FNY - 2§, AE2, 20, 23

BEANE 9279 £F

Aol et Edllol ulX|= &

I.M

i

L7 Eed

=89 2717 BEE e Aol gL et
T delA qlet, FEASE THUEL $oddte 2 A
Z 459 arlg dtdL s = SEA R 25l
Zhell 2] & A F2 5k el ol o) 44 Ho(Booth, 1977,
1982 ; Booth & Gollnick, 1983 ; Finol, 1981).

AAeA, vl 2% (inactivity), Ab=] ok A 7H0 A 18
o) A goll elgt THALE AstE FAT vk A4 E
o] 127097 5&AREo] AstHd A4z whez
Zo)-EoH(Sandler & Venikos, 1986). 2 At Ft
Aol FFARe) Al g B PG Pl A Bl &
HA 32 A4 Y 4 9leHChoe, 1991).

EFEAANE FFo] IAH 8L 24 (sarcomere)
o] AAlg]o] z7]7} ZFolAlvd(Tabary et al, 1972) %
of AtEw ZHMAbe] FolEcHWilliams & Gold-
spink, 1973). Scigl 25 387 10 Alole) Axle]
A &9 w7 A A (radial growth)o] SAskA A 5
3109 of & Halae 76% = izl A ge) A= g
(Darr & Schultz, 1989). o] 2igt AFE FEA2
A Aol Al F b A& Ve gldlh

Aol gtz 9 <8 (adult muscle) & FFAH4) (flex-

-

* o) st 7E B e
w2 A A 7l F7w e Al ]

A :‘a*

Aol REA AP Lr] =
84 sle —"&’a“"! A n QA E A YL 22 o
5] 251 ¢} cH(Williams & Goldspink,
He TR oAE 4o F4
A17]7] Y8 el A4 TFHAANM FF o gt
=1L A s

Fadol| odt E&4ALE NS AFd v F(hy-
pertrophy)ell &3k Zlez Az ZJAG7F FE 4
Aw A T/‘]'/" b (McArdle et al,
1981) = AH & vtete g Zhol] AA4EF olabe g A

T8 Ful THEA A A8 NET A e g 2
A4 9l e 4—‘;— 7h3 stell A g-& A A3l A Aqt
Faiol oddll A& Akl &
Ao %‘—Déﬂf}(il, 1991). S1& 2o A} us
& 2843 Foboll g ileln & AYY Sl
TR F9 =+ HrHaddition), RS #vho)
o8 Fa Az ol Aol 95t Holck{Enesco &
Puddy, 1964 : Goldspink, 1968, 1970 ; Moss, 1968 .
Smith, 1983) olelg FA oA Zuf $Eo 3 92
<o Aeksly Falo] Tel 4 A Aol A oA of
2lg Al bE sl & H o vl gleha sl olof
g A2 A glong B oM s Akt
AE 3E7e $EERC HF  skAn]S(soleus
muscle) & 23 ++(plantaris rnuscle) & 7o)} a0l

ed position) &

3

oX,

o ofy

—325-


lee dong young



oA d g ghelnat gok
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24t zgowﬂ%izio}i;wm 292

ol 24%%4 Sl ol Eatel A3
Jolmz 5ol g JFE3 2o U
1

P& sichel Sqol S8 FEART 31971 28
ol AH AAG 5o AF22] Aols} Follo) 7]
& Feia) f@Aols FAA F4L o

: &,
547 280l 915 el 2 8l 2422 Aol ot
Aol FaiE) wlEAFER A £
A

e et o e

Q

w
oo
Q@
o
0%
lo

29 Z(muscle atrophy) | 29 A F(myofihrils) 2]
n:}ug =] /l]-zgoﬂ _,]3]- =5 (2] a]:,] P e

gobg] 2f-(hindlimb suspenswn) : Ak Eal

AR L FEA S A 2] s A
TE 2y
327 : 49 (swimming) ¥21 & A A4EE

(cage sedentary) 2 & 3 23} Scte] 233 7174

oo+

0z

=

1. oA

Agzga Adult female Wistar rats(N=65,
100-120 days old, MF=187.65+14.13g)5 AI-&3tg]

3 Al ofg g H4347]7) s g F
(adult rats) = =5} ic},

st Ages F4g
circardian rhythm-£ 9 8 1241712
A stgem A Alg(2gAe)9 & olgE o
A shsdet

rlo [z
ok,
2
=N
%
5
|

2 HEEACE 1)

AYFEL FA92 g3 o] 2T 4T, F5A
S 3oz FRagch HAEL Aekel & 25 oA
* #
* CS28
Co *
Cl4 CR28
* *
* HS28
*
H14 HR28
| Hypokinetic phase | Recovery phase
[ !
Oday l4days 42days
C : Control
H : Hypokinetic
R : Runner
* : Sacrifice point

C0 : Control{0day)

Cl4 : Sedentary control{14days)

CS28 : Sedentary control(14days) followed by sedentary
recovery(28days)

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

Hl4 : Bypokinesia(l4days)

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

HR23 : Hypokinesia(l4days) followed by exercise train-
ing(28days)

Fig. 1. Experimental design
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o2
{hypokinetic group) & A ctE & i W wolth

1)

B AT FAY AR, ApAe
7] e 0d HaEEE 4Ass
U FE5A 3 (H14) 2
g A (Cl4). 1447
¥ A4l 2890 AAH 58
doﬂ 0w} (HS28) ole]
270l 2890l AH

< sh3icHCS28

4

.._.
=
w2

S
oX,

L oox
gt
o
ﬂ'l

A) /;]

<
).

AX TS *M*W?M AT A 28Y =pA
woll 7hzbe| 23 FAHZE AAslgn FEANEL
1497 Acke] B5-5 289l AA 5 & %A

v 4SS A 289 vtAhd slAe| 2 AT

A A 3}t
3 AEYY

1) sigte] #+
& 54

Morey-Holton# Wronski(1981)oll ¢j&] -1wkslql
3 Sweeney5(1984) o] ¥ A7l FEA 3} W] & o
B3] 292 SUARAD of ZHolA 22 v 57
) (tail suspension device) & w2} &} <91 1/2 290l
i A2 o g A galgdct mel s F7) A=)
(air blower) 3 @l 75% o &l %_}i’-(ethyl alcohol)

{hindlimb suspension) ol 2] =9

2 @3 A2A417] ¥ benzoin tincture 5 2527 c}4]
FAAzA 2 AzAZel f3Aa = °]E(sk1n trac-

A4doz $5¢ v el BIANT

=327~

o §h7h e a] A H|223 Al3E

tion tape) $ 222 Y& 4 ¥ Fo 7 e} we o
22X 71 $ ~8}7) vl (stockinette) ez 4FAal qb
2z nAA ek melo] F2tA) 7] Hlo] Z o] Flol 1
£ 43 o] melo b u-E HEF cage Aol B
24} 34 1.2 (swivel hook)oll 972 A7} # 9| St
g7t ekzt ALl s & ik ol nAAA sictel st
cagevbsl el $7 @5 F sRer getel s AREA
Salo)x 2 ahiek(, 1991). Yot & AFAAE &

Fof et 7 A(stress) & 242 b (Sweeney
t al, 1984).
o] whwl-2 8] A E = (non-invasive) o] # & AFqlA o]

+E =l glof of whwj

o

A F et THoll v]H & AF

off o3l 22l &= W 3k Hete]ol AFH3L7t gl 4

thejab-gol Algsl o] zelsle Adeta & 4 ek
Sete %j—-‘r’r%% e 5 BAste] wA A 3

THA, 23 2z meld Agwstsl 9lestE

.

2) 3l &7] &l

25-28°Co] w523t &
& me]o] oo} £ E8
ath, 1964). 82 7)ol #|ZFo)
£ AARelY AE L 2 do] A%

FollA HFe 5%t sl gte &
st h(Baker & Horv-
ol Frtstn Aslemz &

o) 590 7 2}ak

#E mefol s 35402 £50E S
717] Y3 28 Fadr| 7ol dx]ﬂ_ z t]'—r]‘i’

ol
rifo
2
X

| sodium pentobarbital (4mg /100g

A ) g Bplol F218led vl 4] 7) & SRR 25 2
HZe ZAFga ZAY 2§ R T (wet

weight) & microbalance (Mettler PE 160) oA &5
i

7hRbe) & vl F$(head of fibula)9 =9 (proxi-
mal) EzhE.2 o) 4] 99 (distal) o}# @]~ A (Achilles
tendon) 7t x| A A stz S22 2.9 A (distal ten-



don) & 7hatelZo] 7434 etflals AL el 92 5) BA 4

(sheath) & et & 5ol 213 F FF(calcaneus) 7 ol A FRE FtAelEy 42 o], g,
9 (proximal ) 2ol A AAstgz FAF(sesamoid Aere BF3 $FH 22 ebldeh 2 F7hke| el
bone) ol 325l TH A ol - E 7R A A5}t % Kruskal Wallis testol s8] Z&stgon & 271
9] o] & ZAF37] 98] Mann-Whitney U test& 4
4) =59 dolo} Fall 24(2d 2) Al&hede,
A A8 =55 microdissecling tweezer 2 2ol 7
] gh 3L HbE Al | Foll Ag o] 3] T 59 Holsk [.o3AE
E9E A F AL 10cmA Yol 2 F 2l gl 8
Z3E A E Hol 7155t LEHCIE| FREF MBSl #al
=59 Hol& 51 AP (junction) Aol 2
ol g ZASEE A2 Y 25 A Y e} HzE7 Sebe Al A AT M Fel] e
T &7 AR Aol Aol 2A sy 2AT 7b gevkE 7é 871 98] Mann-Whitney U test &
+ 49 25 AR 24 7.‘414]477}2]4 Hol& & A3 F 7 Aol 7} glER o2 Vel 1497
A8t o Sivte] B5F Al 180.79+16.24g2 & W) 2 F 9
E¥E 25 (muscle belly) 9 713 2 sioi29 4 AF 203.46+12.69g] via *osiA mgko(p=,
7 AL EeA &24stdo) 0007). h27e A AlRAA2e 14 AE 8 Zo)

5.42% F718I4a siche] RRFe Lfdol vle) £
$% Ao 0.72% F715 A E 1),

----- —Sesamoid bone

2. o2 77t 7iAtol22 FA2e| Mo o|xls

£ 50.14% 2 521 37 2 9keH(p=.0000).

| I —Tendon - Z2A 2 Ao gl 240] 213.50+12.03mg, 149 S che]
3ol 144.00+£26.26mg e & Slvba] L8-Fof 23
= Agko] ) 279 67.32% 2 FolslA BEAo g
Fig. 2. Schematic of the plantaris and soleus muscles et (p=.0000).

illustrating the sites for the tength and circum-
ference measurements.

At

: t
g1/ s 14397e] Sichel $-97) Aol 23t 252 o) gl

L 3
—gb % I _5‘ - Circumferential g 3 WA @S #2004 By ube} 4Fo] spxpRi Ak
§ g 3 "_3 il measurement = g < T 0] 105,701 6.62mg, R e+e] LfFol 53.00+
i ’ 3.54mge g oty B slale|F Aekel o 2E

l

PLANTARIS M. SOLEUS M.

{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 10
Preweight{g) 193.00L 7.89 179.50+12.35 18.0 .04
Postweight(g) 203,46 +12.69 180.79£16.24* 8.0  .0007
Post /pre 1.06+ 0.10 101 0.12

Values are M+SD  n : number of animals

* Significantly different from CQ 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) 105.70x 6.62 53.00+ 5.5¢° .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. Sicie] #R)7 70|23 Sx2e 2ol OlxlE o o) =Fo] 18.30+1.42mm, 14% A cte] E{-Fe] 18.

o4t 10+2.88mmz. slche] -‘?—%491 7%%%31-1 7ol A4

seel Aolel zbolzt glalch FAT Aol 04 A2

142 7ke] siche] 57} 7hRbe) 22k 23 2] el ol 24.00£1.41mm, 14 nHze-zol 24.80+2.62mm,

o) 2E e ¥ 33 7 149 Seheg) B5-Fo] 25.60:+2.63mme Hrie] BHt
7hRm) 28} ol 08 o 2 F o} 18.6042.07mm, 14 o) AT 7ol 7t A AR 7o)} 2o} 7l gt

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

Control Hindlimb suspension Kruskal-Wallis test
0day(C0) 14 days(C14) l4days(H1i4) Chi-square  Sig.
n 10 10 10
Soleus length(mm) 18.60£2.07 18.30+1.42 18.10+2.88 2987 .8613
% difference 1.1
Plantaris length(mm) 24.00+£1.41 24.80£2.62 25.60+2.63 2.7723 .2500
% difference - 3.22
Valuesare M+SD  n: numberofanimals % difference . % difference from C14 value
4. Hrlg| £R/7F JA0| 20 5329 gy 0| = 1.26mm, 149 siche] 257 6.00+13.3mm= et

=k 2] 3479 shabul 2 a7} 0 o) 29 62.50%, 14
ol ) 27 2] 51.72% 2 52 514 2 3keh(p=.0000).
ZA7 FdlE0Y h2Fel 11.60+1 84mm, 14 cf
Z2Fo| 14.40+0.84mm, HAche] RFFo 9.60+0.
8dmmz kel 2574 37 02 2Ty 82

14d7tel "obel 2571 7hAbel 23 24 29 Ealll
13+ g2 % 4oll4] 3= vle} o] 7izlu|
+ 0¥ thz7e] 9.60+1.84mm, 149 sfx2F0] 11.60+

=]

{Table 4} Effect of hypokinesia on circumference of soleus and plantaris muscles

Control Hindlimb suspension Kruskal-Wallis test Mann-Whitney U test
0day(C0) 14days(C14) 14 days(H14) Chi-square  Sig. Co-Cl4 Cl14-H14
n 10 10 10 U P U P
Soleus circumference  9.60+1.84 11.60+1.26*  6.00%1.33** 19.72 0001 7.0 .0005 .0 .0000
% difference 18,78
Plantaris circumference 11.60+1.84 14.40+0.84* 9.60+0.84"" 19.91 0006 17.0  .0115 .0 .0000
% difference —33.33

Values arc M + SD{mm) n : number of animals
* significantly different from CQ value (p{.05)

* significantly different from COvalue (p<.001)
** cignificantly different from CO value (p{,0005)
+ significantly different from C14 value (p<.0001)

9% difference : % difference from C14 value
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76%, 149 2 66.67%°1 A 2 ol & g Aol Fi et

Z et eH(p=.0000).

FEA sl ol shAel I SHTo Fallvt A4 5 RCiR| F 7% FH 2 HIFHO| 7IAt0| 20 S3 2o

ol 228 51 79%, RR.RT% 2 7Alu] & Sdl 7} 25 7-9) Zlo|oll 0| &l= W&t
276 v o Fastden sAu s 242y 5
Az as A oA Aekol 2aot oL 28 3 vod Sieie) 245 $elah o) Eedo] shabel et 242
Aololl vl A€ of -2 3 50l 8.2F5l wlo} 7o},

o Soleus Plantaris 14970e] AAGET 45710 v Ead P E T 7}

Length ¢——® & ---6 e Zol st zbzt 19,90+ 1.52mm, 19.13+1.46mm

120 Circumference o——o 0= -~ -0 ol sichel 4T 4T ¥ FRAETH FaAEY A

Mass 4 A A~ - Aol Aol 7t 21.22+2.06mm, 19.50+1.60mm = 47

100

Aol kel L 915
4ol AAEF 5 4729 FAE} FAT

80

60

FHT Aol7b 22k 2520+1.87mm, 26.63+1.30mm
ol slvhe] BfF 4F7ke] vl Faiva £l &
2 "017} 26.89+1.36mm, 26.38+2.26mm3 % 2
Zlell 2] =} 7] ghad el

FF i v Ealo] Axlvl T 2429
Edlof ] x = od 3L F 6ol 2 okE uel 3o
U2 AAEE F 4530 v FedFa Fevd 7t
2ol 2 &4 7 22+ 11.20 £1.03mm, 12.004:0.93mmo]

10 R Slete] FFF 457wl FA T FT bt
< %97} 8.00% 1.41mm, 13,25+ 1.49mm 2 4F kol
) ﬂ1}4r+44afw$ﬂt%&44ﬂﬂ%f
4 4 “Aﬂiﬂiﬂﬂ“%°ﬂ¥ﬁ+4ﬂ4ﬂl
m— A vl 2ol vl 14.22% v12 2 o] & -2l g ol
Control Hypokinesia 2w ceh(p=.0434). 31%7] 2890 4\:]-9,1 v %
7ol shAn]E Sz} v Ead Fof vlsl] f-eA A

Fig. 3. Effect of hypokinesia on length, circumference oh(p=.0001).

and mass of soleus and plantaris muscle

{Table 5) Effect of exercise ¢

Ex 79 2= ) 270] 14.40+0.84mm, A A5

n length of soleus and plantaris muscies

Control 28-day control recovery 28-day hypokinetic recovery  Kruskal-Wallis test
Sedentary(CSz8) Trained(CR28) Sedentary (HS28) Trained(HR28) Chi-square  Sig.
n 10 10 8 9 8

Soleuslength(mm)  18.30+1.42 19.90+1.52 19.13+1.46 21.224+2.05 19.50%1.60 4.0548  .2556

% difference -

8.74 4,54 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 55421  .1361

% difference -

1.61 7.38 8.43 6.37

Valuesare M+SD  n : number of animals % difference : % difference from control value
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F7hE o ole Musacchla‘; 1980) &} &5-o| "1 OP
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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-Heur™

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 circunference growth could be
induced through exercise iraining,

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

* College of Nursing, Seoul National University
*Saoul Poigonming and Emergency Control Center
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assigned randomly to a sedentary group or training
group. The length and circumnference of both atro-
phied soleus and plantaris muscle for the training
and scdentary groups followizig 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 circumnference 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 suleus and plantaris muscle following
hindlimb suspension did not show any differ-
ence compared to the control group.

3) There was no difference inlength for either the

atrophied soleus or plantaris muscle hetween
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 1n restoring the atrophied muscle mass
through exercise training might be induced by
growth of the muscle circumnference,
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