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eNOSz AATSAH 2o} P3| YoM ZellA] F2
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cari5 2004).

ol B AFAEL FHHFAE 340 =}
249 Mol BAEE NOSY $2E of
A ARATER] dolnsial, 55 W} 5% A%
Fahe $4E 3309 63), 108 AA)s}ed sl om,
T2 FRol oleh NOSe) Wale] o]z} 9)
2| B23)7] 919, 85%¢) 4] WA f= FAHE
A7) P73 98% olakel M= T4
3F9 7IAn] & (Amstrongs Phelps 19844
sho] vlm FEETL

Bow> o R oW

e o2
_E‘

oo

lole

M= % g
1. MYEE
952 ¢] SDA 47 317 (Daehan Biolink, Korea)

& Agsted Yol zgat PPast S5l we
33, 63], 108] 202 rgly, ARF 5 (047),
3AIZE, 6A]%Y, 24X17Y, T2X o2 ARSI A
Y 5 AR AReEe ARATIA AldsigT,
7+ o} 6ulely =% 96ulele] APFEL AHgst

At} (Table 1).

o

AE x|

ek A el 3]Mste] 168 Ao =

23] Br}FEAlsled (1.15 glkg) AP EE-S w3 A7)
JuiekE A F d2duEs AFE I

ﬂ*,

i

Table 1.Effects of ischemic preconditioning on mortality

Time of reperfusion (h)
0 3 6 24 72

Group cont 0/6
3IP 0/6 0/6 0/6 0/6 0/6
6IP 0/6 0/6 0/6 0/6 4/10
101P 0/6 0/6 0/6 0/6 4/11

The number of rats died/total number of rats are shown in the table.
Abbreviations

3IP: 3 times of ischemic preconditioning

6IP: 6 times of ischemic preconditioning

10IP : 10 times of ischemic preconditioning

Table 2.Immunoreactivities of NNOS in rat tibialis anterior and
soleus muscles of the control and ischemic preconélition

ing groups
Time of reperfusion (hr)
0 3 6 24 72
cont +
3IP + + + + +++
A 6I1P + + + + +
101P + + + + +
cont =+
Sol 3P + + + + ++
61P + + + + ++
10IP + + + + +
Abbreviations

TA: tibialis anterior muscle
Sol: soleus muscle
cont: control
3IP: 3 times of ischemic preconditioning
6IP: 6 times of ischemic preconditioning
10IP: 10 times of ischemic preconditioning
=+ trace immunoreactivityd-: weak immunoreactivity,
++: moderate immunoreactivityt ++: strong immunoreactivity
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Table 3.Immunoreactivities of iINOS in rat tibialis anterior and Table 4.Immunoreactivities of eNOS in rat tibialis anterior and
soleus muscles of the control and ischemic preconéition soleus muscles of the control and ischemic preconéition

ing groups ing groups
Time of reperfusion (hr) Time of reperfusion (hr)
0 3 6 24 72 0 3 6 24 72
cont + cont +
TA 3IP + ++ ++ ++ + TA 3IP ++ ++ ++ + +
61P ++ ++ + + + 6P + ++ + +
10IP ++ ++ +++ 4+ 10IP ++ + +++
cont + cont +
3IP + + + + + 3IP + ++ + ++ +
Sol Sol
6I1P + + + + + 6IP + +++ + + +
10IP ++ + + + =+ 10IP + + =+ + =+
Abbreviations Abbreviations

TA: tibialis anterior muscle
Sol: soleus muscle
cont: control
3IP: 3 times of ischemic preconditioning
61P: 6 times of ischemic preconditioning
10IP: 10 times of ischemic preconditioning
=+ trace immunoreactivityt-: weak immunoreactivity,
++: moderate immunoreactivityt ++: strong immunoreactivity

2 5% 3y, 58 AWF-S 33, 63], 103] ulEs}e]
DN }g/\]s}OﬂD]- JAAAZ A A3 5 A

5 01705} A7), 6417}, 24413, 7242t Holl %
ArdvEos dYsEs A4AA A5
pASE 7PZ}”1*—°* HZsh o A =L
wiekE A F o}fw AXE A A4t
X /‘“}% A HAFd AVFLE o83t APF
o A FAAA T AET T8 BF
BB \Western blot analysi, HZ222
Azt AL Aslste] NOSE FHaslglH.

Xylenest olehe-g ol &
S A Y

ste] sletHd o)A I}
%], phosphate buffered
saline (PBS, pH 7.4} 1z ZF4=2 AlFstad
3% FAbsart Bofole Mikd 34 ez 5
, 0.4%%)41 g (Sigma, USAP 2 Al-2-ojA 8%
Tt 1A

Mouse blockingg-¢} (PBS, 2% bovine serum albu-

min, 2] AAFEA 15uL/mL) o2 37°Col|A] 1A+
x2]3t %, mouse anthNOS antibody (1 : 150, BD

215

TA: tibialis anterior muscle
Sol: soleus muscle
cont: control
3IP: 3 times of ischemic preconditioning
61P: 6 times of ischemic preconditioning
10IP: 10 times of ischemic preconditioning
=+ trace immunoreactivity: weak immunoreactivity,
++: moderate immunoreactivity; ++: strong immunoreactivity

Biosciences, USA), mouse afiNOS antibody (1 :
200, Santa Cruz, USA), mouse a@NOS antibody (1
: 150, BD Biosciences, USA Zt7 3]A3sle] 4°C
oA skt Bk WHSAIZS PBSZ AT F 2
=} 3k, horse antmouse IgG antibody (1 : 1,008)
Al 2o A 408, ABC £ (Vector Laboratory, USA)
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1% methyl bluegd oz dzgy & 33tsdn])H
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4. Western blot analysis

E]-EWZ] —,5H§ % C&]X‘“Xﬂ7]— ia‘]—% T%l—l:l”
] (iNtRON Biotechnology, Kored =<%=x%] 0.05
g% 1mL¥ A~ 18k ¥ homogenizer (Janke & Kun-

kel, IKA®-Labtechnik, Germanyg o]4-3}e] F-23}
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1A = cont 1B 3IP0 1C ., 6IPO 1D 10IPO

1E cont 1F 3IPO  1G 6IPO 1H 101PO

Fig. 1.Immunohistochemical staining of NNOS in rat skeletal muscles. Intensity of the immunoreactivities of NNOS (nNOS) were pre-
sented in Table 2. In TA, ischemic preconditioning (IP) increased nNO®{Bcompared with control (A), but in Sol, nNOS
showed no differences. nNNOS in SoKIH) were weaker than those in TA¢AD). cont: control, 3IP: 3 times of IP, 6IP: 6 times
of IP, 10IP: 10 times of IP, TA: tibialis anterior muscle, Sol: soleus muscle. Scalban (x 200).

A7 5 AR sl AEdE Ao % band?] = (density)s 43kt

Azalo| A 40pge] DAL 2 3}ed 6% SDS EAx=7]x= Sigma Plot 10.0 (SYSTAT Software
polyacryamide gekl7]°d5& o]43led E=|A Inc., USA)Ye- o] 8-3te], dj =3} kA3t 33, 6
=], Hybond™-P membrane (Amersham Biosciences, 3], 105]-<, 78] 7 9723} 7kAp0| 28 Ao
England¥] o]=A]# v} Membrane- 3% blocking 2 student-tests- A A5}
£l (TBST: 25 mM Tris, 8% NaCl, 0.1% Twe&0,
3% nonfat dry milk)ez Al 1x]7F x2]3k
%, 1z &4 antrmouse NnNOS antibody (1 : 500), A 1t
antimouse iINOS antibody (1 : 500), amtiouse eNOS
antibody (1 : 1,000) (BD Biosciences, US#) block- 1.
ing g<lell 143te] 4°CollA] B3 Sk Mzl
o}l TBST= 5%4 33] A&t 5| 22} 34 horserad
ish peroxidas&onjugated artmouse IgG antibody
(Amersham Biosciences) Z+7zF 1:1,000.2 34
she Ao A 1A7F HES-A1Z] &, HhA] TBSTE A

e Ldatsiot o
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AJF 72A 7ol 632 1032l M AFEE]
Z=7}sl3 ) (Table 1).

A3 % ECL (enhanced chemiluminesceng)¥ 1) AT ZI5}5tod A
(Amersham Bioscience8) 18 %<t x2]3}e] x-ray NNOS?| ™ %=] 31314 A uk-e-(NNOS)e 243

DEol] =&k Quantity on8 == 73] (Gel Doc  Autz} 8P AdA F= H2=0h YAt}
2000, BioRad Laboratories, ltalyg ©])-g3}e] Iz Z nNOS= Z7}slel o, 71Aln| 2R o= ¢ =
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A Tibialis anterior Soleus
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Reperfusion at 0 hr
500.0 % R
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8
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Fig. 2. Western blot analysis of nNOS in rat skeletal muscles. A:
0 hr after ischemic preconditioning (IP), B: 3 hrs after IP,

C: 6 hrs after IP. Values are mednSD. TP<0.05, dif-

ferent from cont of TA; P<0.05, different from cont of
sol; ¥P<0.05, different between TA and sol. cont: cont-
rol, TA: Tibialis anterior, sol: Soleus, 3IP: 3 times of IP,

6IP: 6 times of IP, 10IP: 10 times of IP.
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o1, HH )3} Sl
gkt}(Table 2, Fig. 1).

2) Western blot analysis

A #AF 0x) 71 (Fig. 2A), A
Al B35 nNOS= s dokAts &
3kl 3 (P72 P<0.05), 106812e) 351@1»} 6
slzuel W #2=ge =3 nNOSE FhAlulE
Boh GA7TeA w7 #2EH (P<0.05). 4 %
F 37kl (Fig. 2B), nNOSE 63]-2F 103] el A
Wzguet Z7bsk T, shabe] 2k 9Tl
w7 #2H A (P<0.05). A %5 6413kl (Fig,
2C), S| @epgshe] INOSE Hzzret Z7bsk
3, b 2 TN B B A)
FF 247707 72471, nNOS= 7)Apm| 2R} oF

R7ZAN ¥ FAFG oL}, 2 Aol gdinh
3. s{gAAEoL INOSH| O|x|= Ak
1) BT BfSeiM

INOSe| w2 3hatd A5 (NOS)e 253

} AT AN B
, 1082l 74 st =Sl e
ol wpe ahelh =A) bk
ZEZo A 7FstA DR

o)
AR

(Table 3, Fig. 3).

2) Western blot analysis

A {7 0A7hel|, FA 73Tl Al INOSE 103]72
A 7P A, TR Ze e et vsdt 5
Foz FEFSAT AAF A7k, AT AA
iINOS:= Hlx=wRu S7F 7k 2ol M= 2F4stal
ow, 108l A 7|2 Re 724 INOS
7b A B2 A (P<0.05). A&7 643kl (Fig.
4A), FA7FZNA INOSE dHlx=wH2e F7HE 9,
637 103]-9] iINOSE HA7dolA A #2
ek (P<0.05). A -7 244 7bel| (Fig. 4B), 31 &<}
A= INOSE dlzFro F7HAZ A, 103]2e)
V¢ 7 #2EAe (P<0.05). 68]9} 103] 2ol A
FEE INOSE 7oA ¥4 HEFH A A
FF 72417kl (Fig. 4C), INOSe 7habm] Z2eh 94
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3A | cont 3B 3IP6  3C 6IP6 3D 10IP6
3E cont 3F 3IP6 3G 6IP6 3H 101P6

Fig. 3. Immunohistochemical staining of iINOS in rat skeletal muscles. Intensity of the immunoreactivities of INOS (INOS) were pre-
sented in Table 3. In TA, ischemic preconditioning (IP) increased iNGSXB compared with control group (A), iINOS in 10IP
(D) were stronger, compared with 3IP (B) and 6IP (C). In Sol, increased iNOB)(Fcompared with control (E), but INOS
showed no differences among the IP groups. cont: control, 3IP: 3 times of IP, 6IP: 6 times of IP, 10IP: 10 times of ifjsTA: tib
anterior muscle, Sol: soleus muscle. Scale=bamum (x 200).

Aol $A WA= e v U F Ozpun ol R, A
oM 63123} 108204 Z7helked ord (P<0.05),

4. SRML NOSO BIFE 22 eNOS: ST ATz A BB
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o} A7FZe A ZFeAl EE gl (Table 4, Fig. 5).
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Fig. 4.Western blot analysis of INOS in rat skeletal muscles. A:
6 hr after ischemic preconditioning (IP), B: 24 hrs after

IP, C: 72 hrs after IP. Values are mea8D. TP<0.05,

different from cont of TA; P<0.05, different from cont
of sol; ¥P<0.05, different between TA and sol. cont:
control, TA: Tibialis anterior, sol: Soleus, 3IP: 3 times of

IP, 61P: 6 times of IP, 10IP: 10 times of IP.
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Grangers (1988)] ©|AA WA Ee] 27}
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1998),2-%2 & w (Balonz} Nadler 199775
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42294 nNOSP} £JulglAl Z7ksht, 7hape)
NAE st 2olrt gekw seied, & A
A= PFTAME HPPYste] oz A

‘E‘
ZZv
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g 270 nNOS} Z7}51e] on}, 71Abu] 2ol M=
Wyl =22 ok, ZRbe|ZRe SEA 7ol A

NNOS7} o wko] -&w o).

INOSE H|THH =, HEZAANZ, ZFA] T Fol| A
2 31, INOSIA A4 E NO= F4& 53417
MAS Bsdty d8ix ¢k (Grangers 1988).
I3} iINOSel o @& oke] NOZF AAIE™ Al
TEFH BABA) JAHT MITEFE FET
o g A 9lok (Welter5 1996).

Kane 5 (2001)2- iNOSe] 2] A
S-3) #< (free flap surgery] A3
9t} Sakamotes-(2006)= gF+-2]
e HYATE £l dofiht, S
Ak iINOS7} 7}5104 BIEECA T I |
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Fig. 5.Immunohistochemical staining of eNOS in rat skeletal muscles. Intensity of the immunoreactivities of eNOS (eNOS) were
presented in Table 4. After ischemic preconditioning (IP), eNOS were increasd?] (B~H), compared with control (A, E).
eNOS in the 10IP (D, H) were weaker than those in the 3IP (B, F) and 6IP (C, G). InNT2)(BNOS were stronger than those
in Sol (F~H), after IP. cont: control, 3IP: 3 times of IP, 6IP: 6 times of IP, 10IP: 10 times of IP, TA: tibialis anterior muscle, Sol:

soleus muscle. Scale bB0pum (x 200).
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2 Ro}, iINOS Z7}= Hussains (19973} Mungreu
%(2002), Zhangs (2003 9|73, we) 52|
£ QEee frahod BelF Aolel 47
ek 2 AgolA] AFF 244243 72470l INOS
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(Lochner% 2002)] ®324-& AAPE 7oz
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A Tibialis anterior Soleus + FHYFtE Raade despty ek &
cont 3P 6IP 10IP cont 3IP 6IP 10IP Aol eNOSE A5 259} 2447k 2
B} 2718k, 3A7H 6A)7F, 728 7Hll = =

3hr <« 140 kDa
3} vlsEhieh Afi A5 S eNOSe At
Reperfusion at 3 hr 3~6A]7te]] dojr}= 3 d£A) (Blaisdell 2002%-
300.0 ZFAAA Aol *gﬂﬂ 13z, Jugdutt (20023}
S 228:8 t + + Muscari £ (2004)] &)7< wejsld 7+4% eNOS
§ 150.0 . T YA M8 &S =28 ez AZ
@ 100.0 * H=, eNOSt A7 Re 7iAtu| 2ol A o &7
200 o #2E Aoz Hol spaulZe] AT o &
o P ep 10p oz AT 4 e Aozt Az 1
F/F3t 103]2ell 4] eNOS?| 7= 33|l 63

B Tibialis anterior Soleus

zud =2 A, 27 2w 24 g Ao
2 Bo}, 33]o|t 63| nrt SPFYR neas}
6hr <« 140kDa 7} &gt ow §EFHXA e Aoz Y=

cont 3IP 6IP 10IP cont 3IP 6IP 10IP
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Abstract

Effects of Repetitive Ischemic Preconditioning on the Expression
of Nitric Oxide Synthase in Tibialis Anterior and
Soleus Muscles of the Rat

Bong-Cheol Koh, Youn-Kyoung Seo, Chu-Ok Shin?,
So0-Kyung Chun, Doo-Jin Paik

Department of Anatomy and Cell Biology, College of Medicine, Hanyang University
!Department of Life Science, College of Liberal Arts and Science, Yonsei University, Wonju.

Nitric oxide synthases (NOSs) that catalyzed the conversioran§ibine to nitric oxide and-titrulline play a role
in ischemiereperfusion injury. The purpose of this study was to observe the expression patterns of nNOS, iNOS and
eNOS in the rat tibialis anterior and soleus muscles after multiple cyclic episodes of ischemic preconditioning (IP).

Nine weeks old male SD rats were divided into control and IP groups. The IP group was further divided into 3 groups
based on cycle of IP. For IP, left commom iliac artery was occluded 3, 6 and 10 times for 5 minutes ischemia followed
by 5 minutes reperfusion using rodent vascular clamps. The animals were sacrificed at 0, 3, 6, 24 and 72 hours of reper-
fusion and the left tibialis anterior and soleus muscles were removed. The expression of NNOS, iINOS and eNOS were
examined with immunohistochemical methods and Western blot analysis.

IP increased the expression of nNOS, compared with the control. In the tibialis anterior muscle, the levels of nNOS
in the 3IP and 6IP were higher than that in 10IP. IP increased the expression of INOS, compared with the control, and
the levels of iINOS in tibialis anterior muscle were higher than that in soleus muscle. The level of INOS in the 10IP was
higher than those in the 3IP and 6IP. IP increased the expression of eNOS, compared with the control, and the level of
eNOS in soleus muscle were higher than that in tibialis anterior muscle. At 0 and 3 hours after reperfusion, the level of
eNOS in 61P and 10IP were higer than that in 3IP.

In summary, these results suggest that the ischemic preconditioning increases the expression of nNOS, iINOS and
eNOS, and 10 times of ischemic preconditioning may induce ischemic injury through upregulation of INOS. And tibia-
lis anterior muscle is more susceptabile to ischemic injury than soleus muscle.
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