FaMd : 28, /52,40l 83

$EAE 3B $EEH 7
o] st S0l Bl A& 3

A2

% L0

3oy oot & 8

I.M &8

L Ao Hey

5o 277t B el o8 FFE dedERNL
Z 42#A Ut $5A % 25495 s 4
< A& 279 AFUAE e S50 EFol
7F x| & Al F 35l kol 28 24 " oH(Booth, 1977,
1982 : Booth & Gollnick, 1983 : Finol, 1981).

FetA, vl &5 (inactivity), A= o} A7 4 o8
o H 8ol 2 THALE A3l FA T A ko] A4l s
o] 127047t SFAL o] At A7 9 wlo

Z o} Ec}(Sandler & Venikos, 1986). 3 AlakA Eqk 3}

zl 9| gF8 o] 7} g2 JE ube} Fx) g9} =
A 315 BAY 4 YoHChoe, 1991).

FIAM 2 G50 AR 248 24 (sarcomere)
o} A4l sl o} 2717} olA=(Tabary et al, 1972) &%
o] Adteld A Abo] FojScH Williams & Gold-
spink, 1973). siche] 24 343} 109 ALolof| 7Apu}
Al 8¢} w73 A A (radial growth) o] 243314 QA=
2109 o) F HAA o] 76% 2 w7 A Aol AslEgch
(Darr & Schultz, 1989). ol2| & A3 $FAsta &
§A4 %ol QA= b= AE Vel & gleh

A Abo] gl ¥ T8 (adult muscle)g ZFF 214 (flex-

oA gof S R ae
= -ZA A A FTF4 A E

ed position) 2 §3 o]z £3A JAslgLwl AP
AA s A o] AAEUL A E AAN L =4 9
A7 Aoz 3E= Yo (Williams & Goldspink,
1973). olo} & A 2AH 2L FAo 2 $3
A717]1 A8 Z8ol A4 FTEHAANM FF8)of g}
AL A A3t

5ol 93 Z5A4ZAL AMNE AR = F(hy-
pertrophy)ell 21 Aoz Az ZAAHAG7} Se 4
Aw YA/ A7t Frhgiet(McArdle et al,
1981) &= AlAl & vlgl o 2 F8of H AT olatez A
F& Fd TEA A o8 45T WG L FA
A1 4 gl ehe 7hA Foll A Y& A A Eod HAlrA
I 3urle $5FHo oo & Ao F
A A+E FHEAH(H, 1991). 15 A3
AL T84 Folol ol T &AL Fole
29442 Fd = ArlH(addition), A9 3ol
23 el A 2ol Aol g el (Enesco &
Puddy, 1964 ; Goldspink, 1968, 1970 ; Moss, 1968
Smith, 1963). °]21 &t AH |4 Bu} TFol 2§ H&
=9 A8 Falo] A A Ao AF oj Ao
g A7t s 2 8ot doka A= oo
i dFRasl Ao gloms B oFelds M4t
A% 3Ere FFFH 4% 7R w)E(soleus
muscle) 3} &3 & (plantaris muscle) 2] Z o] 9} a0
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91 A & 4 - ¥hd A} et
e A AR BEAz 25 292
= 2oh o E Z1gdlel 84717 AF BIFHE o
ool 50 AR 3] 2o o)X E Bl P
Aol HeHolaz 5o 48 HE23) 8o B3
AL A€ dol Wastebn Y5,
2 °4:1’-°l14 TEERYS o8 AL Aol E &
BLHE AARA AFE s o] Eob537] o)
Eoltt.

2278y

£ dTE Hde FHol 913} %‘%—213}-’?- 387 28
doll A At FEol 1229 Ho|s} Salo] )5
€ 9L A3 —-112}7}&1"1 TFAHA FA4 2 o}
3} e},

D 14979 sicke) 262 ARz 24ae A

Zol o s £7tE 4%
2) BEASIL A2 S4
PlAlE 43 B4 Yok

3) 31%7) BUol FPFH v FA TN 92 7
B2y FA 29 oo} Fdizt hz2Nz 385
=7H5 B4 3

4) 81571 2890l 9% slAlu] 2 g 2A 29| 7ol
Edloll FRAEF vl EJERA Rolr}t YA
AR

=9 Aojot Eaof

2 2012 Ho|

=% % (muscle atrophy) : 294§ (myofibrils) ¢}
wH A Aol o3 4 A g o

Hcte] 2-f-(hindlimb suspension) : & A}ekal Sq}
PR P FEA AT mutals] g A
U 2y

- 887 £od(swimming) E#2L dAY FAZE
(cage sedentary) . 2 3] 23} Slela) 28 % ») 7}

. Ak
1. oI A

AYEEEZ Adult female Wistar rats(N 65,
100-120 days old, #%=187.65+14.13g)F A}-&31%

T ARl A WE Y877 A8 4 A
(adult rats) & = 3} ¢},

HzZd AYFTE FUAY #7434 $2s9x
circardian rthythm& $18f 1241 2k-2 g3 1241712 o]
A stgler] 3 Al (2¥Ata) 9} B8 ojegz o
A sk,

2. HEMACR )

AYFEL A2 g3} o) 27 47, BEA
}E3E22 FESAL H2ZZ L sickelE 2§51

* *
* CS28
Co *
Cl4 CR28
*x *
* HS28
*
H14 HR28
[ Hypokinetic phase | Recovery phase |
[ | |
Oday 14days 42days
C : Control
H : Hypokinetic
R : Runner

* : Sacrifice point

C0 : Control{0day)

Cl4 : Sedentary control(14days)

€528 : Sedentary control (14days) followed by sedentary
recovery(28days)

CR28 : Sedentary control( 14days) followed by exercise
training(28days)

H14 : Hypokinesia(14days)

HS28 : Hypokinesia(14days) followed by sedentary re-
covery(28days)

HR28 : Hypokinesia(14days) followed by exercise train-
ing(28days)

Fig. 1. Experimental design
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%S AMdAeoz FFE Yd Fold FFAIT
(hypokinetic group) & Sithe) & $-H3d Folch.
1) daF

QoL H=E, Co

@ U d=z=E Cl14

@ 149478 HA4¥5(cage sedentary) ¥ 284
#a-7, CR28

@ 14947 A4 EEF 289 vl E 7, CS28

2)&FA T
® 14429 siebe) 4F, Hi4
®14% 79 sicte L+ %289 317, HR28
@ 14972 3iche) 7% 289 v #2317, HS28

14978 HAEES AFT dA9] AF shapo] 2
3 979 AGE 47 P8l 09 A2 FLS A
on, 1497 S E 2HUD EEANE(HM)
Y2FEe 14U FALFS AAYHC14)., 1497
HActe]EF 253 F 3870 280 AA ¢F5S 44
a7 HHR28) AASE L b= (HS28) ol g
P2FE 28U AABES 3870l 28Ul BA &
5-& AAAAHCR28) A BEL G HCS28).

09 272 0o, MUY HAFETL A4BEQ
A 149, 387 D27 14Y7 ZASEF 280l
AH L5 AAHAAY ALS Y A 289 wpA e}
goll stAv| 23 E42¢ FANGY GEAES
1497 S22 4% 286 AH $EE A A
v AAREE 2 289 vhAlabg AhAe] 2 2N L
A A5 Q.

3 AWy

1) sitie]l E4(hindlimb suspension)ol &% &3
!

Morey-Holton3} Wronski(1981)o) <3} -he= gl

I Sweeney5-(1984) o] W Al7l FEA 3 A& o
23l ZAFE EAR e of Byl e 25
] (tail suspension device) & 12| ¢] 9 1/2 £9]0
g 22 o A g3lgcl malE 3] Az
(air blower) & =29} 75% o) ¥ o+F(ethyl alcohol)
2 =3 A =A)7] ¥ benzoin tincture& £ 54} A t}4)
F7 Az 8 A=A Bt F2A ) ol o) = (skin trac-
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A zbEehs] A Al22H A3%

tion tape) & 28 & W& 4 U+ Foz A} meld
27 3 ~eb7)dl(stockinette) & 2 zH4a b3}
22 2 A meo 2217 slo] o] F7kel] 2
2g Y o] 2ele] AL AEF cage A Yol A
)% 314 2e} (swivel hook)ell 72 Al At A4 3o
27} 7t A4 EE e Folz 1A AA st
cageulsto] 22 5 E stgem gt AFEA
$A o) =& hgdch(, 1991). et & AFAA = &
AY F 3o 222 Hu opd 4 Ui AgRH &
Sl 27 ZA 2 & o2 F Yel e Siche] 2471
224 7}sbe 7)1 A (stress) & A2 g} (Sweeney
etal, 1984).
°l ulw] 2 W) & £ (non-invasive) o) ] & Aba}A o]
F88 Tl v A& E3E 2wkt 3l o .
0!14?'5“ Zz¥ =€ A Siokeo] AlF R ga 3
chejAbge] Agtsiof zalsl = Asetan @ 4 gich

Arhel 2853 Y AE DAt} wHAHL
FY, $ue 27, weld Adss) dEss
e,

2) 3187 &4

25-28°C9) wEt ol A MFE 5%} AFale 2
mof wio} 4o Fal& sholcHBaker & Horv-
ath, 1964). 31%7]el MFo] F713txn gglenz &
B A A A5E A sked A2 5%l s
F& melol dfgolth A3 o2 $E¥E S
7171 A 289 E£A7|BEt FHADL 1F D92
Z7A7 AFE 52, BAFE TS, AAF AT
927t S+ AL Ak v Fol 9204 £52 A
434 $Po=z $5AE 9202 gk sin
g 245 FAT AS AT 527 49¢ A
7 EPomz AMFE 3%, EARE 58, A4S
6%, AT E TR +3 AL ARAST,

2

2

=

3) TEAA Y Az
7t 79 5EolA sodium pentobarbital (4mg7/100g
AF) & B3l FAbste] vl A7) & _7}2}'5]'%31‘ =
H2¢ AAsigdn A 289 HE TA(wet
weight) & microbalance(Mettler PE 160)01}/(1 e
st rt. '

7}2bu] 22 ¥ -F 5 (head of fibula)e] 23 (proxi-
mal) -2-3-9 ol A U9 (distal) ob # = 21 (Achilles
tendon) 72 AA sl 4 A7 (distal ten-



don)g 7kAte| 24 A7) o}~ AL EidE HX
(sheath) 9] o}& 8ol £ ¥ F FF(calcaneus)
=49 (proximal) 2ol 4] AAstgdz F=2IF(sesamoid
bone)oll 228 279 ol R 27| A A skt

4) 259 ols} Ea 242 2)

AA 5 28-% microdissecting tweezer 2 4ot} 7|
A gz EA H ol A& o} 83le 59 Aol9}
245 A £ AL 10cmA Slol 32 F A9 3o 8
Fohe 42 & g0} 1S 3gich,

=59 Aole %7 A¥E(junction) Alele} A
o] & &Astgich AT 49 %A APy
29 52 AR Alole) Aol & 23l FHE
£ A9 22 APy 29 AADAA Aol &
248
Edl& &§(muscle belly) 9} 713 & sef 29 F9
2 AL E9A 243

) l-—— Sesamoid bone

5 -
g —gb g
-'éo é Circumferential § g
o«
3 g measurement g
Tendon
PLANTARIS M. SOLEUS M.

Fig. 2. Schematic of the plantaris and soleus muscles
illustrating the sites for the length and circum-
ference measurements.

5) A %4

7t FollA 24" 7HAR| 2 FA 2] o], £,
Aeks i 3FAAE2 Jeluigle 2 39 Aol
£ Kruskal-Wallis testoll ol&l ZZFstges] 5 F3¢
2} zto]l & A F 317 $l8) Mann-Whitney U test& 4
Al gt e},

. A7zt
L3k F7% HSe| vist

Nz siche) RR-F kel A A RAL HFol] 2o
7} 7 A F 3571 98 Mann-Whitney U test &
3 A 5 Fxbell Aozt YEA L 2 Yelyc) 1497
9 siche) H&-F AlFo] 180.79+16.24g2 3 =T
A%F 203.46+12.69ge] Il Fo Al Zgkek(p=.
0007). H=F-2 AY AAA3E 149 A3 F AlFo|
5.42% F7Fsta Siche) BHF-2 24l w8 2
FF A F0] 0.72% F7sH sl K E 1),

2 2| F77t JHX0(23 S22l ) o(Xls
=X 4

141 7ke] siche] B4o) FhAie] 23 4 29 A kel

v X ¥ F 204 B wis} o] FpAm)E A5}
& zFo] 105.70+6.62mg, Hcte] L7 o] 53.00+
5.54mgeo g Scte] B{-F9 7IAe| 2 Agke] 2T
2] 50.14% = -2} 517 & skeH(p=.0000).
AT AL g 2Fo) 213.90+£12.03mg, 142 Ache
REFFo] 144.00+26.26mg e 2 Scha] LaFe] =3
= Aapo] 279 67.32% 2 F3lA LAz )
ebste}(p=.0000).

(Table 1) Pre and postweight of control and hypokinetic group

Control Hindlimb suspension Mann-Whitney U test
Oday(C0) 14day(H14) U P
n 10
Preweight(g) 193.00+ 7.89 179.50+12.35 19.0 .054
Postweight(g) 203.46£12.69 180.79+16.24* 8.0 .0007
Post /pre 1.06+ 0.10 1.01+ 0.12

Valuesare M+SD  n : number of animals
* Significantly different from C0 value(p<0. 001)
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{Table 2) Effect of hypokinesia on muscle mass in soleus and plantaris muscles

Control Hindlimb suspension Mann-Whitney U test
14day(C14) 14day(H14) U P
n 10 10
Soleus weight{mg) 105.70% 6.62 53.00+ 5.54° .0 .0000
% difference = —49.86
Plantaris weight(mg) 213.90+12.03 144.00+26.26* .0 .0000
% difference - —32.86
Valuesare M+SD  n : number of animals

*Significantly different from C14 value(p<0.0001)

3 "Hoigl #/7} 70|21 229 20jo| 0jXl=
g

1Lt Hekel 287} hxe 23 SA 2o Aol
DEER TS SR N
Fhatml 2] ol 09 HEFo) 18.60+2.07mm, 14

o 20| 18.30+1.42mm, 149 At Ff-Fo] 18,
10+2.88mm=z S che] ${F-TF 74Ae| 2 o)zt A4
Al o] Aojst Aolst glPek FHT Aol& 04 Bz
Tol 24.00+1.4lmm, 14 s =F o] 24.80+2.62mm,
149 sivbe] ¥-F-F0] 25.60+£2.63mm= R c}e] FHF
o A Aoj 7t ALY Aol Aol 7} gigie

(Table 3) Effect of hypokinesia on length of soleus and piantaris muscles

Control Hindlimb suspension Kruskal-Wallis test
0day(C0) 14 days(C14) 14days(H14) Chi-square Sig.

n 10 10 10
Soleus length{mm) 18.60+2.07 18.30+1.42 18.10+2.83 .2987 .8613
% difference - ~-1.1
Plantaris length (mm) 24.0011.41 24.80+2.62 25.60%2.63 2.7723 .2500
% difference - 3.22

Valuesare M+SD  n : numberof animals % difference : % difference from C14 value

4. Sictzl 8771 7EX0128 HH 22| 8o 0|X|=
=k

144978 siche] B{-7) 7hAbe) 232 23 29 E8l o)
a] A& G2 F 404 B ule} o] spxtu|F Sl
0¥ &) 9.60+1.84mm, 14 o 2Fo] 11,60

1.26mm, 149 Sicha] 2-f-7o] 6.00+13.3mm= Sit}
2 2579 shAe 2 E8l 7 04 =279 62.50%, 14
Q =79 51.72% 2§l 8kA =3k (p=.0000).
Z232 €09 H=2F°] 11.60+1.84mm, 14 <}
ZFo| 14.40+0.84mm, Svhz] H-FFo] 9.60%0.
84mmz Sl 2479 Eds 09 HzF 82

(Table 4) Effect of hypokinesia on circumference of soleus and plantaris muscles

Control Hindlimb suspension Kruskal-Wallis test Mann-Whitney U test

0day(C0) 14 days(C14)

14 days(H14)

Chi-square Sig. C0-C14 Cl4-HM4

n 10 10 U P Uu P
Soleus circumference 9.60+1.84 11.60+1.26" 6.00+1.33+ 19.72 0001 7.0 .0005 .0 .0000
% difference 48.28

Plantaris circumference 11.60+1.84 14.40+0.84*  9.60+0.84"" 19.91 .0000 17.0 .0115 .0 .0000

% difference

Valuesare M+SD(mm)  n : number of animals
* significantly different from C0 value (p<{.05)

* significantly different from COvalue (p<.001)
== significantly different from C0 value (p<.0005)
+ significantly different from C14 value (p<.0001)

% difference : % difference from C14 value



76%, 14 2T 66.67% 012 o] & 218 3ol
2 vheb oH(p=.0000).

gxA st ool shxtul 2 282 Falsl A7
A =79 51.72%, 66.67% 2 A2l = Ball 7k ZA 2
a6l B8k o Rastglon AAeled 229 B
A7kt G ohAl Aol 24 5HHSE 21 3o 2o

% Soleus Plantaris
’ Length &—6@ PR
10 Circumference o————0 O-=-~-0
Mass A——A J

100

80
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40

AN
N

Control Hypokinesia

Fig. 3. Effect of hypokinesia on length, circumference
and mass of soleus and plantaris muscle

5 SCi2| F % 283 u| 20| 7iX0|2Y 329
Zofo ojx|= Hg

slcte] 35 F2d5 vl ol Hxe 2 S 4 2
Aolel v A& L & 50l 9 b= whe} e},
14947k AAREF 45720 v FA 2 ER T 7}
Ael2 Zelzb 247 19.90+1.52mm, 19.13+1.46mm
ol R Ak FF 4F ke v FRATH FA T 5}
Ae] 2 el 7} 21.22+2.05mm, 19.50+1.60mm 2 47
Zroll zhel 7} gigl et

ML AAET F 4530 v EA 73 AT
42 Aelsh 2tz 25.20+1.87mm, 26.63+1.30mm
RL Heke] $FF 4Tk v AT FalE F
< 7o)} 26.89+1.36mm, 26.38+2.26mm= 7 ¥
2ol 2ol 7t gdgl et

6. HCi2| F7F 1} 8| E240| 7Ixt0| 22 ZX 29

Hote] 4% 35 v E3 o] 7hlel T3} ZA 29
&l vl 2= 3L ¥ 6ol g okl ulo} P}
14997k e) AARE F4F 0o v T T F 79 7}
2pa] & £ 7} 27+ 11.20+1.03mm, 12.00+0.93mmo]
QL sichel B4 4F70 v A7 FA79 AR
w2 97} 8.00%1.41mm, 13.25+1.49mm & 4-F kol
kol 7k dsich. Siche] 45 v ERTY sHARS £
At AAANE 3852 ggkes FaF A2
e dlzFol vl 14.22% 1 D1 ol & Aol
£ 23Hp=.0434). 31 87] 28%el sicte] K5 &
239 FhApe| 2 a7} el Ed el vish o 3A A
o}(p=.0001).

ZH 79 EdlE tfz2Fol 14.40+0.84mm, A5

{Table 5) Effect of exercise on length of soleus and plantaris muscles

Control 28-day control recovery 28-day hypokinetic recovery  Kruskal-Wallis test
Sedentary(CS28) Trained (CR28) Sedentary (HS28) Trained(HR28) Chi-square Sig.
n 10 10 9 8
Soleuslength(mm)  18.30+1.42 19.90+1.52 19.1341.46 21.22+2.05 19.5011.60 4.0548 .2556
% difference - 8.74 15.96 6.56
Plantaris length(mm) 24.80+2.62  25.20+1.87 26.63+6.30 26.89+1.36 26.38+2.26 5.5421 1361
% difference L - 1.61 8.43 6.37
Valuesare M+SD  n : number of animals % difference : % difference from control value
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Fig 4. Effect of exercise on length, circumference and

mass of soleus and plantaris muscle
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1497 e sicle] B3F A Fol czFoll vl F2
ahAl zhgtet, o]l ® A= siche] R4l 13.5g4
o)z} gl BE-o] AFFRA FalM 2 A
W slol &gt o2 A 7Rk

Actel 5% AFol Aok L5l vlsl 0.72%
Z7b5gich o] Musacchia$(1980) 2] &%) 3}
2= 385t Al Fol FAEA AL o] F M Fo] 1
9 2.8g9 vl €2 F7gche R agv|ay = A Fo|
F7hebe A dashd 2 d7e] AFE7lE 144
7kel siche] B-5-F 1.2gF 73k A ol it

F5A st s 7lAe| 2 £4 2 Ao H2T
2] 50.14%, 67.32% 2 A 51A Z4dldeez 1447
o FEA e TS50 FEEUSE RAF T YU
ol 2| &t A s BF A stoll ol stAte| 2D A A
o] 7} 8td et Musacchia$(1981, 1983) 9] ®.=, 7}
] Agko] 7radt gl Kasper$(1982a), Tem-
pleton$(1984)el ¥ 3, #(1991)¢ R e} A= s
et

B odFolA Sche] Holl 2l 7iAlv] 2 FA 2T
o] 97 A8A o Aol HEst igieh
ol8} 2 At BEA sl o3 EalAd el FAH
AR E vebdel side] i35 259 Zole A
AT 82 Aol zolsl YR x kAR A Fol 4
A 7 (radial growth) o] Sicte] R4 34} 109 Abolel
& 5] 0] 10 o) F A 76%2 A 5=l gl eH(Darr
& Schultz, 1989) € Ao} & Ltz gick 4%
o] A 8ol 94Tk BF o8 FAn]|TH FH T
287} B4t Ao 22 (Gossmam et al, 1981) 945
A5k ok o)l Ae FFo) AshEd A (s-
arcomere) o] A4 xo] T&2 =77} zelx|v{(Ta-
bary et al, 1972) A A Ato] Fo] Eol(Williams &
Goldspink, 1971) %37 Asls & Aoz 4=
4 3=k

2 A7l siche] 2{-F Aol 2 S 2 3
o7 AA4ZEe Holsh AolrtgiA dehd Ae
Darr & Schultz2] 2 7.9} & %] =]} Gossman$-2] 41
B gol oE 4F7he) R ZHTol e A4
3} apojst glola hatu| 2] Ho|7k A Aol vl grol
Ak ¥ 19} Aol E wolx it o] ZE AbelE
2 o 79} Darr & Schultze] &A= Hche]FFol
& F5AsE =392 Gossmanso ATE 4

ZEAE A Lde] RE5E Fslgeng shale] el
AAEE HY oA FFstE HE7t ch2r] ool 2
AeA ez Pzt

5A slol o8 FAel 2o EA AV FAHT 2
Aol vld] zA vebd A= 2 Z(slow twitch m-
uscle) o] 4-(fast twitch muscle)dl] »1&] o] & ¥ ¢
2 9%o] 2ch(Booth & Seider, 1980 ; BruceGr-
egorios et al, 1984 ; Sargeant, 1977 ; Witzman et al,
1982) & od-7x ol o & XA 4 gleta 4 7},

pARu| 2 F2 AA ] 453 AHSEA R (oxi-
dative fiber, TypeI)2 FA=of UE AZ(l-
ow-twitch muscle) ol £HZL wla A %3 2
AR (Typel) 2 74S &Tolr}, 7Artn|Zo A F2
B2 slow-twitch fibers 7} A F 2315 A EY(re-
cruit) 5l o] & ul £ o] Wglol o} wlzH3} 7144 5
e (tonic activity pattern)E == 2 (Appell,
1986 ;: Henneman et al, 1965 : Morey-Holton and
Wronski, 1981) ol & 2§29 AFH3 GFo| sicte]
HGzol ol 3tA HstE] o] ixie| 2o AYR4st 4@
AP st AL 1/28 ZFAFEYTG R £ 4 Uk

$E5Fdd s 5T Aot ot A
=9 47} AsA FHHn 887) 2890 FAF
2] &2 Fell7) v ERA Tl vlal froldhA ek

o9} e AdE FE5Ful o8 HET Aol A
AL Joz EAA4 Al FASHASE el &5
Falol 2% A2 FalAdAL 71%5H 23 (func-
tional overload)el &% <£%=7l9l Z7l(Hall-C-
raggs, 1970, 1972 ; James, 1973, 1976 : Rowe and
Goldspink, 1968) & 28| Fell 23 A%z & + 3l
o} B AL 4540 A 43 A dB=E
Aoz ghill gt o] Fr1sla gl B a7} A shElo] A2
W 294571 Fel 9 2= (McArddle et al, 1981) &
QAR o™ 27) ol Aoz &0 2 AAste T
o] TYAFE Hol2 oA SLhAFR w27t T}
37 (Goldspink, 1972) e 2 Ad=dst3 glch

£+50 93 129 87t AAsA Fo4E AL
S5 Eol g HAFTe AHSE FAo] Z8Y F
a4 Aol AU E AL Qo) o] 3 ARE Al
ZA A9t £5o| Svte] L5A zad SYAF By
A o] 7+ 4 8 Z9rhE Thomasons(1987) ¢} ¥.sof) 9
) AR 4 cka A7eke AA2e 5 FEA F
Qulest Aoz blA F4AL wtoh(Fell et al,
1985) Y &9 Ed7t ANz HA4E 4 et 2

—332—



Hez FE5E o3 AF T AL Al FA
< AFean i g A 2z i Adg
27 417 (Goldspink, 1977) 2%¢] ¥] 35 Azzbn 4
9 49l

5o Y& RS FAANAELEAL &5 o}
o) AS A E 5ol ¥E AR ZA 2n
(Goldberg & Goodman, 1969) 4% &%o] ch¥j 2.8} 5
o A} 8}vd (Fulks et al, 1975) Bl ¥4 427} F715 2
{Hamosh et al, 1967) &% (isolated muscle) o] & & =}
& spskeAel olujxil F4EF FAA 71 (Pet-
erson & Lesch, 1972) Zxhle] B&#lE A3}
(Goldberget al, 1975) a8l Aoz 25},

2 A7 A A5 stApel 2y EEA A 95 3
Zof| vl 8l 2A Veld AL 2| FHEFo| 2 Typel
Ao 57 TdE 7 s EQd e s A 2E )

7}ztel & Typel 2%224 ATP(Adenosine
triphosphate) & sl =71 =31 oz EF
& A4 ) AH(aerobic metabolism)ei] 2l &3le] ¥
of tlgt Mgl & Wil EHZL Typell 28224
ATPEHS =7t b2 1 oV 5§ H714 A4kst
(anaerobic phosphorylation) 2} =2l (glycogen)ol 2]
£l A sz Act, ol ol F T8 540
tt2 7] wlFoll A FAEZo F2 Typel =89 744
n]Zo]| Z-L&-sled FhAiu] 2 gl o) AP ez
A Typell 259 F2 o] vls] Bl Aol Z Aoz
WA 4 et

olFA Krhd 2K EF ol bl & FAA 7| v
285 A ststed Az A F7 Fe YA 23
Atz ZRAF A7 F7hsle] ol vl g oz A
A5 ol Aol ANz Ad 4 9t}
EAYAFH} AL e YA G F o) 4] T 8L F
of ol& Fo] HFTe FAAAE FANA £ 3em
25T A3 B 252 A diHe s
A3zt E o},

v.a 8

Acte] FFol o8 BF5A st Apxbu) T3 A Sl
Aol FLHAUZTE ST F FHEIof AAEY &5
o]l Y152 Holo} Edllol vl E J&E F s 9
3} female adult Wistar rats2] siche] & 149 7F 244
7l & o]o] 28U 7t AAFEL A7 A EEFHE A
A F EAFY HF A0S F2 T Aolg) Eal

et s eks] A M22d A3E

E£& A

1) 14479} siche] $fo) 2% &5A 32 714y
=3 A Zo Y Fo] L = et

2) siobe] B7% AR 2 S 29 Fdlv 4
51.72%, 66.67% 745 %2 (p=.0000) Z ol
3t gigieh

3) Sivte) 25% 38s]e) FRTH v FALe]
9% hxbe] 29 2329 Rolol zhel st gigieh.

4) 387 v EAF) 9% SARe) 2 A2 §
dle Addelz sus=] edgtot FF
% hAe 29 24 2o FalE AT ws 3
7} 14.22%, 9.38% ] B2 o1& Fol@ Aol & 2
o oh(p=.0434, p=.0155).

5) Bl%.7] 284l £ A% shAvT FHL
o] a7l vl EalFol wls F2 A e p=.
0001).

A2

olsh Z& ATE EdlT FEAGNE HYo| £5E
g Ao Ao f22e SANRE FAAR
4 gemz A4ARF HEsl £50) S5 A4
ANA 4529 ALH 2 0L AAE 4 3
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— Abstract—

Effect of Exercise Training
following Hypokinesia on the
Length and Circumference of

Atrophied Soleus and
Plantaris Muscle in Rats

Choe, Myoung-Ae* + Ahn, Suk-Heui™

The purpose of this study was to determine the ef-
fect of exercise training on the length and circum-
ference of atrophied muscles to see whether im-
provement in restoring the atrophied muscle mass,
of either length or circumference growth could be
induced through exercise training,

Adult female Wistar rats were maintained for 14
days with hindlimb suspension. Rats were then

¢ College of Nursing, Seoul National University
=Seoul Poisoning and Emergency Control Center
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assigned randomly to a sedentary group or training
group, The length and circumference of both atro-
phied soleus and plantaris muscle for the training
and sedentary groups following hindlimb suspension
were compared with those of a control group.
Length and circumference of both atrophied soleus
and plantaris muscle in trained group was compared
with those in the sedentary group.

The results can be summarized as follows:

1) Atrophy of soleus and plantaris muscle was
induced with hindlimb suspension.

2) The circumference of both the soleus and p-
lantaris muscle following hindlimb suspension
was reduced to 51. 72%, 66.67% respectively
compared to the control group. The length of
both the soleus and plantaris muscle following
hindlimb suspension did not show any differ-
ence compared to the control group.

3) There was no difference in length for either the

atrophied soleus or plantaris muscle between
the trained and the sedentary group during re-
covery from hindlimb suspension.

4) The circumference of both the atrophied soleus
and plantaris muscle did not return to normal in
the sedentary group,however, the circumfer-
ence of both the atrophied soleus and plantaris
muscle were significantly greater than of the
control in the trained group, 14. 22% and 9. 38%
respectively.

5) The circumference of both the atrophied soleus
and plantaris muscle in the trained group was
significantly larger than that of both muscles in
the sedentary group at day 28 of recovery.

From these results, it can be suggested that im-
provement in restoring the atrophied muscle mass
through exercise training might be induced by
growth of the muscle circumference.



