 (Ilyina-Kakueva et al, 1976) %42 4 ich 4%
Z(developing)al ZAIZE F54F sl o 1
Zg Ao g otelA 9lo = 2 (Engel and Karpati, 1968
; Schiaffino and Bormidli, 1973) =7]%¢2(early de-
velopment) %A A &54F¢ A7 544

*RATE19249 E MU a 1A S 244 A st d oo Adol s AT S

=Aguigtm ot
= Aguiea ool
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EAl o] icto] of & o3& whert

Ut Qu, A4d e AAAE W 7R
22 AFHAA7NA A2 +F2 54T AR B
Zolgol ATl 2dE A £ Type Il 59
Z422 oty Bfol o8 24de] J3E U
3 ¥ 3238 (Elder and McComas, 1987) 5 3}7}
web 2ol 2| H(slow- twitch muscle) o Wtoll §-913F
QS =2 4 Y& AAstgich. SimardF(1987,
1988)2 A cte] Bl o g 7izlel 2] $&F-E Yo}
Hoz FAYPS ol A5F ol va AdFal FodAM 2
AFel FosAl Ze¢ dFstda, 152 sicdel g
F A A5Fl vd o2 F o] HE5HUH o
ax Typel 289l 7tAn| 29 HFe] 254 & A
o 2 9§ 5 ¢ =M (Steffen et al, 1990).

Aol 2L APAAE Edl 2 Q7oA E G FA 3
of ol U o] Aale vla] WetFal o}
o] 7Zhrte| 2ol o & R ez A 4 gl

Aol & odmizrel BEHF= EolelEe olz
A LA BEFAS 2L 59 49 A}
HutzA et =8 $5 o] 7H5-3 #A izt o
AN 258 U4 AFE 5] F4shA
oigle] FAY FTAZo| HFHUS] RaEUR
(3, 1991) 30 2 A AbatA 3h= ot A A2 284
Z3} 7150l AA= LS A4 59 (Balaya et al,
1975). 53 ob&-&k=te} 79 Aol #hAtol vls] A A
FEAte] A3 EE w3 Aol A o E3fa 3ol FEAF
9 Ax7) v Asteg 25 dA7M 5ol v 2
o3 & 4 ek

23 LA RS FAH A FANAAN FAHELE F
o] Agv}t 35 SAE L FEAFol| o3 2=
AL DAY Az 5 Qe Afelez FH
< 4&F wAsteAel H % ackn & 4 Ut F44
ol A HALF AT HSTAH BAL AL
& olv] BAS HFol A APs 2 Y& Felel
o2 715 3EA7ke] Ao YYrIze] AelAw
EYF A4AER B3 E A7l oA o=@
FAE A s wate st fAbe] FAH A
AL e Sl 753 HAHAA AFE £33
A7IAY E5& $PAA TAE 959 A=E A4
A7l Aolgtm € 4 9l o|2jdt Aol A3l F
232 A 7hget,

o] 43} o] 28 F2 A7)} ot 53] A%
sk Bx)ub #2¢9 ¥ 3 (Hauschka et al, 1988 ;

Pierotti et al, 1987 ; Grahamet al, 1989) + =A<l &
71718 A FA A7 ek} Ffroll 2|3 Type I 252
&g Fol s A giche Ao wetgel &
%9 A& F4£AF = ol g dFEnr) 9
o}

A Atoll A b Fal AA| 2% 23
o] &5teim JAMA 77k A3 &
HA&F 2ol vlal€ FFANDE 2AHE & do] Bad
otx Az 2elog gkl Hod B Bxo
5 FrlH oz $alst 3R 2o 5o ALHE
AL A8 A g7k ek g 2Hghe)

Foll A WA A F(extensor)l sFAn]Zeo] F 2
slow twitch ®-F(Type )& 4 == Type 1
T E Al s FEFEY 2771 Fol wbod A
3 Aol R3Frlel A& WA FA B (Henne-
man et al, 1965) & °] &4 24§ Ediz ddFal #
Me Be Are +5E Fridez y3Asd
Type I <89 HFo] 2£H Zolate 713l &
Agel e At 245t FrHez Fe e
+5 & $5sld 2 285 F9gstaA sglch

2 A7=Ey

EAdTE BdFal ofdFoA 7U Aot ng
F F714ql AFA A7} 7t=pe]2e) A7, Aojr)ais]
=54, Typel, I fibere] ¥ u]& o 3lgiwd Ao o
£ %L vl A 8 7AAQ) EA L oS g

BURS )

D 797 sichel yf 2 gl shaiel e A
3 AespRie) 25 A, Type I, 1 fibero] B 2u]g ol
3 zi A o] ) 35 £717

2) i) 238 S5t Fr1Hal AF RS A
EPE o $2Fal slAiv|2 AR Aos)AelE
5A, Type I, II fibero] £2u|§ o slkwizo] sict
2] BF Aol v &l Fols =717

3) sigde| 248 steset 714 AFLtol )
dtekzq) shaie) 2o A, A spRbe] =37, Typel,
II fibere] 22w & Y td o] 22 Ese
717

I. 2%

HD

FAZL Aol AN AT T2 7AH &
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4, iz HJAE FF Fejol =aA A
(Hainaut and Duchateau, 1989 : Shephard et al,
1988). Aot £Abell o8l &5-& AH Z3AY A
T AL TAS 45E UEle Fe a9 Y
£ 8ol sl = AFRste G EA e o3
7 A =l cH(Booth, 1977, 1982 : Booth and Gollnick,
1983 ; Finol et al, 1981 ; Goldspink, 1977).

=89 Tz 759 §A F93 AFF
£ %9 o] tg}sted (counteracting gravity) A A= o
2 QA s+ dA(force) ol 351Aj3te] A7l 2y
€ 53 T4 54 (properties) 8] Fxloff g 3
(force) WAl ol oj 4 (level) o] it Aol ¥Wa A
c}(Alford et al, 1987 ; Baldwin et al, 1984 ; Fitts et
al, 1986 ; Goldspink et al, 1986 ; Herbert et al, 1988 ;
Roy et al, 1984 : Winiarski, 1987). %ol 7}si#+=
force patterne] WidtellA zel=ls Ade 259
Zd 7|3, %9 3xl(cross section) -9, T8 &
A4 3] A48 (Alford et al, 1987 ; Fitts et al,
1986 ; Godldspink et al, 1986 ; Riley et al, 1985 ;
Thomason et al, 1987 ; Witzman et al, 1982) 3 <%
Het 458 g FAsie 8o §5Y A8o] ¢l
£ 25l vidl ol 2992 gL ton sxin] 2o
4] light ATPase fibers9] 315t=13 o] dark ATPase
fibersel]l w13 Rele] Ffol o] wlzHaek(Graham et
al, 1989 ; Hauschka et al, 1987, 1988).

5ot AF 37t AdtE A FASL 25
F7HA71 2 AL Fod4 A A%E o A
$(adaptation)&tc}(Booth and Seider, 1979
Tucker et al, 1981). # 9 sicte] & 2FA#A sicte|2
o slAE REE 1557 AJANF FAFTS
(plantar flexor muscie) 2] A&z 4G 3tz F o]
o5 A A3 Q&2 »xagck(Desplanches et
al, 1987 ; Musacchia et al, 1980 ; Templeton et al,
1984 ; Templeton et al, 1988 ; Winiarski et al, 1987).
57 5} 23 (hypokinetic model)oi| 4] 3} ¢] A FH
& =8 53 7pA0| 2] Aao] wi2A A} &5
A3t F 3Yoll TEATe) 7% As=A L 5Y0) 20%
(Feller et al, 1981), 74 ol 35%, 14 il 45% = 3151 %L
o o) (Musacchia et al, 1981) 42 ol 55%7} A 85 %)
©}(Herbison et al, 1978).

A 25l 7HAe|&L2 A Z(slow-twitch muscle)
o2 MNAE 4%3E 42 F(oxidative fiber,
Type 1 fiber)2 74 5o} lom wpad 453+ 2

@z s 8354 234 A2%

H4(Type [ fiber)= FAH <£3(fast-twitch
muscle)ol] vl o] U2 HFol 2 Hoez v
= 91 HBooth and Seider, 1980 ; Bruce-Gregorios et
al, 1984 ; Sargeant, 1977 ;. Witzman et al, 1982).

HE sigha)e) T84 Type 1 fiber(slow twitch
fiber) 2 d Al 5l & A f vl -§o| F-2l 37 A stsls 7}
Aal2oll A QA oz Type I fibere] 5o el
cH(Templeton et al, 1984). Kasper$-(1982a)-& &%
A8} 7)7ko] 73 #3hol] wta} 7hRbm] 2] Type I fiber
2] vl go| Ztadte] EASF 2844 ZHF A7)
=] 2] 88%0id 2 Type I fibers] R Z vj§& &
152 waglch 289719 side] 252 s 2
Aol 58% AFHARL A F Akl o] 53% A 3}
Hom Type I AFS £2 v]go] 11% A sk= sl
(Kasper et al, 1990).

Ate] Riol A G54F5 AAAE Rl ¥
FEA TR v A 284 A slAle| 2o B
LA gk 23t9t o B8l oH(Elder and McComas, 1987).
A8 F2 Typel fiberg T4 % 71xbu] 2o 4
B3 RS ot Bl 7hAe] 29 Sl AA Y
galFel vl oA FNA A& EA7} E HoE 1}
eyt (Steffen et al, 1990).

Simard-$-(1988, 1987)- 3 che] el 218 &S
Feh gtz z=Ashd $FollA FAYPE = o1l FHollA
Fo 34l 2-2-¢ dFH 2 Haida$(1989)-& 23712]
ol o)%t THFA 44, 2AS IdddA Y P,
43715 9] W37} A< miceol ul &) ]3] miceoll A &
oz ywaughch

Jaspers and Tischler(1984)+ 69 7ke] Adial &4
2 90ge] oARAF stART S AalF ol v 40%
©] g1 2(Jaspers and Tischler, 1984) 137t} 3it}2]
FrE oldFe] 282 2AFA4, 53 mRNAY 7
zol glo Agle] Sfuo of & HYR gt
(Steffen et al, 1990). Shear(1981)+ #c}2] 2] pos-
terior latissimus dorsi§ A (immobilize) A1A Al
o ¥l# o] E AFANE Laflen Sictejdngo)
#Hgoz 50-60g8 FHAdA 1% JlAu|ZRA Y
45-50% % A4 gt

At B-fF oj-dF el Typel fibers) i
o] 45% 8} =] 91 o}( Simard et al, 1987). TempletonS-
(1984) & 14 zte] F5A 5% Type I fiberol 27 ol
50% #4502 Type 0 fibers] gtd 3 o] 38% =3}
HASE vt 45739 s b8 2-5-F hamsters

o

¢

et

1=

I~

K
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o4 7tztul2e] Typel fibers} 74% AHe=lglx
Type 11 fiber7} 49% = 315 =} {Corley et al, 1984).

el Rfol 9§ AS5E LA 798 F
7% 2 treadmiill running-g 3} 314 +HDesplanches
et al, 1987 ; Graham et al, 1989 ;: Thomason et al,
1987) & o} gridg 224 3lod(Herbert et al,
1988) ©5%¢ ¥ o g AAA7 & Wi (Fell et al,
1985 ; Loughna et al, 1986) o] A4 35 At 2 o] &
=l o] gk}

5%719 ot B{FF 14 30m $=2 19 180+
150 5947 750l AA FAA7l AR} 7AApe|E
Type I fibere] £ 27} 100% Z751$x Type 1,11
fibero] slcid o] 22 32=LS yilon
(Desplanches et al, 1987) 19°7 A}2] treadmillel 4] 1
Holl sSm& 2 of 641 7kv}e} 1085 AA 3o 15374
9] sicke] FFoll &) A3 7hAln] 2 Akt A
2714 50% 7 A F7HA A-5& 4% 3l cH(Hauschka
et al, 1988). 19 2-44)7k9] Al % =] =) (ground support)
253 180 20m £ 22 19 1. 5417 30% 7 AHe] &
zu+g wel 5 (uphill running activity) o] 4F3}
9 siche] $5-5< 24 H 7HR02 453 slow myo-
singAloll v] 2 & 3¢ AAY A F12] 5T 2
Foll A ZEAR|E A, TAAF A g, A=A
4 slow myosin isoform content 52| 7+4-& =314 3
2¢ 1 359 cH(Thomason et al, 1987).

AeFolAl sohe] Lfof meld] & dot gride
224 ste §Fo| e FA, AdiriAe|S F4,
HA A& Rl & FoAgled 224 1g9 A4
bl g el A ¢ FAAHEE 593152 (Herbert
et al, 1988) ®¥F AU A5 stAw2E AA
(stretch)A17] 27 RNA #33 < 14 £=271 F
71381588 ¥ 28 % oH(Loughna et al, 1986).

Templeton$(1984)-& 1447ke] EAsFE 747
A 4B Fo 2 (cage sedentary) 3] 8-A17 A} 7}z}0|
29| A% FAlo Type I fibere| vl &o] cizx=2
3B eg vaslgck $5AE 80 &5
£ A7) A7 Type I fibere] vl go] 357 2824 =
2% olAe 2 Zs}3tg o (Kasper et al, 1982b) &
5 AEE AR F7AA 53¢ A3 Type 1 A9
u] & o| %713} % o} (Holloszy and Booth, 1976).

Kasper$-(1982a) & A <7 9] 7l=le|Z A&+ 24
§ 9T Aol sicte] 7% 5 ERFNA 3
87 286l dlzA 2 B E 0 2S TR #F

A3HE 31 8.7] 28Ul FATH sHAn 2o HelH &
Aol FAA=Z BEdo v AT 2] AP
AR FdALE AAAA ¥E 14% A
(Kasper, 1990). 28471 sictel £-43 289U 79 35
Fale A7l A AT hReE Ao v EAT
o vl &) 6. 6% Z=H(H, 1991).

#5(1992) 2 277 S} ¥ 45 2H 59
FAg A7) A3 tAe| T A @ o] v F2 Tl vlE 24
37% R ZH T AL vl Fad Tl vid 6. 58% R
+€ 2ndgch 79239 AS4R-E e $L 15
7 A}2] treadmillell A 18-l 5Sm&-= 2 =64 2H=}cl 10
F5t AA A 15709 Siche]Lfol o8 A 3hd 7L
el 23 232 AFE F/HIReA Type 1,1
fiber o] 3 chai A& F 4= 2 884 7 =H(AF, 1992).

. H7CHAF S wy
1. A CHAE

AP FEE 244771 vlzH 2L female Wistar
rats(N=15, #%=97.54+7.56g) & A+-&-3tich.

=27 A¥EE FYY ¥ 483z
circadian rhythm-g 91 8 124 7+-& ¥ 2 1241 3 o] F
Al 3}93.2"4. ArAa(nYAr)s) & ool 2 YA 5
At

2 AE Al

AYFEL 7392 d2F, sicte] 247, st
HG+AFA A E(0] 8} AFAALE) 3Tz FHIIA
o},

z7Fe dotd & XA g g4Hoe 58
AP oo sicte] FFF2 A& R AR A
AAFEL 2] E {3 54 Fr1H2 AFE
R2apA Ak AF 25 AY A2z 38 7dA o 7}
A el 2-& A A sk

Siche] 2-foll o gt S5A s 2 webFql slAin| 29
Y &o] #HAFYetE Steffens(1990), Elder and
McComas(1987), Jaspers and Tischler{1984)%5-¢] ¥
27} lgleng $EAF 7] 15l slAe]2A
2ol H 23] A st 4 Qleejetn 7= o] LT A
#5A 3 717081572 A4

k)
T

[
T
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Control
(N=5)

Hindlimb Suspension
(N=5)

Hindlimb Suspension+Weight Support
(N=5)

* : Muscle dissection

ez s 83 2] 4234 A2E

+ }
0day 7 days

Figure 1. Experimental Design

W AE Y

1) sichel 2-8-(hindlimb suspension)

Morey-Holton# Wronski(1981) ol &8} /=gl 2
Sweeney%—(1984)°l WY A2 P 0] 831 sine

2FAgch o] Yol mi] R3] (tail suspen-
sion dev1ce) £ mele] 24 1/2%4Yo) cbg3 224
Yoz BRAZAG meE v Er HeF 3 A=
>l (air blower) & 8] = 75% ol & %&(ethyl alcohol)
it w3 ARAZF benzoin tincture & EFA]# t}A)
A=Az 9371 el vl ¢l (skin traction tape)-& 328
FEE 4 de oz el meld LA F 26l
v1(stockinette) 2. 2 Zt sz WA nE YAt =
tloll B3A17] sl ol o] Fakell el § g o] ejol aF
217-g #EF cage AA} A3 34z} (swivel
hook) ol A7 A5 e},

#Ho Aetesl R YA =Y Fo) 2 2AFAA St
7- cagevbtel] B4 @1 I AREA SAL4
3. 242 W3 vt 4 gldeh

o] ¥h¢ w]H %3] (noninvasive)o|r] At o
A ZH3 25l vlA e £7F 2ysla glo] o] Wy
of o8] ksl Wil Aot AF 33} gln A
o 2] ALgo] A= o] zaf=& Adetn F 4 Uk

ke 3F-8at 1247 Wi 1242k o] A @
FRow i 5 FAste] welygd, vlAAHA &
FY, 24 Edz, mejo] Agsts) JestE @
A gt ol & FAF WA el 582 4
Fell el A A AR e,

o, 012§ +533E 3 5(1992) 0] A&F o Aey

WRADR SUR oS o] Ex = AME ALHen
£ 4x0 sigeln melx§ Ao 97 FA} 2

7t o2 Rasl e ARE 55 A e Aelch

3) SEAA Agady

7Z+-F¢] %52 pentobarbital sodium (50mg /Kg
ip) 22 mlH A7) 3 3Z siche]ol A 7l=le]| =& A A
5 YA A4 2 rinseAl A ow Az AN 22
< AF3A Fepd & AAE Ao 2o Fe 74
(wet weight)-& microbalance (Mettler PE160) o) A
A A 7lARE FAE 5AA AA A
ZFoll i3t 7pxpu] 2 A Al &2 A2 H

4) Myosin-ATPase =32 3}3}

AR G E TR0 A8 AA s g

AAE AgGd 2712 Ze OCT compound-& v}
23 a4 AAE A EE T FS X dARL
2 -160TC7+A] WY 25 isopentane§-Y ol A F £ Y FA|
Z F-70C FFAol L@ YE5ELAH Ao
9o F7p3- 5 smmFA R Felle] Alzs ik
o} OCT compound& ©¢|&3le] mold o Xl
(embedding) ¥ F -25C <] Cryostatol| A 10m%7| 2
e} £aho| Lol mount 3 g ch. A2l A 30-602 F3t
e A=A % z2A8sd4d4-¢ Chayen et al
(1973) &} w4 € o|-&3tod AAIB AL,

5) Hematoxylin and Eosin &3] 83}

4 T e AwkAQl A do) H 4R 2o W3}
7} 75 BAS Y5l I 4 EE 497
)& Chayen et al (1973) &} W& o] -&3}d AX|38}g
o}
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6) AR ¥ Y TG EA &4

Myosin ATPase2 4% 2§ FLE Feynr
o2 Hol uhAl ol 2AHE Typel, of §4 wel
+ Z4A%E typela 2E39cHBurke and
Edgerton, 1975).

2z} A %9 v H-2 microscopic image analyzer
(Leitz, ASM 68k, Netzlar)& o]-23to] 20000 8] ¥} &
Sholl A} 243k 20070 o) 249 tracingse 2 Y &
Astgdet

Z 2457 vt e A A g F24 8 &4
9 %= et glet,

4. A Az

Z+Z9 Mean+S.D, & AAldlxn 7z 72} ol &
Kruskal-Wallis testol] 2|8 A F3lg.en3 T3]
o]+ Mann-Whitney U test-& Al A 3] 4 &35} %<},

A4 AL p0.05 FFol A sl

N.oi3xdnt
L SiCl2| 78 HEN S /E NS Het

HzE, oty 153, AFTAATY AgA=A 9
AF 79F AFe WHtE ¥ 104 2E vhe} 32}
APAAA] NFL 2ol 90.34+5.69g, sivhe] &
fr&el 99.67+6.85g, AF A AFo] 102.20+4.96g 2
2 A FA A Fol Azl vl 8l FostA Ao} 74 %
A F& dl=Fo] 107.32+10.19g, Hetal 2720l 106.
03+14.62g, #F R =|Fol 104.56+9.21g o 2 3F 7ol
el 7+ glgiet,

AFAFA 2E 7Y A AT HFo] H2T2 18,
80%, Ate] Bf-F el 6.38%, AMEA X Fe] 2.31% &
7}aksiet.

A A2 A 9 A Fo] AzF NF AR F7be)] 3o]
7 UKL EEAHA AR AF-L AF 7ol Aolsl Gl
282 79 ZA}F AlF o] AlE7te o7t derts

TABLE 1. PRE AND POST WEIGHT OF CONTROL, 7-DAY HINDLIMB SUSPENDED(HS) AND 7-DAY HINDLIMB SUSPENDED PLUS

WEIGHT SUPPORT(HS —WS) RATS

Prewt(g) Postwt(g) % Change
Control (n=5) 90.34+5.69 107.32+10.19 18.80
HS (n=5) 99.67+6.85 106.03+14.62 6.38
HSWS (n=5) 102.20+4.96* 104.56+9.21 2.31
Kruskal-Wallis test
Chi-square 7.12 0.228
Significance 0.028 0.892
Mann-Whitney U test
Control vs HS-WS
U 0.5
P 0.0079
Kruskal-Wallis test
(Postwt ~Prewt)
Chi-square 3.9647
Significance 0:1377

Values are means +SD
Prewt : body weight at the start of experiment
Postwt : body weight after 7 days

* Significantly different from control value (P<0.01)

n : number of animals
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24AA AAe) A AYARAY AFS Holz
AF 83 Aol7} gleA 22 debyte),

2. SiCl2| ®73 FII1HQ MBEXIX|7} 7IXi0l22| &
23 AT IXI0 2 2H|0l 0| = Hg

747t sicte] R59 sloke] 243 Fo)1H AF
AR 7} 7hApelze] A FA S} AdrtAln]| 2 FA o
o] 2 & o 32 ¥ 20 g% whe} ek

7}&e) 2 o] A2 TA(wet weight) & S=Fo] 42,
20+8.70mg, Siche] HEfFe] 30.17+7.17mg, AF=

A5 ehE A A234d A2z

#| o] 50.60+11.50mg.2 & 1.46% 4-Fol| 4] z}o] 7} Q)
o= siche] Rf-Fo] o =70l vl 28.57% F4 5
A (p=0.0303) AMFAATL Hcte] LFTFo v
67.72% -9 31 A) F7hst e m (p=0.0087), MF = |
T 2ol vl &l o g o7t gale} (28] 2,

A7t Ae) 2 ZAE 22 0.39+0.05, Siche L
Fo] 0.28+0.04, A F AL 0.45+0.102 2 Hche
Tl chzTol vld] 28.21% F25HA ZFaslde
(p=0.0173) AZFAAFL sicha] LGFol sl 71
43% 847 F718tR2 1 (p=0.0043), =] 4|
& 23.08% % 7}ote 7 3-& Veby o

TABLE 2. ABSOLUTE AND RELATIVE SOLEUS WET WEIGHT IN CONTROL, 7-DAY HINDLIMB SUSPENDED(HS) AND 7-DAY
HINDLIMB SUSPENDED PLUS WEIGHT SUPPORT(HS —WS) RATS

Soleus wet wt(g) Relative Sloeus wt(mg /g)
Control (n=5) 42.20+8.70 0.39+0.05
HS (n=5) 30.17+£7.17 0.28+0.04*
HS-WS (n=5) 50.60+11.50* 0.48+0.10*+
Kruskal-Wallis test
Chi-square 8.4540 10.8162
Significance 0.0146 0.0045
Mann-Whitney U test
Control vs HS
U 3.0 2.0
P 0.0303 0.0173
Control vs HS — WS
U 6.5 4.0
P 0.2222 0.0952
HSvs HS—-WS
U 1.5 0.0
P 0.0087 0.0043
Values are M+SD n : number of animals

* Significantly different from control value (p<0.05)
+ Significantly different from HS value (p<0.01)
++ Significantly different from HS value (p<0.005)

3ECR BR/RE FIIHel HSX|X(7} JHX0j2e]
Type 1,11 fibere| 22 0f| O[Xj= A&

79471 slete] g9} sicke] RgF Fr)Hql AF
4| 7} 7k=bu] 2] Type I fibers} Type I fibere] &
2ol v A& o -2 ¥ 30 9. °k% uls} e},

7}Aka] 2] Type 1 fiberst Typell fibero] 2 % v]
£ol dzFolA 27 62.31%, 37.69% ol it}
2] Bf-Foll 4 65.02%, 34.98% o] ol A F=] A Fol 4
62.56%, 37.44% = A Tkl TAF X o) 5po)7} gl
Ret {27 3).
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* Significantly different from control value (p<.05)
* Significantly different from HS value (p<.01)

Figure 2. Absolute Soleus Wet Weight in Control, 7-day Hindlimb Suspended(HS) and 7-day Hindimb Suspended plus Weight
Support(HS-WS) Rats

100
M Control HS [CJHS+WS
80
60
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40
20

Type 1 Typell

Figure 3. Fiber Type Distribution of Soleus Muscle in Control, 7-day Hindlimb Suspended(HS) and HS plus Weight Support
(HS-WS) Rats
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TABLE 3. FIBER TYPE DISTRIBUTION OF SOLEUS MUSCLE IN CONTROL, 7—DAY HINDLIMB SUSPENDED(HS) AND 7—DAY
HINDLIMB SUSPENDED PLUS WEIGHT SUPPORT(HS ~WS) RATS

I
Control (n=5) 62.31
HS {n=5) 75.02
HS-WS (n=5) 62.56

Fiber Type, % of fibers

37.69
24.98
37.44

4. SiCi2] B{/F FIIHQ MEX|X7} 70|29
Type 1,11 fiber2) SICHHEOf O)X|= BE

7478l scte] Bqrot sicke] 55 Fr71Hql AlF
2}z 7} 7}Abe] =2 Type 1, 11 fiber o] 3 whed A of v] x|
& o e E4, 27 49} 2o

Type 1 fibers] §etwido] ch=Fol 4] 1857.79+
A4.48um2, Siche] B-f-Fof A 1106.30£10.38xm2, Al F=|
ZollA] 1376.97 £9.60u2 Sche] Lol 2T
o w) 8] 50.45% -} 8 Al k3 (p=0.0000) A F =

Fol sitha] B8-Fol vl 24.47% 2 3HA Eoko
(p=0.0000) th=Fol ¥l 25.88%= <] 3}A *okch
{p=0.00001).

Type U fiber2l sigtd =& =+ o] 1619.60+18.
472, Siehe] gFol 916.85+10.5a2, H|F =] =] Fo)
1196.24 +13.70u2 fAche] H{Fo| thzgol vl
43.39% <l shA ek (p=0.0000) 5= z]-Fo] 3
cha] Bf-Fol vl &l 29.93% #-28kAl o} H2E
of vl 26.45% = -2 A 2ot eH(p=0.00001).

2000

1500

500+

Il Control

HS HS—WS

I

.

Z

~

739

y
-

\
\

—

\

Type Il

* Significantly different from control value (p<.0001)
* Significantly different from HS value (p<.0001)

tigure 4. Mean Fiber Cross-Sectionat Area of Type | and 1l Fibers of Soleus Muscle of Control, 7-day Hindlimb Suspension

(HS) and HS plus Weight Support(HS-WS ) Rats
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TABLE 4. TYPE I AND [l FIBER CROSS - SECTIONAL AREA OF SOLEUS MUSCLE IN CONTROL, 7-DAY HINDLIMB SUSPENDED

(HS) AND 7—DAY HINDLIMB SUSPENDED PLUS WEIGHT SUPPORT(HS —WS ) RATS

Fiber cross —sectional area by type, un

I I
Control (n=5) 185779+ 14.48 1619.60:£18.47
(1222) (739)
HS (=5 1106.30+10.38* 916.85:+10.57
(953) (316)
HS-WS (n=5) 1376.97+£9.60 1191.24 1370
(1332) (795)
F~—test
F 984.2556 382.8259
P 0.0000 0.0000
Control vs HS
t 42.17 33.02
P 0.0000 0.0000
Control vs HS~ WS
t 27.68 18.63
P 0.0000 0.0000
HS vs HS-WS
t ~18.89 ~15.86
Values of cross-sectional area are means +SE n : number of rats

Number of fibers analyzed per group is given in parentheses

* Significantly different from control value (p<0.0001)
= Significantly different from HS value (p<0.0001)

V.o #

2 gl AR 7D F A Fo] hzF o) 18
08%, A cha) Bf-Tol 6.38%, M EX =Tl 2.3% F7}
sgiet. ol tite]l A AR TS S AS A Fo] F71s
=l vjE 58 A 7D AFFoH0) vvlsigdn
F5ARY $5¢ g3 Ao x AFFA5 Al
et ol = Haida5(1989), Corley5(1984), Jaspers
and Tischler(1984)2] =9} A9 Bgszm Qo)
Haida5(1989) & ol2i@ A 25 BEAT] 445
£ 24 AFAY, Rl Ef 2700 AFR4) el
YA 2 Eobol ojtzle s Ao st gl

B ATl APA A AF 7LE AF] Holz
5 Al F7kell Al F e #ol 7} gl Aoz et Are
AR AT S 5ARA 5T Y sl=A
£ AFF7He AY gldbe A& A4k glH

WtEal A5 5 AL AR Fhale] 24 #5) 4

o 7pRbe) A 7 A AF ol wld] A A A AT A3
£ A Lfold g F5A LR wdFal sAe] e
&0l FAHche Steffens(1990), Elder and
McComas(1987), Haida$(1989), Jaspers and
Tischler(1984), Simard$(1987, 1988) ¢ 219} 94|
33 3lch

LEAHYZ Antel L folds) oA s
AF RS 58 slAn] 2 Aapo] BEAFHF 27
Zo)) 55%A 315 92 (Elder and McComas, 1987), 3
F3 ol %A =29 (Simard et al, 1987) Haida
5-2(1989) young mice ol 237k9] H ] REf-F<
ZE5A Ao o5 geteA S A sig
ZHEFrYo] opd A gl HLoj FEAse W
22l A9 siAm|ZEAZE 4050% Aok
(Goldspink et al, 1986). ole}2d& APdvo 247
o AAE wietoz BEA s o8 Type I 252 7}
Zu) 2 9 Zo) FA A LAYt =RE A4k A
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A28l 7R =L A Z(slow-twitch muscle) 2 &
A A8 433l Ab3tEAf-(oxidative fiber) 2 4
sges wlzA 4538l <A F(Typell fiber) 2 +
AR £ vE oYY E % Aok qEdRE
o] oAF743 (Booth and Seider, 1980; Bruce-
Gregories et al, 1984; Sargent et al, 1977; Witzman
etal, 1982)cll 23] L F g Aol A H4 e}

ZhApel o] F3 g2 Type I fiber(slow twitch
fibers) 7} A F 3-8 Fot A FU(recruit) I 43
Wz o} ¥ s}ofl o} w17l 7144 &5 H (tonic ac-
tivity pattern) & 2|1} = 2 (Appell, 1986 ; Henneman
et al, 1965 ; Morey-Holton and Wronski, 1981) o] &
=59 5& A AL 7hAeE P ko] AA A
ZFadvin A4 849

ZEAE Type | 25 7txpv] ol A7 HE
< siche] 3 393 109 2ol ol A 3k 7pAte] 24
2] Hb7d A AH(radial growth) o] $kA 37 o A= chi=
Aol Darr and Schultz(1989) 2] AFA oA w3z
o}, of@i Fof ole] Sckelel E2tLstviH A 2
FA AN AR 2o £5 549 EAA I 235 7HA
£ o o2 S AA G HEFd AR
oA b iae] Fridche A oA
(Elder and McComas, 1987) ¢la} i A= "4t} R
t}e] Bfoll ol 3t 25289 A7) bl FA RAES 2
2 A el Ao WA A ot TEAFAAE sl
Aoz welrh(Haida et al, 1989). =hll 3 3} B8l &
27t A EASovE AAate A ZoA {5
# 41 (Booth, 1982), a—actin mRNA>} ojgl FHelA &
19l A3z A5 =79l el A sty ol
HolH RNAG o] 233 543 452 sy}
13719 siche] 2 folos oihdF e <8 S- g
specific nRNA2] ZF4ollgle] 52 8nc of 44
2 49k-$-g) o} (Steffen et al, 1990).

Simard-5(1987, 1988) 2 Sctejyfolels] 7}ta)
CH U EulEZo) D HHFE S FESHo2 A AR
] A3 FRPo e, Aoz P
2gew) o AANA i Z T Hch. 647k} kel n
Fr2 LA ol@dF e 7tAe| 2 S o] AHLF v
4021 A2 BFA slolldl 8] o2l F 7} of mlZbebciz ot
¥ 3] e (Jaspers and Tischler, 1984), 3ic}a] 24 A
F5qt 7lRpe) 3 v B2 $Fo] Y45 vl of
"ol o g oleld Aol 25 Alebz o
(Steffen et al, 1990). o1 AL A k3ol 7|2 &

A58k A M3 2%

o] F& AF LA A | of&FHANA o] WAt =RE
vebdd

AAete 89 Aot dfrt 244 otz v
WA st ojgdeletn  ForH(Booth and
Goldspink, 1983) 24743 el 2i¥ AFd4
7t gdsle.nz sictel 2] Aol e s 24
ivH(Haida et al, 1989). 17l 4 &2 f1& o] A%
A Fuct AAAA Qe 28oA o] dZstez
gl @ole] R E5& 5l £ A e 25
o2 Holgle AR 24 58 5l A5 A4
7le EAH AEE ARG T4 UL A ol

E2ATFAN 28 $FARS A 14 A FH5
£ =S x| S FAl et A zbA e 2 A 7 A
Aol oz 3| BAL 2(1992) &) ATl AAF 4
SFolAd e Az} 2555 o] a7) Rl A
H E5ous] 4AFel el F715q 5] o
AL E G5l ole A AL 59 FEY A
7 BdTol A o] &3 A e o AL AF
7hA e 2o AL 3B A D4 LSS vebde

A”F oA +55-31 5 Z8 2SS osleie
Tot AL B-E Yol AFslgleng APdTFet
vjmsted =9 Gpglo A& 5L A3
ol e x e Z7|Hql 5435 (Hauschka et al,
1988), #Z =] |(Pierotti et al, 1987), :2jol] & 2
ol grid 2 2 2 A3t &5 o) (Herbert et al, 1988) &%
A ste)] & & 7bxpe| 2 A g2 A kA 25A§ F01
ARt AgA e 2dT7AHE 22 50 o8
ZAAZe FERwEe] FUUET Aoz A Ay
Alg ol(Fell et al, 1985) #&F <9 A%E 571 A9l
Roew AdEgglon 7144 &F(mechanical ac-
tivity) o] 242 454 2o 2 W Aol T
%2 (Thomason et al, 1987) A A] 3k i},

2AFAT RE Ao FHolos] Typel &5
4R ul o] Azko] FAEA FAFAL stAu| e
Typel 5392 FA =, Type I $5<4-& Al
e e Vst Eol A A G A ol 3
Z7toll sl Type I %o} A FU=x, Typell &
FHAE Al e FEFES FEAGAI b AR
7} & 52840 S5 (Henneman et al, 1965)
£ ol & AA e o= AN E B o] &
Foz AT HAFE g4 doke AL A
et

Sche] 539 74xe| 2 Type I, I fibero] 227}

—217—



dzFa} Aol7l Qg AT AAE 21074 St
2] 2§30 Type I, I fibero] £-Zv]go] ws}al= &
okch= Simard5(1987) 9] AFZ2 et A&t =3
A2 & 24dte BA FrlH o2 58 YEEdE
ulelzo) shapn]Zo) 4 Typel, II fibere] 227} 3t
R FT3 Aolrgidn H2F3Ae Aolx gidich
Wbzl Aol o] Welel wigt Ad AT Ao AT
stgens AgdFel vmsled =28 4 glot 4
S oA 5537k Sigte] R 5F 186 ImE =2 19
1802 13l 547k 730l AH E2AZ AH A
o]2e] Type 1 fiberd] 27 10% F7H=Idz
(Desplanches et al, 1987), 53l F 3 E7lo] +F
< A7) A3 Typel fibere] vl &) 3 ¥7] 2894 =l
23] o]Ate g Zv}stgleni(Kasper et al, 1982b), R
oie) & R4k 3 FrlH ez $5E sl 7}
Au] 29 Type 1,1 fibers] £ 27} siche) L f-2, o
z=73 |7} YRHAE, 1992) = A5H A5
Ede getFa FHoX e TE574E7 23 F5717e
A+ Type 1,11 fibere] £¥ol HstE 2@ Aoz
A7t JEFoA ¢EFEE A FAA +F
g 7243} Type 1 fiber®) v)g-ol Z7}3gich (Holloszy
and Booth, 1976) & AH4-& u}Be 2 el Fol 4 Type
I fiberel vl o) ¥3kslx BE AL 523t 712
o} ztgkr) Wl FQl R oz A e}

At 2fol s 7lAie)E Type 1,1 fiberel
i A o) 50, 45%, 43. 39% oA A=l &
odto] At oA A A sicte]EFoll o8 e 2
o] Type I fiber7} 45%, Type 1 fiber7} 38% 743
o} ¥ T (Simard et al, 1987) 2} 253 7ke] RAohe] 4
2 A% A A o] $2 84 A3ls et Haidas
(1989) o wmet AAFPet. = Templetond
(1984) o] A7 3 Type I fiberel A7 o] 50% %4
=i x, Type I fiber&l xb= A4 o] 28% =l 3}5 9l o= 4
Z7re] ot 4% hamsterol A 7}zle] 2] Type
1 fiber7} 74% A sk= Q3 Type 1 fibers} 22% =31
=lgdcb= ¥ 2 (llyina-Kakueva et al, 1976) 2t = 2§
X},

2d7As SR GF shAn2elA Type 1
fiber o] 8l el A o] =79 50. 45%, Type 1 fiber<]
glelwd A o] 43. 39% = Type I fiber7} v & 43S
%< e gk ol FhAE|EolA Typel
fiber7} Typell fiberel vl&} Siche] ol o w173}
t}{Graham et al, 1989;Hauschka et al, 1988) & A

of of 8] Sk e},

AT At 3EFE e %"\_ F71Hq ¥
759 5] 7tAn|Eel A Type 1,1 fibers] st
H4-g sichel L fAlel vd f9 0}741 F7H4 AL
19°73 A+¢) treadmilloll A} 180l 5m<-= 2 oll64] 7=t}
1085t AA st 1532719 sicte] £ o) A5l
7)ol 22 24§27 & F7HA) A (Hauschka et al,
1986) & A< ol o Aol Hitde) Rad7An
A2 2ol Aol7h glolx A Fo] dd A el F7}
AL TARY 2717 Fok Aoz H4E 4+ o
o},

BodFolx F7| 4] AF AR 7 A5k kAo 22
Type 1,1 fibere) gtdx & 744 A& F4
Z717 o2 N3-S 37z A Type I fibere &
£ Type I fibere] Aekd =& F7HA4 4 A5E A
Asta Aok ASFHNA 19 2447k AFAIA
(ground support) %3} 18] 20m4 =2 19 1. 54
7k 30%73 A9l 2 29t 22l #-5( uphill running
activity) o] 45-79] Siche] L# 5t 22 = slow myo-
sinAtAloll v] A& o 8& FAZ Az Foix FFE =
FollA T4 % 29 A A3, A9 slow myosin
isoform content 5 2] 7}4 & * 5}4] 2} c}(Thomason et
al, 1987) = A A% ¢5ol &l Type I fibere] 34
HE HEAY 4 Y& AAFT A+

24 d743 Ao RfEd FrlHoz AT
< 2atAglE Rol stAel2e Agg AR ol
2 3lEARHew Type 1,1 fibere) std 42 St
gl Bf-A ol vla Zreigl ot Az 3 EAFAE
£3c} o8 AAE 2 & o pA0 2 AFF
ol A7 ARl £ A o199 om gqle] AP L A
o2 dv gfoz ol 8aF Wi AF7t o1 F
Aok ¥ zloz AR},

2AdFAE F713 ) AFRAA o o) siche] 24
of oJa A35tg sAtu) e A, ARl FAE
AARe|Ao g Z714 73, Type I, fibere] i

£ Z7 g o AdA 2 B AE FPYoenz
FEASANNES FrH o2 AFE LA B2 S5
ol Type I 252 HFAEE FA4AH & 5T A
Als|F3 9wt

BAPANe A4S 2ol FFA}3EA F7]
Ho g AFE F3AA w2Fed Type I 282 945
AxE a7 4 eng <o 43 A=
ZAsE U252 Typel 259 4528 HE9 3
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714l AF 335 B8 AL 4058 et

V. 22 # M

Yflolate Agtel A BB 67| 2-L Bovee o2
Qs YA BERS LAV JF4ASHY Ao} 5
WY =3 A8 0] $Eo| A5E BAs 259
YAAGEAEFES EAH o2 FolA +PBEYS
£ 5joiglo] TARYS WA Yol ac} B3 o}F
o] A9 Ao vls) AAABEe He 2
28 v JEFT Yo} BFASNY FEs} o
5 Atz A5 HAsteAel Hada 43
o}, 2ol A& o)A Y FE 71 7e] AFAA I} 3
chel 2 fol o] & Typel =59 9158 23k 724
Az vas o $dEq oA 242 S %
£ A7 e dFede T geld ARagens o
2ol 4] Typel 282l 7}A}n] 2L o] &3hod F& ZE
o £52 714 ez 23 A7 Typel 249 9%
o] ZaseAE FAFIIAN APt LATol
A Aoel e a5 #7140 2 ML 2ahetod g
gifolels] Mste Typel 2%al 7Habnl o) A,
golsbAial2 A, Typel, T fibere] H%ulg,
Type I, I fiberel §twdd & 274402 4+ Jlojze
A shel] AH L dhed 23} 2L AFE AR ek,

1. 79729 Aokt folold S5Hetz $2Fa
ARpul 2] Aol 28, 57%, AehrhAku] R 7} 28,
N% F28A zaslglen Typel, I fibero] 3¢t
'8 o] 747} 50, 45%, 43. 39% -2 3HA Zastge). -

2 A EFE FHoz AEL Hahstzlol
Akl e folel s Asty W AAuee AFE
€7. 72%, AN ERAE 71, 43% -2 5HA Z7)}
AR Typel, 1 fibers) Atadd¢ 27 24. 47%,
29. 93% F 7} Al A o

3. A9 R9F F7189 AF L} B2FQ 5}
el Type 1, 1 fibers] 2 v &o BI8E 223}
>} sskek.

4 9B RESE 2Rz AFE 2shseiel
sichel ol ol Mok W AARn) e W
ZlAdol Ao g 118, 63%, A7 A= F-A 2 123, 08%
5. 827 om Type I, T fibers) Sohed & & 43
of ul sl 7t7} 25, 88%, 26. 45% 450} A2 FA 2 8
ER RS Y

ezt 383 7| A)Z3d A2%

ol4el Astz FEANANLIEL FN A0 AL
stetesio]l SEA Nl S A5t Aaul2e) W
Aol o2 F7HA2 4302 Type I, T fibers)
WA e $EA Ao vlo 7424 ot A
H¥ A 2oz $EA AFY FoHa
FReE Type [ 249 2358 P24 8l
£ A,

b d oo 4

£

A

-
=]

X o

23 Typel 5ol #5ATLZ A 4452
Fu0 Aol #2394 Atke A3 ol Y A%l B
2750 274 €502 344 4 Yoke AL 2
9402 H4atgel sl ol 5ol 3t oSl A
$94 e ez gk ol $EUY AAE 24
23le] F5o| AR ool Re FEe) F714a
AZAAE Bl A2 A5 A7l Aol e
Y44 YL Fo W astehn A7E

2 o &
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# o), (1991). +Fol 95 7iAu|2o A} 4of
7}kl A ol vl X = JEk
7+ %.5H3] A, 21(3):281-294.

H o, (1991). YL@ Qe AAY HAREHF
A, Sd 3§ 2] Aol hYAT, R HEY
A, 5(1) : 23-34.

H "ol vt A, 3 A (1992), ATFHFH HEFF
A3 2 A5 vl 98, Lz 2
3], 10(2) : 151-162.

oo, u AA, Ak (1992). F714 Q) B =9
58387} sicke g5 Type I, 1 &5l v
ER:LiALIL & 3

Appell, H. J.,(1986). Skeletal muscle atrophy during
immobilization. Int. J. Sports Med. 7 : 1-5.

Alford,E. K., Roy,R. R.,, Hodgson,J. A. and Edg
erton,V. R,,(1987). Electromyography of rat
soleus, medial gastrocnemius, and tibialis
anteriior  during  hindlimb
Exp. Neurol. 96 : 635-649.

Balaya,N. A., Amirov,R. Z, Shaposhnikova,Ye. A,
Levedeva,l. P., and Sologub,S. (1975). In
Sandler,H. and Vernikos,J.,(1986), Inactivity :

suspension,

—219—



physiological effects, Orlando, Academic

Press, Inc. , p. 87.

Baldwin,K. M., Roy,R. R. Sacks,R. D., Blanco,C.
and Edgerton,V. R.,(1984). Relative indepen-
dence of metabolic and neuromuscular activity.
J. Appl. Physiol. 56: 1602-1607.

Booth,F. W, (1977). Time course of muscular atro-
phy during immobilization of hindlimbs in rats,
J. Appl. Physiol. 43(4) : 656-661.

Booth,F. W, (1982). Effect of limb immobilization
on skeletal muscle. J. Appl. Physiol, 52(5) :
1113-1118.

Booth,F. W, and Gollnick,P. D.,(1983). Effects of
disuse on the structure and function of skel-
etal muscle, Med. Sci. Sports Exerc, 15
415-420.

Booth,F. W, and Seider,M. J.,(1979). Recovery of
skeletal muscle after 3 month of hindlimb
immobilization in rats. J. Appl. Physiol. 47(2) :
435-439.

Booth,F. W. and Seider,M. J.,(1980). Effects of dis-
use by limb immobilization on different muscle
fiber types, Plasticity of muscle,

Booth,F. W. (1982).Effect of limb immobilization on
skeletal muscle, J. Appl. Physiol. 52(5)
1113-1118.

Booth,F. W. and M. J. Seider, (1979). Recovery of
skeletal muscle after 3 months of hindlimb

immobilization in rats, J. Appl. Physiol. 47 :
435-438.

Bruce-Gregorios, J. and Chow,S. M.,(1984). Core
myofibers and related and alterations induced in
rats soleus muscle by immobilization in
shortened position, J. Neurol. Sci, 63 : 267-275.

Buller,A, J., Eccles,]J. C., and Eccles,R. (1960).
Interactions between motoneurones and
muscles in respect of characteristic speeds of
their responses, J. Physiol. Lond. 150 :417-439.

Chayen,J., L. Bitensky, R. G. Butcher, and L. W,
Poulter, (1973). Practical histochemistry.
London : Wiley. 24-45, 177-187.

Corley,K., N. Kowalchulk, and J. McComas, (1984).
Contrasting effects of suspension on hindlimb

—220—

muscles in the hamster, Exp. Neurol. 85 : 30-40.

Desplanches,D., M. M. Mayet, B,Sempore and R.
Flondrois, (1987). Structural and functional
responses to prolonged hindlimb suspension in
rat muscle, J. Appl. Physiol. 63 : 558-563.

Dock,W. (1944). The evil sequlae of complete bed
rest. J. A M. A, 125 : 1083-1085.

Darr,K. C. and E. Schultz. (1989). Hindlimb suspen-
sion supresses muscle growth and satellite cell
proliferation. J. Appl. Physiol. 67(5)
1824-1834.

Elder,Geoffrey,C. B. and McComas,A. ]. (1987).
Developement of rat muscle during short and
long-term  hindlimb J.Appl.
Physiol. 62(5) : 1917-1923.

Engel, W. K. and Karpati,G. (1968). Impaired skel-
etal muscle maturation following neonatal
reurectomy. Den. Biol. 17 : 713-723.

Faulkner,]. A., Niemeyer,]. H., Maxwell,L. C. and
White, T. P. (1980). Contractile properties of
transplanted extensor digitorum longus muscle
of the cat, J. Appl. Physiol. 238 : C120-C126.

FelLR. D, L. B. Gladden, J. M. Steffen, and X. J.
Musacchia, (1985). Fatigue and contraction of
slow and fast muscles in hypokinetic /
hypodynamic rats. J. Appl. Physiol. 58 : 65-69,

Feller,D. D, Ginoza,H. S. and Morey, E. E.,(1981).
Atrophy of rat skeletal muscles in simulated
weithtlessness. The Physiologist. gi(Suppl.) :
S9-S10.

Finol,H., Lewis,D. M., Owens,R.,(1981). The ef-
fects of denervation on contractile properties of
rat skeletal muscle, J. Physiol. 319 : 82-92.

Fitts,R. H., Metzger,J. M., and Riley,D. A. and
Unsworth,B. R.,(1986). Models of disuse : a
comparison of hindlimb suspension and
immobilization, J. Appl. Physiol. 60 : 1946-1953.

Goldberg, A. L., Martel,S. M. and Kushmetrick,M.
J.,(1975). In vitro prepaeration of the dia-
phragm and other skeletal muscle, Methods in
enzy mology : hormones and cyclic nucleo

suspension,

tides. Eds. B. W. O’'Malley and J. G. Hardman,
Academic, New York,



Goldspink,D. F.,(1977). The influence of immobili
zation and stretch on protein turnover of rat
skeletal muscle, J. Physiol. 264 : 267-282.

Goldspink,D. F., Morton,A. ]., LoughnaP. and
Goldspink,G., (1986). The effect of hypokinesci
a and hypodynamia on protein turnover and the
growth of four skeletal muscles of the rat,
Pfluegers Arch. 407 : 333-340.

Graham,S. C., Roy,R. R., Haauschka,E. O, and
Edgerton,V. R.,(1989). Effects of periodic
weight support on medial gastrocnemius fibers
of suspended rats, J. Appl. Physiol. 67(3) :
945-953. .

Greenleaf,]. E., Bernauer/é. M., YoungH. L,
Morse, J. T., Staley,R. W., Juhos,L. T. and
Beaumont, W. V,,(1977). Fluid and electrolyte
shifts during bed rest with isometric and iso-
tonic exercise. J. Appl. Physiol. 42 : 59-66.

Haida,N. W., Fowler,M. JR., Abresch,R. T,
Larson, D. B., Sharman,R. B., Taylor,R. G.,
and Entrikin,R, K.,(1989). Effect of hindlimb
suspension on young and adult skeletal muscle.
1. Normal mice. Exp. Neurol. 103 : 68-76.

Hainaut,K. and Duchateau,].,(1989). Muscle
fatigue, effects of training and disuse. Muscle
and Nerve. 12 : 660-669.

Hauschka,E. O., Roy,R. R. and Edgerton,V. R,
(1988). Fiber size and succinate dehydrogenase
activity in the rat soleus following hindlimb sus-
pension and periodic weight support activity. J.
Appl. Physiol. 65 : 1231-1237. .

Henneman,E., Somjen,C. G. and Carp;entor,D. 0.,
(1965). Functional significance of cell size in
spinal motor neurons. J. Neurophysiol. 28 :
599-620.

Herbert,M. E., Roy,R. R., Hodgson,]. A. and Edger
ton,V. R.,(1988). Influence of one week
hindlimb suspension and intermittent high load
exercise on rat muscles, Exp. Neurol. 102 :
190-198.

Herbison,G. T., M. M. Jawaed and Ditunns,]. F.,
(1978). Muscle fiber atrophy after cast
immobilization in the rat, Arch. Phys. Med.

N7t 2 e8] A 234 A2%

Rehab. 59 : 301-305.

Holloszy,J. O., and Booth,F. W.,(1976). Biochemi-
cal adaptations to endurance exercise in muscle.
Physiol Rev. 38 : 273-291

Howard,G., J. M. Steffen, and T. E. Geoghegan.
(1986). Evaluation of protein synthesis
regulaton in skeletal muscle atrophy. Fed.
Proc. 45 : 645.

Hung,J., Goldwater,D., Converton,J. A., Mckillop,
J. H., Goris,M. L. and Debusk,R.F.,(1982).
Mechanisms for decreased exercise capacity
after bed rest in normal middle-aged men. Am.
J. Cardiol. 51(Janurary 15) : 344-348.

Ilyina-Kakueva,E.I., Portugalov. V.V. and Kriven
kova,N.P.,(1976). Spaceflight effects on the
skeletal muscles of rats. Aviat space.
Environ. Med. 47 : 700-703.

Jaspers,S. R. and Tischier,M. E.,(1984)., Atrophy
and growth failure of rat hindlimb muscles in
tail-cast suspension. J. Appl. Physiol. 57(5) :
1472-1479.

Kasper,C., T. White and L. Maxwell, (1990). Run-
ning during recovery from hindlimb suspension
induces muscular injury. J. Appl. Physiol. 68(2)
: 533-539.

Kasper,C.E., White, T.P.,, and Maxwell,L.C,,
(1982a). Adaptation of rat skeletal muscle to
hypokinesia. The physiologist. 25(4), 260( Ab-
stract No, 359).

Kasper,C. E., White,T. P.,, and Maxwell,L. C,,
(1982b). Influence of exercise on the recovery
skeletal muscle from hypokinesia, Federation
Proceedings, 42(4),994 (Abstract No. 4113).

Loughna,P., Goldspink,G. and Goldspink,D.F.,
(1986). Effect of inactivity and passive stretch
on protein turnover in phasic and postural rat
muscles, J. Appl. Physiol. 61 : 173-179.

Morey-Holton,E. and Wronski, T. J.,(1981). Animal
models for simulating weightlessness, The
Physiologist, 24(Suppl. 6)., 45.

Musacchia, X. J., D. R. Deavers, G. A. Meininger
and T, P. Davis, (1980). A model for hypokinesia
: Effects on muscle atrophy in the rat, J. Appl.

—221—



Physiol. 48 : 479-486.

Musacchia, X., J. Steffen and D. Deavers,(1983).
Rat hindlimb responeses to suspension
hypokinesia /hypodynamia, Aviat., Space En

viron. Med. 54 : 1015-1020.

Musacchia, X. J., Steffen,]J. M. and Deavers,D. R.,
(1981). Suspension restraint : induced hypok
inesia and antiorthostasis as a simulation of
weightlessness, The Physiologist. 246(Suppl. ).

Pierotti,D. J., Roy, R. R., Flores,V, and Edgerton,
V. R,,(1987). Influence of one week hindlimb
suspension and intermittent low load exercise
on rat muscles (Abstract), The Physiologist. 30
: 170.

Reiser,P., C. Kasper, and K, Moss. (1987). Myosin
subunits and contractile properties of single
fibers from hypokinetic rat muscles. J. Appl.
Physiol. 63 : 2293-2300.

Riley,D. A., Ellis,S., Slocum,G. R., Satyanayana,
T., Bain,J. L. W. and Sedlak,F. R., (1985).
Hypogravity-induced atrophy of rat soleus and
extensor digitorum longus muscles, Muscle and
Nerve. 10 : 560-568.

Roberts, D. and Smith,D. J.,(1989). Biochemical
aspects of peripheral muscle fatigue : A Re
view. Sports Med. 7: 125-138.

Roy, R. R., Sacks,R. D., Baldwin,K. M., Short,M.
and Edgerton, V., R.,(1984). Interrelationship of

- contraction time, Vmax and myosin ATPase
after spinal transection, J. Appl. Physiol. 56 :
594-601.

Sandler,H., Popp,R. L. and Harrison,D. C.,(1988).
The hemodynamic effects of repeated bed rest
exposure, Aviat, Space Environ, Med. (Nove
mber) : 1047-1054.

Sang Chul Park, Jun Kim, Myoung Ae Choe an

Cho,(June,1991). Effect of

glutamate administration on the performance of

dsung Gye

long-distance runners and cyclists, The Seoul
Journal of Medicine, 32(2) : 49-56.

Sargeant, A. J., Davies,C. T. M., Edwards,R. H. T.,
Maunder,C., Young, A.,(1977). Functional and
structural changes after disuse of human

muscle. Clin. Sci. Mol. Med. 52 : 337-342.
Schiaffino,S. and Bormioli,S. P. (1973). Adaptive
changes in developing rat skeletal muscle in re-

sponse to functional overload. Exp. Neurol. 40 :
126-137.

Shear,C. R. (1985). Effects of disuse on growing and
adult chick skeletal muscle. J. Cell Sci. 48 :
35-54.

Shepard,R., Bouhlel,E., Vandewalle,H. and Monod,
H.,(1988). Muscle mass as a factor limiting
physical work, J. Appl. Physiol. 64(4) :472-14
79.

Simard,C,, Lacaille,M. and Vallieres,J. (1987). Ef-
fects of hypokinesia / hypodynamia on contrac-
tile and histochemical properties of young and
old rat soleus muscle, Exp. Neurol. 97 : 106-114.

Simard,D, and Lacaille,M.,(1988). Contractile and
histochemical properties of young and old me-
dial gastrocnemius muscle after suspension
hypokinesia /hypodynamia. Mech. Aging Den.
44 :103-114.

Steffen,]. M, Fell,R. D., Gesghegan,T. E., Ringel,
L. C. and Musacchia,X. J.,(1990). Age effects
on rat hindlimb muscle atrophy during suspen-
sion unloading. J. Appl. Physiol. 68(3)
927-931. .

Sweeney J.R., Marshall, G. J., Gruber, H. and
Kirchen, M.E., Effect of nonweightbearing on
fracture healing. The Physiologist 27(Suppl.6) :
35-36, 1984

Thomason,D. B., Herrick,R. E, and Baldwin,K.
(1987). Activity influences on soleus muscle
myosin during rodent hindlimb suspension
unloading. J. Appl. Physiol. 68(3) : 927-931.

Tuck,K. R., M. J. Seider and F. W, Booth, (1981).
Protein synthesis rates in atrophied gastro-
cnemius muscles after limb immobilization. J.
Appl. Physiol. : Respirat. Environ, Exercise
Physiol. 51(1) : 73-77.

Templeton,G. H., H. L. Sweeney, B. F. Timxon, M.
Padalino and G. A. Dudenhocffer,(1988).
Changes in fiber composition of soleus muscle
during rat hindlimb suspension. J. Appl

—222—



Physiol. 65 : 1191-1195.

Templeton,G. H., Padalino M., Manton,]J.,
Glasberg, M., Silver,C. J., Silver,P.,
DeMartino,G., Leconey, T., Klug,G., Hagler,H.
and Sutko,J. L.,(1984). Influence of suspension

hypokinesia on rat soleus muscle, J. Appl.

Physiol. 56(2) : 278-286.

Witzmann,F, A., Kim,D. H. and Fitts,R. H., (1982).
Hindlimb immobilization : lengthtension and
contractile properties of skeletal muscle. J.
Appl. Physiol, 53 : 335-345.

Winiarski,A. M., Roy,R. R,, Alford,E. K., Chiang,
P. C. and Edgerton,V. R.,(1987). Mechanical
properties of rat skeletal muscle after hindlimb

suspension, Exp. Neurol. 96 : 650-660.
— Abstract—

Effect of periodic weight support
on Typel muscle of
developing suspended rats.

—Animal experiment for nursing inter-
vention of muscle atrophy in children—

Choe, Myoung Ae* - Chi, Je Geun™

[npatients are mostly occupied in bed with restric-
:ed activity, nearly all patient populations are at
-isk for the occurrence of skeletal muscle atrophy
lue to decreased level of activity,

Restriction of mobility is far greater in pediatric
patients compared with adult patients since almost
all the activities of daily living is performed by
parents or caregivers. It could be assumed that
pediatric patients are more vulnerable to skeletal
rauscle atrophy than adult patients, however, there
tave been no attempts to reduce the atrophy of
ceveloping muscle,

Therefore it is important to determine the effect
of exercise in developing muscle during decreased
activity.

* College of Nursing, Seoul National University
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The purpose of this study was to determine the
effect of periodic weight support during hindlimb
suspension on the mass and cross-sectional area of
Type I and II fibers in developing soleus(Type I )
muscle,

To examine the effectiveness of periodic weight
support activity in maintaining mass and fiber size,
the hindlimb of young female Wistar rats was sus-
pended(HS) and half of these rats walked on a
treadmill for 45min/day(15min every 4h) at
5m /min at a 15 grade (HS —WS),

After 7days of hindlimb suspension, soleus wet
weight was 28. 57% smaller and relative soleus
weight was 28. 21% smaller in comparison with con-
trol rats (p<0.05).

Soleus wet weight and relative soleus weight
increased by 67.72% and 71.43% each with periodic
weight support activity during hindlimb suspension
(p<0.01, p<0.005), moreover soleus wet weight and
relative soleus weight of the HS—WS rats were
greater than those of the control group.

No change was observed in fiber type percentage
of the developing soleus muscle after 1 week of
hindlimb suspension plus weight support activity.

Type I and I fiber cross-sectional areas of the
developing soleus muscle were 50.45% and 43.39%
lower in the H3 group than in the control group (p
<0.0001), type I and I fiber cross-sectional areas
of the developing soleus were 24.49% and 29.93%
greater in the HS—WS group than in the HS rats
{p<0.0001), whereas Type I and I fiber cross-sec-
tional areas of HS—WS group were less than those
of the control group,

The results suggest that periodic weight support
activity can ameliorate developing soleus muscle
atrophy induced by hindlimb suspension, even in
type I fibers that would not have been expected to

. be recruited by this type of neurornuscular demand.

Clinical experimental study is needed to deter-
mine the effect of periodic weight bearing exercise
on developing atrophied leg muscle based on these
results,

* Department of Pathology, College of Medicine, Seoul National University
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