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< Abstract >

The aim of this study was to compare features of muscle atrophy induced by cast fixation, denervation and
suspension of rat hindlimb. Muscle mass and glycogen of the soleus and plantaris muscles were studied after
3, 7, or 14 days of cast fixation, denervation and suspension.

The results were as follows:

1. Body weight of rats decreased significantly after 3 days and showed gradually increase after 7 and 14
days of hindlimb cast fixation, denervation and suspension. Particularly hindlimb suspended rats showed a
rapid decrease after 3 days in body weight.

2. Relative weight of soleus and plantaris muscles decreased significantly by hindlimb cast fixation,
denervation and suspension, particularly after 7 days. The decreasc rate was the lowest in suspended rats.

3. Glycogen content of solcus muscle decreased significantly after 14 days of hindlimb cast fixation,
denervation and suspension. Also glycogen content of plantaris muscle decreased significantly afier 14 days
of hindlimb cast fixation and denervation, but not significantly after hindlimb suspension.

These results indicate that suspension of hindlimb muscles causes less atropy than cast fixation or
denervation, likely due to maintainment a few activities during hindlimb suspension.

We concluded that the decrease in mechanical strains imposed on the muscle during inactivity was the main
factor for the development of atrophy. These basic data suggest that some experimental conditions such as
electrostimulation or stretching, participate in countermeasure

programmes.
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I.M B

S 1O
=2 LW g

A4HEQ LFAAA, nired3d F
£, AFAA G 25502 HYHE 7AF 2B 20}
ZA% o ¢4 7isE & 5 Ak (Fell 5, 1985;
Finol %, 1981: Fredericks, 1996: Salvatori
1989). TteF o] & 89l F iyl sl 282 72
o 71A1d B4, AVRA dAHE MZE 715rEd w3
o] w2A Zg3tA drt.

olg|§ U4, & fAWsle] e T8 AgE 4
Tl 913 ddrdae dvtros 5 AR
th. B3] FE o83ty AAe Hm 1% (Booth,
1982, 1987: Fitts &, 1989), €417 (Jaweed &,
1975. Kobayashi &, 1997: van Meeteren
1997), ¥-% Ex d4(Desplanches &, 1987: Fitts
. 2000) 53 2L HES B ¥l A &
urE] Zegs 3 gl

olg AYe] A3}, ZHFo] s 2T =3
(Herbert %, 1988: Jaspers® Tischler, 1984), %
8ol A3l=d (Fitts 5, 1986: Herbert 5, 1988:
Templeton 5. 1984), 2&2 A3 (Fitts %,
1986: Herbert %, 1988: Templeton &, 1984:
Tsika %, 1987), £33 (Desplanches &, 1987;
Graham %, 1989: Hauschka &, 1987, 1988: Roy

1987), A 3 % 3 (Baldwin % ., 1984:
Desplanches %, 1987: Fitts %, 1986: Tsika %,
1987) EAEc] Wstdtie RS Wi 295 ¢
EA9 ¥zl 24 waA Fgse] FHA Aol
3 Y2 dojua At =3 £x8 F3gsn, o] 4
A A9 A7 FHIHo2 dojdrH(Pierotti
1990).

i 233 o7 2 282 JdY $E B &
o] #Yor FAPo] {AHL}. A 13, U4,
Hhe wjgialel] 43S vX 259 ol3eS 4o
Aozn ZA5S FustA doh(Lieber, 1992:
Appell, 1990: Sandler, 1986). 12jvt &% H3sh
859 7154 877 9 P Ea £x9 EE
ogA zAde 7t= FEs 4HA AA @k
(Fredericks, 1996).

2 339 2YE 289 GFE AFAF Bt o}
el A F53x AASdY THE5S dodn
(Fredericks, 1996: Lindboe¥} Platou, 1982), €4l
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73 23 2% P AFIHA AR ¢ A 2
% 715 A wE v EEs fittesd 2955
2 0. 71th(Allt, 1975: Dobkin 1996: Guyton, 1986).
8 FA) i 2YL ¥aY gFE AN
AM AF FiE AAFLEN A5E It
(Pierotti &, 1990). WA o] A4 2 w2t &
s 2959 A5 Fdo] tEA vUed Aes
Aty old] AR M3 nA, @A R Ffel o
& 259 YA, dAlA st H3E vnstn, ol
g 7ol e 718 g el e vt Jed
2 Er}

2 A7l Ao IRl Hu ), a7 R F+
g A4% ¥ A3 os 2R £ g
7¥AE] 2 (soleus) @ 3 2 (plantaris) X 2 74 2
28327 $=E A7EE FAse] 1 AFE Dol
th ole ¥ PN o2 712 Aol 47 APSH
A gAelA Aol A EYed H2H
HE dabed 712 As2H f-83 €89 F 3l
= Aot

=

o

1. AESE

A F 200~280g2] Sprague-Dawleydl <A # 36
vle] & ALl AEEEE U2 Y 23T, @
AR, FaTes 31 A 4 JdE 39, 74,
14402 o] 2k 3nEy BA gdsigict. 4
AFEES F&, Yol fRHE FaT 494 ¢4

oA ABFE nYARs BE 38 FFAL.

2. 13, gAY, B i uy

1) M3 n3

Gossman 5(1981)9] W& HYsl Ho & F
A& A 2el oz 708 ohg 42 oA 2el) 9
£ 40k 4o mge] Ed Fof plastic castE i
dl A9 287 Mg e AL IA§cH(Figure
1) 2AA gl AAe £ ZR-E o7 2%
AA G292 233 HJokl} Konstadt, 1983).



2) g7

72 274 w3 (pentobarbitone 40mg/kg BK)%t
I gAiApEs} £BEE ol Aoj1/22HelA HRE
2~25cm AE] dolz Asstn FRe sohte &
78 velale FFARE =23 ZT wE2E A0
AFAENN EPshe FI2HE 5~6mm F= W
Y9N E S20dd Pog AU NG F, 1+
9lo|A AU A F=E ZA2HA AL B0l A
HAANO.5 jeweler s forceps) = EAISE 79l
3027 434S U9 (Koning 5, 1986). 474 &

an
Lo

Figure 1. Cast fixation of hindlimb for unweighting
and inactivity model

B4 ABAARE 3RAR UE M £ A BECR
2E AHgsel 71 2 3UAY Yoz &4 s
of £ =7t $Yel sedeh(Figure 2).

3) A B
A9 FAE 27 24 A7) Asiel MER Fe) B
23 247 MEd 429 2ol w2 g Yot A9 FA

Fhvietel BA) RS Fold ZAsl] nelE A AS
o] Aol ofesteh(Figure 3). 1ele 360° 3 el
e Aoz sof AXE AREA £4Y + U=S
ssict.

Figure 2. Surgical procedure for denervation of
sciatic nerve

Figure 3. Hindlimb suspension for gravitational
unloading model
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1) ﬂ]'é‘ T T7‘"

AFE 3P £ AE Q7| LS 3ERE A
Azl 7IAET SH3E A3t FA oA Ag
(microbalance-Mettler PE 160)2 o]83le 282

2 FAE 34t 2 Y 529 2 A& 2F
g317] flstd B FA, & A Sl g T FA
HE 7lyrt.

2) 2 2937 Fx B4

2834 $Ev A2 (Fushiki, 1995)& o83l
A8 A% A2 £H2E g3 Al
102 A= @7t 34 B2 T 2238 30% KOH
0.25ml°l ¥1 3083 B @7 &Mz F
Na2S04 X3} 0.05ml, 95% EtOHE 713 3 o|A
< 94 EeA1A AAFe] sHEA HE A4S 54
3] A2 by 23] WHEslgd}, B go] AAE AAB
] 0.6 NHCL 0.5ml& o] 243t B¢t B EollA
7 Bejsly ZElaAE AL F KitE ol&ste 2d
A FEZ ENE

- R
=

¥ A7 A= SPSS (ver. 10.0) 4 =239y
< o3l BMEA. Z AIFHER A5, 2 A, 2
Ze324 Fxd i gt ol AZd) 9o
one-way ANOVAE AA|3t3 Duncan ¥'Y< o] 43}
o AME A3

I. o7&zt

1. AE2 eig

(Table 1)ol41s} 2ko] A2 F 3Yol] AFo] T
18.87g, 1 13T -2.80g, FAAT -12.20g, ¥
T -16.86g 73l 22 M1 137, GAAE,
FAE30e] F@ Aozt AATHP=0.004). 3] ¥
7del] o] 2T 30.17g, M1 27 16.13g, &
73T 48.9g, F-frT 17.57g F718le dz23 An
IAT, FRTE Frod 2olst N em dzzFH
GABT Atelole FelF Aozt JATHP=0.042).
1494 AFo] T 75.4g Hxn 3T 50.27g,
ST 69.53g, FHT 2.07g F7sl] dizge 2
FEztel o3 Aolzb ARy d2TH Hn 1%
T, AR T frol @ Aozt fIATHP=0.001).

4. Xtz Az2|
Table 1. The result of one-way ANOVA on the changes of the body weight Unit (g)
Mean £ SD
F P Post-hoc
Gl G2 G3 G4

Dl 1887+ 441 - 280 1.70 -12.20% 3.9 -16.86+16.23 10.036 0.004 Gl G2G3 G4
D2 30.17+ 947 16.13f 7.58 48.90%f 499 17.57+21.38 4.39% 0.042 G2G4G3G1
D3 75.40+17.28 50.27+19.71 69.53+13.32 207+ 791 14332 0.001 G4G2G1G3

D1 : 393, D2: 749, D3 :149F
Gl UZF, G2 : ¥3 23T, G3 : GAATE, G4 ¢

2. 2 F72| Hsl

) 712 FAe (Table 2)914 9} go] 1] ¥
390 H3 3 F 0.41, BAUAT 0.38, F&T 0.42
2 o2F 0.4390) vid) &2 4.7%, 11.6%, 2.3% A4
ot FoskAl gstet, AR 3 7del Hm wPT
0.17, €237 0.26, 7T 0.252 =T 0.4590 ¥

x
R

T
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ol 242t 62.2%, 42.2%, 44.4%% #oJ3HA A3
tH(P=0.000). A=A ¥ 1499 qxn 23 F 0.20, &
737 0.20, ¥-fT 0.292 2T 0.40] wls) 2t
50.0%, 50.0%. 27.5%% Fol&tA zHi&ddct
(P=0.000). 3™ %32 F7E (Table 2)olA| 9} o]
A F 3del Hu 2T 0.74, SAAE 0.85, F#
T 0.82% WzT 0.88 wlal 2zt 15.9%, 3.4%.,



0.962.2 0.849] Bz23} vasie] N 23TH &
NAZe 22t 29.8%, 46.4%4 FoldA iU
(P=0.031) ¥H, 247 14.3% 371813 A4
FrelAd& gl

6.8%4 Zasi ot 1Yt FelF Aole ANt A
A F 790 M1 3T 040, BAAT 0.60, FH/T
0.77% dizF 0.93] Hlsf z+zt 56.9%. 35.5%.
17.2%4 )¢ felshA 22stgtHP=0.001). AA
F 1490 N3 AT 0.59, BABT 045, FH/T

Table 2. The result of one-way ANOVA on muscle weight and relative muscle weight

Variables Mean + SD F P Post-hoc
Gl G2 G3 G4

D1 SR 0.43%0.01 0.41+0.05 0.38+0.03 0.42+0.13 0.355 0.787
PR 0.88+0.05 0.74+0.13 0.85+0.02 0.82+0.08  1.768  0.231

Do SR 045%004 0174003 026003 0254005 21.271 0.000 G1G3G4G2
PR 0.93+0.12 0.40+0.06 0.60+0.05 0.77+0.03 16.619 0001 Gl G4 G3 G2

p3 SR 0.40+0.01 0.20£0.04 0.20+£0.04 0.29+0.04 20517 0000 Gl @
PR 0.84+0.02 059+0.11 045+0.06 0.96+0.32 4969 0031 G4GlG2G3

D1 : 3¥Y%, D2: 74T, D3 1149+
Gl :UZF G2 Ha 2P FE, G3: AL, G4 7T
SR : A AR ZA2EA g/ AF g), PR : A FH2 FAETA g/ AF @)

e it A T 7] M3 HF 0.27Tme/g. B
AAF 0.26mg/g, BFT 0.29mg/gL2 2T

3. 2 22|32 sz of vz}

(Table 3)olAs} o] 74|29 2 TEe
A2 % 3de M3z 2T 0.70mg/g. BAAT
0.71mg/g. #&F 0.50mg/g2 & 0.95mg/gd] dl=F
3} vlmale] Mu 24T, eARTH FRRFTel Z

0.35mg/gell ¥l8l 22t 22.9%. 25.7%, 17.2% 343}
gout fod atole gtk HA F 1490 Mz 1
A 0.14mg/g, A4 T 0.17mg/g. ¥+ /T
0.17mg/ge-2 tlZZ 1.37mg/gdl vl 2zt 89.8%,

2} 26.3%, 25.3%. 47.4%3A23815100, BAA el 87.6%, 87.6%4 frol3tAl asAtH(P=0.015). &

Table 3. The result of one-way ANOVA on muscle glycogen density Unit (mg/g)
+
Variables Mean £ SD F P Post-hoc
Gl G2 G3 G4
D1 SG 0.95x0.59 0.70£0.88 0.71£1.20 0.50%0.33 1.266 0.350
PG 5.30+051 3.14+1.04 275%1.18 3.41+2.57 1.639 0.256
D2 SG 0.35%+0.03 0.27+0.14 0.26+0.08 0.29+0.21 0.298 0.826
PG 271229 260+f1.64 2.48*+1.80 4.63+1.13 1.002 0.440
D3 SG 1.37+0.80 0.14+0.03 0.17£0.09  0.17+0.06 6.536 0.015 G1G4G3G2
PG 4.27+054 0.32£0.23 1.17+£1.14 4.47+0.96 21.166 0.000 G4G1G3G2
D1: 39+ D2: 793, D3 1149
Gl Uz, G2: A IHT, G3: BAABT, G4 : ¥#T
SG : 74 2 2AY 22 A% (mg/e), PG : FAHZ FAZ 22l 20 F (ng/e)
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{2 Fe|FA FEe AA F 3Uo Hu 3HF
3.14mg/g. 2.75mg/g. 3.41lmg/g2 &8 W=
5.3mg/gel ¥l 2t} 40.8%, 48.1%, 35.7%4 3t
aiglovt folairle ohsteh. A F 7o) Hxn 17
T 2.6mg/g, BNAT 2.48mg/g, BT 4.63mg/ge
2 2.71mg/gd 2T} vmdld 4n 242 @l
ATl 47 4.1%. 8.5% A28 d va R{TEe
70.8% Z71at e, BAA foAe it A F
149 432 23T 0.32mg/eg, BAAT 1.17mg/g,
BH7 44Tmg/go 2 NEF 4.27 mg/gell vlnsle
M3 2323 SAAT| 42 92.5%, 72.5% 7Hast
9 uba BRTe 4.7% FHiIsich B4 A% A
7}, Q2T Nz 23, GAF Tl oS- freld &
|7} 32 (P=0.000), tl&72} H{-Ttee fre
g Aol 71 it

b
2

32

.

et

al

ZEAA9 A4 729 7% RS A3 38
At Fo] shle AFAA] Te TFHE5S §3 AA"
o2 UAEe 71AF H3telth. MFAAG AA &
&9l 7150 AAE Al e 2F2 A W 7153
By 4 259 FAHA A A FHE FA 871
£ 2%t (Hauschka 5, 1988).

HqFol F FA 9 13, G L {5 3% &
stdon], 53] £R/A] ZrhZo] Fr}. o] 9 2 AL
FEA3 F 39 B AFol FA3MA Fasisivte
Musacchia 5(1980)7 2{e}(1997)8 Exe} U3
sloich, o] % 7Y, 14¥0lEe A Fol Ml Frlsld o,
71 dxzd A daA askt a2y 2ol
v g s} vwsle] Bi7e] AF F7he HA 4o
wet.

Thomason $(1987)& ¥4 ¥4 5 Hae 9
A& 2 259 9133 hypervolemiaZ 719€ ©lkx
o Z7 fEo 2 Mtz Qlct

=59 1, 47 2 AFFRae 295S 8
o] & FAE ZAaAY o FHo xn 2 7
AZE 15 ¥ 35%, 25 ¥ 45%9] #4425 Husion
(Close, 1972), 6F g o2 7lxu] o] 58%, FH32
o] 55%, ¥|B-2o] 62% 7+4 8% it (Herbison
1978). 85 3 o2 AT 29 RA7} 38% 7ad

T13%

a2

=

Q.
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ok (Nicks 5. 1989) M=t Husta ot

&40 A7e] A FAH oz 28/E st
2 Babd 29 Zo] wrFT), AZANAE &4 F
oA wEZe] FAY 153 ¥ 31%, 35 ¥ 66% #ast
9i(Savolainen, 1988), 4F ¥ 60.19% ZA31cth
(1A} o] A2, 1990). &Y A £(2000)2 2417
GEAE FolA &4 2F F A 2 RS N2
9] #AI7} 2t 54.5%, 48% A& Rudc

IR E 243 F oM e A5 T8l g vtgo2
7kApm| 29l FAIZY 396l 7%, 590 20% Fadsict
(Fell &, 1985). 137 ¥-f-& 7kAn] 232} ] E-29] F-
A} 22y 21%, 19% 7239 28 (Pierotti
1990), 253-7te] ¥R E 7HAp| 2, SH 2, vE29 F
AV 42t 46%, 22%, 24% 2R H( Marsh,
1992). Jain §(1997)& 1599 #-A& slabu]2o|
41%, #3329 $A7} 13.3% #Arsdn Rusdty
o1, Desplabches $(1990)2 5F %§ % 7iAm &
FA7} 60% 2SS Rastgt.

2 ApeAe Mu n3 3 gl e gt siAe2
2 7ol 343 A550] 40% o) FAZL ZAAHA
o0 14Yd= 2T 50% A== & FA7F 243
ok, 3 2] BR{E Q1 91582 TYd 45% H =
o} o] 14YUele A Frtetd 1 e gl
7 ohE S veRh 329 A5S ¥ 1T
oA T 71 48 dolutil ol F oiA] FrlslH e
o, @AM e 149717 A% HAEHo] dzTe
54% AEZ AAHUT $REe 13 £v @NAT
o vla) 9% Pzt ot 7o $ %ol Fem, 14Y
d 238 dzyrd YA o 3A Svleiid. &
A7 F 2920l 14971 AEHUY e SRS
& &% F 23537 343 A= 2 FA A
s} AAAR 7} o] FolZ] F oAl & FAZE F7t
gthy= Badke 5(1989), Herbison €(1973a,
1973b). &8 5(2000) 2} AX| sk Ao},

N3 nHA #Heo 2NN 7 ol &E(glucose
uptake)ell 3k Qlad N (Seider 5. 1982)7 2
g23 Fx7t 28 Abratov 1990 Booth,
1987). €417 Z8oM = &d DA Whgol 7
43813 2 (Burant , 1984), Z21324 Fallet oy &
#9] £ 5% Z7HBeynon 5,1986)H & ¥, & 2¥]
A ALY gHEEe astAch(Wallis, 1999).
& 23 A, g7 Ful&d I AHHY

=

<



th(Lazere 5, 1943). ¥ A7dME 1499 24 %
gAReR T 2YHIA FEI) 80% °1F FaH
Abratov (1990) So} 7 ZAe} At

aFolY G wE & FA A d4d&
Elliott®} Thomson(1963)2 232 4o Add
E2Ae] Fol e 2 2T IA] rAsjo] @A
Ao} 218 (protein-sparing action of glycogen)®] 71
%& $93A Za7) gol nte} gjdo] 243, of
A2 2 FA kel 4e] e Aoz Ardsigid.
oAl el A gaA e lale Qg kAN
ad g 289 3 olg-8o| ZAHR, Z]AME B
f3l0] ¢t m2 A Z Uz Po R AU F
G320 38N = olo) wi} 222)& olFn
Je 2 AR quAdez AHgHeER & FAZ
Zesle Aog yztded,

a2 Bf 289 E Q&3 330 ZA Aty
A o (Tischler 5, 1990), o] 7 o8-89 F
ZiEa 2 28324 2t Sk e e Hasdn
(Fitts ¥, 2000: Tischler & Slentz, 1995: Tischler
£, 1990: Henriksen & Tischler, 1988). ¥ ¢
A7 2f 250 FezA 35t dzErdg F7HEA
e gstov, 13 T N 280 s & vEE
YERIQT), ol 2 A7 13 Te 87 259
Hl&l 5 289 dZel 4 Wd olfE AT
HoZ Aztdrt.

AR 33 2 g F 238 2HREd e
295 A5 A AT, A2 A vlel £29 4
Zo] AA dolwtti= ¥+ (Dobkin, 1996: Kraft,
1990; Rile$} Allin, 1973 ©]z1& 3} o]Z &, 1990)9}
A2 A7 2o gAHAYE I+ (Karpatigh
Engel, 1968)s} Awtd AAED 23 A& FAG
Ze A5 24E B 9% FHEofA Aolst gAS
& 23§ A7 (Boothe Kelso, 1973; Herbison &,
1978: Jaweed 5, 1975)% 3lo] o} #4l3] 42X
& 5 gl 2 dpdMe 233y gaFTodA A2
R 2 &2 F2 29 FA Aol E Alg B
o]) gko} Booth$} Kelso(1973) 59 A e} zsirt,

Tt 2] R{2 A3 A F FHske Ay 24
+8l oal £3i0] i Aor} vebdct

Z F 9] ¥ 28N 22HoE FFIH2Q A2
A f50] 3A JYegue 53] ZH Ty HiETH 2

& S2UnE AT Af7E $AE AHEIZ 27014
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A3 dodrhe Aol YA FMelch(Park &,
1992. Tischlerst Slentz, 1995). ¥ A= 34
noz 22 vl JERe2e) 9150 A e
APAFER 944 A5 Jehlidict.

&3 AR5 @Izt sle A g AR
v, A2 AFEe F2 AP A 232N 7
|3}, 234 AA 24 34 BEFE ¥
23 g5 Aelol UA Erh. Gollnic $(1974)<
2AES0] 4% Y wet g2 FeHn JEE
AA s ol gntsignt. # slAm2AAM [ HH
18 244 332 dHoldh. aeg A4 {28
A% FFA T 7389 A7t BAlo) U8 Aojni
G4 2 5 ARE0l FA 715 S5 AR
A Z7)% v Aok vhA A Y] 232 JE
A g4%S 98l £2 AU (8 HARsel dagez
ogz3n 184 u) 23 vEEH Fed) A
€},

N3 nFA) A 23 FA 2 4z 254 54
71%3 #%d FEH ARES o] 2A dolwt
o} & 7AiM [ [Fo] 22 =, $4
ZdXe 148 4471 o 3A A5 A (Herbison
5, 1978). €47 28oME 22 Aast Ras Ao
(&332 5, 2000: Jaweed &, 1975).

9 A F TREle FA £f RyeMe 189 &
2 Aol vigl [ 8 A2 AR 5ol ZA dojWte.
o 2 AflA 2 AR2e 24FY Ago] U
3cH(Ohira, 2000: Tischlerst Slentz, 1995). whebA]
32 254 9 AF Fehe g 7)%sd A
2 AFEY E%o] glolAn YA FENE /3
gooH Ao T8/ TG0z QAdld 2 FA
& #AaguA od71d A2 A Ae2 Aol
ool ZEaA Tt FHE Ao AAdd
A2 A 2f 2y 2 719 Wil wet 4 RE9
Wsle o e 14 T 9l 285 WA
QI ¥iskrt A et

s 5.
e T

0T O
==

O 1. A
i ST

2
=

V. =

ol Aol 39, 7Y, 144 H1 oF, e4A, ¥
2 A% F AF, A0S FH429 A2 A
2 2oz =g 24, BHE gz vad 3



2e e g,
1 A%l # FA9 24, 947 2 24 F 32
Zasiglon), B3 $-44] Fbg 2A 22 #gich 79,
14g91 Aol A% F7Hstdt.
2. 7 A2 ZR29 02 TA7 24, @
2 Zrasigen], A4 F 790 74 Hoh

o, ¥

RS

¥H T SR o FA 7FAEE ¥R
o o3 Ahgol vimA FAgteh A2 A2 &2
2 2e] FA FAaEol AT SaAA = v &3l
o}, BfAlele FA2 vlE) 7R 29 FA A
&o] Zth

3. 7R 2e] Fel2A e 1y, 9N, 4%
149 felatA it en, $329 =2 ¥
T 23 943 1499 fofiA ghsigod, ¥
Tl Fo@ ¥t gldet. d8H o3 I B
2 98 29 &) M1 14 T G4 ulg) 2A 2
A}, ol ¥R B B¢ EFo] o= HE fAH
Q7] wWEolzgtan B, walr] v EFA] S5 Hats
€ 71AA 2Eg a0 o] 2% HAe] FHE 8¢
o] "}

=1}
=

|

(

D
rot

Ho

a

0, $7F, o3} - @79 2R A5 A
€ 9%, IFHEEUANRHRA],7(3), 34-48,
2000.

ofxjg, ojAR : AVIAFo] AF] B47 25 AF
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