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Effect of Periodic Low-intensity Exercise on the Hindlimb Muscles of
Hindlimb Suspended Rats

Choe, Myoung-Aex, Shin, Gi—Soo**

The purpose of this study was to determine the effect of periodic low-intensity exercise
during hindlimb suspension on the mass, relative weight, myofibrillar protein content in
soleus, plantaris and gastrocnemius muscles.

To examine the effectiveness of periodic low~intensity exercise on mass, and myofibrillar
protein content of hindlimb muscles, adult female Wistar rats were suspended(HS) and haif
of these rats walked on a treadmill for 45min/day(15 min every 4h) at 5m/min and a 15
grade(HS-EX).

Soleus wet weight was 33.51% significantly smaller(p<0.005) and relative soleus weight of
hindlimb suspended rats was 31.96% smaller(p<0.005) compared with those of control rats
following seven days of hindlimb suspension. Plantaris wet weight was 7.5%6 smaller(p<0.01) and
relative plantaris weight was 11.83% smaller(p<0.05) compared with those of control rats
following seven days of hindlimb suspension. Gastrocnemius wet weight was 11.319% significantly
smaller(p<Q.005) and relative gastrocnemius weight was 17.13% significantly smaller(p<0.005)
compared with those of control rats following seven days of hindlimb suspension.

Soleus wet weight while increased by relative soleus weight increased by 25.13%, 27.59%
each through periodic low intensity exercise during hindlimb suspension(p<0.05, p<0.05).

* College of Nursing, Seoul National University.

*% Redcross College of Nursing.
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level.

rats did not recover to control level.

atrophy induced by hindlimb suspension.

following seven days of hindlimb suspension.

Plantaris wet weight and relative plantaris weight increased by 1.04%, 10.98%(p<0.05)
each, and gastrocnemius wet weight and relative gastrocnemius weight increased by 1.98%,
12.02%(p<0.05) each through periodic low intensity exercise during hindlimb suspension. Wet
weight of soleus, plantaris and gastrocnemius in HS-EX rats did not recover to control

Myofibrillar protein content of soleus, plantaris and gastrocnemius was 48.24%, 40.85%
and 37.33% significantly smaller(p<0.005) respectively compared with those of control rats

Myofibrillar protein content of soleus, plantaris and gastrocnemius increased by 40.68%,
2507% and 17.93%(p<0.005) each through periodic low intensity exercise during hindlimb

suspension. Myofibrillar protein content of soleus, plantaris, and gastrocnemius in HS-EX

The results suggest that periodic low intensity exercise can attenuate hindlimb muscle
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A ZAIO) AdAE ol &dte
%3 %&(functional capacity)e] FlE
o (Hung et al, 1982) 3584 U8 HF
¥l 2= % (myofibrillar protein concentration)”} A3}
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37k ZE At 3 fLd AF29 4% A
=8 473M4 g 2usg

e 71 ¢ FE AY AL HAY dH
259 A2 Hol YUY F 14dA A=A
(#, 191) = ZAAAZEA N ostd F - 7y

AgolLt &4 o4

gho]l Q1= RNo g ZAalglonz

3t 71t Bt FrlHer FEE RAAA fAF

T8 A ARt ARHASAE EE B de

dol SdiE U

2. A7 =
¥ ATE 14909 g 24 F #7189

2 e ¥R A, HH2, wE

2 5o Artel2e) A% P A, 294H

Gl g ulAE Y WA o)

AA ZHe gt gt

L Atel 242 sideey 2%, Juer, 2
AF @ ol AsHertE Bae

2 0e) B&E e BU YA we B,
de 7)ol gERe sctze 2% A4
W FA, 2U8F Bd Pl sigel ¥
Aol Ble) 7S =V B @

3 JoE FRE e B% FUIHA 2 A=
o) Rt ez AR A FA,
CHAR @0 FFol dEAE FHRHert
g 2430

-5 (mobility) o)t & B (movement) 2} A &te

73

FAZ FE Ay o] Foje F8 HYAY
23 W3yt ‘9 &’o|ty. &%F(movement)olrt A
FH3E7F A3HE FEA2L dHESE FIHA
712 9L S FAN SHIHEZE E49 FE&
(adaptation)3l®} (Booth and Seider, 1979 ;
Tucker et al, 1981) #%o°] AsPA T2AL +
R Ao o8 2HR9 A7 14~17T%
#3159l (Booth, 1982 ; Lindboe and Platou,
1984), &A3t A Fo AL &2 0] 25~30%
A 35 R TH(Nicks et al, 1989).

Fe Adelg FRAA Rde2d 7hEiAE
& 1~-5577 AN AF A FZ(plantar
flexor muscle)®] A= LA At WHol &
9&tA A stE A cHDesplanches et al, 1987 ;
Musacchia et al, 1980 ; Templeton et al, 1984,
1988 ; Winiarski et al, 1987). %xs =23
(hypokinetic modeDoll A &t=x1o] HFHa &
£3] Ziatuite] Aol WA AR EF
AstEgolA SAAR Sl FE=Myofibrillar
protein concentration)”t A3t A L(Jokl and
Konstadt, 1983 : Maier et al, 1976), ®c+8] 25
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T txul2e] Ao ageke] AH3EHow
(Steffen and Musacchia et al, 1984 ; =i,

1997), non-collagen protein®] A& oz Z+4g)
GFlynn and Max, 1985). Rt}g] 25 1, 25
5 JpApui2e] Aoy glgheke] Z47 30%, 40%
A 3h5} QA oh(Steffen and Musacchia, 1984). &%
At & g g3k ZAE, 85 AL A4
FAlol Boddh=s 2529 slow myosin content<]
Ade Faslo(Fell et al, 198 : Fitts et al,
1986 : Templeton et al, 1984), A FH3te] Zo
= dEgE "AA slow

O
=2
AR SHTsika et al,

fast myosin® Tl

myosin®] expressiong

1987).

2S¢ R & A Z(slow-twitch
muscle) 2.2 MX3  FEHI}E AFIAF

(oxidative fiber, Type Ifiber)Z TA= o
w2 FH3te S8R (Type Ofiber)E T

e &I (fast-twitch muscle)oll B8 § & #



A2 A%l o2& Fei B uE U Booth and
Seider, 1980 ; Bruce-Gregorios et al, 1984 ;
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R(H 5, 1992), 743 g 2R 71
o3 EF29 Aol 747 18.26%, 942% A8t
HRed, Typel, I fibere] A A o] 7}z}lm)
ol Z+zr 2027%, 14.36% ZAEHD, 2
oAl 31.9%, 1866% ZAa3dHUcHE %, 1992). A
(1994, 1995)& 7dHY AYE] Hf{ol 97 &
FAFE JHAH 2 AT fFo] Ul
T

Hoe 240 o3 AFE FHA3A77) 98
A7t ¥ 5 E treadmill runningS 3HAl 8}
A Desplanches et al, 1987 ; Graham et al,
1989 ; Thomason et al, 1987) & do} gride
27 doJ(Herbert et al, 198%) 282 353
o2 NHATIE HAFel et al, 1985 ; Loughna
et al, 1986)°] o] &-=lo] ¢t}

Hauschka(1988) 52 19" 7A}9] treadmillell
A 18#] 5m £E2 vf 6Ajtulc) 108 B¢ 2
Astd 15779 Ste] RHol o3 Astg 7tz
v A¥gn TG 2718 50%7X FAAS
< gF5sh

7439 A BE&E e B 4A g ]
Y 33] 189 5m £E2 15° ALY treadmillol
A 158 Bt &F5E F3AMA AF iAo
AN FH29 FFE F7/MFHLY Type 1, 1T
fiberel ¥ WAL ANXNZE FEBEANZHHA T,
1994). Hvhe] B{8 e 5% 24000 14 5
3 189 5m £=& 15 A9 treadmilloll Al 9
e &5 F3AA AF siAven 9%

o F AU A, 244saeud ¥
%, Typel, O fibere] 9 WAL Z7IAHTG
(4 %, 19%).
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3t 3L (Herbert et. al, 1988) H|&F 3
7}1}"]\*__‘% N A(stretch)A 71 23 RNA 333

guidd £t FUHEEEE Rasd
(Loughna et al, 1986).
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1) 39225 (hindlimb suspension)

TE EYE o&sd A E FHAAY
(8%, 1991). B2yoq mRf X (tail
suspension device)E x9 TY 12894 o
3 2& Yoz AHEddg. neE F7d
Z7)(air blower)2 ZalH 75% oY YF & (ethyl
alcoho)2 F3 W&EAIZ ¥ benzoin tinctureE
EFAA oAl dzAFEY. g5 A0 U(skin
traction tape)® HIAE €& F de o= F
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Control
(N=6)

Hindlimb Suspension

(N=6)

Hindlimb Suspension+Exercise

av=5)

0 days

=

14 days

* muscle dissection

3 1. Experiment Design

2t mele] 2HAZ F 27 dl(stockenette) O
E AL AR a AT mad B
L EdY F3ol melE W o] wEle} oM
& NE F cage B AT @12 (swivel
hook)ell AZAIZTH #e RAdedrt 7k A4
EE ste o2 3mAANA R rt cage vie
o A ¥:E a9 dode ASARE 23
d Qo] 222 Wa opd ¢ gk

A =4 (noninvasive) o)™ 24+ ¢k

fo4

ol AFH-32fel] s AARE wwEta )
o o] Wil os FsHE Wi Avied A
THE7E gl AckE Alge] A@He zaE=
A g 4 Qo

2) AdE Bf 5% EE553)

AtE s FH3hs B 44 7mt 19 33 1
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T EFE FAAET o) £x= AN A%
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o 10g FAVF ¥R os RasEe AHE
TEE AAEg T

3) <85AA) AF A4

A
Z}39] FE& pentobarbital sodium(50mg/kg
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X P HE2E FAst A

W
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5 AA" 7S, FHE 9 u829)
FAl(wet weight)E microbalance(Mettler PE160)
AN FAED FoirpAeZ, AEIa o
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4) 4945 WA (myofibrillar protein)
A

YE RAHPE iR, S5 9 nEa
€ 39mM sodium Borate, 26mM KCl, 1mM
Phenylmethylsulfonyl fluoride, 5mM EGTAE %
8t3t  borate-KCl buffer(pH 7.0)ol| A} <
homogenize AT

Homogenate® 4Tl 2000pmoE 1583
2ARE AP F Pellet?®t 2ol 1%
x-1002.2 A oA membrane-bound protein%t
AASH 0.1M KCl, 50mM tris(pH 7.0), 1.0mM
DTTel AFFAIHT
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¥ 1. PRE AND POST WEIGHT OF CONTROL, 14-DAY HINDLIMB SUSPENDED(HS) AND EXERCISE
DURING HINDLIMB SUSPENSION(HS-EX) RATS

Prewt.(g) Postwt.(g) % change
Control(n=6) 206.42+7.90 215.23+10.12 4.27
HS(n=6) 212.00+7.96 197.17£9.49 -7.00
HS-EX(n=6) 211.00%+15.36 216.75+4.38" 2.73

Values are M*SD n : number of animals

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

1.0mM DTTE E%3% low sodium bufferof| A 2
3 AAE F pelletE FHFN =9 9o =
E FAe 4CAA F#R89o™ Lowryd 3
(Lowry et al, 1951)& o] &3} vtz g A

ek
v. d+ Zzt
1. &8 AR 2 AEST 2]EH HA
HEof Het

CHEE, JuE BAT, £579 A4F A1EA
o AFI 149 F9 AF Wile E 1A Re
upe} e},

Ag AFA] AFL d2TFo] 206.42+7.90g,
kel Bl 2120017.96g, £E o] 211.00+
1536g 22 3Tzl AF9 zolzb gidert 14
d F AFL ghRFol 21523+1012g, Aot R
fol 197171949, S50l 21675+4.38g0

2 FTol AoAFfTd vla 993% 93t
A Ao
2. Slcig| 87 712t & FIIHYU *2 2

o] 30| sicizlze 2 FAH/
ol st
A EH/ 717 F FAEHA &5 g
29 & A vX= 4Fe F 24 89%H
vl 2} 7 Rm| el RAlE dz2Te] %33+
9.14mg, SohelRTol 6300+ 1476mg, $ET
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o] 7883x8WmgoE At BHTol U
Hl#] 3391% FA3HA ZAsEIP<00l) F
ol Ao Lfdl us] 2513% FolsHAl 57t
Ao (P<0.06) A2 3 EHA ZH

Z2HZe FAE tERTol 191.17121.61mg,
Arte] B4Fo] 176.83+983mg, +Fwol 17867
+11.78mge. 2 R RHaol ol v
750% froEiA ZAHIP<001), FTol
Ak 24T HE 1.04% Sk AEE W
gyoy AA4ANZ FEHA R

H 229 RAE diEzFe] 5181012446mg,
Ao -gTo] 450.17+34.34mg, &5 To] 4908+
3024mgez  RoeFfTel oz =3
1311% FeskA HAP<0.005) 530 Aok
YEGT vl 1.98% E71Ehe Fge vEH
oy AAalz 3 EHA ZHch

3. o2l B 712t & Fo|1HA *e2 d
ol 50| Hci2|2el Achz Aol
o|x|= st

oo

Aty F4 713 F FEHA 5 94F
el AU FAC vAE
kg utsl 2o sbaelze 4
ZFo] 0461004mg/g, Rl HH
007mg/g, &FT°] 037£0.04mg/gS
BoFo] izl va 3696% FshAl okn
E ol o Rfwol vl 2759% Fel5HA
ZiP—LHP<OO6 A= g BatA] e
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I control HS

Soleus

BHS+EX

Plantaris

*  Significantly different from control value (P<0.01)
** Significantly different from control value (P.0.005)
+ Significantly different between HS and HS-EX (P<0.05)

Gastrocnemius

a8 2. Effect of periodic low intensity exercise on wet weight of hindlimb muscles

¥ 2. WET WEIGHT OF HINDLIMB MUSCLES IN CONTROL, 14-DAY HINDLIMB SUSPENDED(HS} AND
EXERCISE DURING 14-DAY HINDLIMB SUSPENSION(HS-EX) RATS

Soleus(mg) Plantaris(mg) Gastrocnemius(mg)
Control(n=6) 95.33+9.14 191.17£21.61 518.10+24.46
HS(n=6) 63.00+£14.76™ 176.83+9.83" 450.17+34.34
HS-EX(n=6) 7883898 17867+11.78 459.08+30.24"
HS/Control (%) 66.09 9250 86.89
HS-EX/Control(%) 82.69 93.46 88.61
HS-EX/HS(%) 12513 101.04 101.98

Values are M*SD n : number of animals
* Significantly different from control value (P<0.01)

*x Significantly different from control value (P<0.005)
+ Significantly different between HS and HS-EX (P<0.05)

0.10mg/g, RutiR-Fatol 082+0.09mg/g, &
o] 091 +0.06mg/gL.E Hcia) ¥ Hatol iz
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B control

Soleus

HS HS+EX

Plantaris

.

/

Gastrocnemius

* Significantly different from control value (P<0.05)
** Significantly different from control value (P<0.005)
+ Significantly diffe rent be tween HS and HS-EX (P<0.05)

& 3. Effect of periodic low intensity exercise on relative weight of hindlimb muscles

# 3. RELATIVE WEIGHT OF HINDLIMB MUSCLES IN CONTROL, 14-DAY HINDLIMB SUSPENDED(HS)
AND EXERCISE DURING 14-DAY HINDLIMB SUSPENDION(HS-EX) RATS

Soleus(mg/g) Plantaris(mg/g) Gastrocnemius(mg/g)

Control(n=6) 0.46+0.04 093*0.10 251+0.10
HS(n=6) 0.29£0.07+* 0.82+0.09* 2081015
HS-EX(n=6) 0.37£0.04 0.91+0.06' 233022
HS/Control(%) 63.04 88.17 82.87
HS-EX/Control(%) 80.43 97.85 9283
HS-EX/HS(%) 12759 11098 112.02

Values are M*SD n : number of animals

* Significantly different from control value (P<0.05)

+* Significantly different from control value (P<0.005)

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

69.23110.24mg/gmw o 2 Jtie|¥-{-o] tzF HEZe Zd4F 9lEgHEe dizxdol

of ula) 4824% -freldtAl 7 23HH 3(P<0.005)
2ETL A ATO w8l 4068% 5
HOUHP<0006) AAAZ 3 Bahx Zgut.

2429 2U4% DUERBL YRTo
11012*+1542mg/gmw, Rt F-FT¢o] 6514

7.34mg/gmw, &FT°l 81471573mg/gmwo
Sog ol izl vlal 4085% F2jstA
Zk(P<0.005) &Ewel Ak R{Tol B3
2507% #2l8tAl Z o HP<0.005) HAYAE FE
52 2o
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Soleus Plantans Gastrocnemius

* Significantly different from control value (P<0.01)
** Significantly different from control value (P<0.005)
+ Significantly differentbe tween HS and HS-EX (P<0.005)

33 4. Effect of periodic low intensity exercise on myofibrillar protein content of hindimb muscles

# 4. MYOFIBRILLAR PROTEIN CONTENT OF HINDLIMB MUSCLES IN CONTROL, 14-DAY HINDLIMB
SUSPENDED(HS) AND EXERCISE DURING 14-DAY HINDLIMB SUSPENSION(HS-EX) RATS

Soleus(mg/g mw)  Plantaris(mg/g mv  Gastrocnemius(mg/g r

Control(n=6) 95.08%£9.25 110.12+15.42 : 2236412213
HS(n=6) 49.21+4.22" 65.14%7.34" 140.15+11.15"
HS-EX(n=6) 69.23+10.24" 81.47+573" 165.28+17.19™
HS/Control(%) 51.76 59.15 62.67
HS-EX/Control(! 72.81 73.98 73.90
HS-EX/HS(%) 140.68 125.07 117.93

Value are M=SD n : number of animals

* Significantly different from control value (P<0.01)

+* Significantly different from control value (P<0.005)

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

%, 2.713% F7lsly FAZE 11.31% At ow AdoulEa FA 7}
70% 74Tt o9} o] A 1713% 723t ol Aa= ZF A st
AF AFol FrtE = visl & 93 siximl2 Azo] FAstgthE Musacchia

e Aoz ey 5(1981, 1983), Kasper 5(1982a), Templeton &
A Ffaeld AFe] Bad B AFe (1984), &(1991a), & 5(1992, 1994, 199%5)9] ®»
- o

S
£ &
Ho
ol
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>
)
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¢

] 501949 ZAzie} BHu @Eo 3, £33 Fdgo) ZAaskvhE Musacchia
AFEA XA L 5w Wt Ry (1981)¢] B9l A3kt
27 Zadd 93 Aoz Aztdn o] AE 14Uzt &F AR A9 AFH
Atke] Rl o3 &5 AsE stane 3 250 fFo] HFLHNSE AAEY EF5A
< FA7F 3391%, A2 FAE 31.96% 3t ¥ Type [259 9% Bale] ¢ & AL
FasFon, HHT 3L By 7595, Al 7HAn] 28 A E(slow-twitch muscle)dl ®}3] ¢
SHT FAE 1183% Asgn b2y de 2 Ho 7 920] 2hBooth and Seider, 1980 ;
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Bruce-Gregories et al, 1984 ; Sargeant et al,
1977 ; Witzman et al, 1982)& A9 £3€ddt

A Rfo] % @F A s A4
AFEs 259 AFo] AR A& IHPA
Astet gl e £57 FUhEo] 2dE Ao
2 (Appell, 1986 ; Henneman et al, 1965;
Morey-Holton and Wronski, 1981 ; Goldspink,
1977) 44€ # 9} Booth(1977)9} Sazoor 5
(19770 259 FE Hlgo] FAAA AARF
Zol W3z gty Ragoevz Z§ LA}
gz g3 fFEF AS(valid index)Zte A
< Jvepdth

g5 Al o 25FF FdS
o|3} ztgo] o7 SAAL TE LA
&} oj(Musacchia et al, 1983) &% 5o &
3 gulgtA ol Wizl FZ9 RNA &3
9% Aol 9l=(Watson et al, 1984 ; Tucker et
al, 1981) Aoz A" 4 gk

2 a7 2% f0RRel o Az
2944 aud gl JlAv2elA 4824%,
£ 2o A 40.85%, WS4 37.33% F2l8HA

38

@ J

Bl 54
g5 Al g3 Ao 2AdF 9
T7F Aste £ 479 A= 20598 FF
Jelel =&F Fo A2 S9HAF @
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