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1. Ao EHeM

=4

A&7l flall de] o] &= gleort ok Foshd A
FA 3ol =R g 245 FU43t (Bullock et al,, 1972 :
Rannels and Jefferson, 1980 ; Shoji and Pennington,
1977). Glucocorticoid Fo& =z F(slow-twitch
muscle) 2 A9 3g-& 2tz 9o vd(Gardiner et al.
1980 : Goldberg and Goodman, 1969 ; Hickson and
Davis, 1981 ; Hickson et al.,, 1984 ; Rannels and
Jefferson, 1980) 4ol 2 YF-& Fuwdls Aoy
g#l# dcHGardiner et al., 1980 ; Goldberg and
Goodman, 1969 ; Hickson and Davis, 1981 ; Hickson
et al., 1984 ; Rannels and Jefferson, 1980).

thl B3 71 dojip= Aol F24EL glutamine
< wE &5 2 $2]37 (Andrews, 1985 ; Rennie et
al.,, 1989) Glucocorticoid ¥4 <9 3%k gluta-
mined] o]F& Foful:ate] oF 25-30%¢] & =atct
(Marliss et al., 1971). Glucocorticoid 3. 2& X &

= glutamine synthetase &4& Z71A7|9, THZ
2] GS mRNA expression 7t} GS HA Ao
glucocorticoidel] ¢} 3t Y&} W dlsli= Aoz ¥ us

OH *k

geh(Falduto et al., 1989, 1992 ; Max et al., 1988).
Cortisol acetate 2| 8+ A Zgula F 7pak vt o
vlo] ¢ Al isoform profile-s ¥ 3} 7] = (Kurowski et
al., 1987) glucocorticoid 5o E-Eof| 2] £ ¢ u}o]
2 Al heavy chain A< x o] A5 sqlsigdct
(Seene and Alev, 1985).
oleig ~E|Rol=
8o 2 glucocorticoid & F o3}
AASHE Ao] e 2olE 34 2HF-F A
whote 2 37} gl2-o) 9} 5 v} (Czerwinski et
al., 1987 ; Falduto et al., 1990, 1989, 1992 ; Hickson
et al, 1981, 1984, 1986 : Seene and Viru, 1982).
Falduto%-(1992) & =+8 2%} glucocorticoid ol 2]
3 APsle 2HE5E D3 ol adE F2 &
(fast-twitch muscle) 9} fast-twitch fiber type<>|] /H
doj}m] av|EolE 8o o] st ulo] oAl
o g AuaAl s utcly

2y 29l

rlr o

heavy chain 335

shgich.

ﬁiﬂ‘ A ql lgl o

A5& Az A7)l °°‘o}D}L Rg ﬂlﬂ%} Ao}
ol & 79 +ELE Azke] AH|zolE B 2
Aol A=t gl Aehold 831710l F2]7)
ok Zhekgich wabd ddd 88 mefsle] ~HE

Y EATEI9TEE Aedstm Y S A A SdedTe) el Aol o8 3= F
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JlE ARE M B AR RE L FHAL
FHAA sdlzolE F2A AF 2ol PAE EFHE
e Yol TNt

Glucocorticoid % & 7}7b%-<t
2 9o nij]_l:j}_.!r_%vo:%_‘%_
b g 58 F1He

2 2o} oA 27l ofd) FEt vk $52 Type
I #5788 843417 Type 1
71t F29 A7t £& Type [ &%
ok Type I #5912 7450 8= Type I =
o AL Lol @Al "ot 2 Ez, BFA o}oll

¢

4r@

o8 Type I 289 A& XL A= F502 o
HAAS geoetan 1584 et #5199
1994) 9] A FA 7} A ALSh= vl s} ol AR B
ol F¥AAst £ $HwE) Al A e 5T
Aol JEE vl Adw FErt Fe 5 58
Asted glucocorticoid X &ol o8 G- 4E 429 92
AEE 34 3ok Mol 2 o7} glez]e

I et

AFA A, of, Artdd 4] A5
2ol=f o] o] &3Flx glovt é':‘ﬂ]iﬂl:—
Aol sl 2 F ool A A o4
St glow Ao At d= 7HFEH I QL
o 2p| 2ol A 87t BrdF sulzolE i
F Aol DAL AA = o= THFo] A
Ae Adolmz 7538 A7ke] At ole]d

& A st wate] st Asjrel=s A gf
Qb 75 el & oA AT
AEE F2A71E Aotz & 4 glon o2id
3ol A Fositha gzt

2}7] 7} % (self care) 52 F-% /{]?]J— JEE R
FAA 7= Aol k39 F 93 FeF shiele BA
oA A 2ol = Fof At 3}7‘]:" 5% 747“]71%
352 F5E o] &3k Aol iR AYUA 2AF
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hE Bt W2 Axe FAAql 5] Av ]
LA FE A2 I =R S TE k) g

1. Dexamethasone % o{4]2} dexamethasone %-oqA4]
TH AL TS H3slE Fabel #Hol AEHstE

FAR,
2. Dexamethasone B2 F 9] A%, sicbz]E FA
A2 2A Y 248 s gtako] 7}

ﬂ

<l
tamine synthetase &4 o] F7}3l+
3 7‘“‘%5%}: o)) FAHY FET
Actel , Al FA, 244 %
) glutamme synthetase A o] ZrlslertE 24
gt
4, Dexamethasone®od 5ol Fa =] 53 W3l
dexamethasone%ol 2 #1315 # 2 A, St 5
A, Al 74, 2945 AL Y
synthetase &4 o] Z7}5] =715 B4 3k},
5, Dexamethasone 5o 59t F3 2] 52 2314
7] dexamethasone Bod 2 #3std 29| A F, Aot
2 FA, A2 A, 294AF sl ZE e, gl
tamine synthetase Ao} AAto g 3EE =715

EA4 ek,

! glutamine

I. oA Y
1 AE ohat

AGEER 2P 77} v)mA L Q% of3AUE
female Wistar rats(N=21, 2% =218.30+15.06g) &
ALg-slgel HE2Ta AYFEE 5L A #8351
93L circadian rthythm-& £ 8§ 124 742 ¢l 3 124 742
oA st Ax (Y Ag) ot B w2 1
A sksiet.

2. A

]

MA(T” )

AP FEL Fatgs H=Z(C), sedentary+&5
F(C+E), dexamethasone(dexa) Fo{(D), dexa-
methasone $+$%7(D+E)ez Fr3tgich o
%72 dexamethasone-3 Fod3lx] ¥-& Folo, sed-
entary+ %7 dexamethasone-& £ 3}2] gkx 7f
AAo 7 5= -?’-01_:_ dexamethasone §-of &
dexamethasone$- g #o]=, dexamethasone %
o+ 5T+ dexamethasone Eolol Fal"ow &
5 3he ol

47 25 AY Aztd 2 328 74 A o] 7hAte] 2, £3
= % v E2E AA g
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Control(C)
(n=5)

Sedentary+Exercise (C-+E)
(n=6)

Dexamethasone treatment (D)
(n=5)

Dexamethasone treatment +Exercise(D+E)
(n=5)

N2k st A] A28 A4%

O0days 7 days
* muscle dissection

Fig 1. Experimental design

3. AE W

1) Dexamethasone5-o3

Max5(1988) 2] a9t A =lo] 98 Al AYL E
o] & dexamethasone-$ A% kg dmge] &go g |
4 13] 792 7} 9 st 528

2) Saline %o
- Dexamethasone® 5 < gt 88 & 3 kgt 4mg2)
feko 7 19 13] 7954} saline & o) 2F)| FH5}FA}

shgieh.

3) =438 treadmill =52 -5

Treadmill 5o H-%4]77] gl 19 13] 10° A}
9] treadmillo] 4 132-of 10m & & 2082 7F 9ol A A
+5& AAsUH

4) FA A EE5H3}

AE kgt Amge] £3ko 2 149 13] dexamethasone
3} salined Fofdl+ Eok 149 33 180l 10m <
10° 74 #+9] treadmillell 4] 13] 20, 19 60871 7°,—._1°1]
A +5E H3s gk

5) AlF &4
Dexamethasone 3} saline %o 2 A Oi] ey v =
2 Z-& rat digital balance(HF 7171, A&) 2 A3}

dom 25 Aol = AFE é’ﬁ staaet.

22 AA o FA2A
22 Pentobarbital sodium(50mg /kg i.p)
2z Fchefell A FhAbulE, SA 2
3 e Ald 42 rinseA] A.ow A8kz
A5 A ZAebd 3 FAE A5
3 the] 2ol AL FA(wet weight)F
microbalance (| & 7] 7], A &) oA 23 38l¢ 2w Ay
= FAE T5AA AA A Fo e sic e Ao
2A v g =2 AZ Sk

SO
£
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ol
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i) 2
R

it ?i
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7) =94 A5 kel A (myofibrillar protein) & &

WEe s Zhxe]2, 42 Y 982F 39mM
borate, 25mM KCL, 1mM phenylmethysulfony! flu-
oride, 5mM EGTA-S * &3} borate-KCL buffer (pH
7.0)oll 4] homogenize Al # =}. homogenate-& 4T ol 4]
200rpmeo. & 1587 4 Al 2] A A}, Pelletul 2.011%
Trton*-1002. 2 4 o] 4 membrane—bound protein-g
A 78y 0.1M KCL, 2mM MgCl, 2mM EGTA, 0.01
M Tris—maleate(pH 7.0), 1.0mM Dtt-& Z 33l low
sodium bufferofj A} 231 Al A &+E pellet & ZFHFoll =
et 99 BE A= 4T 485k A Ak
2 Lowry ¢} b (Lowry et al., 1951) & AH-&3kgich

8) Glutamine Synthetase(GS) &4 = &4

Assay mixture lmlel] ] & 5045 7}351ed 37°C ol
4} 1547} incubation GS 4% stop mixture(0.37M
FeCls, 0.67M HCI, 0.20M trichloroacetic acid) 0.4ml

—895—



5 A7 e At] 430 FIEE IS
A5 o] &35t 540nmeol| A A 3o 2 FA4HAJE v]
w5,

2 AfolA A& assay mixture: 24mlF 1M
HEPES(pH 7.4) 2.4ml, 3SMKCL 5.0ml, 1M NH20H -
HCI 1.0ml, 1M KH2A304 1.0ml, L~glutamine 0.7g,
50mM ADP 0.4ml, 2M KOH 0.4mi¢} 10mM MnCl:
1.0mlEs H7bste] zAs e (Meister and Tate,
1976).

9) EAIEA
7z 9l Mean+S.D. & AA4bsta 2 Fo zolE
Kruskal-Wallis testol] 2|8 7 ZFstgon £ F71o]
2}o] = Mann—Whitney U test& 4AA|dle] AZ35H%
ok A2} 797 44 AF9 Aol Duncan mul-
tiple-range test2 &3 o A4 HFoiLp
0.05 ~Foll A 3 =45} eh,

M. 28 n&
43 corticosteroid 7} chof3t A2 JAF54] Q&
2 53t7] Al 2] o) &= 2 o) ohak Fodstd A

FTAste} =4 h4 5 Foidel Glucocorticoid %
of 2 2| Z(slow-twitch muscle) & A9 o 3F& kx|
ot o vy 4 (fast-twitch muscle) ol F 2 9 &4 f1
ste 2oz oeiA sld

Glucocorticoid ¥ 22 # &2 glutamine synthetase
24 E 7S B8l (Andrews, 1985 ;
Renine et al., 1989) %A A<l wle] 2 Al (myo-
sin) ] glucocorticoide] wF-SgtiE Heol ZHE e
u] dexamethasone %7} myosin heavy chain &4
S Z9l Zlo 2 ¥ =9l 7 (Seene and Alev, 1985) °]
& gl ¥ 3} fast —twitch fibereill A ® 54 o) A= I
= =it

Glucocorticoid 2l 8.9} A5 =9 &8 A7 &%
T 2L £ZaE9] ool o8] AAdE 4 glgol e
2 2 (Gardiner et al. : Shangold, 1984) x]72 & o]
glucocorticoid %A T HE 2 A7) =0 &A
ol H#hyolagl= Aol A5 glek(Hickson and Davis,
1981 ; Seene and Viru, 1982 ; Hickson et al., 1984).

Cortisol acetate 3 Fodte] T9&S F2A7|3
AH 2ol EE Foddte Fot FAA 2§58 234
7 2922 A A 718 A =7} Czerwinski S (1987),

,_.

Falduto 5(1992a, b, c) ¢l o] &l o] So] 3},

Czerwinski 5(1987)-2 1197} cortisol acetate -
100mg/kg2 494 B 114z F23 o) 31me] %
=2 10% Aol A 19 9087t 5412 Ao £ 23
HEAFZo A Aol F9x glutamine
synthetase mRNAZ} 7} 4 5] 9 o} (Falduto et al., 1992
a, b, c). Falduto 5(1990)-2 cortisol acetate & A3
kg 100mg4 Fofstwd A ot 29me] 45 8 19 903
7t 1197 F5F AAst F32 29 Al (deep re-
gion), ¥ X (superficial region) ¢ ZAf2 29 o
g £33 A5 Typella, Ib fibere] 952 7334

48 3Fsk et

2HRo]E Rold 78 F31E A8l THH S
7724 A 718 & x2 o] Falduto 5(1990, 1992 a, b, ¢),
Hickson5-(1984) ol 2] #) A == gl c},

Falduto5-(1990) 2 Fo 544 125 24 %52
=9 A E Az SR A whR 2 4F A of 85 7 Alo]
A 37 28m 452 110-120%7F +5¢ AAsln &
2 whA =} 109 -4t cortisone acetate® A& kg
100mg %oi A v 223} ST TAG 3t
alokg4 ¥ wdleich 2 3im& =
544 12-1650] 2 +52 *axlﬂ#ﬂ}zlﬂu%%
Ql cortisone acetate & A& kg™ 100mg oI A 7
fast-twitch red fiberse] GS &4 43 mRNAZ
35-70% 2 748G ch(Falduto et al., 1992 a, b, ¢). 1
% 1004 554 13-155F o A 52 A4 5o 85
HE 5 AL A Bl 3imE g %55 445
%8 ulzat 129 %<l cortisol acetate® A F kgwt
100mg Foi38k A7 =323 FH 2o 2AH 4 E
Z9cH(Hicksonet al., 1984).

o|9} o] AH ZolE FoqA Foidl
& A 2 2L FHE A7}
291 o1}, glucocorticoid % 85 A Z&k=] 44
Al i B Aol Qg o +5S —‘?—?}/‘]
AL 42 5] AE 5 e
(Falduto et al., 1992).

=3 In vivo A% # ol e} In vitro A ¥ o] o] Fo]
Heow cultured myotubed wHlEH o7 AF3lod
dexamethasone A e]Al 2] ZAFA A9 45 2
ookl dafel A4S FY 4 S EwEdc
(Andrews, 1985).

ol F AYdTE TAFY A%
B 29} whwdA, glutamine synthetase &4
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synthetase mRNA, myosin heavy chain 34 52 ¥
st tHgey 24A4F =82 (mtofibrillar
protein) o] W shol] A= AR 37} gldeth

&7 588 2] A28 A4E

N.dAxdaY

-4

1. DexamethasoneF0{A| 2EZ F35}st= S| |
=35

#HE (g)

E—Ch group

. =g Dexamethasone
| et Conitrol+ Exercise
| ' et Dexamethasone+Exercise

AT

@ Significantly different from pre wt. value
* Significantly different from pre wt. value

(p<0.01)
(p<0.05)

Fig 2. Change of mean body weight during the experiment

N =F(C), +E7(C+E), dexamethasone(dexa)
4:7"(D) dexa® o 5ot +5F(D+E)9 AF A=
Bel 797k AFASE B (7] 2)ellA 2wl
Zhol t =F-2] Al Fo] F7hsted TUA | = 9] AlF
)3 4] 2] 103.06% 015 2 EE5F AFe 7
714 W 5}7} 919tk Dexa®od £9) A|2-& 7H4 )

E] o8 +£2 5 893 (p=0.0090), Dexa

_motﬂr]o_\z_..
ru*f“

74 & Vel ok (p=0.0119).

NE2F, 5T, dexa®od T, dexaF o5t +5F
o] AFAAA 9 A Z(prewt) s SA A=A A H2
(postwt)2 F 10l4] B ujol 2o}

AGA e HFL 2ol 219.20+7.47g, THT
o] 218.33+6.53g, dexa%olFo] 219.90+15.20g, dexa
Fol gk £FTol 2183011506822 Lﬂﬂ‘hﬂoﬂ 2

g zlel7} gigdch 282 A AAY AFL fRFol
Table 1. Pre and post weight of control(C), control plus exercise{(C-+E), dexamethasone treatment(D),
and exercise during dexamethasone treatment(D-+E) rats.
prewt. (g) postwt. (g) post/pre(%)

C (n=5) 219.20 £ 7.47 22591 £9.11 103.06

C+E (n=6) 218.33 £ 6.53 217.19 £ 5.82 99.47

D (n=5) 219.90 £ 15.20 175.89 £ 9.64@** 79.99

D+E (n=5) 218.30 £ 15.06 174.93 £ 12.23@ # # o0 80.13

D/C(%) 100.32 77.86

C+E/C(%) 99,60 96.14

D+E/D(%) 99.27 99.45

D+E/C(%) 99.59 77.43

Values are mean+SD(g) n ; number of animals
Prewt, : body weight at the start of experiment

@ Significantly different from pre wt. value

* Significantly different between D and C

Postwt, : body weight before dissection
# # Significantly different between C and D+E (p<0.01)
0o Significantly different between C-+E and D+E (p<0.01)
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225.9149.11g, +%°] 217.19+5.82g, dexa %o F°)
175.89+9.64g, dexa®o] Eql +%5Fo| 174.93+12.23
go 2, dexafoio| th2Fol vlal 2 Fol 22,14% &
2| &A 748 Rk (p=0.0090). dexa%o} 5t +5F
o] hzFoll vl AFo) 22.57% T2 shAl st

=3 (p=0.0090) dexaoll ¥]3] 5.80% Z7}3}+=
»got ZAz 385z £}, FE5Fol

of w3 3.86% 24t ¢S wgot o=
kgket,

S5 A A" AFe) AP = o)) v dexaFo
FollA 20.01% 28l Zashglen (p=0.0090),
dexa%o]Et -5 T2 19.87% F-2l6hAl Zastgiont
(p=0.0090), HZTF} E5FolH = s} gisich

ok }.&

fr #ft e fo

3

£ ol

2N

2. Dexamethasones2 04 S22 2F0| HCj2| 2 2H|0
OlXl= B8

79 71¢] dexamethasone o Eqto] 2 Al &%
o] slrta}Z F-Aloll il of k2 ¥ 20 gokEle] 9}
0w, 28] 304 2 wie} Zrf,

7} 2bu]) Z(soleus muscle) 2] F A} (wet weight )+ o
Z70] 115.40+£19.67mg, +%F°] 131.67+11.84mg,
dexa oo} 100.00£10.00mg, dexa oA 57
o] 113.00+12.23mg°  dexa%-o} Eqt £ 5Fo| &5
Foll vl&] ZhAlE]Z FAZE foaA APy alp=
0.0285), dexao} )= Foll vl 13.34% 74351+ 73
£, TETol T v 14.10% ZF71 st Aol
2. dexafod-Fet F5Tol dexa Foil ¥l8f 13.00% 5
7behe 7 e vebll ot A 2 3|8 5] 2] £330

!

Z# Z(plantaris muscle) &] T & o] =7 o) 238.40
+10.99mg, --5F o} 221.33+19.34mg, dexaT°] 163.60

+16.56mg, dexa®-of E-9t E o] 193.60+18. 93mg
2 2 dexai-ol ol sl 31.38% f-< 51A 243
2(p=0.0090), dexa%oi 5 FE 7] dexa ol ¥
# 18.34% F13HA F1 3o vHp=0.0160) AAA 2
3E-3x Erch dexaFod et FE5 T TE T v
) HHZ FAA oA AP n(p=0.0441), &
T FHE FAs 2ol vl 7.16% 75-01—— 73
& vebich

2 (gastrocnemius muscle) &) F-Al & of 270

1167.40 £68.46mg, -5 °] 1160.83+113.83mg, dexa
o] 826.00+82.38mg, dexa &of Z-oF %7 o] 939,00
+99.46mg o 2 dexa F-o] thzFo vla] v F-A
7} 29.24% 52 8HA 243 31 (p=0.0090), dexaFo &
ot 50| dexatell ®l#H 13.99% 3718k A gke) ¢l
ot Az 8 8atA] 2Yct dexaFol 5t T
o] EFToll wldl v[EZ FAZE FrofstAl Ak
(p=0.0061).

r

r—{o

3. Dexamethasone S03E¢te| &0l 220 SiCt
2l2el Mt S0l 0| x| = A&

79 712 dexamethasone 563 Sl Fa Hql £ 5
o] SckelZe] AT FAlo n]A & oddo] F 30| &
oks] o et
7hApel 2] Ao FA (relative weight) = o 2F
0] 0.51+£0.07, +&F°] 0.61+0.06, dexaFoF 0} 0.57
+0.04, dexa§olgat 5Tl 0.65£0.072 5T

Table 2. Wet weight of hindlimb muscles in control(C), control plus exercise(C—+E), dexamethasone treatment

(D), and exercise during dexamethasone treatment(D-+E) rats

Soleus Plantaris Gastrocnemius
C(n=5) 115.40+19.67 238.40+10.99 1167.40+68.46
C+E (n=6) 131.67+11.84 221.33+£19.34 1160.83+113.83
D{(n=5) 100.00+£10.00 163.60+16.56™ 826.00+82.38*
D+E (n=5) 113.00+12.230 193.60+18.93# "0 939.00+£99.464 #o
D/C(%) 86.66 68.62 70.76
C+E/C(%) 114.10 92.84 99.44
D+E/D(%) 113.0 118.34 113.69
D+E/C(%) 97.92 81.21 80.44

Values are mean + SD{mg) n ; number of animals
“Significantly different between D and D+E

# # Significantly different between C and D+E

# Significantly different between C and D+E (p<0.05)
* Significantly different between D and C(p<0.01)
o Significantly different between C+E and D+E (p<0.05)
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28] 2Hl(mg)

400,

Cln=5) C+E(n=6)

37k 5 e 5] A A 284 A4E

B Soleus
M| Piantaris

OGastrocnemius

Fig 3. Effect of a regular exercise during dexamethasone treatment on the wet weight of hindlimb muscles

o] tizzol sl 19.61% #2ldtAl FrhslgeHp=

0.0285). dexa® o] 5t F5Fo] dexaZo]Foll H|a u] Bz o] A&

14.04% 21844 F7151 9 2 (p=0.0472) A4z ol 4t o] 5.340.46, dexa—,—o:]

o 2 3 B39t dexaFoAFo] = vl 11.76% ot +%+°] 5.36+0.272,

F7rehe 7 ol ot F-o)3hA] ghok % Z7}ste 7"5“121
E2 2] ANE FAEdN2F] 1.06£0.04, TFT A 5tA 8.9% *#

°] 1.02%0.09, dexa®odFo] 0.93+£0.04, dexaFol 3.99% Z7}3} %
ok $-%F0] 1.1140.072 2 dexaFod Fo] thzFol v]
3 12.26% 9 31 A 745 9 3 (p=0.0163), dexa o]

Zot £5 0] dexaF o F-ol u]3) 19.35% -2l 3HA =

Table 3. Relative weight of hindlimb muscles in control(C), control plus exercise(C+E),

7t ond (p=0. 0090)

Z] ol Aoz 38 gt

AR
Ale | Z2F0] 5.17+0.31, TEF

o] 4.17+0.54, dexa® ol %

-?r ol thael vl 3.29

xa F-ol 70| Bz 2ol vl

}911, $5F0) aFo] B3
3ol el dexa® o Eqt 57 o]
dexaBoiFol] ula) 13.80% SolslA =3l owd

(p=0.0283) A== 8= gich

dexamethasone treatment(D), and exercise during dexamethasone treatment(D-+E) rats.

Soleus Plantaris Gastrocnemius

C (n=5) 0.51£0.07 1.06+0.04 5.17+0.31
C+E (n=6) 0.61+0.06+ 1.02+0.09 5.34+0.46
D (n=5) 0.57+0.04 0.93+0.04* 4.17+0.54
D+E (n=5) 0.65+0.074#" 1.11+0.07@ 5.36t0.27@
D/C(%) 111.76 87.74 01.10
C+E/C(%) 119.61 96.23 103.29
D+E/D(%) 114.04 119.35 113.80
D+E/C(%) 127.45 104.72 103.6+8

Values are mean+SD n ; number of animals
# Significantly different between C and D+E
*Significantly different between D and C

@ Significantly different D and D+E (p<0.01)

" Significantly different between D and D+E (p<0.05)
+ Significantly different between C+E and C (p<0.05)
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sich
atat

. Dexamethasone F0{S¢te| HA|X 0l 250
2|29 2N FTHYE (myofibrillar protein)
off 0|x|= A&t

Z9AF A geke F&FA 1g TUAH

w4 &2 (mg/g muscle weight ). 2 vielul ol =},

79 7k9] dexamethasone $of5qte] F3 Al 5
of siche] o] ZYUA R whdakol vl o 3ho] (F
4>o) A Al 5] of gleh,

ZhAe] 2o YA e 2ol 6394+
7.22mg, -+&7°} 86.81 £9.28mg, dexa FofF°] 61.88+
12.06, dexa $ 54 +5F°1 70.73+£10.14mg = 3%
Fo] tlzFel vl 135.77% 54 S/ n(p=
0.006), dexa 535t 5T o] dexa FofFol =3}
114.3% #9844 F7hE 9l evi(p=0.021) H A A =& 3]

I‘-YL

L9
L

143 freb ghek-e o &-e] 68.35+8.08
mg, +57°) 78.18+7.78mg, dexa Fo]Fo] 61.31+
5.65mg, dexa Fol5ot ¥5T°] 70.86+9.28mgz
dexa Fof Fo] t2Fol v 89.70% 2 2l 5kA A
1 (p=0.025), dexa Fo3 &<t EEL ol dexa o v|
& 115.58% F-2l 5} F71glom(p=0.032) A2
823kl et

ul B2 SdAfk ek 2ol 73.31+5.84
mg, ¥-5F°] 95.60+7.36mg, dexa Fof 7] 89.58+
4.49mg, dexa Fo5¢ 5Tl 95.28+8.26mge =
dexairo] thzTol v s} 93.86%2 F-2 5HAl st gin
(p=0.032) dexa F-ol5t ¥%5Fo] dexa FoiFof ¥]
& Frlehe 7 g veblles AR = 325l

Table 4. Myofibrillar protein content of hindlimb muscles in control(C), control plus exercise(C+E),

dexamethasone treatment(D), and exercise

during dexamethasone treatment(D-+E) rats.

Soleus Plantaris Gastrocnemius
C(n=5) 63,9417.22 68.35+8.08 93.31+5.84
C+E(n=6) 86.81+£9.28" 78.18+£7.78" 95.60+7.36
D(n=5) 61.88+10.06 61.31+5.65+ 87.58+4.49 +
D+E(n=5) 70.73£10.14*# 70.86+9.28* 03.28+8.26
D/C(%) 96.78 89.70 93.86
C+E/C(%) 135.77 114.38 102.45
D+E/D{(%) 114.30 115.58 106.51
D+E/C(%) 110.62 103.67 99.97

Values are mean +SD(mg/g muscle weight)
* Significantly different between D and D+E
" Significantly different between C and C+E

n : numbers of animals
# Significantly different between C+E and D+E (p<0.05)
+ Significantly different between C and D (p<0.05)
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Fig 4. Effect of a regular exercise during dexamethasone treatment on the myofibrillar protein content of hindlimb muscles
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5. dexamethasone S0{E019]
2l gs M ol 0[xl=

GS 42 Az <l Imgd 540nmel 4 9] &
7 5(0.D at 540nm/mg protein) £ e YL 743
2] dexamethasone 5o &ake} 7t A ¢l 50| GS &
Aol v 2] &= 9 8ko| 5ol g ksl glet.

ZpAba] 9] GS A& dx2Fo] 0.14£0.02, T+ 5T
o] 0.18+0.04, dexa BofFo| 0.51+0.15, dexaFoi 4|
$EF0] 055+0.112 dexafodFo] thEFol u]3)
364.29% 2 3HAl Z7F 2 (p=0.009), dexaF oA &
STE 2Tl v 3l 302.86% £ 8tA| Fr)eh o
(p=0.025), dexa FolF3} dexa F-odA] +E5Tol +5
Foll wlal 7z f-ol A (p=0.006, p=0.021) F7}&

N5 st E ) M 28 M4E

2oz vepyte),
ZH 29 GS 42 d&zTe] 0.33£0.05, +F Lo
0.39%0.03, dexa Fo3-F°] 0.86+0.12, dexa F4] &
0] 0.90+0.21 2 dexa Tof 77} dexa £o4] &%
Fo] o) ula 77 260.61% (p=0.009), 272.73%
(p=0.025) $-2l5}A] Z7}13tQ 2 dexa B F7) dexa
FoA EETe] A FF T vlE FofeAl(p=
0.006, p=0.019) F~}3l % et

vl 229 GS 4L =Tl 0.27+0.08, EET o
0.32+0.06, dexa F-oF°] 0.78+0.14, dexa Fo34] &

“EFol 0.62+0.505 2 dexa FoiFo| wjzTol vl

288.80% 2l 547 713 a1(p=0.009) F5Fol »la)
Ax 59814 F7hskedcH(p=0.006).

Table 5. Giutamate Synthetase activity of hindlimb muscles in control{C), control plus exercise(C+E),
dexamethasone injected(D), and exercise during dexamethasone injection(D-+E) rats.

Soleus Plantaris Gastrocnemius
C (n=5) 0.14 £ 0.02 0.33 £ 0.05 0.27 £0.08
C+E (n=6) 0.18 £0.04 0.39 £0.03 0.32 £0.06
D (n=5) 05110157 # 0.86+0.12"# 0.78£0.14"#
D+E (n=5) 0.55 £ 0.11 0* 0.90 +0.21 0 0.62 +£0.050
D/C(%) 364.29 260.61 288.89
C+E/C(%) 128.57 118.18 118.52
D+E/D(%) 107.84 104.65 79.49
D+E/C(%) 392.86 272.73 229.63

Values are mean + S.D. (O.D at 540nm/mg protein (cytosol)

" significantly different between C and D
# significantly different between C+E and D

v.z &

£ Al af2o=EF FAstAY A¥H 22 gluco-
corticoid & %13t 7 4 glucocorticoid¥ = 7} A%
o] AAG AZHLE FUTs Yot w43
3}, 159 7} triamcinolone o} v} cortisone§ Fojuko
FEo]l AAA) AFAAL Vellrte 22 (Tice
and Engel, 1966) %}, cortisone acetate& 1247t F4}
3lo] Ao} 12% A slsl gieky Hickson $(1984) <
®aols B3tsc)
o]9} o] AW ZolE Foj AlFo] g AL

1 ol
dlzol= Fofol ela) MFR4s} TEIA Aol §

n : numbers of animals

o significantly different between C and D+E (p<0.05)
* significantly different between C+E and D+E (p<0.05)

Ao Zelsle Aoz ¥ustn 9 (Tice and Engel,
1966 ; Hickson and Davis, 1981 ; Czerwinski et al,
1987}, glucocorticoid® 22 A g9 Foide ¥
%< 23319 (Bullock et al, 1972 ; Goldberg and
Goodman, 1969 ; Rannels and Jefferson, 1980 ; Shoji
and Pennington, 1977), %k¢] cortisone 292 &%
FA7 AasHRoe A4S Bz, AHZolE Fof
ofl &gk A E7 A= Z5AA (muscle wasting) ol ¢] 3k
Aoz doid 4 et

Aoz vEhd e $5o) o9 2
CEELS

2 A% 73 dexamethasone 5% 4T3 u]

ol
2
> Lo o
=
X
[
it
"



2o T/HFA L F5A i, FHZe A
= FA7 f o }7*\ A 59l o 7}1}1:}%0 2855
t Z4aE e A 3E el ol A ZolE {4
9% £F(fast—twitch muscle) o} F 2 Al &hc}
£ °d‘?‘7éﬂl-(Czerwmsk1 et al, 1987) 2} w-g=l o},
dexamethasone %of 2 3o} FA71 7

7
45 Aii Ve 2 7o) Ante A A RS Y
2|20l 8 BEo3AY A" o= glucocorticoid
% % o3l A ¢ glucocorticoid ¥ = 7} Ab&dled A
ol AA=]n(Czerwinski et al, 1987) #2k(high
dose) 9l cortisoneg FAbstH TEFA 7 A}
(Bullock et al, 1972 ; Goldberg and Goodman, 1969 ;
Rannels and Jefferson, 1980 ; Shoji and Pennington,
1977) = A7 A e} g}

Dexamethasone £ofol] 23t &84 4= 4
o A4 2(Gold, 1979 ; Hickson & Davis ; 1981 :
Khalid et al, 1982 ; Loeb, 1976) &9 Fo] $u=19l S

A A ghet, o2 A S AAL opr| Al f-F %ﬂ
_qu DL e Z5kel  Heis]vi(Rannels and
Jefferson, 1980 : Shoji and Pennington, 1977), &%
glucocorticoid®] ¥ = Z7He a4 Asled whiyn
) Z715 Bl Z9E22 {usls: 7o = (Czerwinski
et al, 1987) A= &= sk

Dexamethasone Foj7}7} Eqte) Fal=q) #5o
2 Z2HZo FAL %49381A Fobstdn, 7Rl 2%
v 22 FA7} Fobske A golglen shaie]E,
T g v B2 AE FAC FA5A Foh A e
2 ulehd B dTo A 1197 d45H ez AH R
olE A g & sl +F 4L WAL AA FHZH
v 3o 2% A4S gkoks Yol Ao Bgd
oH{Czerwinski et al, 1987).

m&
AO_

F

Ay

Dexamethasone £o 5qF @& 7lx o] Fa A -&
5] TypeI Z§& 52 Typell &89 223 44
£ AAAZAE 2 AT ARE AvRelE Eodof
o) Typell &2 5= Re Axo F73] 5
o2 AL S &S At ol BFA N ST
G4 FrNAez Y2 e 55 H3EE He) W
%< Type I 28 (2= lo}b A A<, 1993)2 Type Il
H (ol 1996) o] AFE 7AAAIZ ATFAH ol H]

Fo gSol & Astebn YrAget oleid A%E

o FEH RS £Fol FRAA £ 5w 9
ol x5 Typel %ol d%E ol A4 Ae-¢ A5

A + ek

£ A7l dexaFod 5t +E5F2 sHRbwE £
AL AAANZ FABHIYR FHEH v B2 A
A2 385 R 231% ov] spxiu]d, 42, 6]
=9 Al FAZE A4 3 E2Ec olHg A
% 5ol A4 FEAAN SHF AAEL AAA
| ester} 94 Qo= Hickson and Davis
(1981)-4 AF7AFs}t Ao, FAA e £ A
T3 £% o] cortisone acetateol] 2} 8l = 239
1/3& A A2 4 9 ¢ cH(Hickson and Davis, 1981) &
Ao} 3= 2 35l o8 glucocorticoid x| 8.9} o
A5l ZHYZFol 7#HAsIYcH(Beato et al, 1987 ;
Boissonneault et al, 1987 ; Booth and Hollszy, 1977 ;
Carlstedt-Duke et al, 1987 ; Czerwinski et al, 1987)
 1xelx dAg} o] 9} o] dexamethasone £
et TAAA FEor St A} FoHE A
Goldberg(1967) ¢] treadmill runningel] 2| & 7}=}=]
3 FAFo Agfol Frtstgivte AFAINE Bl
5l ol S8 L] FolEo] 2aAH AF
ga AuEs glch £Xo| sicte]E 245 25147
A GFo] o] slt 52 2ol it A5AE HE
¢) 2. = (Goldberg and Goodman, 1969) % &% 0|
ol B85 ol Al sled (Fulks et al, 1975) 2% Aoz
Azrse] $Felet: Z]AA &% (mechanical ac-
tivity) o] 2AZ 454 A §2 J Ao Fo
fé}(’l‘homason et al, 1987)-% Al A sk3 e},

7}zpe] &2 Type I T8 (slow twitch muscle) o &
F 2 slow twitch ¥% %58 (Type 1) 2 74 5= Type

TEHAE Al o}“ TEFRE 2717} Zof ko
A} Aot RalF 7ol sl mlA FA= 7] ol
(Henneman et al, 1965) Dexa%of 52t %72 7=}
vl FAZ ALY AR E HEH Aoz A4 F
HEo vl BT FAZ AR 3 EEA e Ao
2 el A3E ol 5 F&8-o] Type [I(fast twitch
muscle) &% 2 2 fast twitch &5 (Type I11) & %
et FEwEe FEA A et AEVEE F
SRl B At Re A Fdo)
o] o] Fo{ A x| efot el ® A el Ao}

ol Z& AFARE "1"501 248 A4S gA
sHAl whAle gkevt Fd4 9lsli(Hickson and
Davis, 1981) 2=z #aﬂ% A3 £F el corti-
sone acetates] &3 i 2HHE A4S A
o (Hickson and Davis, 1981), ]_7.2 Fdlo]
glucocorticoid £oiof 2§ FAZ IEE QA7) &=

J§'~ Hodo rlr X

e
i
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o] &b Qi why o] ebi= 77 3} (Hickson and Davis,
1981 : Hickson et al, 1986 ; Hickson et al, 1984 ;
Seene and Viru, 1982) ¢} 23t = o},

Dexa £ 2 Sicte{29 GS &4 o] =Tl
A 314 Fr1sled e} o]+ glucocorticoid 322 X &
2 glutamine synthetase &4 Z7lA| A= 21
(Andrews, 1985 ; Renine et al., 1989) 2} & x]&}v,,
GS @4 o] glucocorticoidel 2] &t =3 HPgch=
® 31 (Falduto et al,, 1989, 1992 ; Max et al., 1988) &}
= 33

o]+ glucocorticoidoll £}3 gl Bg) Frl2 GSY
Zolztgo] A A3} (Meister, 1974 ; Igbul and
Ottaway, 1970) GS #4 o] 2713t Aoz daa A3}
g} A Zhgho,

£ A7 Dexa ¥4 5oz shAw2, £3
=, ¥ 229 GS #4lo] fostA Z71g Ao el
sket ol FAAQl T4 vy Ao F712 GS9
Zul| 2L o] F715]o] GS B4 o] &= Aolatx A
T Yot FF T GS B4 o] e =E 3 Aol 7} gl e
Rogvelgow g ghuil g4 Z714) 8 che gh) Ha)
Aol GS &4 o] "AeHAl Frlsle Aoz olsl 24 9l
o}, 2, A3 5ol glucocorticoidell <8 A3
5E=GS #83 Y= Fulduto et al., 1992) = ¥ 2.9}
= 4 A=A @t o] i ¥ A & Faduto 5(1992)
o] Aol M e #AZIZH11F- 125) ol AA 278 F
F AALEFE A, B ol A& glucocorticoid & §of 81
&at 7°a‘7‘}91 Falolgleng Ful7|7ke Abe]eA
g = glcha Al Zh o}

Dexa -‘r:‘-°4i ZA T vEZe AR =z
gefo] ol 3hAl ad Ao g veld B AT A

+ glucocorticoid %o F-Eoll4] 39| wlo] o4l
heavy chain &34 =2 245 3913}l (Seene
and Alev, 1985) cortisol acetate x| g+ <4 £ i
A Z 7}A gk vlo] ¢ Al isoform profile-g #3447l ¢+
(Kurowski et al., 1987) & 7 7o) w3 o] 2 Z iy
Aol A= Aslol o3t Aoz dudd 4 gl

Dexa $oi5ate] 5202 2% s A gtako]
[ 3HAl F71sladet, o]+ =178 %o} glucocorticoid
of o] AP+ 2H5E == ¥ 1 (Faldutos
(1992)) =+ o =] &kct, Faldutov(lggz)% AT+E 5
o] ~B|ZolE 7o 28} Futx]E vwlo] ©4] heavy
chain £3-& Eol= oz i-r—o}—x— o] shil A Ba
ezt SRR A FEke] Folel] 7oddt Aoz

e A e

N
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N s she]A] A28 A4 %

olsi® 4 3k ol#d At £Z(fast-twitch
muscle) o] 4] Qojubi= o 2 w sy o) B odFof
A &2 ol el xZ(slow twitch muscle) ]l 7}=}
ol Tl deolwtel o]8ld A shAbn| o]
Type I 592 FA = Type [ &5=t¢E =l

e $5FE 2717} zte) vl ez g Ao B
s} F7toll ol Type [ ©8-0) ul#] FUA= A7) whFol
(Henneman et al., 1965), & @& 7tx 9 $5 2314
F2 2] AU wl ol 2aE Aoz Ayl
F Utk £Eo2 A ) 93 A5 sidel2e &
AA G s kel st ook Ru(H, 1997)
ot FEA3E 71FL AEA o2 $E5E Y33 A
o] A&7l & AF AT UMK A &

FS ZrHAAThE (4 5, 1994) 5o 45 2
Qe vtz A vt 5ol o8 FYAF s A Fako] F
AR olche el L= ol JAH FE
(mechanical activity) o] 4T 454 gkl "o §

2] 5l A Aol 2 F(Thomason et al., 1987)-2 Al ] 5}
I gleh

2 AYA) 342 ¥ o) 2 dexamethasone %0} %
ot2] Aol % o| dexamethasone %o 2 43
sActe] 2] A5E ARAL F d&T A FER gl
o},

V. & =
34 glucocorticoidql dexamethasoneg %o sl&
o‘} ‘il'*o\: 7L|:_g] ﬁ-;‘_qﬂo] ,%Eo] /'\Eﬂiol‘: [s] ‘___}-é
"] 5L

X
ZHEHE A=A E T sz 244717
e 180-200g % & 2] Wistar rats 217}2] & o Abo.
T, +FT, dexafol 7, dexafod Fot +FT
#3151t Dexa® o F-& dexamethasone& A
mge] §Fo2 19 13 747 AstFAHk
2 salined #F kgw Smge] 3o 141
3] 7947k A slF Al e, AlF kewt dmge] 3o
2 19 13] dexamethasone} saline-$ o 8}= %9t 1
B 10m%E 52 10°74 AF9] treadmillell 4] 13]

pahele] g3t

PRt ooff o fu
R

Py o
S

, 19 60327 79 ZA 58

279 AFo] F7hete] 74 2T AFL ‘é
*l’-}*l A% 2] 103.6%°1 91t Dexafol &9 A%
dadte] 4 A SE Fod A4 B3 7dA 24]-5

o] AFA A HFY 82.40%°) )} Dexa FofEqk



Z Zaste] 5UA e F-o8 A4

A= AlFol AgA=A] 2| F 9] 81.77
Dexamethasone¥-o] 2 A3 &2 ol vj2 9 F
A, 2944 i A 3tako] Sol5tA ZAstgm Ak
v] 2 FA 7L ZAadte Aol on] sixbulE, FHE
= ‘3111—4 GS % o] Fol&A Frhskelch 7pAe
= = HzT2 ale}7} gl 424
A2 FAE EHZ‘-:J_%ﬂ 18 f-olahA s v
H9 /‘oLDH FAl= 748k A gFol Aot
V= ??1011 AFH 5 2327 A A
2w stAu] 2o A7} FobstE A
f%“l%il %‘-i‘.i"«“} vl EZo] Bl = wErt gidich 7
Zn) 2] A ZFA 7L §-2 5 Fore e A E5
A= w‘?‘}ﬂ ‘iiﬁ} 7¥7<P“l:"*} =

X
32
uL}m

fAckel =9 GS %*é—&— @M%i“v}
FUd EETY Al Fe| dexa@®3} Aol 7} ¢
=9 A€ fol 3l Fotst e shAbe)

229 $A7} Frhehe el Qe AR 2, &
ol wlE2e A2 FA7L fol 5t Fohstge
o ZhApe| 2 SA 2] ZUAAF A Pkl fo
A Frhetgln w2l YR U g T
7babe 7% vebdch sidtel 22 GS 42 Aol
7F A%t

Dexafol gt +5T AFol Y42 ilﬁ'—o}zl

FoHA R 7hAbn| T el FAI7E A8 A A4A 2 5 5EH A
EAZ ul BT FAE LA 8 A e v%
Zhate] 2, SA L, vl 2o A2 FAE A4A 2 8
HEgick AR E, $H 2 Y vl g2 SAAF
A ggel A4H 2 355 d ot GS B4 A 4A N
o3 @A Al 2k

Aol B Lol A 28| 20| EF St
242 9% AR 22 o9
o BA 254 4G S
o 2)ebm Qe
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/ks]]g_o]
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281 —29%4.
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Effect of Endurance Exercise during
Dexamethasone Treatment on the
Attenuation of Atrophied Hindlimb
Muscle Induced by Dexamethasone
in Rats

Choe, Myoung— Ae*

The purpose of this study was to determine the ef-
fect of regular exercise during dexamethasone injec-
tion on the body weight, weight of hindlimb
muslces, myofibrillar protein content and glutamine
synthetase activity.

180-200g female Wistar rats were divided into
four groups : control, exercise, dexamethasone in-
jection(dexa), and exercise during dexamethasone
injection(D+E) group. The dexa group received
daily subcutaneous injection of dexamethasone at a
dose of 4mg/kg body weight for 7 days. The exercise
group ran on a treadmill for 60min/day(20minutes
every 4 hours) at 10m/min and a 10°grade. The con-
trol group received daily subcutaneous injection of
normal saline at a dose of 4mg/kg body weight for 7
days. The D+E group ran on a treadmill for 60min/
day (20minutes every 4 hours) at 10m/min and a 10°
grade during dexamethasone injection. Body weight
of the control group increased significantly from
days of experiment, that of the dexa group
decreased significantly from day 4 of the experiment
resulting in a 82.4% decrease compared to the first
day of the experiment, Body weight of the D+E
group decreased significantly from day 5 of exper-
iment resulting in a 81.77% decrease comprared to
the first day of the experiment. Body weights,

* College of Nursing, Seoul National University
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muscle weight and myofibrillar protein content of
the plantaris and gastrocnemius decreased signifi-
cantly and muscle weight of the soleus tended to de-
crease with dexamethasone injection. Glutamine
synthetase activity of the hindlimb muscles
increased significantly with the dexamethasone in-
jection, The relative weight of the soleus was com-
parable to the control group and that of plantaris
decreased significantly and that of gastrocnemius
tended to decrease compared to that of the control
in the dexa group.

Body weight and muscle weight of the plantaris
and gastrocnemius of the excrcise group were com-
parable to the control group, and the muscle weight
of soleus showed a tendencey to increase, The rela-
tive weight of the soleus increased significantly and
that of the plantaris and gastrocnemius were com-
parable to the control in the exercise group.
Mpyofibrillar protein content of the soleus and
plantaris increased significantly and there was no
change of GS activity of the hindlimb muscles
compared to the control in the exercise group. Body
weight of the D+E group was comparable to the
dexa group, muscle weight of the plantaris increased
significantly and that of the soleus and gastro-
cnemius showed a tendency to increase. The rela-
tive weight of the hindlimb muscles increased sig-
nificantly. Myofibrillar protein content of the soleus
and plantaris increased significantly and that of the
gastrocnemius tended to increase compared to the
dexa group. Body weight and muscle weight of the
plantaris and gastrocnemius of the D+E group did
not recover to that of the control group. Muscle
weight of the soleus recovered to that of the control
group. The relative weight and of myofibrillar pro-
tein content of the hindlimb muscles recovered to
that of the control group.

From these results, it is suggested that regular
exercise during dexamethasone injection might at-
tenuate the muscle atrophy of the hindlimb muscles.
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