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Abstract

The purpose of this study was to investigate the effect of heat application
on ischemia-reperfusion injury to quadriceps femoris muscle of the rats. Nine
weeks old male Sprague-Dawley white rats were divided into five groups: 1)
control(only reperfusion following ischemia), 2) heat application before
reperfusion following ischemia(PreHeat), 3) heat application after reperfusion
following ischemia(PostHeat). All groups were 30 minute, 1 hour, 3 hours
reperfusion after 2 hours ischemia with clamping abdominal artery, and
investigate superoxide dismutase(SOD)  immunohistochemical reactions for
quadriceps femoris muscle of the rat.

SOD immunohistochemical reaction of experimental groups were more than

the control group.
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Z3 ) dAFFo] gAY FAH AT FHYPo] WAIYE, ARHo
SEE xA9 Vst AA T dHEe HEHAQA Wyt dojyr] Ay,
AA71e] S T ADFIAAS AT AN LG &R 2AE:
ol o AstA dolus FHE-ABF &4
3FtH(Haimovici, 1960).

¥ (ischemia-reperfusion injury)e] =4
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T HAY F UL, FE F EAIAA G S g AR, sEFFH &
4 a5 AW THFE o 4 Ui (Haimovici, 1979; Wright et
al., 1988; Smith et al., 1989b). o]&1& A2 &4 APt A4E F7t
3, Y ¥ ARRE 5T U ASAH, JAFA 259 AR 2
ARG AFFHE FF] HAN ZH5EFo ddHe=z HA dedo
(Blebea et al, 1987). 223 31d R A#Fo o8 dete Az F334
WA xe] Bge] ZHe] AHRoAE W] BRI wet i FFo)

r

Adgoz A ey, P2 QA3 A2 &L 289 FHFAHA F=
& HAH(Labbe et al, 1987). ©}&id AG-ABF &4 dAh =4 A7)
(oxygen derived free radical)7} 8.3 98& 3=
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dH, A, A%, H, 9% A dolvs SE-ABF S aT
o]Fojx stEtl(Jolly et al, 1984; Baker et al., 1985, McCord, 1985; Stein et al.,
1990), Z4+A7)(superoxide radical)®} #4t3}42A:(hydrogen perioxide) ¥ ¥H3-4
A7)k e AR 7] (oxygen free radicaldl 402 et 4L 4
8L Ee FAFEE FAstq &S AAANE 4 A Rice-Evans &
Diplock, 1993). &< F4Z¢ UiFoE HI-A#RF &4 dd AFA,
Woitaske®} McCarter(1993)€ 3 d-A#HF &4 F 429 24/ E 437
sta], AFAH A F(glycolytic muscle fiber)7} 284 4 -6 (oxidative muscle
fiben)®2t}l 2540 o =gA FEHNL, F2H 2 FAV ¢ A
B8t} Libonati 5(1997)2 38 A 50 38 £ ALVFZ A3 AZoA
GaAFT) GFE BANA JE-AFF & ZAsAvdy Rustgrh

Natio 5(1999)2 <13+9] &3 Z(vastus lateralis muslce)olX FES HE3}
o 42T E¥E 37C9 #F27|(incubator)dl 2087k A7 ¥ #Assid o3 2
2o 451A &4 (oxidative damage) s AT, 3 _T42TC F-27)7 o
HALTBIC) BF 2550 F93iA Z23QAT vgH LR} 9547
A ALEA S EAdo] AJrta Bndte], st EAdeA 2] d38o] a3t
ATtz BiEArk. Wilson 5(1997)& E7)9] FALE Yoz A3 &4 g
S P-AAF &4 BFAG e, ST A2Rge) e ZELNE FAT A
o7} FAAA T, 2K LEV Wod Y-AAF &4 FAEE RS

olel B dAFE A A FHDES YFoE 2848 IHIE-ABRF &4
o MAe G distd FAstuA, AFPFTES FYT e ARHF A 2= F
of 24& &3t 7] AAZA(free radical scavening enzyme) & 3FL}<l
SOD(superoxide dismutase)®] HHZA3}std g8 vlu #AZsu, AAF 7
AT 2 AR e A2 EAAEE vl FAITA AIEFH Y.
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AR E 9 A¥Uz
.E_ Ao ol8d AYFELS AF 200-250g2] AR 9FH &4
Sprague-Dawley Al AFE A&t 4871 F AF5EL Alo)A ¢tel B
& 8 Z2FAARE ZotFda, Holok EL AFglo] TFIHRoH A4
W AYLEE 20£1TCE FASAT

2. 479y

HY-ABF &4 2gH L a5 BAE) Y8 HFEEL gxEH 4
Proz ek dzTd 48717 F obFd AAE A $3 Y F YD
T ANgsE A, 48T ARF A 28387 ARF F 2EH LR T
oAtk BE 22 AHTES 2N S O ARF F AHALA U?
2 308 ARAF, 1AM BAAF, AT AHAFT HPFES HEHARF
(quadriceps muscle)& A &3t HY-AaF{F &S FFIJT gz &4 /‘a’
A7 AP EL T2 gulEly AgEATh

EE HAYSEL AN HES 10 12 EFS v 3AE 259 FAH5-10mg
/ke)ste] kA% ohg, AFEZAIE o83 HYEo 0E2F% 3 ‘4*’4% 12 Akt
F 43¢ A=z 23 s, 0% ¢ ol &3 Aud BEE A%
F T8 22 3T AR AESY HdF Y (abdominal aorta)ellA FFEF
W (common iliac artery)e] #7]3te AFE =&t 2Ela 48 A
(vascular clamp)E Ab&3ste] FAEFH 44 FEEHs 2259 AdydE 3
gatgien, 53 2Azte] ZHE dRFAE AAsY ARFIQAG ABdF F

Az whEl 308, 1A 3AI%E A ¥ 2 2% Ry YEHATZ S J&3Hd

o5 FUFAE AEE AHEEAT

AT e W& (paraffin bath)& o]-&& e, F&AE 60CE 7HE3t A

a4 A Ee ARF T EE "}%3]'04 g5 8% v x%o] -1
A Ax AL w7ztA dsto 158 F&3e. AL B28 A7)
A8 22% oy & ¢ H]‘éi Rt}

3. 2ARE AA
AFFEEANN AEE A&7 A 09% %E}Ur E(NaCD® 4% e & g
3} o] = (paraformaldehyde)& ©]&3) #FAAI T A5Z2 HAEs¥ch A&=8 24
NEE 4% FHEEgdstel=e 247 F1 23, g o, x50%, x70%, x80%,
x90%, x95%, x100% 1, x100%I ol &2 (ethanol)l )\HEHE 9QOEH g
(dehydration)& 3l% 3l xylenel. 2 F9H33 T UYyPAFZY dggd B
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& AANE o83 10m T
2 Jud 49 BEJT, 1 F P 2 BAL §%o2 AAse 10-15749
ZAERS BEY.

4. 234N 2 AF

AAME FAFEL monoclonal anti-superoxide dismutase @3 (Sigma
immunochemicals. No $2147 mouse ascites fluid, Clone SD-G6, Sigma, St
Louis, US.A)% ABC Kit(Vectorstain ABC Kit Vectorlaboratories INC
Burlingame US.A)E °]&3td =AY MEFA} AEYHdd) F2 FEste RLe
2 48 CuZn-SODY X & Wz gexor GA3le FeAn|F oz &
Fahgio.

B a7 BEE wga ‘ﬁﬁxﬂ%%:%%@EWHH}%%%%G)ﬂ%
T FANE(2), AEY &
()22 TR

1. 3|8-AAF T dx9 SOD HYxA 353 £A

A9 Ay YEHAFZE FAL T
SOD Wgz=3lsta g P 2o A, 308, 143, 3A¢ 4
FoA A5 ZEAXAAM SOD Aol e Zvjdk Hwgo] #AFEYL, Al
Zidid 2 2 xolrt 1 th(Table 1, Figure la, 1b, 1c).
<Table 1> SOD immunohistochemical reactions on control and experimental
groups by reperfusion time.

Times Intervention
after Control
reperfusion PreHeat PostHeat
30 min + + + +
1 hr x - + + + +

3 hrs * -

H
+
H

—: no reaction, *: trace reactivity, +: weak reactivity

++. moderate reactivity, +++: strong reactivity



2d48 FA8A 2PL9 SOD BgxA3sts 27

2ol FAZL T sE F oARF HHo 24E HE
AIZE, 3AZE Aol A 25 SOD9 #Ao ik v o
To] ¢Sl FEHNLH, T Bt e AN Go] BEEHG
2 & Aol7t it (Table 1, Figure 1d, le, 1f).
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AL
Y3 ARLFoR U3l AP WA FAL VE FAE 374 55L B3
& AHg A (mitochondria) 2, 429 FFeo] Haste] AT MxEgo] Yol

AW AslE QA3 (oxidative phosphorylation)7t A E o] ATP(adenosine
triphosphate) 2} AJ4to] Az} ZistAY FddT. AXEJ ATP/ Z4aH3 Ad
Ao 2 AMP(adenosine monophosphate)”t %7}t phosphofructokinase’t &4
sl5 o], AFHo AW FYE U s 23E(anaerobic glycolysis)e 712 @
Yoz2RE ATPZF AL A2 o] %3] AR P Cotran et al,, 1994).
g Aol F7tstH FH(actic acid)e]l FA = phosphate ester?t 7hHpE 3|
(hydrolysis)& €27 F-7]|¢l(inorganic phosphate)o] F71= o] AXWel pH #4&
& 4o (McGee et al, 1992). 8 &3A Az 4F F shve 494
% (acute cellular swelling) .2 Na' B2 9] 7|5 %42 Fisls 98 Au
o MERIzAEe ZAFolth HALFoE Qs ATPS ATPased #4AE %
Syto] Fof7l EAIEe] Na'ol A|EUdl AFHa K& AEgroez 2ikgo]
Ut A el kst AEW o] ARHA MNEZTH] doju, AXY
2 8 2 AgAY olg o2 WA M Y(endoplasmic reticulum) Z7]E A} o]
dojdth(Halliwell & Gutteridge, 1999). 1 o] dojute= 4L FHZNIAA
dogrRE FHEAEo] D (detachment)HT ET<E(polysome)e] Exf
(monosome) 2. 2 &) &) (dissociation) €t} o] R WA A gt Ao R
A HEEF Abole] HFol Fojx7] dEQ] oz A, P Ao
AAEA HEe 94 IdE5E F ded, RS 719X & (reversible injury)e]
i gt 2y § o] A&HW v 7R A &4 Grreversible injury)e] doivE
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o], Abg el A% FE(vacuolization)7} 713, 93 Aute] Ay &4 A g
259 FFo] YvEhdrl AXANY o] F o H_‘E 2 HAa ¥wAET AE o

il
Ea7 AEReR FYHHASA MAYE v, A XAbold &
& AX U2 Y5 & AxE °]7<]7é dolglz WalA A
Ao o) @A HAY AWt o3 FHHIE gt o "]’ﬁq] =gty H
A FHAAEE IR AERE T3 AxUY 47 AEYrez Aojue ¥
AUWR Eoj7HA Hed, oA AEAYS dAs e T2 A Eo)H(McGee et
al., 1992; Cotran et al.,, 1994).

A2 QU1 AHdAE @z o] &dEA o]FoA ATPe AiteE ol
ol ATP® &7 creatine phosphates} 22 =& JUAE ZE QAQAFTE
< UF ek, A Ed dste vady FskA g8 F e &
1A Avh(Harris et al, 1986). ]2l =59 diAlY EAA = &4z, I7)7¢H
PR AEH 2K &4 EAsE AL o AEH aEHA AHE
22N HEFEIE AN ASEHE ATPY o] ZAsn 259]

A 3w, =AW B9 gol FUteta A A AHTFe] @2 " (Beyersdorf
et al, 1991). 3 28] Y o|F AAFIA HAE AHAAR[7| 7 TSt Y
A E7} &35 2dstrom et al, 1990), BerAE ¥ AErt A&HE ABF
of g &Abol d& AFZ T (Yokota et al., 1989).
¢, diE dAY dAAEE A2 Bdygoes 5]735"5 B2 o]Fojzl
AR o]Fojx ded], o2 As] Mz 5\1131]-@}751 SAo
A7l 2 AF9 Axd RS ofFA ¥ 1M % ]'J% 7+7 383 Q1
% (chemical species)S %3tes RoZ ul$ wrgAo] =3 EQrAste ZIA =
= wEA setEd, 53 Axgd faue Fag EAER i, 25719
HE FAE AFIIR WHetd 24 E4E F7] i Ed AFrE AsrE e
S (autocatalytic reaction)2 Yo tH(McGee et al, 1992; Cotran et al, 1994;
Halliwell & Gutteridge, 1999).

ZZ A ARG 2L AsAY AT WolAQd FAsAI #PE o
F3 JEH, F4tsAloli= SOD, catalase, glutathione peroxidase, ascorbic acid,
HEHY E So| dom, o598 ddo] MofXH AFArL7d 3] MEEAGo] o
o] dt}(Baud & Ardailou, 1986; Storz & Imlay, 1999). &7)17F e A A2
5"*%*‘° ABEFo o= AAHAAR, ABAFE AL Fojrt FaEo] Atz

1ZEEF, P]a‘a—‘—"r'-t"lﬁ.(myoglobulmuna) AR 2 APH] ARG
deozd & Jow(Haimovici, 1979), 2713t S ¥FE o|F AFFA HAg b
Ao Agow THIAMNE AERH AXxavi#e Ty, R34, 2AEH
g Fo] #FEFHI, ol FANA FANRA, TFVTHE 2 A¥F To)
dAe JlsAdo] FoldtHGranger et al, 1986). FASHHMZ oz MARN A%
T WYor RV ATAHLE AMEHARE AITE, o4& R AXHEG L] =
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oh, AF/F T AAALGEL 15-22%, AFAA@EE&L 3-25%0] o]2r, o]AL 3
g-A# 7 &4 ot} (Eriksson & Holmberg, 1977, Cambria & Abbott, 1984;
Dale, 1984).

Parks®} Granger(1986)= 3A17H&¢t &g A€l
o Uehes xFo &4o] 4A Fet YN T oplHE &R 4
AstAokal Bustd e, A8 AAS Ax &4E 9do7 &
A g, AAFEHBA o B AxEA(molecular oxygen)E FF A T
F&o &l ¥y Eo A#RF Fo © AsA SRt RuEg
(McCord, 1985; Odeh, 1991), Ikezawa 5(1993)9] A+ = o]¢} HAsES )

HE-ABF &3 71N el ofpd FHEA LA AA FA, FAdE
"ol =4, H#LFAol9l(vasoactive amine), 4 Sl o8 FEdFEtiE o]
o] dRFFHRY, A FAXBAA o]l o8] EHAHOR HLHA X3}
R, HZde A%, A%, 9, 2%, HJ 2 3 FAA A2ARFIIIE HEB-AFF
E4d F83% 9T¢E ot 4#A Addd(Jolly et al, 1984; Baker et al., 1985;
McCord, 1985; Stein et al., 1990).

AaAFr1e] Fagh AETEH oz AMEA|, 43" WNYF, xanthine
oxidase, prostaglandin synthetase %°¢] U+Edl(Freeman & Crapo, 1982; van
Gilst, 1989), xanthine oxidase7} B438 A4 AR x4 2Poz A
I 9ot o] xanthine oxidase®l 90% ©]/°] xanthine dehydrogenase HFEjZ &
st glom P77 5¢F xantine oxidase®Z AHEEH 3, 7 ¥, 2% L& A7)
9| A= hypoxanthine-xanthine oxidase’} Haber-Weiss ¥r-8 i+ Fenton &%
AX A superoxide anione FE3t3, & 542 hydroxyl radicals A4 shr}
(Hammond et al., 1985). Xanthine dehydrogenase”} xanthine 2 A ZEH=d A
LEE AZFE A7)ol wel zlolzt dedH, AFZAAMAE 10X, ATdAE 8&,
2y o8 E, A% 2 g SoME 30Ees 48A Jdoh(Hammond et al, 1985;
McCord, 1985; Smith et al, 1989a). ©]&ist A& @8 THI2ANM= 3
717t &<t xanthine dehydrogenaseZ} At 8 A2 A M3 E X gol duty oz
A Zo] o] A ZAry] dEd], THZNA dolvde AG-ABF SN
A7) (oxygen radical)’t F3steE G dEiAdE F4A3A Zoy ABFEL
M EV Zg(cytosolic calcium)©] Z7}8t o] xanthine dehydrogenase®l*] xantine
oxidase2 AE3sHA 3tdn FJtH(Walker et al, 1987). ©]& 3 A2AH71= A
AR E Agor AAHRIT SOD, catalase, glutathione peroxidase$} 7Z&
AE W AF7] AAZLEN g8 &3 ez A7 5 2(McCord, 1985 Walker
et al, 1987; Korthuis et al, 1988), °l¥A AZHe= Hgs= AAA
(scavening system)¥ & &7|7to] ZAoARAA A#F Fo| FAHE thFe] itx
A28 AASA EaA Hol FEAFT £Fe £i4bo] dojdri(imlay, 1995
Halliwell & Gutteridge, 1999). 3, AA{719] & E714L o] APHE
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2ol A ETo] Fe2 AsA FA5A 23l Ca®’9 phospholipase Ar Z&
BEAE FASAA Axge #HE © JHFATIZ HEEIAY AW
(polyunsaturated fatty acid)el A4S F7HA719, 7 & A /7F A0
S A akRbf- 7] (fatty acid radical)7F A4 9F HA ¥Hg-dted 2 A 74k stE(lipid
peroxide)$ Aot tEXIA ANAE A9 wHEEte A A AL E
S AAsted, o8 A&ue g g AXFo] A7EE FASA K AE
A7 dojun, MEEA F<E(cytotoxic species)S FH7|ZF Fot Aopde o
2 HNEXE FFs9 JPHYs A2 HAE doldth(kezawa et al, 1993;
Storz & Imlay, 1999).

29 HEgoq HY-AAF{F &4 FAse
protein, HSP)¢] Z& o2 MH¥d F vt 45749
HY o] & Ao weste F2 AEAd 1 P9 sHA o
ol A o) th(Lindquist, 1986; Bienz & Pelham 1987). o0 & 53 EsZ2dad

2.

A (heat shock

h]l,l
As] BFHY
o

T0(HSP70)> 2=Wsle] 713 RstA wgste dFFqaUAR A2rt 254

9 249 AYES oW 7 Eoll HIELHOM FEHR, AEA 2EH2TL F

0153% 0 AXEE BHEsly Axe A=YEE Z/AA F EZolHLaudry et
1982)

E3 dEAGN AL dF 7 AR heat shock factor)ol] &3] ddHT. €54 &
B g 4FEAAE AxAS Fud GFA ez EAst=d, oldde
DNAS} ZAtaA) &3 42AAx 9 1) 12 Agsln Jdot. a8y 2do] &
HH, 43402 €539 EA dojx ve HAFAR TAH HAHRE o]F3}
I, YR o]5F dFFAAE EFF/FAAZZ A (heat shock gene promotor)
Well $jA]g Holgk DNA 1A £$Q E5 7 8 A(heat shock element)oll 2 eat
i AAstEEA 48" 94%4 F3Ae AAMHES (transcriptional activation)
2 Ed3Auude ddS FUIANA EFALAY dF A de] 534 34Es
Z7HA 715 o]Z A& EFZAAAE DNAGIA EolA i @FA Jez HEotL
A ®H(Morimoto & Richard, 1993).

EFAGNAT09] FA% VTS BHAY 4 duWAF HYsted AEENS
HAzsli AEE 55 gildo ojFoly g FAF Ze AEWY FY
S FAF =Y 793 (Moseley, 1998). 28]3 Polla 5(1996)L d3F38 3
23 AEXe FAisteio o3 ALHAS guistel E7i(cristase)d] NS #HAa
A A, ZREL] gae 5 FAENAT02 $87 FAFA} Jdvn Btk

=429 JI-ABF &L ’*fﬂr/ﬂ](oxidant)g] Ad, dFdFaAA
(proinflammatory mediator)e] A, W& T A&, Ca™'9 HR3}, A A FHAak
glol 1z @ ATP AAe #ae 22 BE33A 89 9& dAFcHRubin et
al., 1996).

Fish 5(1989)2 # 9 stelE o= EALE 143 2413, 3A11L, 423

o



o7 FES o, ABAFIHY 257 Fo v EZY 5HA F2HEE FHIAEH,
S A ko] A4E FHAZY F£Ho| A2ddxn BustH).
Wilson 5(1997)2 E7]9 o) ¥ 2 Z(rectus femoris muscle)S thAo 2 4X 7+

A (

8 F QAFste AP-ABF —"L‘—’b‘% AT Ed, ddFES S
A 2% (core temperature)E 36~38CTE #XA3 Hd, YHEE 315-335C9
7 E AA2Fe HEE §A% Jd 2 dA 2% 2=E 295-315TE &
AT AT F 3G FEIY, 3P F 244N ABF 2859 BEY
(muscle viability)& ZHAMSIATH I Z3, 259 AEHEL oA 859 2:EE
205-315T 2 fFAIF Aol 7MY %1, AR HEFE 2859 AEH
=4 Jelgts Basig.

YR I AHZY &L AA F AR Jred, s¥Fe o2y
& AFA (homeostasis)E SA3t7] Y& AXE AL QAIRALS 23 gy
o]-&sti, EAAAN &4oE AEE AESHA o A#F T AR A
4, 8+shit-3-E A (chemoreactant substance)® ) (release), 28| WY FE 9]
3ol Frtste) 28 & &AAI T Hydroxyl radicalol AlE£&73e) 718 2 9
g8 A AF7IZ2 AN HaEJipid peroxidation)E Ao 71tH(Chabel et al.,

3
Sprague-Dawley 2l 3 HE A183le vz AFgLo=
AR e Bolsmg o L #%

AHZ&3sle SOD H
1‘5}&@ ':&04 bﬂﬁ}% B @Y ARF F FAANYE SOD " Y
1145}6”-1 U AF3 Ay dEFR AYPFoA SOD W xA ez u

lo o

gl w0 a& Aoy, ARF WS ABF AFNE 2 A7t gQen, Al
AUEAE 2 Folrt BEHA @it THEE 27] dH o] HY-ABF &
ol EAHoIGT AT Natio S(1990)5] A FAHS FAHH, £dAgo]

-ABF SFS F2ATEd £F34 Aoz FRHAJH
V. 2&

NWEAFZY] SP-ANBF A 28489 338 B
£ 2 Sprague-DawleyAl & }%0}9&1 , AEEFES gz o
A dz2de Jg-ABFTLL ?“:’17]{ F olFY HAE A Fa 3
d 3 ABHT AP3H o, ?;j?f’ AdF A 2E3LECH ARF F 29
qEgToz ME3AT

Nz AETE 24359 7AR i
SHRAT ABF T 308 AHAA, 1A FFA, 3R FAHA B FH 2



go YEAFZS AEstd SOD WYz ssty uge HsE A3 Aie
o3 2o

1. 49 HoE qEAF2ZS FAL 5 FE-A
SOD "gxA sty Qhg& #&AF gz 35, 3
FolA AR ZESAXANA SODY Ao g A
A2 Z Aozt AT

2. 879 2% ﬂ%ﬁl)\}% o FAIZ B Y F ABF A 2<4
23 AP AS, 308, 1A3 A AFHFAAM BF SODQ Aol wig o
ALY Axe FAgurLo] AAHYoW Uz B A3 WIuigo] HFF
Rouy, AztiEzE 2 o)zt sl

3. 8F 9 E2F JEAFIY FAL T4 HY F ARF AF ¢
£33 AT A, 308, 1213, 3AE AFHFA BF SOD9 Ao tig n
3t AV HAEY FAANSo] BAHJOH, AH
2 zol7t BRAHA Fpoy Uz 2o B3
dz e & Aol7t v

% A7 ede Agd 2ol w4
Heugo] BAHYLH, Azt

g}l_,

A

Baker G, Corry R, Autour A : Oxygen free radical induced damage in kidneys
subjected to warm ischemia and reperfusion, Ann Surg, 202, 628-633, 1985.
Baud L, Ardailou R : Reactive oxygen species: Production and role in the

kidney, Am J Physiol, 251, 765-776, 1986.

Beyersdorf F, Unger A, Wildhirt A, et al : Studies of reperfusion injury in
skeletal muscle: Preserved cellular viability after extended periods of warm
ischemia, ] Carsiovasc Surg, 32, 664-676, 1991.

Bienz M, Pelham HR : Mechanisms of heat-shock gene activation in higher
eukaryotes, Adv Genet, 24, 31-72, 1987.

Blebea ], Kerr JC, Hobson RW, et al : The effects of oxygen free radical
scavengers on skeletal muscle ischemia and reperfusion injury, Cwurr Surg,
44, 396-398, 1987.

Cambria R, Abbott W : Acute arterlal thrombosis of the lower extremity, Arch
Surg, 119, 784-789, 1984.

Chabel C, Russel LC, Lee R : Tourniquet-induced limb ischemia:
neurophysiologic animal model, Anesthesiology, 72, 1038-1044, 1990.

Cotran RS, Kumar V, Robbins SL : Robbins pathologic basis of disease. 5th
ed, Philadelphia: W.B. Saunders Company., 1994.

Dale WA : Differential management of acute peripheral arterial ischemia, Vas

_10_



Surg, 5, 901-903 1984.

Eriksson H, Holmberg JT : Analysis of factors affecting limb salvage and
mortality after embolectomy, Acta Chir Scand, 143, 237-240, 1977.

Fish JS, McKee NH, Pynn BR, et al : Isometric contractile function recovery
following tourniquet ischemia, ] Surg Res, 47(4), 365-370, 1989.

Freemann BA, Crapo JD : Biology disease. Free radicals and tissue injury. Lab
Invest, 47, 412-426, 1982.

Granger DN, McCord JM, Parks, DA et al : Xanthine oxidase inhibitors
attenuate ischemia-induced vascular permeability changes in the cat intestin,
Gastroenterol, 90, 80-84, 1986.

Haimovici H @ Arterial embolism with acute massive ischemic myopathy and
myoglobinuria: Evaluation of a hitherto nureported syndrome with report of
two cases, Surgery, 47, 739-747, 1960.

Haimovici H : Metabolic complication of acute arterial occlusions, J Cardiovasc
Surg, 20, 349-355, 1979.

Halliwell B, Gutteridge JMC : Free Radicals in Biology and Medicine. 3rd ed,
Oxford: Oxford University Press, 1999,

Hammond B, Kontos HA, Hess ML, et al : Oxygen radicals in the adult
respiratory distress syndrome, in myocardial ischemia and reperfusion- injury,
and in cerebral vascular damage, J Physiol Pharmacol, 63, 173-187, 1895.

Harris K., Walker PM, Mickle DAG, et al : Metabolic response of skeletal
muscle to ischemia, Am ] Physiol, 250, 213-220, 1986.

Idstrom JP, Soussi B, Elander A, et al : Purine metabolism after in vivo
ischemia and reperfusion in rat skeletal muscle, Am J Physiol, 258,
1668-1673, 1990.

Ikezawa T, Nishikimi N, Oba Y : Lipid peroxides in the mechanism of
ischemia/reperfusion injury in skeletal muscle experimental studies, Vasc
Surg, 27, 191-201, 1993.

Imlay J : A metabolic enzyme that rapidly produces superoxide, fumarate
reductase of Escherichia coli, J Biol Chem, 270, 19767-19777, 1995.

Jolly S, Kane ], Baillie G, et al : Canine myocardial reperfusion injury: its
reduction by the combined admininstration of superoxide dismutase and
catalase, Circulation, 54, 277-285, 1984.

Korthuis R]J, Grisham MB, Granger DN : Leukocyte depletion attenuates
vascular injury in postischemic skeletal muscle, Am J Physiol, 254, 823-827,
1988.

Labbe R, Cindsay T, Walker PM : The extent and distribution of skeletal

- 11 -



muscle necrosis after graded periods of complete ischemia, ] Vasc Surg, 6,
152-157, 1987.

Landry J, Bernier D, Chretien P, et al : Synthesis and degradation of heat
shock proteins during development and decay of thermotolerance, Cancer Res,
42(6), 2357-2361, 1982,

Libonati JR, Gaughan JP, Hefner CA, et al : Reduced ischemia and reperfusion
injury following exercise training, Med Sci Sports Exerc, 29(4), 509-516,
1997.

Lindquist S : The heat-shock repsonse, Annu Rev Biochem, 55, 1151-1191,
1986.

McCord JM : Oxygen-derived free radical in postischemic tissue injury, N
Engl J Med, 312, 159-163, 1985.

McGee JO, Isaacson PG, Wright NA : Oxford textbook of pathology. vol 1.
Principles of pathology, Oxford: Oxford University Press, 1992.

Morimoto RI, Richard 1 : Cell in stress! Transcriptional activation of heat
shock genes. Advancement of Science, 259, 1409-1410, 1992.

Moseley PL : Heat shock proteins and the inflammatory repsonse, Ann N Y
Acad Sci, 856, 206-213, 1998.

Natio J, Hartung E, Schramm E, et al : Heat stress produces an early of
protection against oxidative damage in human muscle, Acta Anaesthesiol
Scand, 43(1), 77-81, 1999.

Odeh M : The role of reperfusion-induced injury in the the pathogenesis of
crush syndrome, N Engl J Med, 324, 1417-1422, 1991.

Parks DA, Granger DN : Contribution of ischemia and reperfusion to mucosal
lesion formation, Am J Physiol, 250, 749-754, 1986.

Polla BS, Kantengwa S, Francois D, et al : Mitochondria are selective targets
for the protective effects of heat shock against oxidative injury, Proc Natl
Acad Sci, 93(13), 6458-6463, 1996.

Rice-Evans CA, Diplock AT : Current status of antioxidant therapy, Free
Radic Biol Med, 15, 77-96, 1993.

Rubin BB, Romaschin A, Walker PM, et al : Mechanisms of postischemic
injury in skeletal muscle: intervention strategies, ] Appl Physiol, 80(2),
369-387, 1996.

Smith JK, Carden DL, Korthuis R] : Role of xanthine oxidase in postischemic
microvascular injury in skeletal muscle, Am ] Physiol, 257, 1782-1789, 1989a.

Smith JK, Carden DL, Grisham MB, et al : Role of iron in postischemic
microvascular injury, Am J Physiol, 256, 1472-1477, 1989.

- 12 -



Stein HJ, Hinden RA, Osthuizen MM]J : Gastric mucosal injury caused by
hemorrhage shock and reperfusion: Protective role of the antioxidant
glutathione, Surgery, 108, 468-474, 1990.

Storz G, Imlay JA : Oxidative Stress. Current 0; Opinion in Microbiology, 2,
188-194, 1990.

van Gilst WH : Protection of the myocardium against postischemic reperfusion
damage, ] Cardiovascular Pharmacol, 14(9), S49-S54, 1989.

Walker M, Lindsay TF, Labbe R : Salvage of skeletal muscle with free radical
scavengers, ] Vasc Surg, 5, 68-75, 1987.

Wilson YT, Lepore DA, Riccio M, et al : Mild hypothermia protects
ischemia-reperfusion injury in rabbit skeletal muscle, Br J Plast Surg, 50(5),
343-348, 1997.

Woitaske MD, McCarter R]J : Effects of fiber type on ischemia-reperfusion
injury in mouse skeletal muscle, Plast Reconstr Surg, 102(6), 2052-2063,
1998.

Wright JG, Kerr JC, Valeri CR, et al : Regional hypothermia protects against
ischemia-reperfusion injury in isolated canine gracilis muscle, J Trauma,
28(7), 1026-1031, 1988.

Yokota J, Minei P, Fantini GA, et al : Role of leukocytes in reperfusion injury
of skeletal muscle after partial ischemia, Am J Physiol, 257, 1068-1075, 1989.

_13_



la :
1b :
Ic:
1d :
le :
1f :
1g :
1h :

1i

1h 1i

Fig 1. Superoxide dismutase(SOD) immunohistochemical

reaction on the quadriceps femoris muscle in control

and experimental group x40
control rat : 30 minutes reperfusion after 2 hours ischemia
control rat : 1 hour reperfusion after 2 hours ischemia
control rat : 3 hours reperfusion after 2 hours ischemia
preheat rat : 30 minutes reperfusion after 2 hours ischemia
preheat rat : 1 hour reperfusion after 2 hours ischemia
preheat rat : 3 hours reperfusion after 2 hours ischemia
postheat rat : 30 minutes reperfusion after 2 hours ischemia
postheat rat : 1 hour reperfusion after 2 hours ischemia

: postheat rat : 3 hours reperfusion after 2 hours ischemia
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