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<Abstract>

The purpose of this study was to investigate the effect of cold application on ischemia-reperfusion injury to
quadriceps fomoris muscle of the hindlimbs of the rats. Nine weeks old male Sprague-Dawley white rats were
divided into three groups : 1) control(only ischemia-reperfusion), 2) cold application before
reperfusion(PreCold), 3) cold application after reperfusion(PostCold). All groups were 30 minute, 1 hour, 3
hours reperfusion after 2 hours ischemia with clamping abdominal artery, and investigate superoxide
dismutase(SOD) immunohistochemical reaction for quadriceps femoris muscle of right hindlimb.

SOD immunohistochemical reaction of experimental groups were more than the control group. Especially,
SOD immunohistochemical reaction of PreCold were less than the PostCold. :
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Z3 o] A FFo| AT A Faslo) A F dojuA s, 3871306 BT SR 23 &4

o] Yojuha, Aoz Y 279 715F A% o] o] A3 dol'd £ gt oA L HB-AAF &%

FA7L dojvke g™ s1bAQ st dojubr] A& (ischemia-reperfusion injury)ta &z, ol8 4o
dhed), SYE 2ol A9} YRS FF AN Haimovici(1960) 9| £J3} 3-8 27/1=1c).
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FZAZ9) 7Y € AR 4L B 9%, 259
AeE, T YANAS £ $49 A4S A3}
7] A& A9 AAFE ¢ AdE § A Fad 94
W £ 93, e F FHIAA AT £l 3
ARA, 3FEA 2 A71eRA 5 APA FRF
& dod 4 9o Ay ol27]1= frHHaimovici,
1979: Wright 5, 1988; Smith &, 1989). o[2]& &
A9 £ YAl ASF Frketa, 38 F A
HHE SEEAC] U A4, ABFA 259 99
S7b 29FE AiFEe Fgol FHolA 2f&Y
o] Jt)x o 2c}(Blebea 5, 1987). 28lx HY
AAF 2lsf vdehke b zae] B39 el xe]
o] 5o LYo FN EX Al ujet &
49 FHol AdEes A vehdoin 3%l x, A=
A FAZY &AL T8 TR FR E F
tH(Labbe %, 1987). °2]3 HE-ABRHF &4 A4
F54 AH7)(oxygen derived free radical)7t 8.3
43S she Aoz geiA gl

T, 2A47) (superoxide radical)®F #FltslAa
2 gk £A7) 9} e AAAF7] (oxygen free
radical)9] FH4-02 vehtes &4 FAstAL e
GRS Rodle &% AN F h(Rice-
Evans® Diplock, 1993). Libonati 5(1997)2 3¥
A £30] Y T ABFE A A2NA ALY
9] BEE AAANA HY-ABF &) I3 drin
B335ich An 5(1997)& E719] A& oz 3
g Aol IPAE 1587 JE4F F ARVF/AN 2H,
FA 29 HY-ABF &) Frdicka FgET

Wilson 5(1997)9] 43¢ E7l9 3242& tide
2 gz 4 g d8-A8F &% qAsded, v
ofgl N 2sto] ©E Al FalFt Aolrt Al
o, 289 50t wow HY-ATRF & ZFaES
B3, Skjeldal $(1993)2 3d z7]9] §43
fo] AT ¢ IPALRY Y F A2 23
o] IAE EHH o2 AAF 4 gkn BRusid.
228y Wright $(1989)3 Cornejo 5(1998)9] 4%
dA e F¥7IzkET AR 712 hEH Lol HE-A
BF E4% 9% BAddoz FAAZATL Bl
Skjeldal 5(1993)¢] 334} 2=}

old] ¥ d7e 87 o] IS dides Iy
o] HA-AR7F &4 vl JYol disid At
A, AYP5EY QEAF2E HET IS ARF A E
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1. dESE % 4ozt

£ A7 o]8€ HAFELS AF 200~250g A
7% 9539 34 Sprague-Dawleydl S AHR-3}
o] 200013 128%H 20013 397X AAlsisich 44
713t F AP FEL AolA <ol B2& He) 23 (A
W1 Aol Yol B2 Algdge] FFsen
AR ] A2 EE 201 1CE RIS

2. ATMA

HY-ABF &4l oI el ATE DA 4
3 AAFEL d=Td d¥drez rgled, & &
2 G EFEH od TR grlEy ARSI
o} d2Te JE-ABFToE 4PV 5 ol A
A5 3R gz HY F ABFN AP, AAH £
30%, 112, 3213t A3t A3 fAsisic. 48T
Y- ARF FPH LT, BE UzTY HPFES
271 83 F AuFatAt.

FPH LT o, ARF A F47d ARF F 3
fFo g AEdgien, AU-ARF F AGAIL o
g 30%, 1AL, 3AIF B3 A3 AP5E] A
F2(quadriceps muscle) & H&3ld HY-ABF &
& gAY

3. ATHX

RE AHEEE Ay HES 19 12 7T 9t
FAE B4 FAH5~10me/kg) 3l w3 obg, BR
o} L% Qo] & Atndigt. 70% &EE o4l 4
g Bug 29 3 o8 4E AN 3N A
Az AES & 83 & YB3 (vascular clamp)E A}
g3l 24FEY AT A S A fdel g
#Y3lglon, ¥ 2400] AR AAAE AA



3ol ARFach AAF F FFARE) w2 308, 1
AZE, 3ARE AF- 2.2% Atele] dHANREE A%
o 259 FARAE A B2 AS3IT

9, FYALZe] HX= Y (cold pack)E
g3e] 242 B¢ 31 ¥ ARF Ad 2 HFA @
7 8% sicte]q] 583 A8kt §PYL 7
S.8% Aok AAd AHgsiden, Aded hrE
7heiA REE FEPA AR F 2x HXE A A8
At Ft i E 2

4. = F2 =y

NEHZ A 0.9% YSPIEFNaCD# 4% vHtE
S slo] = (paraformaldehyde) & ©]-83) #FnF
& 3 ANBE A2YR, 4% JSTELdEto|=) 2
Azt 23AF o, oeZ(ethanol) FE A5 €02
@< (dehydration)& 3l et ZufE AAeH
AZE el BE5L rAAGr)E o]88] 10m FA
2 3chd AU S gt

8

5. XA gl A|

b
b

AAddE 2AFES
dismutase(Sigma immunochemicals. No S2147
mouse ascites fluid, Clone SD-G6, Sigma, St
Louis, USA)$} ABC Kit(Vectorstain ABC Kit
vectorlaboratories INC Burlingame USA)E ©]-§3}t
o ZAY AZAFG AXde] F2 EX¥e AR
2213 Cu,Zn-SODY ¥X& A2 5x o2 ¢4
slo] FEtdn| o2 A}

B Ao AEE Huhe-2 4 =l wet S
S0, vleRRr PPk (1), A= Fuks(+), T5xY
WA+ +) T} 73 PP (+ ++) 02 TR

monoclonal anti-superoxide

o

1. 5|8 - MEE F t=Re| SOD
=Y 27

79 Ao dHEAESE F AT 5 HAE-AR
F X A A3 @ SOD AY2AsleE s &
A =Y 7%, 308, 143, 3R AT B
A AR ZEAEeA SODY &l thigt Brld WYy
ul2-0] T} (Table 1, Figure 1a, 1b, 1c).

Shy

2. SY-MBR AW BYS [ A2 A
22| SOD HAZZSIAN 22

79 & dEAIFZd F AR B¢ HE F A
F A Aol 583 S H 43 APTY 2, 308, 1
Az, 3AZ AEE B5olA SODe] gAd dig A=
o] 4 whgo] FAHon, t2F B} A Ay it
So] #FAHAo Az W2 & Aolrt YU
(Table 1, Figure 1d, le, 1f).

3. SIE-RTE AE S NI AT
SOD Hei=Zstets 2
9719 92 EATIO) T A7 5 HY Fol A

TR A5 587 IS FeA2 AEE] A5, 308,
1A13, 321 Ao B5olA SODS] #ae) digk |
Aukgo] Z3iA BAHYLH, Y HEF HE-AB
F A2 2Ro g8 2 g whe-E By Al
Hze & o7t AALA gFtrH(Table 1, Figure
1g, 1h, 1i).

Table 1. SOD immunohistochemical reactions on control and experimental groups by reperfusion time,

Time after Intervention
Control
reperfusion PreCold PostCold
30 min * + + +++
lhr +- + + +++
3 hrs +- + + +++
- . noreaction, T : trace reactivity, + : weak reactivity

++ ! moderate reactivity, +++ :

strong reactivity.
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Fig 1. Superoxide dismutase(SOD) immunohistochemical reaction on the
quadriceps femoris muscle in control and experimental group X 40

1a : control rat. 30 minutes reperfusion after 2 hours ischemia

1b : control rat. 1 hour reperfusion after 2 hours ischemia

1c : control rat. 3 hours reperfusion after 2 hours ischemia

2d : precold rat. 30 minutes reperfusion after 2 hours ischemia
2e : precold rat. 1 hour reperfusion after 2 hours ischemia

2f : precold rat. 3 hours reperfusion after 2 hours ischemia

3g : postcold rat. 30 minutes reperfusion after 2 hours ischemia
3h : postcold. rat. 1 hour reperfusion after 2 hours ischemia

3i : postcold. rat. 3 hours reperfusion after 2 hours ischemia
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272 P-QBF 42 31 (oxidant) Sl A
A}, 92" 7017 (proinflammatory mediator)$] 4
A, NEFe] A&, Ca¥ol i3}, AAA] Hikstet
2z, ATP AAel 7hash 23 Bzl a9l o4
ojitH(Rubin 5, 1996).

Paletta 5(1960)2 34 ¢ g2 719 sirte]
o] 5A17 B E-E FEE T 23 wp|y} AAEA
23lgtln Ba3lda, Hameldt Moe(1964)& 719}
sichE el 18TY] S §E 43 A 20A 22} 5t
58S g A7, Ao F4 WS HLAE

Rzo] & ZAasgtin F43l9}. Osterman
5(1984)2 #HA71 39 EFA AR A (nuclear
magnetic resonance spectroscopy)3 ol-83le gt
g 1gole Ardalg 22C AL 1Ty e @
Fo] pHe ATPE Arlsiledl, ATPE F JAdelA
S8 ulgE AREAAT, Y-S H43 AActe]dA
%7] ¢2}e] Z(initial alkalosis)o] Yeh} o] 3
Ago] &AL Fasdled EFHe g AALEIA
t}. Irving® Noakes(1985)+ HiX] Stiel& dldos
AgdM HEE fud FdT YL 3 el HAS
3 Ao g TRl ARF F HY-ADF &
& vnAdaged, S A4 Adds AFNS
ol t% AAdH:, HE4&E) vl warkn Xud)
ek

Fish 5(1989)& 9 fdlelg didod 5¥& 1
AZE, 2A1ZF, 3AIZE, 4A7te s TR 3 {ug o
ABFel 25734 wE29 44 59L& 333}
e, slgA|zto] A58 FAIY 5] it
2 R} Fish 5(1993) # 9 sitkel& v
2243 EE ¥ AnFele vE2e] 534 545
ZAQse, S8t FEE A4S JDT HLd
A FES FU% Jdos FEI A7 A3, A2
oA P FLT Fdo] TPE 283 D &
-QAF &4 AT 245 A AAA 7
Fslo], A go] HY-AAF &4 A olgdn
st

Wright 5(1989)& 729 ¥-A#H &4
Ad) Wk FFL AAA77] &) A das
Ao A 8 I 1A ARFA nAAS
(microelectrode)E o]&3l] 7HAA 289 pHE 34
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sz, ¢3l(albumin) & A3l & FHEE &
Batach. 2 43 e A Eo2 pHel 78 25
Rzarst fodA Jdektn 2.
Awerbuck $(1994)2 79 2l & o2 4A3F
Y F AnFe JE-ADF &4 dFaRed,
AYFEL AgdA S s Yz JP7NF
ek 5~8r9 TP ALY JAdoz TR
3 AuFeled 6F 3o v 82 AN FE75E
AR A3}, E713E B S A4 YR A e
oA HYL Furg AdelM 245 vt A
A ZF7yakch.

Bolognesi 5(1996)2 9 AAATE HY2E 4
9] 3 = 23T ZHA 90%, 3A13E, 5413t B
42 U3 3 AR ZFEHS ArRIAE,
A Zko] AFE Z55Y L A, s A&
3 Fdo] ALdA 3PS g AR 2450
o} 39 vlelitin FAssch. An §(1997)& E7]
Adel s daes IY-ABF &4 A7) &
A& Foaly] Ao FdHE 1583 &AL 4
oA 4217 = 5AIZE HE F, 1A T 24T A
BRelgtt o A9 $iE H 4T DM dETE
t} SOD7t BA Ao JY-ABF &g a3l
o Byl

2424 8 ARF £4e 259 Je(muscle
type)ell mhel c2A] vebd ¢ slet. A2 (slow twitch
muscle) & &2 (fast twitch muscle)& HNFAAD
(sarcoplasmic reticulum) 9] ¥X, Ca* ATPase9]
% Z(isoform)2] A%, Ca* A3 EAo] thz/] &
o, 88 AAFE Ca® ATPase 50l th2A 43S
A = Ach(Wuet Lytton, 1993: Dux, 1993).
Green $(1996)& #AE tidoz 1A3L, 2413L, 341
YA T 2AE ABFAIA FAAZH A0
oA N AMY Ca® ATPases] E52 Baziglet,
FAN 2N HYAE] FHEFE NFAAT
Ca® ATPased #%o] Zasigl o, 7ixnj2e 38
Alzte] Zoleldete W3AA Y Ca** ATPased &%
of AR FAGHZ Rl Aol & HolA] 9
skth. ol2E Y ARRE AT HIAAY Ca*
ATPase®] #4483 $HA| SR, ATP
o Agtsle W Letols AEAA (nucleotid-
binding site)o} A3} P&l AH(Dux, 1993), &
Y AT B¢ WBEAY 715FI2 HEE A &

<)



W) 23 B 4 (proteolytic enzyme)e] #4432 WEAA
o} Bald 4 dh(Konno 5, 1987 : Kukreja 5,
1988). Bt ABHE A3 HAE AR719 FHAS A
HAA T 4A 7] B Ca? o]Fel Felrt & A
o2 3ztdch(Hess 5, 1981). Gurke $(2000)2 &
Zo] A2Ht} ¥ & Adn, 289 =8 ¥FA
Y ABF &4 224 $ Aok s

Yz QY BAZY &4L AA F AR Ure
), 88 2 o] 24 Y3} 44 (homeostasis) & 7
7] 98 AZE A2 A S $3 CUAE o
£33, AAA A £4o2 AXe AMEA €0 A
a5 B¢ A9 A4, 3ehike-E(chemoreactant
substance)®] f€ (release), 283 WATEL] &3
o] Z7lsted 24L& &4tk 417 (hydroxyl
radical) 7} A Z &4 713 2 9 nlAe AHVIR
Awkob 33t (lipid peroxidation)E ¥ 271t (Chabel
%, 1990).

2 A7 2429 dP-ABF &M AL
o] &35 BEP] 98 Sprague-Dawleydl 8 HE
AHgEl] dlzEd APEes Wro] F4EF 714
B Bggals oA 23 ¥ ABFI AER
¥ 30%, 1A13L, 3A13 AN 8 F 28F e
WEAREZ S A &3l SOD Wz 584 whge]
315 vlw #AAD. ARF F AT EE SOD B
oz ety WS BAF A, d=FE AL
A SOD W =258y Hhgo| A #AHYon, A
5 A FIHLT 2o ARF F YL ToM A
R 733 Houlge] BAHAL, ol dzTRY HY
ZAA HB-ABF &40 AT AYE AXRe A
olth, 3 ATH A LR ARF F YA L
o] FjA-ATF &4% ZAaAFEd AAHY Ao
s, E7]9] Alear) & A2 U-AAF &4
& A7) 9% T LS Y 7Ite] PSR
o} ABF 713 YA Lo] o AFHoldm FAH
Cornejo 5(1998)9] 447 Az}s} AxstAa, 7He] ¥
Z(canine gracilis muscle) & 42 A#F F Y
Hgog JY-Q#7F &4o] ZAsIUchke Wright &
(1989)¢] A rAzel E719 =22 (rectus femoris
muscle) & e 8 2 ARF ¢ P& AL
& A 8-ARF &40 ZadArke Wilson ¥
(1997)9) A7det fAtaich 22t 8 Fo A%

22 (anterior tibialis muscle) & Ao ARF 7]

o] dPAguT ARF A YA L] AY-ABRR
£48 7271 ed AnHolgka 7343 Skejeldal &
(1993)¢] A7A e} st

olg} Zo| AARFH A £ ARF Fol| iz o] §
Y-AAHF &4 AAAN7 A o] EHE £FA
713 S 89 S22 AT B4 TE FALAA 4
2271 {oxygen free radical)} AL AaAZ o2
W HP-ARE &4 42" Ao Algdr) ¥
ATAH &4 ABFAINZ] A HIIRE T EFE
ot ATRF VI FU Aol o A vehded
(Haivovici, 1960), °l& A#F ARt A@F Foll A
277174 Bol AAE7] wieltt, Jug ARF
A e ABF T FPE HL4FoITH AT Fo
dojukA|gl, AAAR7|7E Bel AAEHE ARF Fo
IS Aggoan PPo) $531n YFIPo| AaF
o, ulgA Ak F5o we-g A AB-ARF
&4o] 24" ez Algdt. Erdogan £(1999)&
3 # v E-Z(gastrocnemius)& U2 3d AAF
£ A Ry Lo 53E FABY =], S Lol
z7)o] 2313 AEY A(oxidative stress)E HAA]7]
e ZzpHoled s, 4 FH L] T FFL
o] AMES ZAaAFa, HYUR AT §-F2 A4

o ol g e WsE 42N Ao ggdckn 3

#lo] 2 A7 AT} AR eATh

2429 AY-AAF &30 FPAH§o ARE
Da}7) S8 AYSE2 Sprague-Dawleydl 8 #HE
AHedle], AYBES Y2 dgTeR Wit
Y27 Y- ARFTLE APIIL F o5 AAE
a2 ekgta 21z 318 & AW/FT Algsigia, Y
& 247 HY F ARF A YL HLAA T
aglm 2/ A & ARF AFd IS H A
TOoE T3

P2 APTe FHEEY 7INE P BoEy
< 27 AF F AVFAAL. AVF F 308 A
Al, 1A13F A4, 3212 AAle) 3 F sidee] diE
ARE2E A&3dlo] SOD By =3 3ety Wee] HasE
FAF Ave o3 A

1. 879 foke] PEAEIS F AIZE 5 S¥E-A



BAF F ARt AFe] o2 SOD A=A uhe
FAF 2T AT, 308, 143L, 3AE BHT 25

dA A ZEA XA SOD2| Fo] dig Aulg A
kgl #AFA

2. P39 £& EAFZ] F AL 5L HE F A
BF Ao 583 dPS A& AP A+, 0%,
1212, 3AIZE A3y 25 oA SODY] o] e 2
wo] ¥4 Whgol BAHY e, 2T B} 24 By
dhgo] giats|glont Al ME2e & Aol7} gl

3. 87]9] S YEAEZ T A7 B¢ HE Fo
ARF AF 58T P& HEAU APT 2+, 30

=]
-,

1AIRE, 3AIZE Az 254 SODe] Ao oig
BAykgo] FstA #ZHANLH, ?}‘*8 A &3 58-A
#F A2 TR 84 A ¢ WS Bylok. A
U2 & Aoz} AR A efgict.

et 2 A7 Az & o, E-AAFE 4
229 223 £4L2 P& HEHo RN o= F
29 F 3len, = & 478 3 A 9344 4
S3tn e g FYANes 198 EAYETH
2 33 39T glesi Aladd.
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