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e SF ) AAF Aol wel o) ol Z 5ol 4
Jehte Asa s ass] Ba s

Ned, 343, 4oF, ojag, nEy,
ole?, zu, “—*.'%"._l, REES

ZHEE 22 Y A AFE e Ak AT ST wd 28, A7 2A SelA JEEEE A
Aeta odedx glovt 7 7)1A-E obA] s AR skl HZelle Y F ARFA AEFHE s
(nitric oxide, NO)ell 3t AFSo] 213 = 3 i} Aks}A 434 & 4 (nitric oxide synthase, NOS)el| &]3] A=
NOE S Z7MI7I7AY AaAIZe T odeA] Qi) olel £ AFAES 317 ] W Z8eA &2 38

ZH"’]"‘IT"] M8 Slpol| w2l NOS7F w7 W3tE £A 5 ot At 2 AfE A s

733} 3552 SpragueDawIeyﬁ] 7 AFE A2 g2 1939 ARF LR vngddh B2 fﬂ

“éJJr AN AT wbESe] AFEEL 5F Y51 ARFIE AA S 33,63 22]1 103] AAEA ZH**
F9} 3A7L 6AI7, 24A17E, T2/ A F Jde]Z222S A& 5, NOS 13} NOS 2, NOS 32] 9 4] 3}st
s AlFste ohgdt 2> A9E A9t

2 S ARF A E F2 ¥ ARF Gt EDSE, Foo] U F4F, ARF{ 727
A% F AbEe] FelAoh AN TN Fo] wE NOS 13 NOS 2, NOS 3 H w32 2 2bol7h gl
NOS 1w Hukg-2 93] oA 63]9] Z2 83 AAF vhs F 24X 7k F5=o| FAduH-s o=, 103]2el A
T F5E = 7k FAduks oz JAFAT 57 LM 637 103]2el A vkt e A=e] fAdut
o2 AFFYS NOS2 Huh-g-2 957 ZollA 33]9] 72 P} AAF{ W5 & 3X el F5= =5 743
Fgubg oz, BFHAAME gt AUk oz AT NOS 3 HAgnl-g-2- 9F7 Fol| A 103]9] 72 3
I ARF W F 3 A® me FE5E0 o R, BFHAAME mFet A e Ao I
Z

n&_r

(o4

7%] el ezl 185 AT A4) S de) NOS g Ee] Y sk Fush Fo ul s
27 Yepds, NOS 13} NOS 22t} NOS 32] W3lZoe] & 7102 Hol, 232 s aans Jehl: Aoz
oIeizl NOS37} e a3t AR F viehls AlbEe] 27hs) el 3k Aoz Az=gi

FopEy| gt g2 S P3} ABF, 34, el 222, NOS1, NOS2, NOS 3

M

I

citrulline 2 fiAl=lE= AL &A= &4,
NOS 1 (neuronal NOS, nNOS)-& 217 o|u} d =3}
NOSE L-otz7|do] Abas}l wbgsled NOso}  dZAFE wHZSA =z F2 A2 (Chang
% 1996), NOS 2 (inducible NOS, INOS)x= 2214

SAIAA: ol 23] (st ARA e Eel X 2ol s uRb E, 2e)an S - Tl A (Granger
A9 : whiee@syu.ac.kr = 1988), NOS 3 (endothelial NOS, eNOS):= 3 3hj)
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— Med Had, ueE

, o] Akel,

ot

Mz} AATEA 2l A F2 HRE T (Stewart
= 1994) W ZEo M 3 FFe NOS oo
T #AFAEE= Aoz odwlx ¢ o (Punkt 5 2001,
2002).
EEESR R
AAE] 2 = l
ngAE] NO=
ek, A1)
z% gort, Be 94
AAAAA A=
1998).
NOS 1o 2J3] 4" NO= 3 F
W] oA A A7 2, BReES A4
goz WFE ZAAA &4 AR (Groz-
danovic 2001). NOS 2o ¢]sf QA= cheke)
ZHAZ) HPEAYE Fushe Aow
oH(Qi 5 2004). 121} NOS 2] 93] AA€l NO
7} ARYE A s)5he] )% (flap surgery) o]
Z7MN7ek= AF-= 9ok (Kane 5 2001).
O oA whuje)
7} A A1 71 A (Ozaki

r gyHos
we]
90
3

5‘_
-

=0

ATES
N053°ﬂ °Jsf A€ N

< AgAlste EAE
2002), FHL FAA A A=MESo] Ao o
Sk A F218b7|= 3o} (Hickner 5 1997). o]
g3 NO9| F7h= &d F ARF 27]ol F713)
o e} fEsAY HES BEshe (Wang
T 199), sFF3te] Hesass feda &
HA sl=k(Hickner 5 1997).

&3 ofA}3} (ischemic preconditioning): Z-S &
g3t ARie wEske Aoz, 0% HPAA
AR AR =S ZAAaAZTT LA gler
(Murry 5 1986), Gurke 5 (1996) 2} Mattei - (2000)
= FHdsts A YR feEe wd

L
Ny

&=,

=
= 3

9] AEAEAg) TlEEE A 4 glux
alolo}. Muscari 5 (2004)2- &8 ekAtsbr) 315 A

A& PN FHE W FAaEE NOS3E 7M1,
o] Wl YAE NOE sIEAE AT, Alzs
B33y s, Jefayri 5 (2000)= &8 kAtsls)
A7) 239 2l NOS3E Z7[A1A &4
2aAZIekm stec). =3k Lochner S (2002)-2

d% Mol NOAZERE Fojohwl #APsiel

o

D2, oy, Bz, W, o|ghs| —
H=g e ads =3 4 ek sl
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Aol AHEEE AT ARFAIZL
R4 A7AERIS 2polz} 9lek Gurke &
(2000)= 10+ 3¥3 108 A FF3H= JA4S 33
A Askel 1, Gurke 5-(1996)2 5% 333} 58 A%
ke e 23] AAEK °ml Jefayri 5 (2000)
e 4% 3 113 YAFE 43 AAshs
Sumerary$} Yellon (1999)-2 61@%%&94 340}
L= AA ol skt Hoael o3k
& Fotx sglch aeid g Aol 5% #Y
3} 5% A{FE 33] AAER W o] AMEE L 9l
o (Mattei 5 2000, Lochner 5 2002, Seo 5
2003a, Muscari 5 2004), o]2]§t ]38 fAbslatA o]
HIAWA S S/ Aoz odeA gl
Hopdste] Beass Aot ¢34
AAEe] gl ¢ £ 5 don, HIed=
kst NOSet NOE =Aste] AHzg B3
@ G QA Fes) $isted Lofzr)dD pe

O Z#AE A7k, NOS AR 8 Fodai
7401 slepalel saedel de T Ao

A& d7-Ee] APH L -

ooll, 2 AFAEE YRATe} &5 Foz
e 7] S8 BRI} PEA o Aol
wel 2 gol 4 NOS| A4t H=g ZHHez o 4
9l NOS®] 1 Wishe reluy] glated, 95543
3559 A9 TN A AW AR
# Aol wWeh ekl NOS o g wa e

A=t

1=
0
I3

nZ
ng
ofn

=

95232t 3557 ] Sprague-DawleyA 47 217
(Daghan Biolink, Korea)2 A Ald] =7
2 Uk A ze g #3a) g ue
ol e} 33, 63, 103202 VR, B FY
I A H/F wbE F A3zl ok} AR A5
347}, 6|7, 2427}, T2A 2o 2 A Balel). A
HAA77E St AP ARSES Adstn 7

~
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rlo
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}eich (Table 1).

B4 AHgs

$-#| &} (urethane, 1.5 g/kg)& 2
Heme u}HA]?] T AYPS E‘/\]'}‘H‘:}- Ay

< °}"‘jr‘“t zme o v

AFAA7L B Fell RAAS A Ak A

Table 1. Effects of cyclic short ischemia and reperfusion on
mortality in 9 and 35 weeks old rats

Time of reperfusion (h)

0 3 6 24 72
cont 0/6 - - - -
3P o6 0ol6 o6 o6 06

owesks  ap o6 06 o6 06 410
0P o6 06 o6 o6 411
cont 0/6 - - - -
3P o6 06 o6 U7 712

Swesks g p o6 06 o6 06 1019
0P o6 06 o6 28  10/14

The number of rats died/total number of ratsis shown.
Abbreviations

cont : control

3IP: 3times of short ischemia and reperfusion

61P: 6 times of short ischemiaand reperfusion

10IP: 10 times of short ischemia and reperfusion

H2F ol o

NOSs2| 3} —

FAF o, A [ A5} 3R, 64]7F, 2447, 72
A A3 Fel AYEEs zeLze HYAA
Ao E2TE A& ARXA S 27
1:]—3_;22__

ARF Fowe) WRAE BAs] AT 2

AZ3 28 HdzxsstdANe 98 0.1%
glutaraldehyde-4% paraformaldehyde =34 (pH
7.4)0l 24X7F o]l 2 1A F 6um FA 2] 3}

g Atsas

Aol 4] AN o] g3te] shela e A
Asla 3 /\1\]71 %] phosphate buffered saline (PBS,
pH 7.4) o= MA 3}t 3% FAkstrart EoQlE
meke Efgfom SR Fk A ¥ PBSz A
A5l 0.4% 4188 (SigmaCo., USA) o 2 AL
A 8% F<t WH-3A1Z] ¥ PBS2 A3kl Rabbit
block 8- (PBS, 2% bovine serum albumin, AFek2]
A48A 15uL/mL)ez 37°CellA 1Az A=’
%], 12} kA rabbit anti-NOS 1 Abg} rabbit anti-NOS
2 Ab, rabbit anti-NOS 3 Ab (Santa Cruz Biotechnology,
USA)= 1:200 8] &2 3|A3le] 4°CollA] 3159 &
ol ¥k A AT} PBSE A& 3 & 2x} 314 biotiny-
lated goat anti-rabbit 1IgG Ab (Vector Laboratory, USA)
E AlLox] 40%, ABC €9 (Vector Laboratory,

Table 2. Immunoreactivities of NOS 1 in rat rectus fermoris muscle of the control and cyclic short ischemia and reperfusion groups

Time of reperfusion (h)

0 3 6 24 72
cont 4.67+1.53 - - - -

9 weeks 3IP 5.00+0.00 3.00+0.00 *0.33+0.58 2.67+0.58 1.33+0.58
6IP 5.00+1.73 6.00+1.00 533+231 *8.67+0.58 2.67+0.58
101P 6.33+0.58 533+1.15 5.00+1.00 *10.00+0.00 6.67+1.53
cont 4.33+0.58 - - - -

35 weeks 3P 6.00+1.00 13.004+0.00 12.33+0.58 4.67+0.58 5.00+2.00
6IP t7.67+058 4.33+0.58 $2.00+1.00 4.00+1.00 5.67+1.15
101P 5.00+1.00 t2.67+0.58 3.00+1.73 4.00+1.00 7.33+£2.08

Values determined by 3 observers were averaged and expressed as mean+ S.D.

Abbreviations

cont: control, 3IP: 3times of short ischemia and reperfusion, 6IP: 6 times of short ischemia and reperfusion, 101P: 10 times of short ischemia and
reperfusion, *p< 0.05 compared with 9 weeks old rats in the control group, t p< 0.05 compared with 35weeks old rats in the control group
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— M2Z, 35, 48F ojdeh, 13H, o|g T, BT, WEH, o[24E —

USA)& Aleolr] 303 <k 4h3-A17ieh DAB kit

(Vector Laboratory, USA)E o] 8-3}e] Al-LoA] 2 It
3~58 o} whIA7) The 1% WA gN o

Yza9M = Falgdu Aoz HaAsgct 289 = 1. FS 58 B0 o3t ABESo| AjLtE
AR AdResle] AejdAnse) 279k 4

=2 A Alge] TAsgTh Wodulgo] vehlx we ez GAF vt 2oz, Qe
ole Ao = 0 w|eksl opAJulS 37, oFat opxdul  24A17kR} T2AI7bel, 1E]3 9F Ml 35F%e
© 67, 2Ewo] ofguls 97 7}ak opyukee 12 oA o B AgFEo| Absleld) (Table 1).
Hoz FA Yz 7o 7|ERg 7siAg o

A9 TSl Arseidnh 95T Pae 2 HAXHsisiM

H@3t BFEARAE AAste] Table 29} 3,40 2 ) matEe

319132 Sudent’st-testE A A5k v

Feo] wel #AZE NOS o3 L2 wHuks

rlo

Table 3. Immunoreactivities of NOS 2 in rat rectus fermoris muscle of the control and cyclic short ischemia and reperfusion groups

Time of reperfusion (h)

0 3 6 24 72
cont 3.33+0.58 - - - -

oweeks P *5.33+0.58 *10.00+0.00 *7.33+0.58 *9.33+0.58 *6.00+1.00
61P 4.33+058 *5.67+0.58 5.00+1.73 3.67+0.58 3.33+0.58
101P *4,67+0.58 *7.67+0.58 *8.67+0.58 *7.67+0.58 433+153
cont 4.33+0.58 - - - -

Bweeks P 3.00+0.00 2.33+153 4.67+0.58 3.67+058 3.00+1.00
61P 433+1.15 267+1.15 5.67+153 5.00+0.00 t2.00+1.00
101P 3.33+1.15 10.33+0.58 11.00+1.00 3.00+1.00 16.67+0.58

Values determined by 3 observers were averaged and expressed as mean+ S.D.

Abbreviations

cont: control, 3IP: 3 times of short ischemia and reperfusion, 6IP: 6 times of short ischemia and reperfusion, 10IP: 10 times of short ischemia and
reperfusion, *p< 0.05 compared with 9 weeks old ratsin the control group, ' p< 0.05 compared with 35 weeks old ratsin the control group

Table 4. Immunoreactivities of NOS 3 in rat rectus fermoris muscle of the control and cyclic short ischemia and reperfusion groups

Time of reperfusion (h)

0 3 6 24 72
cont 9.67+0.58 - - - -

oweeks 3P *5,00+ 1.00 *5,00+1.00 *4.00+1.00 *5.33+0.58 7.67+153
6P *5.33+0.58 *3.00+0.00 *4,33+0.58 *2.33+0.58 7.00+2.00
101P *6.67+0.58 *7.00+1.00 *4,00+ 1.00 *5.33+0.58 *8.33+0.58
cont 10.00+0.00 - - - -

Bwesks P 13.33+0.58 t1.33+058 t2.67+£0.58 t367+1.15 t5.67+0.58
6P 12.33+058 t3.33+1.53 12.33+058 t4.00+1.00 18.00+1.00
101P t433+058 t1.33+058 t0.67£0.58 5.00+1.00 t6.00+1.73

Values determined by 3 observers were averaged and expressed as mean+ S.D.

Abbreviations

cont: control, 3IP: 3times of short ischemia and reperfusion, 6IP: 6 times of short ischemia and reperfusion, 101P: 10 times of short ischemia and
reperfusion, *p< 0.05 compared with 9weeks old rats in the control group, t p< 0.05 compared with 35 weeks old rats in the control group
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Fig. 1. Distribution of NOS 1 in rat rectus femoris muscle, 24 hours after short ischemia and reperfusion. In 9 weeks aged rats, NOS 1
was increase with increasing of cyclic episod, NOS 1 was higher in 9 weeks old rats(A, B, C) than that in 35 weeks old rats(D, E,
F). (A) 9 weeks old rat-3 cycles, (B) 9 weeks old rat-6 cycles, (C) 9 weeks old rat-10 cycles, (D) 35 weeks old rat-3 cycles, (E) 35
weeks old rat-6 cycles, (F) 35 weeks old rat-10 cycles, ( x 200).

= zjo)7} ik (Table 2,3, 4).
2) B2 sigy MR dee
(1) NOS 17 ] 4] 5}3}<
9723 3557 ellA
I S AdF
g5, AT 37 6A1 7 el A
o oAl 718kl

9F# o A= NOS 1w Auh-g-2
7 HHE- 63)7 103]ell A
Hict 355 ZellA NOS1H
7lell= 33|23 63]Fol| A, A I 24A]7 o] Foll =
103)Zol| A ©] =7}l (Table 2, Figs. 1, 2).

(2) NOS 2 1 o 4] 553 1)

9FE oA #zd NOS2 2
3} AT W A Fe) 37l Bzzed Z7bs)
Rom, 335 A Zhet W&

(<)

\_

=]

oI 20 o
)= i e

129

ok A {7 6A1E A A, 3323} 63] el A= HS
wkS-o] ZhAsls b, 103 2ol A= A AF 6417
off S7tE ] 72274742 718

3555 ol Al NOS 2 wHdub-g-2 22> 33} A
T 9 A% gl 223 v sshg ghasskal om,
63]Fol A 7MY =7, 33l A MY Al fHEE
Aok AR/F Azl ARF A FHo 4k
6A|7 el = F71etet 33573 632 A WF 244
7b o] Fell = ZhAEEs] ot 103] o M 72417k
Z7}sl 5 (Table 3, Figs. 3,4).

(3) NOS 3 W o 27} 315+ 4

NOS3 woduls-2 T4gAw FuelA] F2

R, 97} 3557

AksheA Z7hehel 3, 3552 2ol A
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= mY3P
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g W Y10lP
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cont 0 3 6 24 72
—2.00* Time of reperfusion(h)

Fig. 2. Variations in NOS 1 immunoreactivity in rat rectus femoris muscle of the control and cyclic short ischemia and reperfusion
groups. Values represent the mean+S.D.; *p< 0.05 compared with 9 weeks-old rats in the control group; Tp< 0.05 compared
with 35 weeks-old rats in the control group. cont: control, 3IP: 3 times of short ischemia and reperfusion, 61P: 6 times of short
ischemiaand reperfusion, 10IP: 10 times of short ischemia and reperfusion, Y: 9 weeks-old rat, M: 35 weeks-old rat.
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4 T - 1
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DIESHINCEN

Fig. 3. Distribution of NOS 2 in rat rectus femoris muscle, 3 hours after short ischemia and reperfusion. NOS 2 was decreased with
increasing of cyclic episodes and aging. (A) 9 weeks old rat-3 cycles, (B) 9 weeks old rat-6 cycles, (C) 9 weeks old rat-10 cycles,
(D) 35 weeks old rat-3 cycles, (E) 35 weeks old rat-6 cycles, (F) 35 weeks old rat-10 cycles, ( x 200).

M2t

I AFF E AE dxgEd AT, 23 al
7} o] ZFo)| Z7}3}9) v} (Table 4, Figs. 5, 6).
NOS o3&l 93] A= NO= Alslol] o)
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Fig. 4. Variations in NOS 2 immunoreactivity in rectus femoris muscle of the control and cyclic short ischemia and reperfusion groups.
Values represent the mean+S.D.; * p< 0.05 compared with 9 weeks-old rats in the control group; Tp< 0.05 compared with 35
weeks-old rats in the control group. cont: control, 3IP: 3times of short ischemia and reperfusion, 61P: 6 times of short ischemia
and reperfusion, 101P: 10times of short ischemia and reperfusion, Y: 9weeks-old rat, M: 35 weeks-old rat.
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Fig. 5. Distribution of NOS 3 in rat rectus femoris muscle, 3 hours after short ischemia and reperfusion. NOS 3 was higher in 9 weeks
old rats(A, B C) than that in 35 weeks old rats (D, E, F). (A) 9 weeks old rat-3 cycles, (B) 9 weeks old rat-6 cycles, (C) 9 weeks
old rat-10 cycles, (D) 35 weeks old rat-3 cycles, (E) 35 weeks old rat-6 cycles, (F) 35 weeks old rat-10 cycles, ( x 200).
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Fig. 6. Variations in NOS 3 immunoreactivity in rectus femoris muscle of the control and cyclic short ischemia and reperfusion groups.
Values represent the mean+S.D.; *p< 0.05 compared with 9 weeks-old rats in the control group; T p<0.05 compared with 35
weeks-old rats in the control group. cont: control, 3IP: 3 times of short ischemia and reperfusion, 6IP: 6 times of short ischemia
and reperfusion, 101P: 10 times of short ischemia and reperfusion, Y: 9 weeks-old rat, M: 35 weeks-old rat.

24& BEst 248 FE 9% Pk NOS
18 2559 NzAdds FEET (Ho &
2003). Grozdanovic (2001)2- 24704% 23] wd

Sl A 7% w8 R NOS 1o] ©f el
3 s, & g Bazels #uw
/q]

Nguyenz} Tidball (2003)& 109 EgF £%& A
717 &2 AFE A A7 =, 354
g7t Aoz ol Ro|A HH, —cﬂé%l‘%u
A AlzeAtel FrMega skl 1y
NOS 1e] #4302 WhalE= AF M o9} 2
= Aol veh A getha skglem, L-NAME
AZA] Mz g7t g3 sk
Tidball 5 (1998)= &% o]x] ¢kl 372 i <
FAIZ 7% NOS 12 zhasshar, vpa] 7] A =hgk
5 2%e] Aol A pFom Fol2rha dlolo
o, NOS 1lo] 714EE 29 Eot Z8AZ: 47
£t sheldh

Nguyenz} Tidball (2003)2} Tidball 5 (1998)2] 2
b, 2 Aol kel #Z2 P A
A% dz2LHie 5715 NOS 12 5130
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v 2ES A 4 sl Ak en, A
F 27] 3A12ke] 759wl NOS1e] )35t 244]
Zbz} 72X)17ke F7kskE 7 Lochner 5-(2002) ©]
A AE, AT 24470 o] Fol vheht= second
window #8AFe BA)3IA 7= o T3 Flol=t A
7+e 4 9)glet. Seo 5 (20033, b)& 9527} 3552
A7) WMo 28e 447 HAAZ A, 35578
Tl o g AlzAEAE vepdaia st
g, o] 52 A¥AIAE weshd, NOS 1w outk-g-o]
7 #EE 9FH el A BFHTHA T
A Lol 4 & Aelzta A4
NOS 2% 2179 woZ8olA gAY wi-% W
A3, MRNAE AA) wol) 8ol A s
# ko, Aol dehdea A sio
(Hussain & 1997). NOS 2= =4} A E7}4l
(cytoking)el] oJall A F== 37, NOS 20 2] A
= NOx 383} AFAF £Ake] whalo] F23t o
g4 3= Aoz odelx ¢loh(Eu S 2000). Thom-
paon 5 (1996)2 W55 3179 Ao FAlshd
7h2 s} Bhe] 284 NOS 2 mRNA7} 4] 7k el
F7keb, 8217 Fell= DA o] Frhdva s14
o} 3 o #) 518k 4 © = NOS 27} m)
Azt ZEHe] WMz T2ja ZEAM)
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oA FAFT 3¢ Mungrue 5 (2002)-2>
NOS 27} who] el == AF 2 AAE P74,
F}AF3}A 4 (peroxynitrite) QA o] Z7talm] BA =

T 7o 1
o AR Z7kskn AYEEY AAsY Aw

£ NOS2%: @ oke] NOZ AAHsle]
WTE%} 4 Slekm A7 gleh =8 NOS
oFele] 38zelAl 71 ¥ BAHT,
Gl 6574 B Has g ow,
Zur 9xdzel o Z7hssieh ol 3559
B} 97T A B NOZH A=Y, 24 &4
27V Aoletn A4 4

1__

z

11

et 2 Adeld Fe P AR W
e —464%—%91 Apge 108124 b
%3, 9738 IF R 3557 F oA o @
2ol XHJ& 2477} o el A}“‘ﬁh e &,
103]9] Z2 & ARF7E AITES A

Z7HAZe 3 e 4
AgolM #HEE NOS2 Hut-soz= A9gd 4
Asom, A FEnie 2} gt 2] z)e]
7} slom, gAkstA S =2 Afe], 2|3 oJ] &
250 4 A=el wet ks e 5 g
A7 4= 9lieh

2 Zweier 5(1995)2 83} B[ Lot
E AAESAA HE7| 7 T TS5 AL
NADPH®] g7} vrolx|m, A =7} ZF718hed
NOS7} &35 7)o BA-dsle] NOSeH= H7H 9]
71Mez NO7| AA"s 3tdet S8+ A+
2 A3 3ol AR NOL: Ao 3 g+
AN H{Fe] 2 dLE Fh) Lepore 5 (1999) =
Y g AFFE WSl S/ NO A
NOS Al Aol uF-3-3}A] k=rhar 33t & wd

TEe M= NOSe}= #H7l2 NO7F AAdE 4 sl
3 shdet 2y oA oAl AAE NO7L o™
d&g-E X A AR Wt

Qg o2l e Azhe

p

Zweier = (1995)7} Lepore =(1999)¢] ¢|7A& =
234, 103]9] > S8 ADF7F HEHwEA
Za® NOS27} Adid o Me ko] NOZ A4

3o AR Ao oE
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NOSs2e| 5} —
S, 249 A Z7kste] NOSSh: 53174
d pon NOA 424 ¢ g 4ads
1971 A48 NOE 249 sl & 4l
*E%‘%}aizu%fal?é%—%"l Appgel 3 T 4

Aot A= Aot

NOS 3= Wi Z5olA AIAe] #AAk2 o] &
=7]= 3k} (Kobzik S5 1995). Rubinstein S- (1998)
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Abstract

Expression Pattern of Nitric Oxide Synthasesin Rat Skeletal Muscle
after Cyclic Episodes of Short Ischemia and Reperfusion

Youn-Kyoung Seo, Su-Kyoung Jeon, Hyun-Joo Park, Sang-Wan Lee,
Bong-Cheol Koh, Duk-Ku Lee, Nam-Jin Chang, Doo-Jin Paik, *Wan-Hee Lee

Department of Anatomy and Cell Biology, College of Medicine, Hanyang University
!Department of Physical Therapy, College of Health Science and Social Welfare, Sahmyook University

The ischemic preconditioning was initially identified as a protective maneuver induced by brief periods of ischemia
followed by reperfusion. Although ischemic preconditioning can reduce ischemic injury of heart, skeletal muscle and
neuronal tissue, it's protective mechanism remains elusive. Recently, several investigations suggest the associations of
nitric oxide with protection from ischemic injury. Nitric oxide synthesized by a member of nitric oxide synthase (NOS)
family has been known to increase or decrease the ischemic injury. The purpose of this study was to observe the
expression patterns of NOS 1, NOS 2 and NOS 3 in the rat skeletal muscle after cyclic episodes of short ischemia and
reperfusion.

Nine and thirty-five weeks-old male Sprague-Dawley rats were divided into control and cyclic short ischemia and
reperfusion groups. The experimental group was further divided into 3 groups based on cycles of short ischemia and
reperfusion. For cyclic short ischemia and reperfusion, left commom iliac artery was occluded 3, 6 and 10 times for 5
minutes ischemia followed by 5minutes reperfusion using rodent vascular clamps. The animals were sacrificed at hours
0,3, 6,24 and 72 after reperfusion and the left rectus femoris muscles were removed. The expression profiles and
distribution of NOS 1, NOS 2 and NOS 3 were examined with immunohistochemical staining.

Theresults were as follows;

In the cyclic of short ischemia and reperfusion groups, the mortality was increased with increasing of cyclic episodes
at 72 hours after reperfusion, and aging. In the control group, NOS 1, NOS 2 and NOS 3immunoreactivities showed no
differenes with aging. In the 9 weeks-old rats, NOS 1 immunoreactivities were observed moderate at 24 hours after 6
times of short ischemia and reperfusion, and moderate and strong at 24 hours after 10 times of short ischemia and
reperfusion. In the 35 weeks-old rats, NOS 1 immunoreactivities were observed trace or mild at 24 hours after 6 and 10
times of short ischemia and reperfusion. At 3 hours after 3 times of short ischemia and reperfusion, NOS 2
immunoreactivities were observed moderate or strong, and trace in the 9 and 35 weeks-old rats, respectively. At 3 hours
after 10 times of short ischemia and reperfusion, NOS 3 immunoreactivities were observed mild or moderate, and trace
or negative in the 9 and 35 weeks-old rats, respectively.

In summary, the expression profile of NOS 1, NOS 2 and NOS 3 were observed differently with increasing episodes
of short ischemia and reperfusion. The ateration was the most prominent in NOS 3 than in NOS 1 and NOS 2. These
results suggest that the alteration of NOS 3 known to protect tissue against ischemic injury may be associated with
increasing mortality after multiple episodes of short ischemia and reperfusion.

K ey words: Short ischemia and reperfusion, Cycle, NOS 1, NOS 2, NOS 3, Rectus femoris muscle
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