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R F R S Aol Z2 s ARFE bk WHoz At Hd 2 A
o7 HE A& WIsEH &Aoot o] HAEL ﬂM thelol A AAe sPpdstE A
Zel| Al & =)= HO-1, HSP70, INOS ©h Al o] w3k olefr wiz} 2 Ag-S AA|ehlet.

A3 A= BFH © 2F 0] AedF5elr 5% A 5 AN{FE 33]9} 103] HlE3}e
A st e FEoFAdEt F ABF 0,3, 6,24, 7247kl 7hol| A a1 E = HO-1, HSP70, iINOS hf 2l o] i 5}
tﬂ‘ﬁiﬂi}i}“*ﬂaﬂr Western blot #-4& o] §-3e] doprglyr, oh-g3} -2 Asbs Al

Zhol| A HO-1 82 38 o FA3t 33]23t 103] 2ol A A3 72417kl AN 222 {24 A F71
3ot HSP70 Wﬂv‘l st 332l ARF 627t AN 2L R FUlsI R, A /T 72417k
= Az vsstedeh 28l a S eRAEl 103) 2ol HSPT0 el A7 =) Fol] A 2R}
Z7Vek L, A 35 24X 73} 72217l = A e ol A FHaakeleh INOS a2 &3 fa)st
33|23} 103] oA A7 24470l A zne folA A Frhetd ot AIF T2A1 el AHas
shdct.

B APARE Fel g, 70 92 gl B2 A3 A AFE ubE s, 2hell M A
Z7)o= HSP70 "alo] F7kslar, A f 724 7tell = HO-1 alo] F7)sh, IN OS gL Frashe
o & Ak

o
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FolEo| gtk gz} 7k HO-1, HSP70, iINOS

(Yassin 5 2002), 524 Te 24 ) Age =7}

M = "174 HYPEA)S o371 (Carini g} Albano 2003).

9 AFF 5 dejus 22 &AL PR3]

7He gollo] mijg- R AV|=, 7 AA|Eo|} o] (ischemic preconditioning)el] ]38 232 4= o} (Mur-
AMed 22 9 e A A HE2 244y 5 1986). s AEAES A 4 8l
ot} 5ld PAEAlS 29 £ vk 2By HEY & = naohlAs Z/7)= Ao dex 9lok(La

=
=

FHkE = AR A4S (reactive oxygen species) S 2004).

o] A& 77131 (Ikebe 5 2001), tHAAH 25 24 HO-1 (Heme Oxygenase-1)-< & 37 1wl 2 (heat shock

A A A GF Abol 27l EulE F7HAIZIM protein HSP)2, 318 2 Ao <43} A=iFe] 9
Z7he HO-12 313 5l x| Fell 23 M =2] A=

AAHE)E SR F94e) sholmekel & F4dhs ApE AL (Nie 5 2002)2}k %5 (Hui 5 2007)2 FFaA]7]

AR o) G794 s JAA} g8 WY, ol3 otelA 9l

T3 AR 53 J8e S35 o o2z chilgel HSPTOS AL o] Ake]

A ) (B St ol o A A 2 o)
AA}-2-7 : paikdj@hanyang.ackr Fof x2% 74, FHASH U 2 AdE] HE




168 X4, N2, Yez

WA PR WA e ApE chapaon)e] 7]

%& 3} (Nam 5 2000). Lee 5 (2001)-2 hsp70.1 ¢4
A A% FAxeh B4 AdA FA Fh e 24
o Zagetm shgiet.

AFs}A 4~3HA) & 4 (nitric oxide synthase; NOS)+= L-argi-
nineg- o]&3sfle] AkE}LA A (nitric oxide; NO)E A Ad gt
NO= Al H3t o|ghA|= oke{x g).om, adenosine
I oolEe] PRt adte Yo7l (Cooney 5
2006) 5}@"(}"]@} j-];‘(]i ul—/\g%} NO= 7]-0]/&1/\] L=y
& FANA, Y F AR whe sFUATG 3
behul 4 (adhesion molecule)®] ZAgHe HA|ste] wWE
2] A4S u}s) &} (Compagnon 5 2005).
g3t &9= Przyklenk 5-(1993)2] ZAx}e} 7+
o] FaRg] W ohlel g2 XN EHI} o
7ol FHANS. o]& WA= Y Ft3 (remote
ischemic preconditioning)z}x2 ?‘fh:‘r 0101] B A=
e 149 gelold Hd AT f2T F Do) del
Z gl zrellA HO-1, HSPT0, |NOS D}Hﬂz":(ﬂ Mk
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A PR EAE dohrid ¥ AHE A
W2 oy
1 Mgis

=
35523 9] Sprague-DawleyAd] =71 315 (WEl= v}o]
2, &= AMgslke] A =TI SRR

thrglow], ARG TS PP N5l BT
FERRS R T

ol

Sl (115gkg) & 15% 1A o= 23] 37k o A}
dte] APFES v s e dE
FHENE AFE WA= 587 Ao AP,
H{AA S Azt 582 ABFAA Bube] 3}
o wskE e Ao P Blsida, oA #A 4
stEe Aoz ARFe st 33 = 103] 3
Hepdst F dARAE Al7Ask 0471 3413, 6217,
2427k, 72217k F<k ARFAF S A BF A A 2be]
A F RS2 AT S EeEkd
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3. Western blotting

2E)g 7he)| whilA Baasart HrlE lyss buffer
(INtRON biotechnology, Korea)=S- 3mL/g A 7}sle] #

213} (homogenization) A17] % A& AeF 243519
o}. 70uge) whlAL 6%9} 12% SDS-PAGE ga g o] &
slo] E2]A|Z] % PVDF membrane (Amersham Biosci-
ences, UK) o2 o] = A]Zlt}. Membraneg 3% blocking
2ol (3% A 2-F, 25 mM Tris, 8% NaCl, 0.1% Tween-
20) 07 AlZeA] 1A]7F Fb WAL &, AAFHA|
mouse anti-rat HO-1 &}A] (1: 1000, stressgen, Canada),
mouse anti-human HSP70 3} (1: 1000, BD, USA), rab-
bit anti-mouse iINOS 3} (1: 1000, stressgen) 2. 4°Cel| A]
st2ul ol AaA A 23 A ECL™ anti-mouse
IgG horseradish peroxidase 814 = ECL™ anti-rabbit
19G horseradish peroxidase 3}A] (Amersham Biosciences,
UK)E 1:10002.2 3|43} 1A|7F 5k Al2elA] b
S 2t} Membraneg- ECL™ Western blotting detec-
tion reagent (Amersham Biosciences)2 1% %< ®l$
A7l &, "2 (Fuji X-Ray film, Japan)el] &Alslsic). #i
9] == (density):= Quantity one® (Gel Doc 2000, Bio-
rad Laboratory, Italy)-& o]&-3}e] =3}t

80% d=:&=2 FLAAL AF &gtol=2 3% Ak
344 8- (3% hydrogen peroxide in methyl alcohol) <.
2 10%7F A2ste] WA FakEEe] A4S A4
7)1, 0.4% =1 2] (pepsin, Sigma, USA) 4] o 2 108 =
b wkgAIA 24 W U =Z A Blocking -4
(PBS, secondary antibody normal serum 15uL/mL, 2%
bovine serum albumin) ¢ 2 37°Col|A 1A]7F E4F HH&-
Azl ¥, 9x}3A] goat anti-human HO-1 &} (1: 50,
Santa Cruz Biotecnology, USA), goat anti-human HSP70
314 (1: 30, Santa Cruz), rabbit anti-human iNOS 3}
(1:30, Santa Cruz)E blocking £-9f¢)] 3]X&}ed 4°Cel|
A 35 Zob ukS-A| AT} o] x}3kA] biotinylated rab-
bit-anti goat 1gG 3}4| == goat-anti rabbit 1gG 3} (1:
200, Vector Laboratory, USA) S Al-2o]|A] 408 F<t A
42171 %, ABC(Vector) £3-8-915 Al2eA 30+ 5
qF ulk-2A) 7t} DAB kit (Vector) o2 R A7 37, 1%
methyl greeno 2 ule}d M-S slod, F3lan]7] (Olympus

BX51, Japan) o2 Apzl-S- = 01 7;_ sloic) S Y =
o QAARE H2jalA] e BAT Aoz A
ahsih

5. E4|x2|

Z24zke FP+SEMe=z =#slglon, SigmaPlot
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1. Western blot £Ad

1) HO-1 CHHE| t5

S Qopst 3512004, HO-L B AR5 04743
3R] PR =TI AT, 6417 o] el
AU EZET S5 e ot 724130604
% el el 9lie(P<0.05) (Fig. 1A).
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Fig. 1. HO-1 expression in rat liver after remote ischemic precon-
ditioning (IP). The expression of HO-1 increased at 72 hours of reper-
fusion groups after 3 (A) and 10 (B) IP, compared with normal
control groups. Value are means with the SEM shown by error bars
for 6 animals at each point. *P< 0.05 compared with normal con-
trol group.
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103]20] 4, HO-1 %81 & A5 3417k ol 5ol 44
dzLie S7HE o, 7241 AR f2lA Sl
Z=7}skelc} (P<0.05) (Fig. 1B).

2) HSP70 Chitl w5l

S opAs} 33)26] 4, HSPTO RS A7 3413%,
6/17F, 2417kell = AP 22} vw A F7ksh
A3 (P<005), 724)7tell = BHe ABFLEE} Fhash
91t} (P< 0.05) (Fig. 2A).
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Fig. 2. HSP70 expressionin rat liver after remote ischemic precon-
ditioning (IP). (A): The expression of HSP70 increased at 3, 6, 24
hours of reperfusion groups after 3 IP, compared with normal
control groups. (B): The expression of HSP70 increased at O hour
of reperfusion groups after 10 IP, compared with normal control
groups and decreased at 24 and 72 hours of reperfusion groups.
Value are means with the SEM shown by error bars for 6 animals
at each point. *P<0.05 compared with normal control group, 'P
<0.05 compared with Ohr group, 'P<0.05 compared with 3hr
group, *P< 0.05 compared with 6 hr group, "P<0.05 compared
with 24 hr group.
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Fig. 3. iINOS protein expression in rat liver after remote ischemic
preconditioning (IP). (A): The expression of iNOS increased at 24
hours of reperfusion groups after 3 |P, compared with normal con-
trol groups. (B): The expression of iNOS decreased at 3, 6 hours of
reperfusion groups after 10 IP, compared with normal control groups,
but increased at 24 hours of reperfusion groups after 10 | P, compar-
ed with normal control groups. (A): 3 IP, (B): 10 IP. Value are
means with the SEM shown by error bars for 6 animals at each
point. *P<0.05 compared with normal control group, 'P<0.05
compared with 3 hr group.
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'" .4'
A cont B Y -,

< 3P24

of A2 P A {5 0A]7F 3AI7L, 6A17kE L £-9]
A 9lA 748l 3 (P<0.05), A A5 647k HSP70
WS A BF 0AIZEE FoA Al FHAstd e (P<
0.05) (Fig. 2B).

3) INOS CHHZ! di54

&8 okA)3} 33] 2ol A, INOS 23l
A 23 ARF AR Tq
o} (P<0.05) (Fig. 3A).

103]<2ol| A, INOS Wbl A 5 3217k 647kl A
A zEe 5294 A FFAE] o (P<0.05), A
B7 2477 o= AN 2 ABF ARG {2
A QA 275k (P<0.05) (Fig. 3B).

& A2 244700
a7l Z7kekad

1) HO-1

A 2N A HO-1 8 & o)A = (Ah2] w2
ol A at Q] 21, 7 Zo M= TR ekekd) (Fig.
4A). 38 fakalell A HO- 1%} o 7| Z9} TN Z
(AP m ARl A=, FAAE T AL
oA @A e] F7hetsde HO-1 “E‘fﬂ% 38 ekats) 33
o} 103) oA A7 2473} 724 7ol A3l
=93} (Fig. 4B-E).
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2) HSP70

A 2ol A HSPTO W& 7b 29} 94 2 (1}
A WAl A FEE| g om, 2 Fe] Flue} F4
Qe Zwo] 2 zel A @A o] Z7}elsieh (Fig. 5A).

S8 opakslzol A HSPTO RS 7bH 28} T34 =
(AFA TN BT, A o] FHRTe %
A o) 2 EAA GAe] Zrlelodeh. sRep

31P72 | D 10P24 E  10P72

Fig. 4. Immunolocalization of HO-1 in rat liver after remote ischemic preconditioning (IP) (original magnification X20). A: HO-1 staining
in normal control animals. B-E: HO-1 staining in 31P24, 31P72, 101P24, 101P72. 3IP: 3 cycles of IP, 10IP: 10 cycles of IP, 24: 24 hours after

IP, 72: 72 hours after IP.
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Fig. 5. Immunolocalization of HSP70 in rat liver after remote ischemic preconditioning (original magnification x 20). A: HSP70 staining
in normal control animals. B-D: HSP70 staining in 31P6, 31P72, 101P72. 3IP: 3 cycles of IP, 10IP: 10 cycles of IP, 6: 6 hours after IP, 72:

72 hours after IP.

Fig. 6. Immunolocalization of iINOS in rat liver after remote ischemic preconditioning (original magnification x 20). A: iNOS staining in
normal control animals. B-D: iNOS staining in 31P24, 101P3, 101P24. 3IP: 3 cycles of IP, 10IP: 10 cycles of IP, 3: 3 hours after IP, 24: 24
hours after |P.

3} 33)zel| A HSP70 &2 A3k 647kl 74| 29}

FHAZE AR wAR)AA 7P s HEE 03
(Fig. 5B), 332} 103]2] A7 722kl & <fsil
= 3o (Fig. 5C, D).

3) iINOS

A 2ol 4 INOS W& 2 ZhA| ol A m] st oF
Aoz FaEEgon, FHMEZ (AR nH)AME &
2= 2] eksket (Fig. 6A).

s oFAstel A INOS ae ZhN =z} FHA =
(AR wlAH )M FEE 9l 33]2] A HF 2442
o INOS%H3l-& A =71} okt #a= 9o (Fig.
6B). 103]7-2] HIF 3A|zbel] INOS 3 Az
+E5 ofeA FAE A (Fig. 6C), A7 2447t
AN 2B 7FsHA 2= 9ok (Fig. 6D). 7HH Z]
Al 4 El INOSE P ekdst 337 R 103]eA

7FsAl #E= 2 (Fig. 6).

L

B AFeA, 2F] ddEFHeA A=
A s AelA Resst
S g4 F=skc

747432 do7) 3¢ HO-1 =4 heming %
ostar S|P} A A5 A, heming Foi3hx] &
< ZtEe A7) aEy, 53 Al EzApEAL
= ZaH . ol s 3 AWF Al HO-1o] FAks}
&4¢] MNSODE Z7}1417) 3, NF-kB2] 2448 7h4A]
719 caspase-39] A& AAA7|E= H HA=] YL E
BojFErh(Hui 5 2007). =3 2159 2] gelM A
Al S EFAAE = TellA] HO-LmRNAS] 23S 7
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AZIgta RuEglel (La 5 2006).

2 AN =, A7 AP FtsE AAEHE 7l A
HO-1 3 o] f==ict 35l = AAF 27]d=
ZAaF o, A 6A7F o] F xRy x5
7Fsk3 L, 72417 e A Al FU1EIl e, 103]
FAAE ABF A7) o) T HE Az} Z2r)sledc) ket
A, A 2715E HO-1dd o] = glor, HAd
R S74E A & 5 Sl Terry 5-(1999)2
Abgel WM ZE AH9E Aol =7k1d] TNF-o9} IL-
loo] =ZA17|H Ak W oz HO-1 mRNA
7F Z7HG A s & A= deledAe] HE
FEE A 2ol M BRI 9} QA IANES S
7WZE Zelel Azbsle, Hui 5(2007)3} La 5 (2006)
o AFAF, $7HE HO-1 AL AR/ F7id &
AxAa7)9 G224 wES 7HAaAZ Aoz AE
ok o5 Eelslr] fl8 HIPSAAE F 7oA wEH
T 95 I AAEH HxEA 131 A AL €]
AR =S Eelsles d77} o zldFojof & Aol

FAF 70kDag] HSP70>- 38 ‘%! A Bl 2l

%o} (Latchman 2001, Kim % 2005). Kume 5-(1996)

272 AR ANA 15E P A3t § 484

el 30% B9t A7 408 St AFFATI
, T Z ell HSP700] Z713te] 7t 7]%5-& 3] 5-A]7]
3, AEEE VRIIR sl Ela HH A ke
YT 7 Agells ARF Fol= HSP70o] 3 =%
ok=ttw o} =3 Kim 5 (2005)2 313 2 A #7-4]
HSP70¢] ®Fglo] 7}4sle] A EZAPEA)L Z7)skcx
stk 22, Sakal 5 (2003)2 3417ke] HE 2 A
20 A ZAEALE Z7HA) 7w, HSP70 wH 2 31 HSP70
MRNAS Z}2A705k3 sl 2 Adexs 172
st 33 whE3t F, HSP70 o] x)F 6
Azt Zhell Al 2 F71sh o] F ZhAEly] AR

(HE N rlo H‘l

dl

o 2E ARF 2ol Az S0 1
2it, 103] 2ol A HSP70 232 Aj &7 0A]zkel] 2+
2 2718 o Foll 2haslr] Altsted AAF F7)ele

AN 2R o s 7F4Ek ok

2 Age] s FAte 33) el A HSP70 el Kume
=(1996)3 Kim 5(2005)¢] A#AE Z7kE9] T, o=
sPofslz s B2 HE K ZES B
Zahed Hedd Alolet A= ey pdst
103] ol M= HSP70 o] Z71=%] doked ol:
&3 okAsl 3142 Z A HSPT0e] whade] =7}
A =t Qian 5(1999)¢] Ay A zet A=k
o}. =3} Sakai 5 (2003)2] AP A} 103)e] upE-

74°J %13-3—% HSP70 ‘:‘a“‘ﬂ—% ZHAA1F . o= 103]9] 3
2718 Al W &
} 103]9) 57 o4s)
ZA A A HE T‘f7]77}x] HO-1 Hahsicﬂ Z715 7L 33
< Hop g2 27 fred A

sYpYs) w P NOSE %
e Aoz el glom, #d mi
Aol A AAEE BAARFS NOSH whesl) 23 st
AZE4e] Y ONOO & A2 4 ivhHa 5
2004). A AT Ao &3l HO-1S & (heme) 412
Y Ak3}erAs (carbon oxide; CO), free iron, biliverdine =
sl S0 242 (Vesdy 5 1998), @2 <] NO
AE5HE Z7/M7194, HO-19) Z718 f=dict
s}edc} (Hoetzel 5 2001). Katori 5 (2002)2 &3
= AR 02 HO-1o] #A3tEH ojxpq oz CO
o] Aol F7ksh=El, o] INOSe| Wals A AA
NO2| AL a1zt skgic). =3k Datta 5 (1999)
< AFFAIA el Sl F1e AFFAlC A= INOS mRNA
W3 e] F7kse] NO2| AAd3} HO-1] & F7H
7|4}, HO-1e] 98] A€ COx INOSE EEAATI
3, irong iNOSe| HALE HPH gk}t ar shgdch. Zhang
% (2003)2 2159 HyE ARl 7 HFF (he
patopulmonary syndrome)< -f=35PH 7k Zej| 4] HO-
1o] &Ade] F7t=e] INOSO| W e] 4%k 33l
o1t HO AAllA| & Fofshd INOSe| W o] F7h=m
A E £xpe] Z7hEekw selet

B AE A3 72 ekt 333 1032 =
ol A INOS &S zj &7 2447kl AAH 2ZRoH
ZHEQEt 724070z fEow agc
gl HO-1ale 472] s)3opabs) 33)9} 105)20]
A RE ARF 724070 AN zERT ZhEe] 9l
et ol& Datta 5-(1999)] AHAAXH AAF{ 72
A7kl Z7kEl HO-1 2H8lo] INOS &S 7 7S
7 el2t A2, Zhang 5 (2003)2] APAAAH F7F
¥ HO-12 sakar|2RE 7 2g B35 7o)
A 4 ik

=3 A SR 3323} 1032l A A A
Z7]e] INOS &> Y2 57202 §2| =3, HSP70
W] F7hEe] vk Wang 5 (2006)2 Zhia s
HSP70-& A9 nAFx A 7F4A]7] 3, INOSE)
A& WEAA NO QS ZaA7lv s shgi). Data
(199 = wjofgt = T2 A el sl
£ HSP70¢] 37t Hl2g B 33kA]7 FAI7He] 3
gz oo A7 AAEE 7ol HO-19

i‘

kforle



Z7ks el Mzg Bsdiaa ek & A= A
HF 27 2715l HSP70 283} $7)of =715 HO-
11H o] 725 FAAAT|2RE] Hssled o
& Zleolgt AZEle

Tl B AgelME dAE st F A
A7kl whe} 7hell 4] HO-13} HSP70, iNOS wHaluh-e
#3519 7] wjEol], ko2 HO-13} HSP700] M 22 B35
s}t Frolali=A2 3elatw INOS7} Al ZLAbel] =)
A e FEA ATsof & el

B APATNS 23snd, 3150 i)
e P ARFE WS A, el ARF =
7)ol HSP70 &l o] Frlslgdom, A B5F 72417kl &
HO-1 4t&l o] Z7}%m, iINOS Ut 2 7345 7S o
4 ik
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Abstract : Ischemic preconditioning (IP), short pre-treatment sublethal ischemia, induces a state of protection
against subsequent prolonged ischemia-reperfusion. The purpose of this study was to investigate the expression
of HO-1, HSP70, and iNOS proteins in the liver subjected to the courses of reperfusion after repetitive cycles of
remote IPin the rat.

Using thirty five week-old rats, the remote preconditioning was undertaken by vascular clamp occlusion of
blood flow to one hindlimb, with 3 and 10 cycles of 5 minutes occlusion followed by 5 minutes reperfusion. The
liver was removed 0, 3, 6, 24, and 72 hours of reperfusion after remote IP and assayed by immunohistochemical
staining and Western blotting analyses for anti-HO-1, anti-HSP70, and anti-iNOS antibodies.

The expression of HO-1 in rat liver increased at 72 hours of reperfusion groups after 3 and 10 cycles of remote
IP, compared with normal control groups. The expression of HSP70 in rat liver increased at 6 hours of reperfusion
groups after 3 cycles of remote IP, compared with normal control groups. The expression of HSP70 in rat liver
increased at O hour of reperfusion groups after 10 cycles of remote IP, compared with normal control groups and
decreased at 24 and 72 hours of reperfusion groups. The expression of iINOS in rat liver increased at 24 hours of
reperfusion groups, but decreased at 72 hours of reperfusion groups after 3 and 10 cycles of remote | P, compared
with normal control groups.

In summary, these results showed that at early phase of reperfusion after remote IP, HSP70 expression was
increased in rat liver. However, at 72 hrs of reperfusion after remote IP, HO-1 expression was increased and
iNOS expression was decreased in rat liver.
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