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Aktx= serine-threonine kinase2]

shtz Alze] A

5 23 FoT AR 4HA 9l Akt
Az 2 2o} (Fujio 5 2000), AHstAtZo] 9l

uf] (Ushio-Fukai 5 1999) phosphatidylinositol-3-kin-
ase(PI3K) 2|&74 22 B3] FAI3}tElt). Serine 473
(Ser 473)2] <lAtslz FAJstgl Akt Badel eNOS
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QA 7}, 7FAHa] 2, Akt, SOD-1

52 QA oz Az AR fEsla, HE
A} AL2 o34 3k} (Scheide} Duronio 1998).

HE S A7 SEiM e A=st SAAks
715 A Aok sh=d], vlekt] E<} C, 7hdehA| (catar
lase), superoxide dismutase (SOD) 52 XA S
A HEEAE FaATE Hem A gl
o} (Krishna 5 1998). =3t -2 383} A HH-2 vt
B3l= )& oFAF3} (ischemic preconditioning) = A1 Ak
3 ol 25l 4] A EAEALS S HEAE 2eA )
L Aoz A 9lo} Dasel Maulik (2003)e &3
FAEIE AT Mz Ass Alze] A
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A& AR

3. Hoizals|stola

Xyleneg o] g3}e] mhetal S | Astar Al
%] phosphate buffered saline (PBS, pH 7.4)<l] A3}
At 3% FAEE AT Bol Sl ARk EFSY S

5% %<2t 2] & PBSE |3 3}a 0.4% pepsin £
ANE A2oA 8% FoF uH-AIZ] F PBSE AlH
&t} Blocking €< (PBS, 2% bovine serum albu-
min, 23} 34 %39 FAEA 15uL/mL)E 37°C
o A] 1A 7+ A28t ¥, Y=}3}A] rabbit anti-phospho-
Akt 3}A4] (Ser 473, 1: 30, Santa Cruz Biotechnology,
USA)<} sheep anti-SOD-1 3}A4 (1: 100, Calbiochem,
USA)Z 4°CollA] 16412k uH-3-AZic}. PBS= A= gt
% A2 A] biotinylated horse anti-mouse IgG 3}
¢} biotinylated rabbit anti-sheep 1gG 314 (Vector Lab-
oratories, USA)Z 403, ABC £ (Vector Laborato-
ries)S 30% ®h-24]71 %], DAB kit (Vector Laborato-
ries)S o] g-3fed WA A7l T} 1% methyl green §-
oz YrgAstesh 2% FANE AL
= AT 5 (x400), 359 AA} WL
o $xs) ~1240=2 A5steie] Table
13} 20 R2shgict.

Yrg 04

4. Western blot analysis

50uge] whiA-S Fsled 12% SDS-polyacrylamide
gel 71952 o|-gsled £2)AZ] ¥, Hybond™-P
membrane (Amserham pharmacia biotech., England)e|
o] =A] Z©}. MembraneS 5% blocking €% (TBST;
25mM Tris, 8% NaCl, 0.1% Tween-20, 5% non-fat dry
milk) o2 Aol A} 1AI17F A28t 5, dx} A anti-
p-Akt 34 (Ser 473, 1: 1,000, Cell Signaling Tech-
nology, USA)<} anti-SOD-1 314 (1: 700, Santa Cruz
Biotechnology)2 4°Col|A] 16417t A =|sksieh. 23}
3} biotinylated horse anti-mouse 1gG 34 ¢} bio-
tinylated rabbit anti-goat 1gG 3} (1 : 1,000, Vector
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Laboratories) S Al-2ol| 4] 1A]7F ¥F$-A]7]32, TBST
2 MHslede} 33} A streptavidin-HRP conjugated-
314 (1:1,000, BD Phamingen, USA)S A2 4] 30
F 2]t 5|, TBST= 4|43} 2 enhanced chemilu-
minescene 494 (Santa Cruz Biotechnology)& 127t
A2)gt 5 X-ray filmel] =271} Quantity one®
== 7132 (Gel Doc 2000, Bio-Rad Laboratories, Italy)
< o]43e] band?| 5= (density) & 54311, stu-
dent t-test= A A] 5} T}
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1. 3| EokArsly} 51" &= Akt Q1AH3} (p-Akt)ol]
o|x|= s
1) MAHHER
p-Akt: ZSA 2o Mzt FHIE Az A

(A) Cont

(B) IPL

(E) Cont

[EE G, el A 72 T
vl A HEE p-Akts Z zkel7} §isivt(Table

Table 1. Immunoreactivities of p-Akt in the rat skeletal muscles,
value determined by 3 observers were averaged and ex-

pressed as Mean+ S.D.
Time of reperfusion (h)
0 1 3 24

Cont 2.0+0.8

TA IP 23+05 20+08 18+05 1.8+05
4H 30+08 20+08 3.0+08 50+08
IPAH  40+08 35+10 48+10 58+05
Cont 25+0.6

oL IP 33+08 38+10 43+10 25+06
4H 30+08 25+06 28+05 30+08
IPAH  45+06 33+05 63+05 3.0+08

Abbreviations: TA: Tibialis anterior, SOL: Soleus, IP: ischemic precondi-
tioning, 4H: ischemiafor 4 hours, IP4H: ischemia for 4 hours after ischemic
preconditioning

(D) IP4H1

Fig. 1. Immunohistochemical staining of p-Akt in the rat skeletal muscles, 1 hour after ischemic preconditioning or ischemia. Intensity
of the immunoreactivitiesis shown in Table 1. The expression of p-Akt was in sarcolemma, sarcoplasm, and blood vessels. Inten-
sity of p-Akt was mild or moderate in both Tibialis anterior (A ~ D) and Soleus(E~ H). cont: control, IP: ischemic precondition-

ing, H: ischemia, IP4H: 4 hr ischemiawith P ( x 400).
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Fig. 2. Western blot analysis of p-Akt in rat skeletal muscles. A: Ohr after IP. IP increased p-Akt compared to ischemia group (p< 0.05).
*: p<0.05 vs. cont of Sol, T: p<0.05vs. 4H in Sol, *: p<0.05vs. 4H in TA. B: Lhr after IP. In Soleus, IP increased p-Akt com-
pared to ischemia group (p< 0.05). *: p< 0.05 vs. cont in Sol, T: p<0.05vs. contin TA, T: p<0.05 Sol vs. TA. C: 3hr after IP.
*: p<0.05 vs. cont in Sol, T: p<0.05 Sol vs. TA. D: 24hr after IP. Sol: Soleus, TA: Tibialis anterior, cont: control, IP: ischemic
preconditioning, 4H: 4 hr ischemia, IP4H: 4 hr ischemiawith IP.

1, Figs. 1, 2).

2) sz

SRepas A% AR ARElzeln pAkt
L dzzud 2= o ARF A7kl A%y
o et zhastsiet (Fig. 1). pAKt: A% A5}
147, 3Nkl = SRR AElel s 27}
= 9lc} (Table 1).
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AXZE S8 2 Fe) ARF AR, HATF 3}
ZpAbu) 2ol A p-Akts 273t w)SE g FHas

o}, AT 2447 el 2T SEoR 35
AT (p<0.05). p-AktyE A {F 1A7HS A 9)stae
SA7TRE FpAE| el o 2 =Y
(Table 1, Fig. 2).
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4) s|eddaat A g

sgopdste p-Akte Hdeud F7MIAY
(Table 1, Figs. 1, 2). A &7 =52} 1A 7kel| p-Akt=
AxzZt HE R F7HE 9o (p<0.05), d2LE
e Araeksiet (p<0.05, Fig. 2). p-Akts 27
B} Fhabul 2o A o ghel gl on), AT
A1ZH(p<0.05)3 3|7 (p<0.05)% Al9J3tre F
AR felge A gie

=
1

2. s|gAMEI} S
1) X-IAI-EHx
$A7FE A el A #EE SOD-12> 2 3}

o|7} ¢lsic} (Table 2, Figs. 3, 4).

% SOD-10]| o|x[= F&

2) sigddaake

S RopaE s QA 7ixjn] oA SOD-1%

9| p-Akte} SOD-1 —
QxR 27k Z 5, SOD-1 7hatu] oA <k
Q73T ro ¥ F7HE e (Table 2, Fig. 3).

Table 2. Immunoreactivities of SOD-1 in the rat skeletal muscles,
value determined by 3 observers were averaged and ex-

pressed as Mean+S.D.
Time of reperfusion (h)
0 1 3 24

Cont 20+08

A IP 6.3+10 50+08 33+05 6.3+10
4H 50+08 40+08 6.0+08 50+08
I1PAH 53+10 50+08 30+08 33x10
Cont 23+10

oL IP 73+17 65+13 63+10 10.0+0.8
4H 3.0+08 38+10 4.0+08 48+05
IPAH 11.3+10 80+08 73+10 58+05

Abbreviations: TA: Tibialis anterior, SOL: Soleus, |P: ischemic precondi-
tioning, 4H: ischemiafor 4 hours, IP4H: ischemia for 4 hours after ischemic
preconditioning

(C) 4H1

Fig. 3. Immunohistochemical staining of SOD-1 in the rat skeletal muscles, 1 hour after ischemic preconditioning or ischemia. Intensity
of the immunoreactivitiesis shown in Table 2. The expression of SOD-1 was in sarcolemma and sarcoplasm. IP(D and H) increas-
ed SOD-1 compared to ischemia groups(C and G), and SOD-1 was stronger in Soleus(E~ H), compared to Tibialis anterior (A ~
D). cont: control, IP: ischemic preconditioning, H: ischemia, IP4H: 4 hr ischemiawith 1P ( x 400).
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Fig. 4. Western blot analysis of SOD-1 in rat skeletal muscles. A: O hr after IP. In Sol, IP increased SOD-1 compared to ischemia group.
*: p<0.05vs. contin Sol, T: p<0.05 Sol vs. TA. B: 1hr after IP. *: p<0.05 vs. cont in Sol, T: p<0.05 Sol vs. TA. C: 3hr after

IP. *: p<0.05 vs. cont in Sal,

T: p<0.05vs. contin TA, **: p<0.05vs. 4H in Sol, T: p<0.05vs. 4H in TA, : p<0.05 Sol vs.

TA. D: 24 hr after IP. *: p<0.05 Sol vs. TA. Sol: Soleus, TA: Tibialis anterior, cont: control, 4H: 4 hr ischemia, IP: ischemic pre-

conditioning, IP4H: 4 hr ischemiawith I P.
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SOD-1¢ 47 uet shabmlZolA Z7bsgiek
(Table 2, Figs. 3, 4).
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2t

3 B ARFA AP E AR Aet =AY
(superoxide anion)= Akt (Ser 473)2 &A1 3171
(Klotz % 2000). Ushio-Fukai 5-(1999)-2 SD 313 2]
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ks MFEISA Zol| HAAE A2 s)
W Akt QAH(p-AKYZE Z7HEE, Bk B
€ 7P pAktE STHESa sl ol
IAbEeA APz AR G477 Akts &
A A RIFH IS EE B3 slgich 1
Y}, H=dt FAkseas Akt F4E A 7IH
3 3}9ic}. Matsui 5-(2001)-& Akt 4 o] =7}5 A
ol A AP dz2Ry A ZAEAP}
AA dodetz skt Markuns 5-(1999)-2 Akt
A o] wo A 2ol M FEHA (glucose uptake) B
oAb 2-E A AZE HE3ta 8491, Rom-
mel 5(2001)> wicjZ52] FAe Akt Fo
q&E ok 33k

w282 A IR SRl et HE
£ AxrE daga deA Qloh AT
FAHALE o83t A IR WIS
=2, 722 AR ALE o] 8-3ta T2 o
o] Z AMIEARFE F2 o|FlH
(Lindsay 5 1990). Woitaske¢} McCarter (1998)=
HP5 AF o] T At ZRo A
Ao} AR £l I, T8RS 77T
P A F o3k 3FiT Seo 5-(2003)2- 44]
7 s 37 FATAZANA AR ERe N 24
=R o B o B s i) S

B AN FATFTANA p-Akte I FAE)
A% 2L vss dEE ] AFFAIT]
Ihglel] whel FHAdte 7EAu| el p-Akt= 5
Hepdst 3 AR 3AA S F A
o ol AP F AAEHE FAHAL) p
AktZ Z7HA71M, A7 Alzke] AvbEA EAdAak
2717} ZHagel wel pAktE ZAasEE ez A
Z4gleh p-Akts ZRRbu) 2R PR A A A
F2E =, p-Akte] HH o] FAJARAT]S] Skl
o]&A o]g}= Ushio-Fukai 5 (1999)¢] 7S %
s, S s SR o A
715 AARAF o= p-Akte] WLile] H2 Aoz A
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ok 3E ¥ FAsd p-Akts A 3R 343t
i S 2 B o B B i B g L i 2
ok ol WY ISAHZE A S Sl 4A17H
Y=z o=k AL AAE, olz <l
ANH{F z27)d p-AkUE Aoz FaE Aoz
Ao A7 e] Aol vk} p-Aktz F7t
3 oz Hol, IAAAT|ZL FAEW AE7}
el A B EHg s A4 4 sisioh Noshita 5
(2003)-> A= o] HIFAFNAM p-Akt= A
T WY 24X 2747 ZE4EY S E )
Adez A AAdME ZAaFUY p-Aktr}
ANB5 AX 7Tl Al FThe L EFsiT) o] A ¥ p-
Akte w1+ HE FHel wel Afeo]rt gl o]
E Ad A=9 A=el AR = ok Akt Ak
b g2 vehd 4= Sloks A AARR. Kely
5(1994) = AAIAR77 AARIAL 58 A3
7= AlzAERre] A&e sh, Fedt S44AT)
£ Alzel 5 Aeda sids Y & A
i 27l SAATHG ZpRpe] A p-Aktr} o
SRR A2 vsT fEez A e
2 Ho} 7itw|Ze] JAZTH P djs] W
AL e Aoz AT 4 =

Tong 5 (2000)2> | F 337t s1d= 3152 4
A% 353 pAkts F7HAIRIGA sk, HE
F3E Bsade] Akt F83 9 3o )
A=t Schroeder 5-(1996)-2 & ¢kt 143 3
g5 35 kg 2553 ATPE F7H4
Zetx ahdet. Mattel 5 (2000) = 3 FAE7}

+50] FPENE FHaAZIG L B

B Al Pk 8 A% pAktE 3
druo F7RER. St 3 & p-Akt
2 Z7AA FHPEAAE HAAA FU= Mocanu
=(2002)7} Kis 5(2003) 2]32 Tong 5 (2000)2]
AgAAE v, & APelA dHPREE F
71l p-AkUL SEELS FAAIA oz A7
et =3 ARG TR Zell A p-Aktr
27 F7hskaL, W] wel Hi= Aoz Mol A
ZATHe ke Besadrt o adHd A
o2 APzt
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g, SODE ZAA 3} Abad a2 A3
7= JAksla A=, CuZn-SOD (SOD-1)¢F Mn-SOD
(SOD-2), extracellular SOD (EC-SOD)7} &2# )
t}. Noshita 5-(2003)-2 SOD-1¢] #|&H o=z wHHy
HE AF e dxE s dzero A=
o NzAEA AL A fEE, ARF{ Z7)el p-
Akt7} w27 F7beetar 3hedeh. Wang 5 (1998) =
SOD-1¢] W == AF 9] AAE PA71d d=
wRu AL F7)7) Zhasb, ATP7E 2.1 F7}F
A3 sk
SOD-1¢] A4Aka7|E AASI A4S AAIAZ
on, v} AN HPEAFS FaAH
of2] AAS wejshd, & Al kY
2 A AAEE FEPeA HE LR SOD-1¢]
F7H AL WISl M= HF Rt} Y F
SOD-1& Z7HA171M, o] & QI8 Ml=:EAbe] H4d
Zelet Azbeksict. =3k SOD-1¢] v wo] ZF7hd
74| 2ol A B EEAFe] e Zolet AZbE 3
HoFALstut A|8)sE 7ixm| 2| A= p-Aktr A7
R Zhag Heoz EEEH, o] SOD-1¢]
o @o] Ex3h= 7iAtu| el A BT 7E A
AAE T W] AAE =R pAkt H7 FEHH
3 AAE A =3 HE 25 AT p-Akt
7 S7H A= oo} 22 o2 AWE 4 itk
A= " 7EAv| 2ol A p-Aktel SOD-
15 I EH 27 o, p-Akte} SOD-1-2 9
Zd2Rot =4 FAFE =3 p-Akte} SOD-1
A#7 AF F7HE ] 3 A FAE A
=, M| 282 S -EA o] AR 3 el A2t
°1 A7 643l H Edehe Blaisdell (2002)
o] g7AE s AAF 27 B4 FAEHA
ol Akte} SOD-10] 7)o F=2 Yol A4
o &l s} o =z 283 Aozt A=)
olifel AdAz, 2H ) WSl HIEY
A 3 & ARFA debe p-Aktel SOD-1
WS ST S & 5 sdslen, olEEt

kAl g3 Wi Z8o) olz47l-ﬁi1:]- A

1F rlo oﬁi
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Abstract

Effects of | schemic Preconditioning on the Phosphorylation
of Akt and the Expression of SOD-1
in the I schemic-reperfused Rat Skeletal Muscles

Youn-Kyoung Seo, Doo-Jin Paik

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

Akt, akey protein of cell survival, can promote cell growth and survival by activations of various cellular protective
factors. Ischemic preconditioning (IP) has been known to reduce ischemic injury through upregulation of phosphorylation
of Akt (p-Akt). CuZn-superoxide dismutase (SOD-1), an antioxidant enzyme, scavenges reactive oxygen species and
protects cell from oxidative stress by increasing the activaiton of Akt.

The present study was performed to examine the effects of 1P on the expression of p-Akt and SOD-1 in the ischemic-
reperfused rat skeletal muscles.

Thirty weeks old male SD rats were divided into 4 groups, such as controls, IP, 4 hour ischemia and 4 hour ischemia
with IP. For IP, commom iliac artery was occluded three times for 5 min ischemia followed by 5 min reperfusion using
rodent vascular clamps. Ischemia was induced by occlusion on the same artery for 4 hours. The Tibialis anterior and
Soleus were removed at 0, 1, 3, and 24 hours of reperfusion. The expressions of p-Akt (Ser 473) and SOD-1 were
examined with immunohistochemistry and Western blot analysis.

In the IP group, the p-Akt and SOD-1 were increased, compared to the control group. In the ischemia group, the p-
Akt and SOD-1 were decreased, compared to the control group, and were more abundant when reperfusion time were
increased. |P increased the p-Akt and SOD-1 after 4 hour ischemia, and the p-Akt and SOD-1 were higher in Soleus
compared to Tibialis anterior.

These findings suggest that IP increases p-Akt and expression of SOD-1 in the ischemic-reperfused rat skeletal mus-
cles, and that upregulations of p-Akt and SOD-1 induced by IP were higher in the red muscle fiber, Soleus, than the white
muscle fiber, Tibialis anterior.
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