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Trg et
@ 39 2 F 77k ANAFE o) g3 SHA
ZF o] &= Type I, I %9 ZAH JddAS &

® WY WY F 790 ANATL ol 8F FAY 5
FEdo] B Type | I 259 2946 Wl e
& FHIIEAS e

Z0{2| F2

= Type I, I 25 @ 3 Aol 95 SHEHoR 7}
T HIAFE A9AA 5 Hedo] FEEeEE 35
Type I, II <52 F¢ A= Sivkel2e] Type I I 525 9
nlgke} Type T 52 7FAb] ol Type 1T 52

3 w5 o],

2
T o]4=<(Sham operation)WF ol 3d /it
o] ¢li= #°]al, SHES(sham+electrostimulation)w> F.o|¢%
S ANASE o] 83 FHA FHEFHTOITh ST(stroke) T
HHd i FeZ HA@Mo] fdd Tolw, STES(stroket
electrostimulation) = &8 I W75 o)L 3
A FEIFES A Lotk

vl F BT A ARERE 1Y A $ 3 A

A2 9 B 9E A,
AT CHA

AF 240~260g°] 1257 male Sprague-Dawley rat(Dachan
Experimental Animal Co., Korea)S Z} w4 107}2]% 40v}e]
= AU R siod HHE U a5 APEE F9
HAA F gl A HA o] ke A ke H 15 E
Aleeto] F 25mbe]7F HF Aol HIth

ARTI dxrs TUT (2R 22402C, FE: 4555
%)l &AL 1241302 VAL 124712 oFAl Sl em,
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o 3 o 5 Al 9 FASA
04?'01]7\1“ Nagasawa 2} Kogure(1989)7} 7|t o4 A3 wlx]"k ol pentobarbital sodium-S 50-70mg/kg] &

3]d T ¥(focal cerebral ischemia model)= ©]&-3F3T 1.5% o7 BN FALE Foldte] nFHAI7l 3 3=l 3= 5
enflurane S E313F nF7IAZ FAANFHE A7 3 Fo 5 gollA 7Rl FF 2 v]E2S ZASH] microbalance
T w2V WEsHE et s 9% (Mettler PE160, USA)°llA FAE 733l
of ulMEA HAE Skl 1.8em ZHol2] A& B3kt Al
Fow FTHE probeE Y] 2A7ESE 5 FEEHL ® Type I, II <418l iz 574
2 7= HERE AN HE/F A4 2R B Type I, I 24352 A% S4HH-2 Choe 5(2004)°]
probeE AT & AAFAI| L T FHE SRS AR Y sdsh Qokskd vEd 2k A 3

Hd 7& T sdAelle Hsd FiE HAMo| oju = Type I3 Type IZ FE37] $3l myosin-ATPase
A WAHJEAE ] f&E FAE st HE A (adenosinotriphophatase) =2 3}8P-& A8t o] <& &
=391, AEs W= ¥ AHE7]FHbrain slicer)E  ©]-8-3}] 25 38t u]Z(BH-2, Olympus, Japan) .2 Kol oFA H
omm FAZ 77 27 o® HASF] 2% triphenyltetrazolium ole AR Type I, ¥A Kol TR+ Type IZ &+

chloride(TTC) Ffof Yol A-2ox 6053+ AT 4
A Aol Aaor fgao] HARE FA Bl A4
HA S ol
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[
=
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Ak s f F F4700
ATSTES) I RoFe & A7ATFe o83 53
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2001 Image Analysis System)Z ©]€3Fo] 1008]2] Bi&-3}ol
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74> Choe 5(2004)0] AIAISH W
sdsh gokshd vt gk 9l AR B
= A|(spectrophotometer, UV1601, SHIMADZU, Japan)E ©]&
&} Serva Blue G dye7]- SH5-% Bio- Rad(Bio-Rad Laboratories,
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HI|XI=2 0I18% SHY +==80| =3{E &

gk Fo| &= Type |, Il 20| O|X|= P&t

o Zi
HE

ST, STES, SH, SHES  A3AIZA 2] AT} 544 4
e A& vlast 3= <Table 1>3 Atk 2 7o A¥
AFAL Al 2 gkl Aelrh gles AeE uEkth
(p=801).

STTS] A3 AJZA] A5 253.545.6g0190aL 5HA 2]
Aol AT 211.1£55.5g 0% 42.4g AW, STEST-OIA
A ZA] AT 254445, 1go4 Z52A] A 254.9£12.3¢
oz A War}t Qlolth SH-2 AEAIZA] ATl 2523+
S.amgellA A A AlFo] 282.6£11.1g2 % FolsHA
S7FeFR O (p=.028), SHES 9] 544 A AT
260.0+15.6g 0% ARAIZA] ARl 252.6+12.5g¢] Bl <]
Eilod = L‘rEMW 53

ol#|¢t AFH3IlHFS FHEE vwshd, ST SHTS &
SAA A AFol FolFt Afol7b vERKp=.004) STl
SHwoll vlal| AsiarE Aepgich ST STESw S| 54
A AR A 7% 2ok ¢ty SHET SHEST B
SHEA AR AFol FUIENeH, SHE AlssThEe|
SHESTH.T} 5-2]3H] 7ATtHp=.041).

<Table 1> Body weight of stroke(ST), stroke+
electrostimulation(STES), sham(SH), and
sham+electrostimulation(SHES) rats

Preweight (A) Postweight (B) A/B

(9) (9) (%)

ST(n=6) 253.5+ 5.6 211.1£55 5% 83.3
STES(n=7) 2544+ 5.1 254.9£12.3 100.2
SH(n=6) 2523+ 5.1 282.6+11.1" 112.0
SHES(n=6) 252.6+12.5 260.0415.6" 102.9

n= number of animals

A Significant difference pre-bwt & post-bwt (p<.05)
* Significant difference between ST & SH (p<.05)

+ Significant difference between SH & SHES (p<.05)

o F AIBAHFL <Figure 1>0 AAIE uiel o]
61.1+42.3g, STES- 96.2+28.4g, SH-S 141.8+
Sg, SHEST'Z 114.6£15.7g 22 YERGTE ST ALEALH
SHiLoﬂ HIE 28k A0 2™ (p=.009), STEST-S] A}
T SHel Bls foskAl A thp=.040). ST}
STEST Y SHT¥ SHESTY F AMRAAHE2 23k o]

MR
Flo 4
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T
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Diet intake sum(g)

| | |
0
ST(n=6) STES(n=7) SH(n=6) SHE(n=6)
group

<Figure 1> Total amount of diet intake in stroke(ST),
stroke+electrostimulation(STES), sham(SH), and
sham-+electrostimulation(SHES) rats
n= number of animals
* Significant difference between ST & SH (p<.05)
+ Significant difference between STES & SH (p<.05)

Type |, Il 22

4

e

ST

Bl

o] &= THFA o= AL AP EAE SHTH
28t A= <Table 2> AA1E ulel 2tk

ST 7FAM|(soleus muscle) F7li= 86.5+10.5mg &
SHTS 7k B4 105.2+20.0mgHtt 22 AdS B
ot} 8T8 3 (plantaris muscle) A 155.5£31.5mg> SH
o] FHHT A 213.2+183mgell vl sk Zgkor
(p=-002), ST*¢] Hl&HE FAL 903.3+118.2mg o= SHT2]
S}= n]E2 FAIQl 1220.8+124.7mgoll B8 S-2lskAl 2Tt
(p=.004).

A7) A=& B3 2N FEIFEY AAE ST 5
SEFA7Y %7};&%%]—5 STEST¥ HlumEAs Aul=
<Table 2>° UERIQITE STESel 7hAbu] FEA 1054+
19.9mg> ST 7RApu] A 86.5+10.5mgRr} f-2]3tA
Zth(p=.040). 2 FACIA STESS] 248.1£31.9mgS ST
9] 155.5+31.5mgell BI3] F&JetAl 21 0™ (p=.001), STES T

<Table 2> Muscle weight of the affected hindlimb
muscles in stroke(ST), stroke+
electrostimulation(STES), sham(SH), and
sham+electrostimulation(SHES) rats

Soleus Plantaris Gastrocnemius
(mg) (mg) (mg)
ST(n=6) 86.5+10.5 155.5431.5% 903.3+118.2*
STES(n=7) 105.4+19.9°  248.1+31.9" 1430.1+157.8"
SH(n=6) 105.2+20.0 213.2+18.3 1220.8+124.7
SHES(n=6) 114.3+13.5 246.8+17.3" 1287.5+ 75.3

n= number of animals

* Significant difference between ST & SH (p<.05)

+ Significant difference between ST & STES (p<.05)
A Significant difference between SH & SHES (p<.05)
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oogZ 9
o] \lEZE FA 1430.1£157.8mgE ST+ H|EZ FA o Type I A F<HAZ 1666.24359.0pm'E STH2] 3]
903.3x118.2mgel Hl3l fF-25HA SR CE YR THp=.001). = Type I 24 FDHEZ 1960.2+187.4pmoll sl 22 7
S RS, STESE] FHT Type I ZAH w4
Type |, Il 2MS EICHHA 1957.1+457.0pm' s STT2] 1449.6+91.2pm'e] Hla 2 AT
Rtk STESTS HIETS] Type I T3+ vk z 23289+
ST ¥ SHT9 &= Atk Type I I A/ o 6433umE ST MIET Type I 24+ Az 1591.8+
WAZ <Table 3>°l #lAl® wiel Zrh STIEE] 7kAbw| 262.2pumel] g & A3S B o STESTY HlET Type
Type 1 <4 4 2201.9+460.2um'= SHTS] 7FAbu| & I 27 F9Ed 1766.8+232.0pm'E ST H]EZ Type
Type I 405 Az 2868.8+612.0um'e]] H|al zHe A3k I 24 F9dd 1116.9+27.3um'™l vlal F-28kA Zthp=
Hlow,  STH#O 7HAu|E Type I S+ IAdhdd® .034).
1896.0£838.1pm' 2 2 YERY} SHTS 7BAF] Type I T4 2y o] 253 Type |, I ZAH EFEE <Table 3> 2
f FehdA 2268.6+603.6pm'oll B3] 2> S UeRTh o] AAH ] U},
STw8] S22 Type I AT FTHHZ] 1960.2+187.4pm'=
SHT-<] 57_;3,1 Type I 245 A 1651.6+142.1um']] Type |, | 282 2YUM G THHEZ Shat
vle] & A B3k ST?LA AT Type 1 245 I
WA 1449 6i912um“oi SHT9] F2 Type 11 A+ STZ¥ SHT &3 Type I, I &5 294/ @
FebAA 1383.8+400.6pm' e HIF] 28 xtolrt ¢ldTk ST SHFE <Table 4>l A|AIR Ble} Zvh ST 7RAbu] &
T HIETZY Type 1 THdF IAwbdzd 1591.8+262.2um' = MG wag ek 62.1+16.3mg/gS SHTS 7HAm 24
SHS] BlE Type I A FAZ 2039.74352.0pum’ ] A w3k 84,642 5mg/gell HlE FJEA Ao
Hla] 22 Fee Jehd o, STF HlEZ Type I T4 (p=034), STTY FHHT TYHH @z e 38.5+3.4mg/g
FdHEA 1116.9+273um'E SHTQ BIEZ Type 11 A < SHTS 2 g4 a3 38.6+2.8mg/g T
kA 2003.8£374.3um' ol B3 F2J8HA Zkhp=.034). oJgt ztel7h gldek ST Hl%%fﬂ LG A s
A71A=E st TEA FEEAY AANE STEY 3= 19.0+1.7mg/g& SHTS] B]EZ A4 ey sk 298+
Type I, II 414+ Aol AXEAE STESTH Bl 4.2mg/gell B3l et 3}—8— Ao w ERGTHp=.034).
23t A3H= <Table 3>9F 2l STEST2 74|29 Type 1 A7NA=E &% sHY FHEFHY HAAE 5 Type [, 1
S FEA 351084510 7pm = ST 7R 2] Type 250 2YdH wwAd geko] STt BlE] AFEAES

| 244 Fuus

AR S |

2201.9+460.2pm'ell Bl3] FeJetAl #HoH
(p=.034), STES*<] 7FAFu] Type 11 3z 28113
+4178um's ST 7B Type 1T 3eha A

1896.0£838.1um'e]l Hl3l & ZA&S HeIck STESTS] FHH

[e}
LA

[e)
S

STEST#} H]al +#

STEST 7HAMm| 8] Zdf @iz 3 96.8+11.6mg/g
ST 7HAbn| 294 dld ek 62.1+16.3mg/gell H]
& folskAl Zthp=.034). STEST £2e] A @9z

=

<Table 3> Cross—sectional area(CSA) & fiber type distribution(%) of the affected hindlimb muscles in stroke(ST),
stroke+electrostimulation(STES), sham(SH), and sham+electrostimulation(SHES) rats

Soleus Plantaris Gastrocnemius
Eious Type |2 Type H2 Type |2 Type H2 Type |2 Type H2
CSA, um CSA, um CSA, um CSA, um CSA, um CSA, um
(%) (%) (%) (%) (%) (%)
ST(n=6) 2201.9+460.2 1896.0+838.1 1960.2+187.4 1449.6+ 91.2 1591.8+262.2 1116.9+ 27.3
(91.2%) (1 9.8%) (13.8%) (86.2%) (16.7%) (83.3%)
STES(n=7) 3510.8+510.7" 2811.3+417.8 1666.2+359.0 1957.1+457.0 2328.9+643.3 1766.8+232.0"
(90.8%) (19.2%) (19.9%) (90.1%) ( 5.4%) (94.6%)
SH(n=6) 2868.8+612.0 2268.6+603.6 1651.6+142.1 1383.8+400.6 2039.7+352.0 2003.8+374.3
(83.8%) (16.2%) (11.6%) (88.4%) (12.6%) (87.4%)
SHES(n=6) 3392.9+225.0 2602.0+481.6 1912.2+369.3 2160.0+£372.2 2137.3£747.5 2156.0£299.3
(86.3%) (13.7%) (11.2%) (88.8%) (5.1%) (94.9%)

n= number of animals

+ Significant difference between ST & STES (p<.05)
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* Significant difference between

ST & SH (p<.05)

~ Significant difference between SH & SHES (p<.05)
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M7|IX=E 0I8¢t SEY £5=80| o8 Y FI2| &= Type |, I| 2|0 O|xl= I
F 41.6+74mglg> STTS ST Zd4F @ AL Aor Uehuth AAR HEF WA 5497190 7¢
38.5+3.4mg/g ¥ Ik Apol7} qUdTh STESw HIE*e] olulell JFAF AdEI7E 16%2] WEZ Ashy 1 el
A T e 26.3+5.8mg/g> STS HIEE A A 8571, At Y FHY FE AV FelE =
iz sk 19.0£1.7mg/goll BIEH F-23HA Zithp=.034). AFE] 213l (Axelsson, Asplund, Norberg, & Alafuzoff, 1988), %
Aot HEF A2 264%04 P 15 AIA] JIEFH F
<Table 4> N.Iyof?brillar proteip content of the affected A¥o] T SITHDavalos et al, 1996) AFAHL A AE
hindlimb muscles in stroke(ST), stroke+ )
electrostimulation(STES), sham(SH), and Aol pdolehs AAE zefsi oleh A2 A =7
sham+electrostimulation(SHES) rats o] 71 Fash gy xgaolw AAY Ay} oy
Soleus Plantaris  Gastrocnemius A thrtel] Fosk Fojo|nR dmA A Ay Al i
Tl LSS 2o e sk 4 29070 ST
STES(=7)  96.8+11.6°  41.6£7.4 26.3£5.8" BA7IH0] dojupAl Fo e Uehdth(Shizgal, 1990). ©]9}
SH(n=6) 84.6+2.5 38.6+2.8 29.8+4.2 o] HEF WAF %@%}Ol AAEE AL HEF F3471
SHES(n=6)  103.2414.0  43.66.7 40.3£5.6 o] JeRMH HEo| o3 AelS A A|FIT)
izsril;rilg:;n?fdfégrrgze between ST & STES (p<.05) %%%O]‘ %éﬂ_ﬁ]_—f{j P AR AL WS wh) e
A Significant difference between SH & ST (p<.05) U e AslrE E3] sntEnh 2 el E A3 i
= T ARZIRIRI 747 A¥EE = AT vhE
= 9] AREBHAl Bk, s FEsisle]l S 4SkA
W Hs o] i Ao EFo] WIS sk o> T
H5E |ut 9| 2= diM o Hlto] &abA] ggkom WIS AUZ A kTS &
FSQOER STe] 295 WAL deAste] o Jlow
2 A747 HIE % R HWH o] MAs ST e E 7 Stk ol& oy ATt AW 4 o
A A3 Ay vlmete] 16.7% Zgkom olzfst Ay} W s ST TS ASAA =4 Aol &
Uehd A8 ARAHT sk #e] vk ARRAHAT A W go] Azt A 72A17F F dRs) wgel oJa A
3= ARAEFIE e ALY FuEwo]l AR 717} 9 A7} 14~17% AsFETHE=(Schneider & Gautier, 1994)
HAoAshH= gool7] ulol(Davalos et al., 1996) 734 {1t Ayof o3 AT
2 greFel 9T Fol AEE AsA Aso]l Fad 2 A747, ST SH el vldl] 35 v]E2S] Type 1T
Aow B 4 Gtk & A7 AIYNME 7979 F AFEAA AL o] feolatA ghAasich olEgh A= o
o] ST 61.1g, STEST 96.2g?lt] B3] SHT 141.8g, S Al Type T /RS o] 7HAskGivhs
SHEST 114.6gC % HAMES {FUAIZ] TollA AtadF ol (Scelsi, Lotta, Lommi, Poggi, & Marchetti, 1984; Hachisuka,

A4 Qe BRT 5 gk
B e HMHE f8 ¥ 83 S22, vE2e Tzt

FEISA Ao} 2giFo] WAHY

e AL Sl o]

HEd FEE HWEF A 34710 7Y FolE 55
7F ZHFrE An 5(2000)9] ATt Ao} ek B AT
A1 H3g 8 & G471 Type I, 11 &5 BFolA &
SHEAZE SRS Type 1 250 Z7EAA|ZRY Type 11
L1 FH 2, HETo] O wol AT Zlow YEhd A
Z5Y WO E Type I F5oll T2 Z950] gdrh=

A AT4 I=(Dattola et al.,
1997)3} 21|},
2 AT HEF

o] #4 MEF WA

1996; Kenji, Yuchi, & Hajime,

Joll 4l 3152 Choe 5(2004)
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Effects of Isometric Contraction Training by Electrostimulation
on Type I and II Hindlimb Muscles
in Cerebral Ischemia Model Rats
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Purpose: The purpose of this study was to examine the effects of cerebral ischemia on Type I(soleus) and Type
II(plantaris, gastrocnemius) muscles, and to determine the effects of isometric contraction training by electro-
stimulation on Type I andIl muscles in cerebral ischemia model rats. Method: Twenty-five male Sprague-Dawley
rats were randomly divided into four groups: ST(stroke), STES(stroketelectrostimulation), SH(sham) and SHES
(sham+electrostimulation). The ST and STES groups received a transient right middle cerebral artery occlusion
operation. The SH and SHES groups received a sham operation. The STES and SHES groups had daily isometric
contraction training by electrostimulation(100Hz, 45mA, 7.5V) on hindlimb muscles for 7days. Result: Plantaris and
gastrocenmius muscle weight, myofibrillar protein contents of soleus and gastrocnemius, and the muscle fiber
cross-sectional area of gastrocnemius in the ST group significantly decreased compared with the SH group. Soleus,
plantaris, gastrocnemius muscle weight, myofibrillar protein contents of soleus and gastrocnemius, and the Type I
muscle fiber cross-sectional area of soleus and the Type II muscle fiber cross-sectional area of gastrocnemius in
the STES group significantly increased compared with the ST group. Conclusion: Hindlimb muscle atrophy occurs
after acute stroke and isometric contraction training by electrostimulation during early stages of a stroke attenuates
muscle atrophy of Type I and Type II muscles.

Key words : Stroke, Muscle atrophy, Type |, Il muscles, Electrostimulation, Cerebral ischemia
* Address reprint requests to : Choe, Myoung-Ae
College of Nursing, Seoul National University

28 Yeongon-Dong, Jongro-Gu, Seoul 110-744, Korea
Tel: 82-2-740-8824 Fax: 82-2-766-1852 E-mail: machoe@snu.ac.kr

o &kt S 53] X| 36(7), 2006H 12€ 1241



