o #® "R e K
Korean J Phys Anthropol
19(3): 179~ 189, 2006

gF e Ao

ool A
Cu,ZnSOD<¢} MnSOD<] =

2Ed Az A BABAE BAHAA A £
4 ehelEe2elAl Yl Cu,ZnSOD} MnSODe] Hisher

-Zr IJr 35521 2] SpragueDawleyAd] =71
]_

Cu,ZnsoEﬂ tﬂ‘!ﬂ.t&o 2
63] P fA3HA 95

AV 2

adlglont 3559e Z7hslelth MnSODe] W ojulg-2

63] S pg3A AR5
8}9&1:} Cu,ZnSOB)
o 63 s A 97 ol 1 2
olge) AR ol B8t

245 A1

L0
}ml 61“3"&”1}*1214 ﬁifﬁ_%ﬁ}i} A A3, 3717,

o] 95eel F5= ol3)
43} 35%eel A AR 34745} 24413 A5h) FasI9lT, 108 S RPAEA] 9% e 7
o Ryl zze] 959 357eel N FEEolglw 385}
247170 731 Apasislen 103) WP 979 Folsisont 355 2ha
HEEE 35 SIQPASIAIA 95745 108] AR 3574 F1A 13, MNSODe) #%

RaEse

Al Ao gl Y

o 2l

BE A 4 glon) 103] Y

Pelr} w2
e Gola) kel 2AYE AN,

JRge] 530) 5|83} 59 AHFE 3]
6417, 4&17}1} 7247k Sk BT 5 A
Wl 24 3he g Aalstel vhe
2, 357 A

w)$ el velskond, 339}

AFEA 7]

19 7

$ 97" E Cu,ZnSOD| W o], 3553l 4] MnSOD2] o] Fhasle] £Afe] defup= oz QZAE S

stob ey : whasa

=

217 o] w2
Rids «4’-‘4545 -)‘C—" ANBFA] HAILF o] A AF
= “no reflow” A G Rol= JAo] LFEE XA
A ©] A5}k (Jennischel Hansson 1986y 319],

] A A

=
—

T

Paik 5 (1997)2 A#7A] AL&FFol Ad=e =
mo] B WMyTRuT £4e] B Ak sg
ooy ARFA R FAEE At

(oxygen free radicaB] ®Aje] =7} (Noshitas
2003)3}7] w4l Ikebe 5 (2001} A#F A5
Fo| 2kA] (vasodilator] A4S 3]s okttt A

WA R} )RR (Reke st o) sk e} o) - Al EA B S wA)
A4 : paikdj@hanyang.ac.kr

179

Fahoiet.
Aol e e AW AR e
48 ¥ AR £4ozyE 248 nashs A

o=z od#x itk o|F YA &3 (ischemic
preconditioning effecglxz st} Badhwars- (2003)
© zb7h 1094 e Pt ARFE U3 9

HorAstE 53] AAEE = 24171 &} 902 A%

FAl 2F 2] 7Fx}me]Z (soleus muscle} 71713

= (extensor digitorum longus muschy <£Ato] 7+

A%ty 3tg) on, Csonkas (2001)2 313 2] A1A}

oA YRR 47} 2 5= wsad)

=713k 1 sl9dok. Yamashitas (1994)2 244] 7k

YehdE 2x14¢l R ad= A= superoxide
dismutase (SOB) &A=} @4 gt sk

RO
¥



— HeE, M2, BLE, 4HF oY WEE —

SOD:= WjelA §aksta 4 (endogenous antioxi-  AlFZS Ze Y3} QAFS vlEs= 3150
dant enzymefA AN ZA-d| Za)3}= Cu,ZnSOD®} oz} 33, 63], 103]2oz Jrgon, st}
AL Al ZA) 8= MnSOD7L sle (Weisigerl A3 3 A#F A2zt wet A P57 235 (04
Fridovich 1973). Cu,ZnSO& }ital A7l 323l 7D, 3, 6, 24, 72|17tz ARt 7 2] Ag

ARNAE P ARFA AT Axe] AE RS 6nY AHgsisin:
€] =7} (Karliner 5 2000%}1, &AHR-27] 1/22

ZH4 (Wang 5 1998gtttx slelon, &z «jot 2. MEXR
AR 4] Cu,ZnSODr} Akt A
121 A7) = elA] Cu,Zn b Akte] 24z Agz2e yrethane (1.15 g/kgy 158 7Aoo =

Z7MAA AfAEA7]e] WS A sk (Noshita

o}ﬂ ru[m Hu

. 23] 57} W2 FAlste] wlH Az 3159 1]
2003), A5 A| 2 1€ A E=8-c (cytochrome &3] o5 (left common iliac arterys 241771 «r]EH
WS oA|sle] caspasde] 2]3t DNA2] 24 Lo
(fragmentation® 4] (Fujimura%- 20003t 3} e < F, 2522 (psoas major muscle.
—_— Qr 6’
oﬂ_’g ey ;—L]_HL%:“/\]J?] .a;;;q;:q_ xg}]q;{_‘; 2 2= 9ozl geojuium e /}&]-_1_
e = e o T gl dk (sheathy A7 skast MR A717] 915
ZAk27] (superoxide radica$) 42 HA|3ked A o] 3174 FAAA (rodent vascular clamg) S
E”ET el £A4% o= (Chens 1998Fh A o 5:‘ 7}0 R 582 dWAAE AAANTI= ;P‘:
o= IeA ok o i
< 33|, 63], 103] ukE3te] HAepsAch A2 F A
217 e] mefZ8elA 3 F AHRFA] Cu,ZnSOD HE A2 A3 BT AFFLe) BHryle nala)
o] o] Z7}3le] om (Paiks 1997),AF22] wit) ook A= 0, 3, 6, 24, 72|17+ AT Fo] AT
=5 = N6 = T 21 o =
RIS HY F ARFA MnSODe) @ 3 TT L 8 D Lév}al“t . Zéa
- - - ~— =Ty T L=
7Feld ont Cu,ZnSODH Aol = W2l glek(Huda D}"mﬂ;ﬁ o) Aesre 99 247]:;;4 N
= ) o3 = - .. = =2 1% N Sl o= )
e AR D B EE E R E I
(2004 R N 7 7% so 2 ARFES ARG AL
FAstase] 4ol ATt Aok glna o AZelzz IYATT EFE A oL A4
— TE= 7o = o = Wy

&}t Yamashitas- (1998)2 & & ofAbslrt |35
2427kl MNSODE Z7H1A S8 3E FHAIA
©omn, Yuans (2005)2 & dkArsl7 SOD} cata-
lase?] BA& Z7HAA SAATE A H S
ESs=1 A3 282 0.1% glutaraldehydd% parafor-
olol & A= A9 dldE|ZEToAA maldehyde&&H-g-<} (pH 7.4p) 6A17+ 1tA o= 23}
Y3 AAF HHE 3l4e] wel Cu,ZznSODR} @ mAAZ F 6pm 772 setsl AHoz Azt
MnSOD7} of 7] WisteeAs elnaa = 4 sigich
& A=kl vsetd "H2 xyleneez detdE AlAstar
xylenez} ethyl alcohol 1: 153898 o2 alcohols-
zAo 7 AEAZ] & 80% ethyl alcohal}®] w4
g ethyl alcoho#|A] ¥4 #x]& 7% ¥ phos-
phate buffered saline (PBS, pH 7¢4¥ |33}t
3% }AkEk4=4~ (hydrogen peroxided 5871 HE-S-A]

m°1‘~'

9523} 3552¢] SpragueDawleyd 47 313 7] % 0.4% pepsing-o)&- 817+ & 4-A| AT} 224
Z AN, o Ze] AR Ao A Cu,ZnSODR} MnSOD2] n|&-o]A Hb-g-E& A
2 sk 3}7] 913l blocking £ (rabbit normal serum 48/

180



— HEH s L4stF Cu,ZnSOD2t MnSOD2| Ea —

mL, 2% bovine serum albumi 353 PBS)o = 29| oFAuLS-E, 3X7F Fol] k3t oFAul-g- (Fig.
37°Col| A 147 vFeA17l & dx}8kA] goat ant 4)E, 6A7F ol wl- 7}at oFAw [

human Cu,ZnSOD antibody (Santa Cruz Biotechno- A]

logy, California, USA), goat antiuman MnSOD  <}x

antibody (Santa Cruz Biotechnologg) 2+ 1:20¢. g A3} 63)4) Cu,ZnSOB= A&7 A= 7}
= 3Aste] £CelA st Bk Fel BANZ PSS, N Fol AR PUSE, 6417

t}. o]x}8}A| rabbit antigoat IgG antibody (Vector  3of ul]-$- 733t oFAuMELS 2447 Fof] 5 E9)
Laboratory, Burlingame, CAF Al2oj|A] 4087+ o FAIRFE-S, 7247 3ol
21534 ¢} A7) %, ABC (Vector Laboratory)eE  6)2 Jehiic)

Fooe AleoA 3087 WA 39 AF  s&PAE 10814 Cu,ZnSOB: ARF AF %
3eld}7] 93] 3, 3-diaminobenzidine (DAB, Vector F—‘ZBI FAuE-S-E, BAIZE Foll wi§- st oFAdubS-
Laboratory)e 2 787t A3l oh 1% methyl green £, 6A|7F Zol] 559 oFAulS-(Fig. 7)2, 24% 7k
4L AHgstel Hagae shlch ol 3 D PSS, 7202 o 9 F BT
ok ut-e-& el ¢t} (Fig. 1, Table 1).
4. HI} )
(2) 357 A9 Yrkel e &4
#sten] 4 Olympus DP7Qp 2 9¥ozl@e  s|&lobys} 33)4) CuZnSOD: A#F A% 7
o] FARHE 1000 &= Zodsta, 24 Hella] & 3 PSS, 3N Foll FHx=o HUSE, 6
Moz gAE Welurse] =)ok Awol wel 45 ARk Foll AR PANSE, 2407F Fol oFa A
Foz hrm o] 7&% PRele] 1~25FS  WbSS T2AIT Fol 2T FAUSE dehig
b PG (Weak), FAFFE F5E9) MM 1@y 634 CuznSODE AR A o)

N

£ (moderate), 5 657-& o]."l. oFAukS-(strong), 7 - 73 AuES-L, 3A|7F Fof uwf$- 7}EF oFAdul
~85F& W 7}k okAJubS (very strongp.E B L

F3eh. o

¢

s g Pk} 103)4] Cu,ZnSOB= A #F =% o)
o 7}sl opAubSS A7 Fof| FE w0 ofAu
<, 6A1ZF Fol| oFst oFAdHES- (Fig. 9)S, 244
o] FExeo] uLSS, 7247k Fof mj 73t oF
%

w8 Vel glot (Fig. 1, Table 1).
2) MNnSOD2| MoAFTZEIS}ISHE o4

(1) 953 31# 9] o2 &4
3 ekAks}l 33)A] MnSOD:= A o7 =3 okt

o
ot olo

1. HAzZ

1) Cu,ZnSOB= 95F3oA HH5=o] ofAulS
(Fig. 3y vhehlgla, 357eelr s wls 73at o
Adukg- (Fig. 8y viel oiet (Fig. 1, Table 1).

2) MnSOD:= 9534 ZEx9] oFAul-L (Fig.

O

-S- = kAo =
o 1;} i 435TF 01];1T bl ?04 TS usg 302 Fol 2e PS04 F
Fig. 13)= b ig. 2, Table 2). , 5 <
(Flg 19 ehiae Flo ) o F5w] PN (Fig. 10)g, 2440 5o o
2 sserAEz PN, T ol FEES PITEE v}

i

1) Cu,ZnSODe| Beizalsisis ot s|&ops} 634 MNSOD: ABF A% 7

(1) 95 1A doel=22 24 K "é“P~*— A Foll TE=e] PN, 6412

s1H Pt 334 Cu,ZnSOB= Ai A5 §  Foll T5x2 PSS, 2443 Foll ofjt HA

181



n 10 n 10
% of (A) % 9ot (B)
N 8f N 8f
S 7+ a S 7F a
S 6t X S 6F
> >
s 57 s 5
g 4l e % 4L @
2 5 3
g 2+ g 2+
E 1r E 1r
0 1 1 1 1 1 0 1 1 1 1 1
0 hr 3hr 6hr 24hr 72hr 0 hr 3hr 6hr 24hr 72hr
Time course of reperfusion Time course of reperfusion

e ycont A mcont -e y3IP —x m3IP | e ycont A mcont -e Y6IP —x m6IP |
n 10 n 10
3 of © 9 of (D)
N 8l N 8l
3 7F a o 7f
S 6t S 6
2 =
s 5 s 5
§ 4t @ § 4L o
| e 3
g 2+ g 2+
E 1r E 1r
- O 1 1 1 1 1 - 0 1 1 1 1 1

0 hr 3hr 6hr 24hr 72hr 0 hr 3hr 6hr 24hr 72hr
Time course of reperfusion Time course of reperfusion
e ycont A mcont -e yl0IP -x mlOIP | e ycont -—= y3IP - y6IP — yl0IP

=
o

Immunoreactivity of Cu,ZnSOD

O FRP N WM OUo N 0 ©
T T T T T T T
>

;é é,\

m

~

0 hr 3hr 6hr 24hr 72hr

Time course of reperfusion

A mcont = m3IP — m6IP —x mi10IP

Fig. 1.Immunoreactivities of Cu,ZnSOD on the rectus femoris muscle in the nine andfitrériyeekold rats followed repetitive
cycles of brief ischemia and reperfusion. ycont: normal control group in the nineoldeegts, mcont: normal control group in
the thirty-five weekold rats, IP: 5 min ischemia and 5 min reperfusion at the left common iliac artery, 3IP: three cycles of
ischemia and reperfusion, 61P: six cycles of ischemia and reperfusion, 10IP: ten cycles of ischemia and reperfusion.
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Fig. 2.Immunoreactivities of MnSOD on the rectus femoris muscle in the nine andfihértyeekold rats followed repetitive cycles
of brief ischemia and reperfusion. ycont: normal control group in the nine-olgefts, mcont: normal control group in the
thirty-five weekold rats, IP: 5 min ischemia and 5 min reperfusion at the left common iliac artery, 3IP: three cycles of ischemia
and reperfusion, 61P: six cycles of ischemia and reperfusion, 10IP : ten cycles of ischemia and reperfusion.
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Figs. 3-14.Immunohistochemistry of Cu,ZnSOD and MnSOD on the rectus femoris muscle of the SD rats followed repetitive cycles of
brief ischemia and reperfusion. Cu,ZnSOD immunoreactivities on RF of nineolbe#t; (3) normal control; moderate, (4)
3IP3; Weak, (5) 3IP6; Very strong, (6) 61P72; Very strong, (7) 10IP6; moderate. Cu,ZnSOD immunoreactivities on RF of thirty
five weekold rat; (8) normal control; Very strong. (9) 10IP6; Weak. MnSOD immunoreactivities on RF of nineoldewi;
(10) normal control; moderate, (11) 31P6; moderate, (12) 6IP72; Very strong. MnSOD immunoreactivities on RFfofethirty

weekold rat; (13) normal control; moderate, (14) 10IPO; Very strong. RF; rectus femoris muscle, IP; ischemic preconditioning.
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Table 1.Immunoreactivities of Cu,ZnSOD in rat left rectus Table 2.Immunoreactivities of MNSOD in rat left rectus femoris
femoris muscle after the cyclic brief ischemia and re-

perfusion
3IP 6IP 101P
9w 35w w 35w 9w 35w
0 hr +(@3)++(®6) ++(6)+++(8) +@)+++(7)

3t £(2) +(8)  ++6) +++(7) +++(7)  +(@)
6N +++(8) ++(5) +++(7) +++(B8)  +(@) =(1)
240 ++(6) £(2)  +(@) ++() +++(6) +@)

7200 +4++(7) ++(6) +++(8) +++(8) +++(7) +++(7)

ycont: +(4), mcont:+++(7)
number in ( ): a grade of immunoreactivities
+(1~2): weak,+(3~4): moderate,
++(5~6): strong,+++(7~8): very strong

Abbreviations

ycont : normal control of nine weelkdd rats

mcont : normal control of thirty five weeldd rats

3IP : 3 cycles of nottethal 5 min ischemia and 5 min reperfusion
6IP : 6 cycles of nottethal 5 min ischemia and 5 min reperfusion
10IP  : 10 cycles of netethal 5 min ischemia and 5 min reperfusion

Wit (Fig. 2, Table 2).
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muscle after the cyclic brief ischemia and reperfusion

3IP 61P 10IP
9w 35w 9w 35w 9w 35w
Ohr £(2) +@) ++(6) ++(6) +(4) +++(8)
3hr ++(5) ++(6) +4) ++(5) +(3) +++(7)
6hr +4) +(@3) +(3) +(4) ++(5) +(2)
24hr  £(2) =*(2) +(1) £ +(3) +++(7)
72 hr +3) +(@4) +++(8) ++(6) +(4) +(4)

ycont: +(4), mcont:+(3)
number in ( ): a grade of immunoreactivities
+(1~2): weak,+(3~4): moderate,
++(5~6): strong,+++(7~ 8): very strong
Abbreviations
ycont : normal control of nine weekdd rats
mcont : normal control of thirty five weeldd rats
3IP 3 cycles of notethal 5 min ischemia and 5 min reperfusion
6IP  : 6 cycles of notethal 5 min ischemia and 5 min reperfusion
10IP  : 10 cycles of nefethal 5min ischemia and 5 min reperfusion
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Abstract
Effects of Repetitive Ischemic Preconditioning on the Expression of

Cu,ZnSOD and MnSOD in Rectus Femoris Muscles of Rats

Su-Kyung Jeon, Yoon-Kyung Seo, Nam-Jin Chang,
Hyun-Zoo Park, Sang-Wan Lee, Doo-Jin Paik

Department of Anatomy and Cell biology, College of Medicine, Hanyang University

The present study was performed to investigate the dynamics of Cu,ZnSOD and MnSOD expression following
courses of reperfusion after repetitive ischemic preconditioning on the left rectus femoris muscle of-Savdgue

rats.

Nine or thirty five weekld rats were subjected to three, six and ten cycles of ischemic preconditioning that was 5
and 72 hours of reperfusion after ischemic preconditioning and assayed by immunohistochemical staining with anti

min ischemia and 5 min reperfusion at the left common iliac artery. Left rectus femoris muscle was isolated 0, 3, 6, 24

Cu,ZnSOD and anfinSOD antibodies. The results were as follows;
The immunoreactivities of Cu,ZnSOD and MnSOD were increased in the repectitive three and six cycles of ischemic
preconditioning. However, after the repetitive ten cycles of ischemic preconditioning, the Cu,ZnSOD immunoreac-
tivities were decreased in the nine weelkd rats while MNSOD immunoreactivities were decreased in thirty five

weeksold rats.

These findings suggest that severe damayes result from decrease of Cu,ZnSOD in nine weeks-old rats and decrease
of MnSOD in thirty five week®ld rats after ten cycles of ischemic preconditioning.

Key words : Repetitive ischemic preconditioning. Cu,ZnSOD, MnSOD, Rectus femoris muscle, Rat
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