M
f0
=
oL
i
i
it
e
e
rio
o

o 2&, ACHIRRF, Type [ 2]

2|20l = - XIH| 2 - L2

I.M B
Lyl ARy

=59 729 7159 FAd Fad AFF st
+ 8ol o35} (counteracting gravity) AAH o
2 AA == A(force) o™, H-3l A3t A7} A 2
< B3 454 (properties) o] FAlol g 3
(force) WAl oll of s 4=ZF(level) o] Utk Zol Wa A
t}(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 et al, 1987). <%l 7}3l
A& 23 Y (force pattern) &) W st 4] 25|+ 2
e FFY 75, =59 3wk(cross section) ¥4, T
29 TASYH 7442 (Alford et al, 1987 ; Fitts et
al, 1986 ; Goldspink et al, 1986 ; Riley et al, 1985 ;
Thomason et al, 1987 ; Witzman et al, 1982) 7 43
Heot, FEH Lol Ao sl T 5ol FFH ARl ¢
£ 5ol vl o]l 293 2 S won Fo 7Hxpn
(soleus muscle)ell 4 light ATPase fibers2] 31wt
# o] dark ATPase fibersol ]3| Sirhe] Hfol vf 1l
7+ &bck(Graham et al, 1989 : Hauschka et al, 1987,
1988),

#717e] EAD 0l g TH TAEL A4

4% (aerobic capacity)-2 %) (Rifenberick and
Max, 1974), Fsiciele) HnEoiAd el RF
(immobilization) & A8 Al (mitochondria) marker
enzymes] Fxot 24§ ANA 2859 AEH
(oxidative capacity)& 7t4A]71=H(Booth, 1977). &
71748 #EA = S5 fold 44, ¥4
o] A4 E ol &3tE o A3}, 7|54 H (func-
tional capacity) 9] Aol 843+ (Hung et al, 1982)
BEZ LA FYA-F b= (myofibrillar protein
concentration) 7} A 3}5 9-&-& B 33lg e} (Jokl and
Konstadt, 1983 ; Maier et al, 1976).

Yol gt AZolA AFEatA st THEFFLTF
o] At Lot shc} 2(1991) 9 Hwel o3l 4
717 5t F2 Ay & st A saE o shEE
A7t Y 3AA e, EEH ) JY TLAYEH FA
FAT YUF 14Y9A AT o) At gl ol @
Az glflel 98 F5A stz sa)Zell 91 Fo] 2
= o5& A4

Balayas-(1975)-& head—up(+6°), head —down
(—6°) AHellA 3047 LA 3= Tk ARl F
oo AT ZAE W3lE 7y AR 3007 A4
AdAF A7A FEol 1/28 Fdx = Ea7
A Azsgetn nagch =3 2AAAFA
(health and vital statistics) ol 2]t 5 - w4 A Jho]

* o] 1993 = 3 ahAnt sl Al AL Al AT 2] Av]ol oot AFH S

= Ageista Lz y
= Agolsha slstea
- AFAEHE AT
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Vel el AR 14.298) FFA] deRes
FA EATARR £54hEAS) Fagde) B
A3 A 3delA 139052k A 3w (Booth, 1977) o]
717ke] AP TAN 2 TG HidAtst @
Atz 7o BE AR FEA s A7 EAL
AS LA ol Al gleka & 4 3let,
=3 qldgatel B¢ FHHQ BANAA FHE
of Agvt k2 E A H FEA el o3 zeh s
Ae 7ol FANe] Az Fs 3 gle AAelm
<HEF U el vf ady & & gl
o A AR F FAT ASEA B2
Z2AEd e T 5ol Aede] AP gle Aoz
EA|Zke] adAsiel qldrizkel AojAw, =Y
F7lsAeHe Aolz A4 R FAE A7
Lol ol —‘;r/«ﬂi std_%}: ﬂL°M s}»m 24

Bl

(‘

AFE FHA A +55 -r“g*]?i ;"-rl'ar«\"i—
oFghA 7l Holetn & 4 ek, 22} olo i =
HollAle] &2 A zle] o 78 21(1994) 5 ) 9} 51 3
L5 gk A5(1991) 2 e 728t Fr1H
@ 7tz o F34-slrt &5 A st o8 f-4s Type
#9 AFAHAEE FYS Yok wustget

Hauschka&-(1988) 2 sltie] 243 o 7heiA= 7
el AMFAR 5L slAu|E9] light ATPase
fibers ¢} dark ATPase fibers St}he] 9] &4 oF3l Aj=)
4o} dark ATPase fibersoll v & J 38 v|H &
4+ Baglen Pierotti%(1987)< = g2 7|7tel
A F A = 7} slebe] LFoll el gt slow twitch 28] 7}
Aol %S AAA 4IPS AFAL Grah-
am¥%(1989) 2 fAvte] RGgEat g Fro 5 F
NNA e g RIAA W2u) B2 fast twitch fibers?]
B 4% k93 3} succinate, glycerophosphate
dehydrogenase %9} &4 %% AAX | | 71¢A
WHE A2 Bk

AA T THHAA L ALH o2 245t T o
gsled w2 Al XA (upright position)-§5 A sk
5 Aol ARY 2 S PAFE HLEE R E
oelsl A= £ A8 2FehE S447} Hed et
Type 1 &% (slow twitch muscle) & 32 slow twitch

5% (Type I) 2 7+4 5l =] Type [ &5 5 =)
e TE5-Eel a0 ol A By §
3H(load) % 7}ell sl =12 %995 z(Henneman et al,
1965) fast twitch 5918 xwste $5 7 &2 &

FA A A7) Fol AEt E TR o AL

F714 <l MFRA A 7t Ak ol 2 H & AA
e 2HBGES FUx, oled Pl 53 Al
7 - & 2%l el Y (recruit) = A ghe etz )
AP SSole AHIFFE FUohE GrahamF
(1989), #5-(1994)9 A+AAE F23 =y 5|
FRAHS B E5FE o =l v Z4Fel
F &L n| A 4 UckE 754 A s e

25(1994) 9] ATl E5AF) 7|25 14 33], 1
3 $EAE 15808 st £58 242 A}
Type I 259 %o 43558 JFsd ot ¢
A3 A% 13 TFL 1587 A5 37 A E
o 13 £F3A1L FA W 2L QAo 355 49
e AE F3947 52 $5 50 o Als
Type I &5l 3L viAE7HE FHE HgAol
Fo = oot

)1

r-lo

247 25

B e 79d7ke] g igg AdAad we g}
=, B2 £5 337 Type 12821 429 2
2, A2EA, AT A F= Type I, 1
fibere) 22 v)¢ % ubd®, SDHEA | v &= 4%
< ys a4 sl FAH Q) £4 2 g3 2ot

1. sichel g2 232y A%, AN, 294

4 b A &ef Typel, I fibero] B2 u] & % 3
ctwdd SDH#EA o] A 315} =715 24 8}

2. Ak 2 4F she 5 A WL AE, 7L
77} $% 33E SATY AT, AHSTA, &
QA H =y 3stef, Type I, 11 fiberol 220§
% s, SDHEA o) Akl p-F-A o) vla) F
7}El =g B4 30

3 AdE 2G5 St HEAQ 2 R B
717ke] % B3l2 SA 2 Ay, A FA, &
QA% A g}, Type I, T fiberol 33w
% i, SDHEGC) X2 %5718
B4 3}

0.7 sy
1. A AL

AP =B 7 Adult female Wistar rats(N=18, &3
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=212.83113.65g) & AH&3da A Aol 23 wiE
Ha st 2717198 AAAE DA act dA2dH 4
TS Y38 Ao +=83t9a circadian rhythm$
8 1241202 gt 12442 A FA dhies FAAs
(n¥gAtg) ot &8 vl e 9Asqrt

2. AEMACa” 1)

Afdsge Zatoe dqz7, Adaigz, sy
HitEEe (o3t +57) 3T 22 FE3Ah =
T2 S SRR e AR & Y7
ol St fa & el E: ERULDTL A, %
T gt et £z $58 2k
W Folch AlFE 2 Azl e 7oA 4
=3 Zhzbn| & AA G

*
Control | |
(N=6)

*
Hindlimb Suspension | |

(N=6)

*
Hindlimb Suspension | |
+Exercise Oday 7days

(N=6)

* Muscle Dissection

{Figure 1) Experimental Design
3 Mg

1) glr}e] ¥ 8-(hindlimb suspension)

Morey —Holton# Wronski(1981)el 2} &) =gl
3. Sweeney5(1984) 0] HEP A7l Y& o] &3e] 3
o2l g BRAAT o] 2yNA mRfahA (tail
suspension device) & 1e]¢] 9] 1/23-9 o] &3}
e uhﬁ oz ALYt wmE FTA Z7](air
blower)i ute]e] 75% of|&) &-Z(ethyl alcohol) 2 %

71 24 71 & benzoin tincture & EF-4]5 t}4] 7dZ:
Al Z o}, 5] %74 9l 8 9} (skin traction tape) & 2 e] S &)
T4 e Zom A med REAANF 2]
(stockinette) o 2 741 wbxm 2 AL Fck e
off 2417 BlQ) o] F kel )& Y i o] el A
A& AEZF caged Aol AAG A e (swivel
hook ) oll o2 A1 73 c},

A 3EzE 23] A M25H A2

ol stebelzt o7k AL EHEE dhE Fol2 nA A
A Sekel 7k cagentEol B A HEE shed gl A
FANZ §HY 4 9ol 222 A b4 et

o] =t81g v %4 (noninvasive) e} v} 2 kA o)
AZ 3812 g0l ml A& £ 2 usta o] o wHol
Sl FESE ARE Hekelo) AF A0} P2 9
o Abgol Agsio] 25 & Ao ¢ 4 ek

Sithel 2 4Ee 1240208 9 12470 o ) 3
Fol il 25 JA3e] ma)d, viH A 5E5Y
o, g iz, melo] AR} QlEohe At
At ol & FA4F kAt E el FEL A7
Aol A A o} Al Z ek,

aﬁwﬂiiwﬂﬂﬁwia°
w wel g A ol o & oF 10} A
e Adele $58 A g,

3) =8HA
7+Z 9] £ 2.2 nentabarhital sadium(50mg /kg 1.
p.) o & vt A 7] F FF Scte]oly FH 2 spApn]
g AAsted Ao A 42 rinseAl Plomd A bzA
AAzA g AFeA Febd F AAH S43 4R
UI:LQ] ;t-l_CL

E

EREE:

A (wet weight)% microbalance (Met-
tler PE160) ol A A3t A3 2 249 A
Zizte| & FAlE S85AAAA *ﬂ—so{l ek ZAE2
7hze) Zo] Aol S-Alv] &2 4-E ot

4) 945 =9 A (myofibrillar protein) A &

YE gy £ 29 7hxlel 3¢ 39mM sodium
borate, 25mM KCI, 1mM Phenylmethylsulfonyl flu-
oride, 5mM EGTAE *3§3 borate—KCl buffer
{pH7.0) ol 4 €45 homogenize Al 7 .

Homogenate2 4C ol 4 2000rpm2. 2 15874 941 52
2] X171 % Pelletuhk® o} 1% Triton x 10022 4 o] 4]
membrane —bound proteing A A%l 0.1M KCI,
50mM tris(pH7.0), 1.0mM DTToll 2 85 A1 Z }.

Myofibrillar pellet-& 0.IM KCl, 2mM MgCl2,
2mM EGTA, 0.01M Tris—maleate(pH 7.0), 1.0mM
DTTE Z &3 low sodium bufferell A 23 A 4§ &
pellet & R0l =gk 9o =& Aap= el 4
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sl e Lowry2l 24 (Lowry et al, 1951) % o &
Flod w8 A 2k gt

5) Myosin—~ ATPase x= 2 3}a}
FAE e 2 a3 2dte Al s,
Agtats Agd 2712 A2} OCT compound & #hz

T agel AY THE LAEE F AMHxe

—160°Cc 72 W7}+5 isopentane LMol A FE-F 4]
ZAF —70C Y5 Aol 203 el YA FH2L
2 ZhAe| 2o 71295 smmFAl 2 Fepde] Al
2 "3kS Ao} OCT compound-E o] 43} moldell
o} (embedding) &% —-257C 9| Cryostatol4 10pm¥%
72 e} <alo] Zol mountdtedel, A-&o)A 30—60
AEot 718 ARAAF 22 5std M-S Chayen et
al(1973) & ¥ -2 o] &-3lod A A s e,

6) Hematoxylin and Eosin =% 3} &+

=8 329 AubAcl okl sl A4 —"&: of w3}
7} Ae7bE Harstn JEo] o3 A RE A7
28l Chayen et al(1973) ¢ W& o] 83} /‘;l*] 3l
o},

7) EARY B 2ATv e dddE 2
Myosin ATPasez A4 ¥ 25328 38&Hu|4

o
2 3ol yiA ol TR Type I, AFA Hol:=
A4+ Type T2 EF3cH(Burke and Edgerton,
1975).

z} 2Ad-%el slcied " Microscopic image anal-
yzer(Leitz, ASM 68k, Netzlar) & ol-&3led 2004 2]
sl A AL 10049 =459 tracingse 23
g =243}

7 AR el & A A v g2 T2 A
%= el gt

8) SDH (Succinate dehydrogenase) &4 %34

Mpyosin ATPasez 2 3}e+3 gt ulo g 22 &
Z )| skod SDHz=A 88t A& Dezna et al (1980) 2]
g ol &ste] 4AE%rh SDHYMEES F3Hd
v] 7 (Nikon, FX—35DX, Japan) e 2 Mo} gtA| u.o]
= TAH-+E SDH#& A o] 23 A 2HA (blue —purple) o
2 Hol& ZAFE SDHEA & Aoz ER3bgct
(Dezna et al, 1980). 40u1 2] v} §-3loll A A A 245 A
) 5lo] AR Zogb ApAl Abell A A A A -2} A

wolt Eafel £A5 Ao} 7 2AH7 el 4
A H e FTHFEA %2 bl

9) FAEA

749 Mean+S.D,, Mean+S.E & AlAtdtw +7}
9] z}bo] & Kruskal — Wallis testoll &l A Fslg.oo
778 #bo)= Mann— Whitney U test& Al K] 5}
AZzstgch A3 Fo42 P<0.05FFNA A3t
Ak

oA d

(1) AgAA S A7 25 AAAA A5 43,
27, Scteis 5T AR AF
$7UF AF9 W3 (E Dol Al wubel 2ok,

{Table 1) PRE AND POST WEIGHT OF CONTROL, 7 —DAY
HINDLIMB SUSPENDED (HS) AND 7—DAY HINDLIMB
SUSPENDED PLUS EXERCISE(HS —EX) RATS

Prewt(g) Postwt(g)  %Change
Control (n=6) 203.83+12.44 212.33+10.24 4,17
HS (n=6) 223.50+14.16 206.07+10.00 - 7.80

HS—-EX(n=6) 211.17+13.51 181.25+16.04*% -14.17

Values are M1 S. D.

n ; number of animals

*significantly different from control value (P<0,05)
+significantly different between HS and HS—EX  (P<0.05)

A A = A] A FL 2 F o] 203.83112.44g, Hte
B §Fo] 22350+14.16g, +5F°] 211.17+13.51g2>
2 3F 70 AF Aol 7t et 7dF AF L& A=z
Tl 212.33+£10.24g, 3 oha] 2K o 206.07410.00g,
$%F0} 181.251£16.04g 2. & 5T o] HE T ul3
14.64% 591 81 Al 29k e vi(p<0.05), A che] £F-Foll
vl a4 % 12.04% -2 3HA 2 ke (p<0.05).

AP A2 5] 74 Fo] AlFel AR LA
17%F 7t o £ 5T 14.17%, Siche| BE2 7.

8% 7t 48+ ch

(2) sictel 242 A Gegx, g2kl
%-o] Helel & 21 AT A gk A ZFAlell vl & 48k

797 At R4 st 2R F P e &
o] slcte] 24 B &HA o Ao ZFAell w| A& 3T
(B 2, 30l 29oF4 ule} 4t

rlo of
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N33z ek A A253 A2

(Table 2) ABSOLUTE WET WEIGHT OF PLANTARIS AND SOLEUS MUSCLE IN CONTROL, 7—DAY HINDLIMB SUSPENDED
(HS) AND 7 —DAY HINDLIMB SUSPENDED PLUS EXERCISE (HS —EX) RATS

Control HS HS—-EX  Kruskal—Wallis test Mann — Whitney U test
. C 1S C- HS- EX HS HS -EX
n 6 6 6 X? P U P U P U P

" Plantaris  203.33 163.33*  208.50% 0.5292  0.0052 0.5 0.0022 150 0.6991 1.0 0.0043
(mg) +8.16 +19.66 527

Soleus  101.67  80.00*  88.33 848 0014 10 0003 65 00649 100 0.2403
(mg) 4983 859  £13.29

Values are M+S.D. n : number of animals
* Significantly different from control value(P <0.005)
* Significantly different between HS and HS — EX (P < 0.005)

Table 3) RELATIVE WEIGHT OF PLANTARIS AND SOLEUS MUSCLE IN CONTROL, 7—DAY HINDLIMB SUSPENDED(HS)
AND 7 —DAY HINDLIMB SUSPENDED PLUS EXERCISE (HS —EX) RATS

Control HS HS—EX  Kruskal—-Wallis test Mann — Whitney U test
C—-HS C-HS-EX HS-HS-EX
n [} 6 6 X2 P U P U P U P
Plantaris 0.96 0.90 Lot 6.8772  0.0321 6.0 00649 100 02403 4.0 0.0260

(mg /g) +0.04 +0.05 10.06

Soleus 0.50 0.39* 0.491+ 9.6257  0.0081 1.0  0.0043 16.0 0.8182 2.0 0.0087
(mg /g) +0.04 +0.04 +0.04

Valuesare M+S.D. n ; number of animals

*  Significantly different from control value(P <0.005)

+  Significantly different between HS and HS —EX(P<0.05)
++ Significantly different between HS and HS —EX(P<0.01)

X AL A= vl 2 0) 203.3318.16mg, 3 A 2432 (p<0.005) E5Tol Aete] F-fFel
2] ¥+ ¢ 163.33119.66mg, -5 Tl 208.50%5. 8] 8l 27.66% 12l 3 A F et e (p<0.005) =T
27mg o 2 Slthe] i g o] ol =Fal wlal 10 R7942 ¢ 3 zhol 7k eledeld 1A 9

250

+  mmcontrol GNF HS I7Tj HS-EX

1504

1007

504

.

=
Plantaris Soleus

* Significantly different from control value(P<.005)
* Significantly different between HS and HS —~EX (P <.005)

{Figure 2) Absolute wet weight of plantaris and soleus muscle in control, 7—day hindlimb suspended(HS) and
7—day hindlimb suspended plus exercise(HS —EX) rats

—197—



A ER T A E 270 0.96£0.04, SoheE) RF
o} 0.901£0.05, +5Fol 1.01+£0.062 SActejry
o] hzFol vl 6.25% Fasthd ot BAH F¢
AL ol $EFo] sital i gFol vl 8] 12.22%%

ol 8tA F7Hst b (p<0.05) ST ol7b ¢l
o2 3).

7hAbe] o) A A (wet weight) £ o Z°)] 101.
6719.83mg, Hcla]XHFo] 80.00+£8.59mg, 5T
o] 83.33113.29mg 2 = Svhe] 3-F-Fol tzTel »| 3|
21.31%% 9 3} A 245 Qi (p<0.005) +5 & At
2| 257l vl 10.41% 71t ont A folA
2 ARz NzF 2 Aol 7 e 2d 20,

fr°] 0.391£0.04, +5F°] 0.491£0.042 S} L%
TFol thzFoll vls] 22.0% 28 A RLstgn(p<o.
005) &5 T sictel §5-Fol vial 25.64% %2 314
Zyletg o o(p<0.01) H=FH Zolrt Qori( 2y
3.

3) AR XFFT ARAY A= B/ &
5ol sicte] o] AR bl A & ol o] A= J 3}

SUAF A g 28 A 1g7 S 9A R O
A 32k (mg /g muscle weight, mw) 2 2 vrehul giet.

A 255 A YEAE FLVNY 52
37} gletel 2ol 244 il FFel =H e A%

A 7ERbe] 2 A= s &2F0] 0.50+0.04, Siche] & 2 (B 4ol 8.9k v} et

120

M Control NNY HS [ HS-EX

100 4

Plantaris Soleus
*Significantly different from control value(P <.005)

+ Significantly different between HS and HS—EX(P<.05)
++ Significantly different between HS and HS —EX(P<.01)
{Figure 3) Relative weight of plantaris and soleus muscle in control, 7—day hindlimb suspended(HS) and 7—day
hindlimb suspended plus exercise(HS —EX) rats

{Table 4) MYOFIBRILLAR PROTEIN CONTENT OF PLANTARIS AND SOLEUS MUSCLE IN CONTROL, 7—DAY HINDLIMB
SUSPENDED(HS) AND 7— DAY HINDLIMB SUSPENDED PLUS EXERCISE(HS —EX) RATS

Control HS HS—EX  Kruskal—Wallis test Mann— Whitney U test
C—-HS C—-HS-EX HS-HS-EX
n 6 6 6 X2 P U P U P U P

Plantaris 94.02 45.61™ | 69.23* 13.93  0.0009 0.0 0002 20 00087 10 00043
(mg/gmw) +11.63  £3.72 +11.45

Soleus 112.25 45.29% 7947+ 15.16  0.0005 00 00022 00 00022 00 0.0022
{mg/gmw) £21.43 +7.44  t462

Valuesare M+S.D. n ; number of animals

* Significantly different from control value(P <(.01)

= Significantly different from control value(P <0.005)

+ Significantly different between HS and HS —EX{(P<0.005)

FA2) TS DU FBE A2 Tl o

s o] 69.23+11.45mg 2 £ 3 cha] 2 fol tl =l vl 4
02+11.63mg, RAche]L8-Fo| 4560+3.72mg, =T

51.49% %9 37 7+4 8 A 1 (p<0.005) +&FT ol A+t
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g7k 5 53] 2] A|254 H2%

2] 3-f-Tol vl 8l 51.79% 21 81 A) Z7}8h 9o H(p<o. o] 79.47+4.62mg= Sithe]R 8 Fo] x| u]&l
005), thzgol #13 A& 26.37% 72 3t A A ek (p< 59.65% fo1 3t A 7F4 31 7 (p<0.005) EEFo] 5ok
0.01). Figoll vl 75.47%%-2) 84 A Fr1ek o (p<o.

stApel2e] YA R A FFE gzFol 112 005), o =l vl A= 29.20%F ) 514 AAek(p<
25121.43mg, Sl RG7 o] 452947 44mg, +FT 0.005)<2% 4).

12

[

EE Controd EFR HS [T HS-EX

Plantaris Soleus

* Significantly different from control value(P<.01)
* Significantly different from control value (P <_.005)
* Significantly different between HS and HS —EX (P <.005)

(Figure 4) Myofibrillar protein content of plantaris and soleus muscle in control, 7—day hindlimb suspended(HS)
and 7—day hindilimb suspended plus exercise(HS —EX) rats

(4) sictel R AE 4 R A gL 7709 ¢ 747k Scte] Rt St R85 el e A
ol Acte] 22 Typel, [ fibere] 224 3] k= o =2 +535rt Aotelee Type I, 1 fiberel £33
u) 2] 4= 4 g, ekl Hof w| A& of & (F 5ol g okd ulo} 2o}

(Table 5) FIBER TYPE DISTRIBUTION AND CROSS —SECTIONAL AREA OF PLANTARIS{PI) AND SOLEUS(Sol) MUSCLE IN
CONTROL, 7—DAY HINDLIMB SUSPENDED(HS) AND 7—DAY HINDLIMB SUSPENDED PLUS EXERCISE

(HS —EX) RATS
Controt HS HS—-EX
n 6 6 6 6 6 6
Fiber type, % of fibers PI Sol Pl Sol Pl Sol
1 9.70 71.56 30.87 62.39 14.80 65.89
I 90.30 28.44 69.13 37.61 85.20 3.1
Fiber cross —sectional
area by type, um?
I 2557.25 3118.94 2078.63* 1838.13* 2215.89 2377.52*
+545.02 +350.04 1224.13 +128.74 +87.38 198.49
(88) (208) (98) (119) (97) (203)
I 2782.80 2282.09 2158.19* 1766.86* 2462.45 1868.99
+339.81 +313.29 +222.32 +136.97 189.82 +73.13
(181) (183) (138) (94) (154) (104)

Values of cross—sectional area are M + S.E.

n : number of animal

Number of fibers analyzed per group is indicated in parentheses.
*Significantly different from control value(P <0.05)

* Significantly different from control value(P<0.001)

* Significantly different between HS and HS —EX(P<0.05)
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Type I fiber} Type 1l fiberd] 32 u]go] THZ
73 AEFolA 2t 9.70%, 90.30%, Hctel -t
Tl 30.87%, 69.13%, 5Tl 14.80%, 85.20%
ol lom AlFzboll A F- 2 Eoll 2ol 7t Gl
Z}Ae] 2] 7% Type I fiberel Type 0 fibere) &
Fulgo| AzFol A 27t 71.56%, 28.44%012m] 3
el B3l A 62.239%, 37.61% 019 7 $E-F-o) A
89%, 34.11% 2 AlT7}ol| A FHZ ol 2Fo]7} Qgie},
Type I 2%l £33 Type | F49l 7}2bn] 22
A AHA-ESH T A9 Type I fiber b
AL o zFo] 2557.25+545.02 um?, S che]Lg-Fol

2078.631224.63 pm?, $-5Fo| 2215.89 87.38 ym>=.
Sete| g fTol HazTo vl 18.72% 74 stA A4
A 2 (p<0.05) F+5Fo) st /7ol w4 6.60%
et 344 Fo4 L Qg m N z2Te) Aeole
99dct. Type 11 fiber 3wtz o zFo] 2782,
80+339.81 pm?, Icha|R-F-Fo| 2158.19+222.32 u
m?, $%30] 2462.45+80.82 yml2 Fcial B $-Fo
)zl ulsh 22.45%F9 81 Zr43 1 (p<0.05)
+TETE AR H5-Fel vld 14.10%F 7 s g o v
EAH f944L gda dzE3 Ze)s) gl

3000 T
M Control

2500 *

2000

g 1500
1000

500

Fiber type [
* Significantly different from control value(P<.05)

IS HS

Fiber type II

{Figure 5) Cross —sectional area of plantaris in control, 7—day hindlimb suspended(HS) and 7—day hindlimb sus-

pended plus exercise(HS —EX) rats

7hale] 2] 7§ Type I fiberol gulm o] =22
o} 4] 3118.94+350.04 pm?, Zcje]Lg-FollH 1838,
13+128.74 pm?, $5F ol 4 2377.52+98.49 pm2 2 5}
oel ol 2Tell wlEl 41.07%%2 A
2 (p<0.001) 57 F o) Lg-Foll vl ah 20.34% %
A 3tA F71g o7 (p<0.05) H=ZF7 Aol 7} et

Type 1l fiber 3] 5bed H-& ol 2F o] 2282.00+313.29 p
m?, A} y-fTe] 1766.86+136.97 pm?, &5l
1868.99+73.13 pm? = ikl §-FrFol hzTol »#H
22.58% - 8HAl 228t 2(p<0.05) +FTol it

el vl el 5.78% 3 Hl ot BA A frel g2 gl
A3 2T Zol & AL 6).

3000 B Control £ HS (7 HS-EX

Fiber type I
* Significantly different from control value(P<.05)

Fiber type Il

* Significantly different from control value (P<.001)
+ Significantly different between HS and HS —EX(P<.05)

{Figure 6) Cross —sectional area of plantaris in control, 7—day hindlimb suspended(HS) and 7—day hindlimb sus-

pended plus exercise(HS —EX) rats
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A2k she A A254 M23

(5) Aetelf-f% A R Ferzte & A u g2 depidch A 35F 2dHe Gey
%ol sichel Tl SDHY Aol o} {43 = ger17el $5o Aehe) T2 SDHEA =12+
SDHE4-2 SDH#4 o] ZAF2t 24t A G (E 6ol A 23 whek 2ok
(Table 6) SDH ACTIVITY OF PLANTARIS(PI) AND SOLEUS(Sol) MUSCLE IN CONTROL, 7—DAY HINDLIMB SUS-
PENDED(HS) AND 7— DAY HINDLIMB SUSPENDED PLUS EXERCISE ( HS —EX) RATS (%)
Control HS HS-EX
n 6 6 6 6 6
SDH activity, % of fibers Pl Sol Pl Sol Pl Sol
High 59.7 17.2 60.4 29.7 96.3 30.2
Low 40.3 82.8 39.6 70.93 43.7 69.8

n : number of animal

X Tl A SDHEA o] & ZAF7H Az Foll A
59.7%, S elha] 0ol 60.4%, ¢ 5Tl 56.3% )
W, SDH&EA o] 2t A F+ sl 27l A 40.3%, R
ohe] fFoll A 39.6%, +5 7ol A 43.7% 1 Kok

7hAbu] 29 74 ¢ SDH#A o] & A F7 2 Fof
A17.2%, A che] $-5Fo A 20.7%, &5l 30.
2%0°12l 1 SDH@ A o] 22 24 %= cl=Foil 4 82.
8%, A vhe] 3%-Foll A 70.93%, &5 T4 69.8%°]
et

v &

B ATl AgA A 7 F9 A Fo] thEFe) 4.17%
F7ret g ke L5 F 2 7.8%, 5T 14.17% 3
23 Qe olope] Y BEL sk A% AFel 37}
<l Bl &l FFE ARAIZIA A Fo] HAdHL +5 &
g Hol e AFe Zart o gk sioe] Yol
A A Fo] ZF4 g -2 2 5(1994) of Ao} 23tslw] &
ol AFEA Rl o= Ao st o Aoz
A7 Sohe] B9 Add o w SR AF
a7t Sk E4Fel w8l o) g A F5o) A%
FA A = A wstel S5l g A2 u 7
L5 RA 0 Z AR,

25(1994) o ATl A At v{5 F715 02 A
F& Pt Fo A Fo) 24 stgley) il R id
of vlsll a7t 2R gdgkete Ao} Lo dpAtee
akol 7k Qhgieh. o) 2 5(1994) 9 A Fol ulal BAF
oA 5o Azl o] 2 Vel A ez AR

Hebe] ol 2 gt #5432 Type [ =84 &4
=29 REFA719.67%, AHNEH A& 6.25% %

£33, Type [ 82l 7tAn| 29 2 &34 7} 21,
31%, 49 7k Abe) 2 701 22.0% 325k giet o]
A2 &5A st o8 shAte] T A gl st rke
Musacchia-$-(1981, 1983), Kasper-5(1982a), Templ-
etons-(1984), #(1991a), 25(1992,1994) 8] L2, &
A2 Agkol 43P+ Musacchia5(1981), 35
(1992, 1994) o] ¥ 7.9} | B5-F Achrlxn] 2 &
Al 7} 7+ 4 3} 94 ¢} &= Hauschka 5(1988), Herbert 5
(1988), #1(1991a), 2 5(1992), A& FA 7} 7+
A 3L ok 251992, 1994) o] ¥ a9} Y )34 Qo

ol A 7Yzt BEX 32 sl AF R &
off ] Fol s dFE A5t Type 54l 712
n) 2o & o] v} Ak A AAE et 5
A5t F Type [52 #F5 o) of £ 7hAe| 2
£ x| T (slow—twitch muscle) 2. 2 2] 1] 3] &5l
A3+ A % (oxidative fiber, Type I fiber) & T4 =]
ow w2 A 53 A (Type 1l fiber) 2 745
4 = (fast —twitch muscle) o] vl &l o} & ¥ 9= 9=
o] £ c}(Booth and Seider, 1980 ; Bruce —Gregories
et al, 1984 ; Sargeant et al, 1977 ; Witzman et al,
1982) = A 3ot F-3rd o},
el Bfroll o g &5 A 3ol of & 3k 9] A FH-3)
=H o HeFo] AshH A2 x4 A 5k ok b F-3)
9 £y Zr5e 2% Ao 2 (Appell, 1986 ;
Henneman et al, 1965 ; Morey—Holton and Wro-
nski, 1981 ; Goldspink, 1977) A= & 4 =} Booth
(1977) £} Sz0615-(1977) o] =8-9f 4 F-u] &0 F oA
ARR R Sl AR ety vy gleng TR F
Al7b st A FeFe] A Al 4(valid index) 2h &= 2
& Vel
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Z5A sl o3 2K T AL b 9] o) 32}
Lol 23 444 788 2 A= =) (Musace-
hia et al, 1983) &&-+Fol Wiste F chy g4 o W3}
€ ¥4 <4 RNA gadwiglels AHabo] 9+ (Watson
et al, 1984 : Tucker et al, 1981) A2 34" 4 )
o},

£ dFA 3N kel Efol o3 EAste THAF
kel ghapol A Foll4 51.49%, 7hAbe|EolA] 59.
65%-% 2 3 A 243t giet.

5 Aste] o) =R Y FEst A £ A
T8 A= 20.597 F58 Al 23 He 5o}
229 YA F =l 7 =7t A 8h=l 9o (GaYevskaya
%, 1979) = ¥ n ol dA sk siche) L1, 25 54k 7t
zulZel Al 3takol 2zt 30.49% A &= 9k
(Steffen and Musacchia, 1984) & ¥ 2ol x alx| =z
Act,

2 AYRATN 7979 BEA S AAZY 2UAH
g geko] 50%0l A4 A o AN F A
o] ol BPsA Aol FasE AE BAY
T At ol FEA Fholl o] & whl 3HAT A 5ol vl
Fllgxe] Folz SUAAR A ko] Fojgn
Aol ad Aoz B4 9k

FEFAGE THAF o] FAEAL Aty
B3-7} A4 f-2lol| Boddl= 52 slow myosin con-
tente} slow twitch propertiese] Ar4l-g fuhsin
(Fell et al, 1985 ; Fitts et al, 1986 ; Templeton et al,
1984) A F23}¢) 2 o = slow myosin®| expressiong
o A 3l=(Tsika et al, 1987) R.oz A5 4 gle},

£ AT A A d{E e FUA AR
R E o) FE5 B3I HE A2 A
A ZhAbe| 2 F-AI7F 54312 10.14%, 25.64%, $
% ST At Ao AL FA7 27.66%, 12.
2% F7retRer A AAFFoz S¥e AL o
A4 72 717 AFAAA} ket E slow
twitchZ & 74Ae)T 955 #A A 4347 &
2 (Pierotti et al, 1987) 8} A &} A A stx Qo= 19°7
A+¢} treadmillol] 4| 130l 5m& = 2 =) 64 Zkebct 104
Fat ZA st 1F7he] Sche] ffol o8 2 3k5 7t=t
u]29 z7]% %743l oH= Hauschka5-(1988) 4 #
ek A AR, EAN NG FrHoz ¥
&9 5% H3tels Aol Typel, 259 iz x

okstA| et A (3, 1994) o5 =) ol &

=2
=
5ol Ao AT SERE FANEA AN R

A chall A ALA S mbol(Fell et al, 1985) 132 A
4 FAAR ez A" + gled slAA F
(mechanical activity) o) ¥4 424 il A 9] F3]
gl A Ao ¢3-S (Thomason et al, 1987) Atz
At

£ A4S S8R5 e 22 B2 ¥
TR TAAH A Fekol A oA 51.79%,
7hApa] 2ol A 75.47% B5A 3ol wld] {2l dkA F
7t sl g ot e 2F ol vl s FH 2L 26.37%, 7HAE
& 29.20% woaA AU olv &FAs M1FL
A B s #2U2Y $EoE FEAIA
AR TAAF 9R % TR 7 s
€ Jehiin] 2535 AAl7} olu| kAl o] 58 AH F
74X 7l 2 Sl B3 & A 8} 71(Goldberg et al, 1975)
Aoz H49 4 9k

A& oz FFAq T/E 23R ¥ THel vl
&} w2 A AIB(a—aminocbutyric acid)E %3 3}«
(Goldberg, 1977) 94 % A daf& F7HA70 A
o8 Qzs)v} FE5A A ghulo) 3 3 2 E(catabolic
hormone)oll & 289 ZtgAle]l 2 5L ol 52
2o dg A44L 2E 4 30.2vi(Goldberg and
Goodman, 1969) #%TFol WUREHT A 3}e
(Fulks et al, 1975) =94 @4d %S S/
Aoz A7bH

2y, 85A3871715eE 1A el +522 Type
LII2%9 44 Ay 4Tz 3%
R dgkont Azke Ao g sy of2E A
AL Fa 2o sichal2e] AzpEole UM F ol
Ao Frlete Aol o a<lo] HAFPE A
o2 Wo] ghe g o]8g g9l& ¥l AT7) o] Fo
Aot ¥ Aoz Yet

B AR A 14 53], 13] 987k HE Aol Yo 7
29 x5z A% gy T4 F 9y ¢
4 FHA7 AL 14 2-4417 ) A FA =] F57 1%
of 20m& =2 19 1.54 71 30%7 AFe) 2 2utg gl
5ol 437k sictelyf5al 2 AL/ <A
Az} AR A, A slow myosin isoform content % 2}
7+ A5 A ekA Aok ¥ (Thomason et al, 1987) 9t
FEA 872, SE5AE, AZE b2t $E5ol o3
FEAs 8l FA=HYA YA YA, slow
rayosin isoform content 5-& 7}4] # ©H{ Thomason)
T Aol 33= 3 gl

+Foz 943 fAde|dy UAF DA Tl
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=& AlA (stretch) A1zl 27 RNAgH=z) gha A
g 457 218t ohE ¥ (Loughna et al, 1986)
9 DA 5= AFS elliel 7)1 A A &% (mechanical
activity) ol EHF 454 vl A o] {3l Aol F
8 34 (Thomason et al, 1987) #) A 5} )},

2 ATAR A diF ST shAe Sl A
Type [, 1T fibere] 227} 273 o] 7} gigict. o]
Hg AnE 2Esiole] 804 Typel fiberz 34
H A Eo] FolohA A dE gl om shabe| o
A Ael" e g Typel fiberol] $5o] 2= glcte B
i (Templeton et al, 1984) 4= xbeo] & Ho|w gic}, &
A 8k% 280A AR AL A=A L) 88%1
Type I fibere] 22 v]-§ o] Z7}3) o v (Kasper et al,
1982a) 28 7ke| siche] R -2 Type | fiberg] 2 2y
0] 11%A 315 g ch(Kasper et al, 1990) = ¥.1.9} %
LR A feet olgf g Aol Rl Siche)
717kl 7902 A&l o] sicha]R-7]7be) v gk
Vol ol el Aoz AR}
A& Lfisheset FrlHoz 58 Y355l
FHIZH 7hAte| 2ol 4 Type I, Il fiberel #27}
Sehe| B2 2ol 7t gl l=F =) Aol 7 glgiet
€ 2T A3E 552 Adte| ¥ /F 13 30m
HER 1% 1808 150 5U 2L 7570l 24 £ 712 =}
7}zbe) 2] Type I fibere] £ E7F 100%Z 715 9ok
(Desplanches et al, 1987)3= 232} Ate]7} glew] &
SAE 38710 F-5& 27143 Typel fiber9) «]
o] 3% 2894 =z olaoz ZHrlslgct
(Kasper et al, 1982b) &= ¥ 319} & 235 ] ¢ti=r} o]
2 g ol AT L Srkel $ {5t B
%% 19 45870 A 3hga Kasper£-9) of ol 4] &
A3 ¥ 450 AH FAH oz F5AEE T}
A7 8% 417127 Desplanches§9 Qo4& 7
Foll 23 1% 18084 Fa& Aglenz Lo v
N EEHESN 22 $E77bo] AYS] ol 22l
Rez A4ct $5455 Ax F7AA $534
3 Type 1 A% ®lgo] Z7}3¢H(Holloszy and
Booth, 1976)& AHE wiwte . 2oiFoA Type I
fibere] w]fe] WA gdezle 545 2R
o 7lal" 7 e 2 FA4 "),

AetelLfol o & 7labe] 2=} Typel, 1 fiberof =t

bri

g7t 5 5] A M254 H2E

A o] folshA A=At LATY AA= FHe
Agel g $HAA TR FlllAlE £3E 1-5F7
A 3}A] 7] 3 £ ZFZ(plantar flexor muscle) & <4 %
3 A o) FoslAl A ks 9l cH(Desplanches et al,
1987 ; Musacchia et al, 1980 ;: Templeton et al, 1988
: Winiarski et al, 1987)+ 2319} 43l &5 A3
717ko] 73 3tgloll wha) EH3F 280l spatn] 29
Ao A= ke B (Kasper et al,
1990) o} A X slict, FEAsE TAFAGHA LS o
T8 b Ao AAAe) 2] SR HIHE 3
Aslgong Type I S8l HEE vlm3ls] of
2%} Graham$-(1989) & A-TellA Sete] i3 o
Zv| 829 Typel, I fibere] alxtadz o] fol51A4 &
eks Bueh #5(1994) 9] Aol A Z2 ¢ Type
I, T fibere] sigtdzlo] f2atA S5k oy 2
ATAAE B8 F5-A 5ol o Type I 52 A4
+ Add A e Astd-g dFnych 2 A7FAH A
Zta|Zol A Type I fibere] 3=lwdzo] cf279] 58.
93%, Type 1 fibere] 3wk A o] 77.42% 2 Type I
fiber7} o} & o &k-Z Wlok&-2 el n Qi o] & 7}
2}u]Zof| A Type I fiber7} Type 1T fibero) =)&) S}
2] B.foll o] ulZHébch(Grahamet al, 1989 ; Hauschka
et al, 1988) = Aol o3 A WA}t FH I
Type | fiber®] 3 i = o] o 272) 81.38%, Type I
fibere] slxtmdAdo] 77.55% % Type I fiber7} o] & 4
5 kg5 Al Ak 9t

B AT et & A dteed AEHd v
= #FE717be] T50] 7hAle] T A4 2ellA Type I,
I fibere] w22 sicte]L-FA ol ula] F714]7
om Ao AAFFoz IHEAZINL 1977 A
treadmilloll 4] 1¥-of] 5m<; = 2 i 64] Zku}c} 103251t
ZAABk 157ke] siehe] Lfol o3 A stEl 7pAtw|
o] A8 278 Z12 ZicH(Hauschka et al, 1988) =
A zte} R3E7 157 AL treadmillell A 13-of 5Sm<;
=2 w64 7kete} 1585 F71F 22 AFS F-514]
A AF shAbui 2 A2 A F 25 S
£ ATH(AE, 1994) o A3}

£ ATY A3 TAF E Lol Aozt e 24
ol et e] F713 AL 24AFY 277t 714
Aoz )42 4 i) Graham$(1989) & fArha) 8¢
Tt FrIH2E AFE A A HEe 5T Type
[ fibers) Heteide Asl A44+To2 LA
& 23sted g d Lisks FAe] FriHa
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A FA A7} 7rAte] 2] Type I fiberol #13] Type I
fiberol] v & 3-8 F ¢l A 7 (Hauschka et al,
1988) ot & A7 hE A F2PE L7179 %
o] At yHol gl st slAe| 2 FHZ9
Type I, T fibere] etd =& A4+Fo2 31847
G AL B degre 255 71EH 0= A4
ZeozH Typel, I %2 Typel fibere & Type
I fibero) ctwd g sBAd4 ASS AFsL A

+

HasteEt 4EAH
Z 2o} SDHEA o)
=2 7% FEAAY 3
A 371 7H5-t 45 A oll SDHEA] o] A& A fru] gl
i SDHEA) o] 2 AF #lgo] AR AZE veble

olgld Axe el L fEal R o $5 & F
714 o2 Rl AA W& 229 SDHEA ¢ &-5A 35
Aol w13 A 4ol B b 93kl ek (Graham et
al, 1989) = A #oh= 3= A @3 et

Hearn®} Wainio(1956) 7} 19 3027 #4121 % F
79 SDH#AF7He 3¢ 4+ ¢z ol g A3
FEEAF ) B3R @ A Fo 2 A5t 9le
2E(1992) & AAZEF FA7 9 2 {3 54
+2] SDH& 4 o] 272 o7t Adlcte A= &
FAFe] slokete] 2l Aox Ardsta gich ol
B APATY Bz RdTY AAs $FA
Stol &7 Wkgol 71915 ez B4 9lon SDHE
Ao Wl 71A 27 Sl E 5717k 138 A
olob & 7o g A7t}

oleldt Ay Auto 2y BFAE/75te]
A9l ¥%5°] SDHZ Aol v]A & L 53817 oI5
Sha 4 Ae e,

g £

F71dal AFR 27} frka) Efol 28 A& A
4wﬂ%ﬁﬂ“%€¢MLﬂﬂﬂ%ﬂﬂf%ﬂ”
- ot el o8 F<d(recruit) = x| go.2letm 7
tHﬁ}l THolx 7HE &S F9ct: Graham%
(1989), #5(1994) 9] AFA L= e 7259 F5ol
TEAA T2 FE5FE o8 AuislE TA K
FFE A4 doe AT AE AASE AUk A%
(1994) o] AFolA BE5A 8 71745 14 33, 13 &%
A 7be 15822 sto] ¥5& 231417 A3 Type 1

=82 JFo] dFHAUFE FHsIA o L3Ry
713 581587} 2437 P >]=] Bell, 13 &
FAZME 2 o 22 Ao $5E FYse As
FEGR)7 2 F5FE o8 Avl=lEType I 2
Foll kg v|A=7tE Ty B eo] Folse]
F5A3N G ReAE gL 54208
22 33AA A4 RR%AS Type I 59 A,
A2 FA, AR <y 3he Typel, 1 fiber
v]-g3 kA, SDHA S 7424 gledgate
/b shol] AR Al Y sted chgml 2 A S A

1. 7Q7ke] Siche) 2ol o7 B5A 302 Type 2
£l 42 "‘} Type 1259 7}zxlujZe] Azks}

AR A ek Type I, I
fiber ¢} 3] mlz]o] 995} A) A E AL},

2. de| i fF e g Jele g7k &
T2 B Aol HEEATI AR ZY
Akl AT BAL ZAAFA AAEF o 3
A7,

3R FF EH ez G RE gLy ¥

= 7/i ] -rl z—ii"y} 9| &7} z}u] 2 o)

& F3hEhe Aol FH T hAe] 2] Type |,
I fibere] 2 v goll W33 2l 5bx] kobet,

5 342l gF dd o g Gote g7t &
g BilEle Aol AEZATH AF7A 02
Typel, 1 fibere] Ak =& F7HA g om A
AAdaFo2 3B A Fc)

6. AL HEF 7ty oz @eRE FLr)7e &

& 23k Hol A2EA2 A5o)Ael 29
SDH &4 o] ¥ 8+-8 22 8} %] gkke},

ol A AFNE Eriz FEAFN AT DY AR
wesle gergle] %% Basts Ao YE71Aln]
2 B2 ASZ Y2 A7, NI HA, SR 2
"H’Q &, Type I, 1 fibere] sAgtddS /A4 4

S Aoz Alg g}

A58 5E

T b
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Ant Z4]Fo| W3R 2ol a3k A7k Aoz
= HAF 75 sl Aelrt el n A4
e R = M R - 2

Al G5 ol FA 34 =7 7k5 E % (self —care activi-
ties)-& FAIA7l=7e] 7215 F 28 Aol B
AollA A4l a5l = FAS Y50 B2 B
 ¥F5on AL 4 I9S% A7 olzigon g AN
AR #ALZA FEE AYstn FATS gl

q4

A 7k},
2 ArA s A3t Typell 289
AFol A ‘%%7&5, #erztel 5oz e

24 dted g e
oAl A& gl &A e
ol2ig FEAYAANE
A& AfellA e A £58, g 0 Ao

A5 SRl BhA = 9%

JAAE st Hasioha A

32 11 2 3

g ol(1991a). E5 o) A7 Abn) 2o A3} Aor}
Au)2 F-Ae vlX & FFF, 53 A, 21(3) :
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2% ol (1991b). 19 BAkoll Qo] Abxl 8] 5] 2.2 S,
= o =] Wt B3 A7, 23,
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— Abstract—

Effect of intermittent low —intensity,
short duration exercise on Type Il
muscle of suspended rats

Choe, Myoung Ae* - Ji, Jae Keun™
Kim, Eun Hee™

The purpose of this study was to determine the ef-
fect of intermittent low—intensity, short duration
exercise during hindlimb suspension on the mass,
relative weight, myofibrillar protein content,
cross—sectional area of Type I and Type I fibers
and SDH activity in Type II (plantaris) muscle.

To examine the effectiveness of intermittent

low—intensity, short duration exercise on mass,

* College of Nursing, Seoul National University
* Dept. of Pathology, College of Medicine, Seoul National
University
** Korea Sport Science Institute

myofibrillar protein content and fiber size, the
hindlimbs of adult female Wistar rats were sus-
pended(HS) and half of these rats walked on a
treadmill for 45 min/day(9 min every 2h) at
5m /min and a 15°grade (HS—EX),

Plantaris wet weight was 19.67% significantly
smaller (p<0.005) and relative plantaris weight was
6.25% smaller compared with those of control rats
following seven days of hindlimb suspension.
Plantaris wet weight and relative plantaris weight
increased by 27.66%, 12.22% each through intermit-
tent exercise during hindlimb suspension(p<<0.005,
p<0.05), moreover, plantaris wet weight and rela-
tive plantaris weight of the HS —EX rats were simi-
lar to those of control rats. Soleus wet weight and
relative soleus weight decreased significantly by
31% and 22.0% in the HS rats(p<0.05). Soleus wet
weight and relative soleus weight increased by 10.
41%, 25.64% respectively through intermittent ex-
ercise during hindlimb suspension, furthermore,
soleus wet weight and relative weight of the
HS—EX rats were closer to those of control rats.

Mpyofibrillar protein content of plantaris and
soleus decreased significantly by 51.49%, 59.65%
each, following seven days of hindlimb suspension
(p<0.005). Myofibrillar protein content of plantaris
and soleus increased by 51.79%, 75.47% each with
significance through intermittent exercise during
hindlimb suspension(p<0.005). Myofibrillar protein
content of plantaris and soleus in HS —EX rats was
smaller than that of control rats,

No change was observed in fiber type percentage
following 1 week of hindlimb suspension or exercise
during hindlimb suspension.

The type I fiber cross—sectional area of both
soleus and plantaris muscle was 18.72% and 41.07%
lower in the HS than that of the controls{p<0.05,
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p<0.001), that of both muscles was 6.60% and 29.
34% greater in the HS—EX than that of the HS
rats,

HS plus intermittent low—intensity short dur-
ation exercise resulted in Type [ fiber cross—sec-
tional area closer to the controls,

Type I fiber cross—sectional area of both
plantaris and soleus muscle was 22.45% and 22.58%
smaller in the HS than in the controls, that of both
muschles in the HS—EX was 14.10%, 5.78% greater
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than HS,

Intermittent exercise during hindlimb suspension
resulted in Type I, II fiber cross—sectional area
closer to the control value,

There was no change in SDH activity following
1week of hindlimb suspension or exercise during
hindlimb suspension in the plantaris muscle.

The results suggest that intermittent low inten-
sity short duration exercise can ameliorate Type Il
muscular atrophy induced by hindlimb suspension.



