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Abstract : Ischemic preconditioing (IPC), i.e., a preliminary brief episode of ischemia and
reperfusion, has been shown to reduce the cell damage induced by long ischemia and reperfusion.
Superoxide radical which is produced during reperfusion after ischemia was recognized as a
factor of the ischemic injury and it is dismutated into H,O, and O, by two types of intracellular
superoxide dismutase (SOD), Cu,Zn-SOD in cytoplasm and Mn-SOD in mitochondria. Recently
oxygen free radicals are suggested to induce the apoptosis, however mechanism of the reduced
apoptosis by ischemic preconditioing was unknown, while many studies performed in mammalian
heart indicated that ATP-sensitive K* (Kyrp) channel activation related with the protective effects.
The aim of present study is to investigate 1) whether IP upregulate the Cu,Zn-SOD and Mn-SOD
activities, and 2) whether ischemic preconditioning decreases apoptosis via K,r» channel activation in
timely reperfused skeletal muscle after long ishemia.

The experimental animals, Sprague-Dawley rats weighing 250~300g, were divided into 8
groups ; 1) control group, 2)ischemic preconditioning only groups, 3) pinacidil, a K.z channel
opener, treatment only groups, 4) glibenclamide, a K,rp channel blocker, treatment only groups, 5)
ischemia groups, 6) ischemia after IPC groups, 7) ischemia and pinacidil treatment groups, and 8)
IP and ischemia after glibenclamide pretreatment groups. Animals of the control group were admini-
stered with the vehicle (DMSO) alone. Pinacidil (1mg/kg) was administered intravenously 5
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minutes after initiation of ischemia, and glibenclamide (0.5mg/kg) was injected intravenously 20
minutes before IPC. In rats that were ischemic preconditioned, the left common iliac artery was
occluded for 5 minutes followed by 5 minutes of reperfusion by three times using vascular
clamp. Ischemia was done by occlusion of the same artery for 4 hours. The specimens of left
rectus femoris muscle were obtained immediately (0 hour), 12 hours, 24 hours after drug
administrations, IP or ischemia and reperfusion. The immunoreactivities of SOD and its alterations
were observed by use of sheep antihuman Cu,Zn-SOD and Mn-SOD antibodies on the 10pm cryo-
sections. The incidencies of apoptosis were observed by TUNEL methods with in situ apoptosis
detection kit on 6pm paraffine section.

The results obtained were as follows :

1. After IPC, immunoreactivities of Cu,Zn-SOD mainly in the small-sized fibers were increased
by 24 hours, that of Mn-SOD at 0 hour and 24 hours.

2. No significant changes in immunoreactivities of SOD was observed in the pinacidil and in
the glibenclamide treatment only groups, and in the ischemia only groups.

3. The immunoreactivities of the Cu,Zn-SOD were increased in the ischemia after IPC groups
and the ischemia and pinacidil treatment groups.

4. The immunoreactivities of the Cu,Zn-SOD in the IPC and ischemia after glibenclamide
pretreatment groups were not increased except for the 12 hours reperfusion group. But, Mn-SOD
immunoreactivities were increased in the 0 hours, 12 hours and 24 hours after reperfusion.

5. In the control group, the IPC only groups, and the pinacidil treatment only groups, negative
or trace apoptotic reactions were observed, but the positive apoptotic reaction occured in the
glibenclamide treatment groups.

6. Moderate or many number of apoptosis were revealed in the ischemia groups, and also the
IPC and ischemia after glibenclamide pretreatment group except for 12 hours and 24 hours after
reperfusion. However, the incidence of apoptosis was decreased in the ischemia after IPC groups
and in the ischemia and pinacidil treatment groups.

7. There is a coincidence between the increase of Cu,Zn-SOD immunoreactivities and the
decrease of apoptosis in the presence of ischemia and reperfusion.

These results suggest that the protective effects of ishemic preconditioing may related to the
SOD activation, and the ischemic preconditioning decreases the apoptosis partially via K,
channel activation in timely reperfused rat skeletal muscle. It is also suggested that inhibition of
apoptosis by IPC may related with the SOD activation.

Key words : ischemic preconditioning, SOD, K, channel, apoptosis, skeletal muscle.

of A & 71HEt 489 YR ARFE WE}E

N B Yo b3 W& A 4€ BEEHT BN HYA

: @A o] @ 22-& 3 ¥ Y Bhischemic preconditioning)

Mumy ef al’& A8 A€ 222 37129 §Y 2 IRHAT ofF B AFAEA 98 2F $E9

- 879 -



A& diez 3Y § ARFE A8d9 dojye &
4 2ol uig UYL B3 A] ANHNUY.
AFHA AXNE AP v E51HE ¥Y A A
EAAAQ A AEAGAA S #HE Ao Y o
F AXAAAQ J1AdE 33837}, lipoxygenase
WAHIE %71, heat shock protein®] WAZ 7Y, oA
R EET ol gre] GE AFe A9 crestine ki-
nase P& 72 5ol gtk NaAGH A HAY AL
H W protein kinase C¢ ¥A° adenosine &3] T4,
bel2 AA B@® So] A=Y adrenaline’® P ca-
techolamines}¢] FAAY F& ¥ nEglch. o] ge| = ATP-
sensitive K'(Kxrp) E2 84 0] HYFYSE Wrfsts A
0“ ‘_“'1_’1’3}‘0'1"& gzdlbﬂ, 7“14-16’ E”]”, qu]l&w, 7]"‘&”,
AR 5 Aggges @ A7dA FH5E

FTHIZELE 3713 59 Bt ol JAFA A=
&4o] doju=d oju Ko 4o $F 2 AY
3 ol MES Abdo] dojdd). HY % YAFEA
o 9902 Awd FFEF, AAFEA 4 (no-reflow
phenomenon) 1& I AFFA] YAHE A {27 F
o]l ¢ A Aoy AfatA77t HE R AVFA AX
&£39 283 949 sy d4H T AGE A4
&7 AXY dAIRAF AAH R Al gAER
%444 7)(superoxide radical) ' O;), T84 A(H,0,), 4t
€4 447)(" OH) 50|15} superoxide dismutase(SOD), ca-
talase @ glutathione peroxidases} Z& YA EAE)
g3 QAR A g AFdA7I FAG AL Alo)o) 7Y
o] ANA &4o} Ao}, B3| Af4ta7 o) H4
o] HYF ABFAN FH3) FAMGEE ABFA A
FAtaT1e) AT AR EA Atolg] FHo] AR A
0. #98 23&4E dodle FE AAVI 242
7101 2% o] g thAINF)7] A ME ) SODS] g4 F
7he 24279 B4 & onTsle 2 SODY $4& =
Aay) G4 PN ER B £ A

Apoptosist= A E5ES ¢ YEH2 B2 U 93
F2E 4 43 dAE # o0 B442717} apopto-
sis fo] #o83 Qo] HHAT Y. 2K
A apoptosis= ¥ ¥ ABFANE dojur™, o|wf g
apoptosist 5 W&ol o8 doju= o) oz} A/
FA9 Do @Aro| T, 3% %4 3K(ischemic precon-
ditioning)= #¥ ¥ APYFZ A% apoplosise] WYL 7
AN 2§ Udgol E7%g 8% Y3 nasgch

228 F 4N oY HYS BAY& A3 9
17, HEPEH A e AARAY Y ARF=
Qg &4o d¥ B3 a7} UGS

gt AR F& FH28 40 Y % ABFE
A o]2 Qe BYsE 28E4E FBAIE
HYYAS 229 BEAY ZHCE ¢HA Ky B
£2.9] ¥4 0] apoptosis HH YA} B o] Q1A 2n
apoptosis®] WA FHY AL E WAAIE O,
Zn-SOD$} Mn-SODS] §4¥5& 33t 3EY43
o E5s} 71 A& AR TA B AT E A=Yk

Mz Y o

AYEEEL AF 250~300g W29 13 +A Spra-
gue-Dawley 8 & AL235 o A9} & Aol
TFHAY. AEEEE 2T 4¥TeE Yk
gzzee FHAE RO DAYRET, ) HYEGY
BT, NKar BE BHAT, YK\ B2 APToE2 B
FARLH, dYZL 5)HYZ, 6) YN} ¢ 3y
T NHY % K 2 E43E, 8)Kupp T2ATE
HEF33 2 AYT o2 YU AYEES urethane
(1.15g/kg. BW)2.2 nlH 33, PSSz EE
YAJAE A8t FHFTYE SE 458 A
Fote #4E 32 B8 Ao HYe 42
9 4N g n AN | YT E
HUFA F Zul2 4N HEE AT K
242 pinacidii(imgkgyd FHFALEA AR
on Y 9 Ky T2 BARTAME HYAAN SEE
FARAY. Kap FE2ATGE glibenclamide(0.5mg/kg)E
AYFAete AP es K F2AGE HYFAY
3 4 HEFAM e A&d 2089 44§ T84

HEF3e g AP 23 pinacidilg G5 F4E
TAXE 474 AR F T AN 5B ARF ada
glibenclamide T ¢ ZAME A A2 208 FAF A
HEES HANA A ARF o2 Qg a3 x A
¥ A YAt whel 1247, 2443 BAEoR B F
AT 422t} HEo| gle AP FAME e ABRF
AFON AT ARFY F Azt w1243
BN ARFo2 AR 2 73 6nlEly Ay
FEE AT R¥A R FAUEFLE v
of A¥TH FUE ¥ FYAE AGY T3z 64
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7t Ao YANAY.

AYFEE AFETHA P47 2 dEI L2
YLESE He® F g¥+ 98 20TAA 10m 74
9 FEEYE AR GH4ARNA 43 80T A%
gt 4% E 409 10% FHE=2DA 9 14
82 Bt dEe & AZggon 6m FA AUE A
23

SOD¢] #X& #&3}7] 913 sheep antihuman Copper,
Zinc-SOD(Cu,Zn-SOD) %M} $} sheep antihuman manganese-
SOD(Mn-SOD) %-#|(Biodesigh, Kennebunk, USA) 18] 3
ABC kit(Vectorstain ABC kit, Vector Laboratories, INC
Burlingame, USAYE ©] &3t WA EHHQ Pgo
2 gA3AY. 33 ¢ peroxidases} wHE3HE
DAB(3 3'diaminobenzidine) kit(DAB substrate kit, Vector Lab,
INC Burlingame, LA, USA)9| nickel chloride& 3 7}3}
1082 A A 27 M2 YdeluA 33
o #EY NEF EhY Ak o2 Yehd
A, A4, 9A 93 e 33 Fol A2 APHA
¢ AAEYsH 2T £ YA HeHe
EA 2 FATE(), VG FHNE(2), A=Y
Futs(+), FEEY FAES(+T BE FLE
()22 TEIFHT

Apoptosis& @#3t7] 93t apoptosis 7 4 Zl(Apop-
Tag® Plus in sifu apoptosis detection kit, Oncor, USA)E A}
3909 DABE ¢4 F 1% methyl green®. 8 )34
BaRch FEAEE 23 SKYFH EAde A
o2 Basiien Zx Yo AP Axe o
YAE2 F3ch Apoptosis FHAEE 499 349
oA MY o)de] 8 A F HTE AL $4(), 2
Ag @ o] BEFIA FHHE A5 vFE A=
(1)2 wasgon 25% oldrt Y F¥ A=(H),
25~45%9) FHE(++), 45% o] 49 A AT(++H)E
ogd Aoz AU

a4 o

Cu,Zn-S0D9| HA M ets] AR (Table 1) :

R E S :

MARYZT : AYANE L34 F WL @
AN ZTY 34 4o Yebd ov(Fig 1a), #3
AE 54 AAZTANE F=WY F4HEE Y

Ehi A e (Fig 1b).

@ AEFLAT : HYSG Q2 TAME AA 3
¥ Ao AL 2P FAM FEX(), BEH 0]
2 28 FAA vl g wg(2)o) et on(Fig 2a),
1222 AFA ddHo] AL KRN FEFEH)
Z& Ax(+), @8 o] EMdfolME v FE (1) E
B2 & AU (Fig 2b). 447 FA oA = GHA
o] 4L 2R HFANE FEEMH) F& B8 FAE
(++)E FAY F Aen duHo] & K4 FAA
E 259 &S YEH AT (Fig 2).

(3) Pinacidil @55 F : Pinacidilg $9 8} Kypp ¥
2§ ¥4 ¥ FolM e FAAX Fof Cu,Zo-SOD §
e Ax(+) ¥& F5T(++)Fig 3a), 1242 A FHA 9
£ rgii(t) £& AE9 wE(+)E B D (Fig 3b), 24
Azt B dle A2 G (+)e] YRR THFg 3c).

(8) Glibenclamide &% 5} : Glibenclamide & 5 8}
q Kar 228 A8 & ZoME AR Fo J=9 &
Auh3(+)¢ BY oM (Fig 4a), 12X AFAA = A%
*) & FEEY A E(++)E(Fig 4b), 2447 A3}
AdE mgHE) T2 A FHuHE YeER
THFig 4c).

2)AET:

(M) HYZ : ALY HEE ANAE HIZAAME A
37 A%d Az FANE(+)&(Fig 52), AJF 124]
3 AHAdE FEH) T2 v gE FYGE(+)S(Fig
5b), 24Xt AHA | HE(+) FE& FTEY FILE
(++)& Ve A th(Fig 5¢).

QHESES 2 HYT : HYUFAN F HYEP A
E ARF FFd @uFo] L 2{4FNA CulZo-
SOD} 4] ZPRE(+++)E YERT GRH|
E 28AFAIAE 329 FHREHE JEIRAH
(Fig 62). ABF 1242t AR & BB Ho] 2L 2&
AflHE 2559 FAHHE(+)E, el & A
dME () F& v FAu(2)E e
(Fig 6b). A #F 247 FFA o= DHHo] e 2
Afe gdiFo] & HRdlA A FRIHE U
E}) A Th(Fig 6¢).

(3)51%¥ ¥ pinacidil FAF : H¥ ¥ pinacidil FAF
ANE ARF R FTE@H) F& BF F9LE
(++9)& JERI A D (Fig 7a), 12N 2 AT H 442 A
BRETAE ARG §€ FEE@EHY B E R
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A H(Fig b, Tc).

(4) Glibenclamide F3¥% HYF43 R HET : Gli-
benclamide & o3 Kuy F2AGE F HAFYY
9 HYg NAE FoME ABF AFd FEH
FFE(++)9 Cu,Zn-SOD ¥40o] #AEA(Fig 8a). 12
A AFZANE 38 (++4) & FFEEY 4
HEE B2Y & AU (Fig 8b), 24413 FFA A&
AE®Y A& B2 4 AUTHFig 8¢).

Mn-SODe| i ME2 8 A B 84 (Table 1) :

1) xR

D ABYRZT : QAYANE F43A G & &
SAUZTY A4 SA4utgo] Vel o (Fig 1c) #¥
AE 58 ZUZFAAE ARMH) T2 v GeHL)
%A 98§ e R TH(Fig 1d).

QYT YN AF ddyo] A2 2
FARANME FEEEHS A Eo], Ao & 2
SARAAE (L) T A RS B
F 5 AH(Fig 9a). 12413 ABTAA GHHo] F& 2
$AFANE AR FAgo], gHHe] & &
AfdMe nF(1) T AR g0l #E
S QU tHFig 9b). 4213t AR & gAFHo] FL &

AFAA FEZ() F& Z8E+) F4EE0), B9
Fo] & AfrdlME BEWY $A4uHEo] B
(Fig. 9c).

(3) Pinacidil &= %oJF : Pinacidil £ 39 K\ 32
& $43 @ ZAAXE GAAA Fof Mo-SOD 42
BEM®E Yy o vi(Fig 10a), 12413 AN dE 3=
(+) ¥& V(1) ¥§-&(Fig 10b), 24X AHZ A
T AEM®Y ¥4HEE JEhAd(Fig 10c).

(4) Glibenclamide &5 5o} : Glibenclamide & £ 3}
g Ky $2E& AT Y TAME AAF AEH FL F
FEEDY FATEE JE A (Fig 11a), 1242 7
73 4N AR E A FEEE
Ehf %1 Th(Fig 11b, 11c).

2) Mgz :

D HAYEZ : 4A 0 HEE A HE HYETIA AR
F AFdE A2 FAEE YR R(Fig 12a),
12X Aol A e AE@H) E& v GE(2) FEHS
€ BEE & UNUTHFig 12b). 442t AT AME F
E# EL FEEGDY FANEE e THFig 120).

QHEFES L HYET  HYGA S F YA
£ AgF AF9 ¢dFo] & 2§ FdA MnSOD

Table 1. Immunoreactivities of SOD in the ischemic reperfused rectus femoris muscles of rats

Enzyme reperfusion time Cu,Zn-SOD Mn-SOD
Groups 0 12 24 0 12 24
L t t + t,+ +,+ +
IPC
s ++ +Ht b+t ++ + +4,+++
KA +,++ +,+ + + +,t +
KB + +t+ +,+ +t+ + +
4H + +,+ +,++ + +,% +,++
L + +,x + +,+ £,+ +
IPC 4H
$ +++ ++ + +++ ++ +,++
4H KA +H,+ 4+ +++ +,++ +++ Rt b
KB IPC 4H +++ +++, 4+ + ++ +4+,++ ++
Abbreviad

IPC: ixchemic preconditioning only group, KA : group of Karp channel activation by the pinacidil iv., KB : group of Karp channel blockade by the
glibenclamide iv., 4H : ischemia for 4 hours group, IPC 4H : group of ischemia for 4 howrs afier IPC, 4H KA : group of ischemia and Kyrp channel
activation by the pinacidil iv., KB IPC 4H : group of IPC and ischemia after Karp channel blockade by the glibenclamide iv., L: large-sized muscle

fibers, §': small-sized muscle fibers.
Score of immunoreactivity

+ : trace immunoreactivity, + : weak immunoreactivity, + -+ : moderate immunoreactivity, 4+ + + : strong immunoreactivity.
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9 g Ax(H) F& FFEWHE e dd
ol & 2EAFAME AEM) FL v FH(2) &
JehiSichFig 132). ABF 1223 AF Ao ¢H
o] L 2&YFolM FEE(HHY LS, @84
o] 2 THARIAM ML) F& AE(H)Y FTE
£ Jeh i cHFig 13b). ARF 4N AR LM @
A3o] L YR BEWF) FL FFEGFHY
FHurg g, go] & 2EARIME FEWHY %
A& R R tH(Fig 130).

(3)#¥ 9 pinacidil FIF : 5|¥ ¥ pinacidil $4F
dME ABF JFo AE(H) & FFEEDY ¢4
U832 (Fig 14a), 12X AFTANE FFEH) &2
7 (+++) 2 Tlokd(L) 8§ JER AL CHFig 14b). A
BF UNL AJTAME FEH) & FEFEEHY
FAAuteS BAY & A HFig 14c).

(4) Glibenclamide 1% ¥ ¥43t % HYL : Gli-
benclamideE F¢J3}4] Kap $2ACE ¥ YIS
2 YL AP FAME ABF FF FEEEHY
Mn-SOD 84 &(Fig 152), 12X 7 AFA o= B P (++4)
Ee FEE(+DY wHEE(Fig 15b), 4 AN &
FEE(++)9] uH$-& YeR U thFig 15¢).

Apoptosis @4 (Table 2) :

in situ hybridization 22} : A4 kit AF 8 &
OS2 TdT enzymeg AAZA AP SANZFAA =
apoptosis L@ & FFY F gon FAHUx BEY
7% apoptosis o] 5313} % TH(Fig 162).

1) EZ:

MAFA2Z : ZAAUZEY =S 244 apop-
tosis 2412 3} 4 o] %A th(Fig 16b).

Q HYEFAAT : AYYIHTNM apoptosis 742
3} 64Nt BHAA BT A ¢S B THFig 1720)

(3) Pinacidil @552 : Pinacidil ¢ 89 Ko ¥
28 §ASE ZoANE GATA FFMRE 6N
A3 A| 742] apoptosiss] of & uH-g-0] §-4 o] A THFig 18a<).

(4) Glibenclamide G55 F : Ky B2 E 23}
918t glibenclamide§ F§ ZolME FAFA 208
¥ A Z(+)(Fig 19a), 1243t 3 3ol & apoptosisol] o 3
A8 AR Yo% 1 (Fig 19), 2443 FAA A&
o] oFgH(+) ¥t-§-& vheh %A TH(Fig 19¢).

2) MET:

(D) SYT : 4N HES AT HYZAAM A
7 AF 73 (+++) 9] apoptosis7} Y of 5t th(Fig 202).
ABF 1243 AN FEEGF+)] apoptosis7t Y
o}t o Bi(Fig 20b), 2413t A Z@(+++) FER ¢
o} 1 th(Fig 20c).

QYA 2 YT - YR F HITIA
e ARF AF9 247 374 FE(+)9) apoptosis7}
Yol 2. 1i(Fig 21a-b), 24A17t A A ol & v FF(L) W
$& Jehd A THFig 21c).

(3) 3 ¥ ¥ pinacidil FF : 8¥ X pinacidil F94F
of Al apoptosisol] Thgh W32 ABVF AF S ABF 12
A ARA A v FHE) BE2 GAE o] YR

Table 2. Localization and assessment of in situ DNA fragmentation by TUNEL staining in the ischemic reperfused rectus femoris

muscles of rats

Gmupskcperﬁlsion time(hours) 0 12 2
IPC - - +
KA - - -
KB + +++ +
4H +++ ++ +++
IPC 4H + + +
4H KA + +,%
KB IPC 4H ++ + -

Abbreviation is same as table 1. Score of incidence of apoptosis :

- : negative reaction, & : tracc reaction, + : small number of apoptosis, -++ : moderate number of apoptosis, +++ : many number of apoptosis.
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L1} (Fig 22a-b), 24413 AN A e FEHE Yoo
o A vfe(+) AR &g Hol: Ho| gy
A THFig 22c).

(4) Glibenclamide ¥ ¥ ¥ F43} 2 5 ¥F : Gli-
benclamide & $3d Kip B2XGE ¥ YUY
2 HYE NI FAHE ARF AR FEEFNS
Yol omi(Fig 23), 124]2t FAAI & vl eFgh(+) 48
& RO (Fig 24b), 247 AFANE £4 ¢ YeEigd
(Fig 24c).

oz #

2 d7E ¥y B3ndd Bd"o e
Kar T2 402 A3 28 =& SODY ¥4 ¥
¢} apoptosise] LHE B8 A} o] R H T}

Kiar 2842 acethylcholine®®] ¥ 3 &3}, protein
kinase C8] @A 02 UG HYPA A", adenosine
A; €49} adenosines] o8 FEH BEFT Y
L3 Ky F2EAHLE O 373 438
A FEA7} G B E B8 Kap T2 E /A A7IY 2
43} K f&ol F71stn Axee FEIHBE HX
o}& valtage-dependent Ca™* S 2 8] AW I A2 Ca®9) &
AE A He AX Ca™9 Fie ARHoE A
# <lA}8H(oxidative phosphorylation)& Yol A A 3
o Uiz 2R EAEA HER Kap 29 A&
T AEYASY a3 ATPY 229 2e3A B
8, ¥714 Ex3E} FAHR gEs gAEs &
A4 duA o] 2ozl st BEH ] Yoju=
Aoz AAYH,

4259 HY L AVFENY gUez Fagat
B dig FAo] wol Xz o Axuy §usA5)
o] e A2 AAX L Atk HEA 25U ¥4
S ATP9] thALEQ) hypoxanthineo] A FAl Atav}
FH 5% xanthine oxidases} ¥H§3He] X477} Y4
gr o] A& THEFe] dojdt®. AN 44
& 2409 96-99%= ZAH 22 cytochrom ox-
idased] S8 E#ED 2FAA7|7F AHHW SOD,
catalase, glutathione peroxidase®} e 3413 A A EFo
843 Hol qAAIIAT Y 9 ABFE Q3 =
T2t O F AP L2 o8 FYo] AojAY
o] dojittn galA Yo, AfA47]E DNA

& €477 2%, adenine nucleotide?] o) 2+4-& FuH
T, Cheng ef al™ R Stangel er al®& A-§AA7)7}
apoptosis9} #HE ¢lAetn 8¢ .0n Ambrosio ef al®,
Buttke$} Sandstrom™E 3¥ P AFH2 <18 apoptosis
@ Afd2717 A48 Rolgm 3

AFA 271 2447171 YHEHD olE YA
SOD7} 843 =AY ¢ €. SODE 244718 o
AN A daEAe) Bo] YAHA 3o ol Wy
of F& WA FAV|Y YA & A E e ¢
A . SODE A EAGA A&Hoz HHsE Oy,
Zn-SODS}, 9|52 3o o3 P AL gA o} F¥3)
£ Mn-SOD 123 ZALXE 713 AR A E oo
EASE extracellular(EC-SOD)7F Q1e}, -12]3 Mn-
SOD9] #4o] #A Yt AL AfAtar)s) g
A PAHUSE A9 AN HYAIom
protein kinase C7} W =W €@ 9 A ¥ o)A Mo-SOD
9 o] doju ABFA YHHE AFALIE A
gite] AXE B3P B 594 gFdA 247
HYF ABFA SODY Ao F/HEA T WFo] ¢
ow 24A 7 ol F A4e] Hra BT o AFelA
SODE ¥4 ANy nsaHs} 9o 242
719 2§22 fusE apoptosisd] WHE F4YA7)
A ABFA A& olg @ BRI EA7} dF”

2 AgdME 284 7Y FFHE TESH B 5
ALY H A2 KM E(red muscle fibe)Z JZHE @
Aol AL XA H9} W42 KA X (white muscle fib-
eNZ AZEE dHHo] & 284 FAN HEFAS
A& SOD g4 Aol& ¥ F AT} PR
£ A 8E FoME CuZnSOD §AL TduHo] B
SEAFAAN gAol FFEE Eton, 1247 A5
Al o2t AT 42 AR O 2 2RE
B3tk MnSODE 38443 AF, 4N AHA 3
7ttt Pinacidil GEFoF ¥ glibenclamide ©% %
TAME CuZo-SODS} Mn-SODS| §4o] &A Fgta
AEGEE HAoY F B47H9] BES4L 428
gt

EG 44X 3y % AR FA = SODY g4 o] £2)
gotom AFEFAL BT, F £49 UFFAL 4
23A Urtdrh HESES € HYTAN AAFA
e HYYA3L B¢ A FAANANY @dye 2
ek 42 ARdA Folg nAon guge] He
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Afrold 40 Tz ddyo] & HflA
Cu,Zn-SODS] §4& AVFAES 1242 AFA] Z7}
8o itk Mn-SOD 4L ARF AE 54 g3te
U 124 A3 FIhsglen 2443 AN E R
HA F71E HolA o} F AT 4 WEYAL
Ztol & B 3 Y W pinacidil FAF AJFEAME
Cu,Zn-SODS} 4o ARF AF 3718 B on Mo
SOD} $4& A#F AF 24 Ftov 1242 33
A B BAE HAD 44 ABA OA 2
Glibenclamide §o}F @ Y43 ¥ HBZANME Cy,
Zn-SODS] §Ao] ARE 1247 AHA B 278 U
el on] MnSODS} #42 A#F FF 4 1243, 44
AN R 12X AYA MY 5 BHE R
Ak o] AP PAME F B4 84 ¥FEL gax
o WE YL FAEHA e

Steinkiiler et al ®2 Cu,Zn-SODE A&H o2 ¢y
= FA0)1 Mn-SODE gEx2 o2 wlHE EAd
gy B AgdME 9 5% A9 go] CuZn-
SODE & §x13o o3 §43 2 & L& BEIA
o & AN HEFNAE, 4125 E % ARF
T, glibenclamide M2} HY I3 ¥ ¥ € ARF
ZAA F B9 84 A8 F] FAEE ¥ & UL
AN HYE L ABFA 2] FHA g AL
242t 38 2 ABFA Cu,Zn-SODS] @A o] ABF F
Z71ste) 6X12 A% FrHgoE Ru%9 1, 2, 244
4% FHEdE 23% 924 et oe 8y
Azto] A4E I&ER0] Aa”, A2 KA 44
T HYA N7 A £ gy Fog Mol £
AYo)M A PH 422 HYL A2PANE 9L &
Aoz AR 283 SOD Ao AfAAsle A
A& on e BV YL 4212 HY B
AFFEYE BIE 5 doe FE 2 9 232
SN HYEFARE Q% SOD AL AFAL7}
YA o]& SOD o AHE + e WG
1 AZEch 2% HYSE 234 § FAA 840
El1 K 529 84 £ AGS o2 AT 2
dMe gAol ANYZRZY FAE A2E Hol Mn
SOD ¥4 3 Cu,Zn-SOD ¥4 o] HYYFH 223 #d
o] 9lov pinacidil®} glibenclamide TS 2l ¢ FF A o
2 #do] it 4Z¥d. 281 Y % K B8
gAHTAN AR/F &7 SODY Ao ¥, Kurr

F2XOF UGS R HYTAAM SODY 4ol
Wt A Y % ARFEA] Y FHAA Kare
T84 9 Ad2 S0DY g4 #¥e] Y& Aez
390 ¥ duFo] A2 2849444 sSopy &
Aol o %A vYeus AL duo)] L ZTXHHHFd
A A A vl go] 24 EAFY] JEY & UAT o]
of tid d+71 o gasid.

# o] Cheng et al>'& 4 20| A, Stangel et al L A
PN ZHASKEHEE A7) 9# apoptosis
7} 4olg 4 ATt 3} 3 Ambrosio et al ¥, Gottlieb ez
al*, MacLellan3} Schneider®: 518 R A #F Ao LA
¥t 3451 0™ Ambrosio ef al ¥ o] 8§ Q9L AP
FA S HE ALY F8 g

2 Q7NN A2 Z, Kap O 258 843 ALY §
YFAE AT A E &4, PISH A= 9 S
=9 apoptosisE HHUL HYE, Kupr B28 AT
T, YA HYE 7)o 4A Kae B2E AW
B ZAME F5E R 2E Fx 9 apoptosis7} Yot
on HYZE At HPF 2443 Fol] FAHof
Uehd A3 FHI KA 4A2 3E § ABFE
st dAE 4 UEFE UE Aolx HEYABY
apoptosis X ZAXH} Kapy B2E FEHLZ 3 H
e gr|dt. Ky 28 o139 FAHL o}F 7R
dHA 1A F1, & 7NN B2 %Y £E5YE
2332 o} @RI E oY BE d7AEY
F43} o] Zeoldd A0 F9& Y1 £5& 7
ANZOZH FAY Holn o}&E YAIEY AL
7t o] ¥l & Ao YZEd

€ AYoA dold apoptosise= ABFE A P& He)
or ANEE AR v HY R AARE Q¥ A2z
A9t B¢ FALS HYE R AFFo 98 AE
A3, ATP AR, Zrgold 4, Afitar] ¥4 5
o MEH ER72 MEY spoptosis7t oA E YA
e FHoln) Biol G AfFAL7I B g
I AE A B F FEEc £ dF4A
5HY R ARFE AP apoptosis 'LHo] A/F 24
AR 2EIHE A& 2 5 Uy 232
Soll A &M 2] Yo apoptosis7} Yoy AL O
& 45B o) 2%, DX He HAEHOE apoptosisE
Aom® Yol A apoptosis BHo] 48X AFHA T
dojupm2® FAzko] ZH apoptosis7} Yojkia A
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Zdd.  dFolME ZHAXAA apoptotic bodies?}
ZAEA ggted Y2 &4 2KAXH4UE A
A e A¢ 1Y B 4YPolAg o] 64N
olujol = B ol Atk a1 A A
§ Azro] fUIAY £ A2 ARHAE 7HEA,
apoptotisis 77 ¢] Y¥-Tho] o] Fo1 A7) WEY R},
Batolu2} apoptosise] HAo] Bl & AYHA & F
Eenz 5o o 71 Alzte] FA g3e] Yay A
o|t}. u]Fst Al TEE apoptosis ¥H$-& TAlo] @E 2
DNAY ¥3Z 4Z4¥ + dALeY £39] o] FoATt
W A& g uhgoz e A& n¥ o Agte]
AGSE o Z8A ieg Holx ggd £ dFoA
olg WiAY & Uch EF JAAEAH dojrhe
EAL 2o 23% 5 flov 2HE DNAE /14 3
ALAE = apoptosis A E T HAJen2™ FHAg 9
g TUNEL %82 wfjAl ¥ & Ak 29 $¥AZ A}
43 DMSO 9%& 4Z7¥ 4 AA oY DMSOHE ¥
A% FRUEZANN A2 YERD FY8 FEA
§ A} % pinacidil &5 3 2] 3} glibenclamide A 2] 2o
A Aolg Bl 1 GFE AR F& Aoz ¥ ¢
g4 w ek whgo] Yebd Fol didf Fo A3l
& Zojtt. a3 &2 EAdte ZHYNEE
TEAF 2000 Y BEEHA FAY 12747 EAF
¥ ZEHAEE YY) doln) Bk A0 2/ FY
el X Fo2 RUYAESG FEE + e
B2 apoptosis B ZHAA ZHYAES FAAA
EE A9E 7 A%

@9 glibenclamide GEAFAA 24A AA]
apoptosis 4o} vl}aA V&Y glibenclamides)
HUFAS A F 44T Y L AFF A= 124
2t ABA vk kg3 4A T A A 402 YE
g4 Ao2 Bo} glibenclamide 24& 12~16A]7t A%
AsE Ao AZdn. o] L CuZn-SODY &4 4
A% 2§ §Qch

& A9l A Yehd SODS] &4 3} apoptosis & ¥ 39|
#AE 29 CuZn-SODY §A4o] 27]d BAd 442
HY L ARFE, Karr TEANGF HESFY L 8Y
Tol A A @FA apoptosis WHo| EA FEEHUG. &
9 CuZn-SODS gA4o] 4 HYEF 3T, HYSE
3 3 YT E apoptosis7 FEE A FAAY A
HAR B3 Kap BFEAGT HYUSAE L HYZ

e

O

A ARH 2AL R UANT AR e FaH YE
Y M2 #8840 Jd&E BqFH. ¥H Mn-SODS
¥4 & apoptosis o] UAAE HEFAA ¥ A UYeh
.1} apoptosis A o] ZAEHUW HEFYS U HYZE
o AFF AF 2281 HY E Kap TERAHSTY A
@5 AFAMAE EA e apoptosis B Fadt #
do] A& Aoz 4ZHAY. ol HYPFAHE A
HY 3 A@H oA oA CuZn-SOD7} o Y
A BEH A€ UehlE Rt #37 ¢ SOD
24 9] 85-90% ©] 4] Cu,Zn-SOD] 3 Yepjuz®
apoptosis R o] F4 ¥ T E HEYAHE Y3y
AFFA HASHE ARAFE AL 5 UA=E $4
BELY &40 wobA e Ao HZEY 18n
pinacidil &% 5cJA] apoptosis o] A2 gliben-
clamide B=-% o Alo apoptosis7} #AHUA AL SOD
o 843 F9¢ X8 F, Ky T2 JHHL &
4 R AT AL BT FRE X8

TH HEGAHTNE AGE FAM UALFE g
SOD¢] g4o] EA Vet 42129 3 ¥ A ko] AA
§ UG 2 HED, Kae FEAT F SEFLY
9 HAY TN 1247 4G4 & S0DY] §4& & F
ANE HE AZAA HJEFAse A7t 144%%F
A Yedeg 342 40ME JEg4sy 3t
04ANZHE OA] YEb 5 SlE ROl A SOD7} 2443} o]
¥ A Jeve R3ddd 398 Aoz 44HA
g ojo] dj3f Bo} o B2 AAAE T A7 B
ofo} & Ao},

Afaarle 471 4L F8E & Q2 42
AFe] =38 HEolA endonuclease ¥4 o F DNA
8] &4o] dojuhe A® 0.2 1o} apoptosis 'TH A&
A2717F 4% #43n 94¢ ¢ + U a8y
Hockenbery et al*& Mn-SOD A 2] A] apoptosis® <] 4] 5]
A gty s, € A7EN 4470 HE € ARF
Al SODS] W#o] £ ¥y o2 v[Ro] & 9 &
FAA7]1S Qe o s ¥ Ao gud
ot Agd] {4277 Ky B2E E43 8 5 3
2% YRARE AE + on® £ AT
Zo] SOD¢] @A o] #W Tol A apoptosis7} FAH A
082 AGHolx Y& ¥ AfAtAI| e HEYY3
Y REEdo) LEHOZ B3 Y& Aojg”

ol oz Hol HY Y A@Fo ¥ &4 gy ¥
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YY4se] BRI AHE M-SODY §4 BT CuZn-
SODY] #43 FEAoz Ao lon HYFIAR
A% HY R ABFA apoptosis®] WP HIHE
Kar 328 FEH2E Af8e A2E FEAT 7
AR ok SODY §4& FAH Kar T2 ¥
A EE Ad2FAE B o)FAAAA Fgey HER
422 A SOD £ 5719 apoptosis F4 ZHhF A=
#do] Qe A2 FEAS F AU

i B

ANz HY 4 ARFE AR &3E& Yoy
HYPAY 2702 oy ME &Yl GEd ¢
A4 gl HY 2 ARFY AXEFUCE A/F
A gt 24470 i 8ol B4 gl
1 o8 AXdE o]& A 71+ Cu,Zn-SODSt Mn-
SOD7} Qe Aoz 43A gtk 28z A2 Y
L ABFA A& AHAA7]7 apoprosisE FEY
F &l AAHAOY S A¢ HLEHE
I 7)Ao BEA A ok ¥H B FEIA K
B2 AL HYPIRS AERS J1AS BP9
Atz F3=n Qo wehA HEFFE 23] olF
F71A] S0De| ¥4 F7hs} #¥o] YA 282 Y
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ddd g2 FHHed B9 gyI LI
gz B dFE Azt HEgeRzL ¥
FE59L YRPAZ 2o 583 Y 5ET
o APFE 33 FEHYL HYZFL NAFL &
A259E AEso] AYHAT Kar T2 4 R
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Kg, iv)E A48, 4YF5EL NARINZEE, 2)
HYYA3HE, 3)pinacidl BEFAF, 4)glibenclamide
GERCGT, 5) YT, ) AYSES € HYL, N 3E
2 pinacidil ¥4, 8) glibenclamide ¥} ¥ &Y ¢33t
L HYFOR YAt 4 & AAF AHAA L 7
2 = ABFABAR g2} ARF JF 12, 44
7 ARFoE FEHUT FEEBAA sheep antihuman
Cu,Zn-SOD ¥ Mn-SOD ##& 13 A= 332 ABC
kits} DAB kit o] 43}« SOD¢] £4¢ F&3HAx %
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A3 GQHEF] ute} F(+++), TEE(H+) R B
E@E TEHADL ST g Hole vgE(+)
A FE0 UEH 2L 2348 U

1. ¥ %43 ¥ Cu,Zn-SOD §4 L 24413t AA 7}
A #7189l Mn-SODS| E4& ¥R} ¥4
A ARA FrlEged F2 gd Yo e 2%
Afol A F71HE] 3t

2. Piacidil®} glibenclamides] ©E A&l SOD9 ¥4
€ F7HAFIA gt 4Nz Y 9 ARFLAA
SOD9Y] A& F7+3HA $%th
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ste}.

4. Kap T22E 2 3YSE3 T 38 1 ARFT
o) A& 12417 A 4] Cu,Zo-SODS] E4o] 713142
o} Mn-SOD9] $4& AFF AF, 1207 § 4% 73
BFo A Estot.
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Fig 1.

Fig 2.

Fig 3.

Fig 4.

Fig 5.

Fig 6.

Fig 7.

Fig 8.

Fig .

Fig 10.

Fig 11.

Fig 12.

Fig 13.

Legend for figures

Cu,Zn-SOD immunoreactivitics on cross section of rectus femoris muscle in the control rat. There are no activities on the mus-
cle fibers in negative staining (1a), however, weak activities are seen in positive staining (1b). Mn-SOD immunoreactivities on
cross section of rectus femoris muscle in the control rat. There are no activities on the muscle fibers in negative staining (1c),
however, weak activities in positive staining are seen (1d).

Cu,Zn-SOD immunoreactivities of ischemic preconditioing only groups on cross section of rectus femoris muscle. There are
shown the moderate activities on the small-sized muscle fibers and trace activities on the large-sized muscle fibers in im-
mediately (2a), moderate or weak activities on small-sized fibers and trace activities on large-sized fibers in 12 hours (2b),
moderate or strong activities on small-sized fibers and weak activities on large-sized fibers in 24 hours (2c) after the ischemic
preconditioning.

Cu,Zn-SOD immunoreactivities of the pinacidil only treated groups on cross section of rectus femoris muscle. There are shown
the weak or moderate activity in 5 minutes after pinacidil treatment (3a), trace or weak activities in 12 hours (3b), and weak ac-
tivities in 24 hours (3c) after the treatment.

Cu,Zn-SOD immunoreactivities of the glibenclamide only treated groups on cross section of rectus femoris muscle. There are
shown the weak activities in 20 minutes (4a), weak or moderate activities in 12 hours (4b), and trace or weak activities in 24
hours (4c) after the treatment.

Cu,Zn-SOD immunoreactivities of the groups of 4 hour ischemia groups on the cross section of rectus femoris muscle. There
are shown the weak activities in immediately (5a), weak or trace activities in 12 hours (5b), and weak or moderate activities in
24 hours (Sc) after the reperfuion.

Cu,Zn-SOD immunoreactivities of the 4 hour ischemia after ischemic preconditioning groups on cross section of rectus femoris
muscle. There are shown the strong activities on small-sized fibers and weak activitics on large-sized fibers in immediately (6a),
moderate activities on small-sized fibers and weak or trace activities on large-sized fibers in 12 hours (6b), weak activities in
the muscle fibers in 24 hours (6¢) after reperfusion.

Cu,Zn-SOD immunoreactivities of the 4 hour ischemia and pinacidil treatment groups on cross section of rectus femoris mus-
cle. There are shown the moderate or strong activities in immediately (7a), and weak or moderate activities in 12 hours, 24
hours (7b-c) after the reperfuion.

Cu,Zn-SOD immunoreactivities of the ischemic preconditioning and 4 hour ischemia after glibenclamide treatment groups on
cross section of rectus femoris muscle. There are shown the weak or moderate activities in immediately (8a) and strong or
moderate activities in 12 hours (8b), and weak activities in 24 hours (8c) after the reperfuion.

Mn-SOD immunoreactivities of ischemic preconditioing only groups on cross section of rectus femoris muscle. There are
shown the moderate activities on small-sized fibers and trace or weak activities on large-sized fibers in immediately (9a),
weak activities on small-sized fibers and trace or weak activities on large-sized fibers in 12 hours (9b), moderate or strong ac-
tivities on small-sized fibers and weak activities on large-sized fibers in 24 hours (9c) after the treatment.

Mn-SOD immunoreactivities of the pinacidil only treated groups on cross section of rectus femoris muscle. There are shown
the weak activity in § minutes (10a), and weak or trace activities in 12 hours (10b), and weak activities in 24 hours (10c) after
the treatment.

Mn-SOD immunoreactivities of the glibenclamide only treated groups on cross section of rectus femoris muscle. There are
shown the weak or moderate activities in 20 minutes (11a), and weak activities in 12 hours (11b), 24 hours (11c) after the
treatment.

Mn-SOD immunoreactivities of the groups of 4 hour ischemia groups on the cross section of rectus femoris muscle. There are
shown the weak activities in immediately (12a), weak or trace activities 12 hours (12b) and weak or moderate activities in 24
hours (12c) after reperfusion.

Mn-SOD immunoreactivities of the 4 hour ischemia after ischemic preconditioning groups on cross section of rectus femoris
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Fig 14.

Fig 15.

Fig 16.

Fig 17.

Fig 18.

Fig 19.

Fig 20.

Fig 21.

Fig 22.

Fig 23.

muscle. There are weak or moderate activities on small-sized muscle fibers and weak or trace activities on large-sized ﬁbcfs in
immediately (13a), moderate activities on small-sized fibers and trace or weak activities on large-sized fibers in 12 hours (13b),
weak or moderate activities in small-sized fibers and weak activities in large-sized fibers in 24 hours (13c) afier reperfusion.

Mn-SOD immunoreactivities of the 4 hour ischemia and pinacidil treatment groups on cross section of rectus femoris muscle.
There are shown the weak or moderate activities in immediately (14a), the moderate or strong and trace activities in 12 hours
(14b), and the weak or moderate activities in 24 hours (14c) after the reperfuion.

Mn-SOD immunoreactivities of the ischemic preconditioning and 4 hour ischemia after glibenclamide treatment groups on
cross section of rectus femoris muscle. There are shown the moderate activities in immediately (15a), the strong or moderate
activities in 12 hours (15b), and moderate activities in 24 hours (15c) after the reperfuion.

Apoptotic reaction on the positive control tissue(rat mammary gland) provided in the kit and on corss section or rectus femoris
muscle. Positive reaction was seen in brown color (16a). There are no reactive nuclei on the control muscle fibers (16b), while
many number (16¢c) of apoptotic nuclei were shown on the muscle fibers. TUNEL technique. X 400.

Apoptotic reaction on rectus femoris muscle in ischemic preconditioning only groups. There are no reactive nuclei on the mu-
scle fibers in immediately (17a), 12 hours (17b), and 24 hours (17c) after the treatment. TUNEL technique. X 400.

Apoptotic reaction on cross section of rectus femoris muscle in pinacidil treatment only groups. There are no reactive nuclei
on the muscle fibers in 5 minutes (18a), 12 hours (18b) and in 24 hours (18c) after the treatment. TUNEL technique. X 400.

Apoptotic reaction on cross section of rectus femoris muscle in glibenclamide only treatment groups. The small number of
apoptotic nuclei in 20 minutes (19a), and the many number of the nuclei in 12 hours (19b) were shown, while trace reaction
of the muscle nuclei are seen in 24 hours (19¢) after the treatment. TUNEL technique. X 400.

Apoptotic reaction on longitudinal section of rectus femoris muscle in the 4 hour ischemia groups. The many number of apop-
totic nuclei in the immediately (20a) and 24 hours(20c) after repetfusion were shown. And the moderate number of apoptotic
nuclei in 12 hours(20b) after the reperfusion were scen. TUNEL technique. X 400.

Apoptotic reaction on cross section of rectus femoris muscle in the 4 hour ischemia after ischemic preconditioning groups. The
small number of apoptotic nuclei in the immediately (21a) and 12 hours (21b) after reperfusion were shown. However, the
trace reactive nuclei are seen in 24 hours (21c) after the reperfusion. TUNEL technique. x 400.

Apoptotic reaction on cross section of rectus femoris muscle in ischemia and pinacidil treatment groups. The trace reactive nu-
clei are seen immediately (22a), 12 hours (22b) and 24 hours (22c) after reperfusion, and also the small number of posistive
nuclei were seen in 22c. TUNEL technique. X 400.

Apoptotic reaction on cross section of rectus femoris muscle in ischemic preconditioning and 4 hour ischemia after gli-
benclamide groups. The moderate number of apoptotic nuclei in immediately (23a). While trace reactive nuclei are seen in 12
hours (23b) after reperfusion, but positive nuclei were not revealed in 24 hours (23c) after reperfusion. TUNEL technique. X
400.
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