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whal 2l Q) Akl & 4] 3htel protein kinase C (PKC)
= serine/threonine protein kinage slv1= 117}%)
o] o]o] oA Qluh. PKCo|HE2 M2 F7
o} 249 7 223 Foll wpeby P2 Exa)
m] (Stabel} Parker 1991)7 = PKCOE= T34
Az} W25l H o] BAFE S4 o] 9l
o} (Meller 5 1998, Altmar¥} Villalba 2003).

PKCe| &Al3h= of2] A2 whgel 23 o
& 3he Aoz odvA Qo A=) ol o,
PKC e]&E-9] inhibitor kBg (IkBg) kinase (Lin-%5-
2000)} c-Jun Nterminal kinase (JNK) (Avraharg-
1998 #443}A]7A NF-kBel AP-1& E4d3iA|7l
e A7 ek

NF-kBS} AP-1E 318 2 A|#57A] 2 243}
He Arkelalz okt e, gy W o
o7l (Morgan 5 1999). NFKB: x|tz ¢]
IKBgo} A= o] njgdst ez Az &A1
o} (O'Neill#} Kaltschmidt 1997).KB7} 1ALz} =] o]
NF-kB7} 431 NFKBE 9oz o Fafe] of
3§70 WAL fEaje] MzE wss
wr AZAEALE §E3 (Suns 1993).

AP-1 994 AFsHAe] Sl A% INKel #l3)4
FA3tH ] of2] FAAte] S =3k, NFKB
o= "] FE AzAEAE delda odHA
al=h (Maulik 5 1999).

olo] AR AbskAl=ol o3 &3t PKCO
o] #x9} PKCOOE #A3tEE Zlez odual
NF-kBe} AP-1¢] Y27} 585 ) A[A7 3159
SA7dEI ThAm| A FE o] Tl et of
DA W3] et Al B AYHE AT

HitH
ou

M=

e

1. Az

oo

=

957 (95, 3057 (30F+), 6577 (657
SpragueDawley#] =71 217 (Hghuto] 3 =) S AL
43l AN =TT sPFZez rgld ST
< A FAFAIZ ) whe} 047 1A172E, 3A17E, 6412 A

62

SZom Axslglon, 7+ 2T} 6ulele] AFPEE
o

AelA el 3M3 fe=k (urethane, 1.15 g/kg)

B FAete] AgsES vHAAL H )
Bahe] g2 AN Bt 2H8 A
Az ol AP IAAE AAT 7 A
T 0A1Zh 1A13E, 3417kt 6417kl APFELS 3|4
AA 9% AT TR HEskale AY
AA71ZE ot HAAFTE o] 43kl AAFES A
& FAAZ e, ARd{F de A g Z8E
HEste] FAAEd AA[TE doid AP FES A

ol A Al 2| A3

3. HYxx|s

I

of AH
==

23t 282 0.1% glutaraldehydd% parafor-
maldehyde& -89 (pH 7.4p] 24X|7F oWl 14
AlZl & 6um FA 2] sletaAdAS Azskole 3t
SAARS A W oz suletd 9l A
71 ¥, 3% JAtstpa-wvhE Ejhgollel] SR A
23tk 0.4%3 4] g oz AoA 8&7F ukg-
A|7]31 x}=k-4-98 (blocking solutionp 2 37°Cel|A] 1
A1ZF Sl ukeA)zl 5], 4x}3kA rabbit antiPKCO
antibody, mouse anhlF-kB antibody, rabbit artAP-
1 antibody (Santa Cruz Biotechnology, USA) 77+
1:20, 1:50, 1:4@ 2 3|A3}e] 4°CollA] 350 =
Qb vl-2-A]Z . o] x}3kA)| biotinylated horse antnouse
IgG antibody} biotinylated goat antiabbit IgG anti-
body (Vector Lab., USAE AlLejla] 408, ABC &
o (Vector)g Al-2ojlA 308-%<t u-8-AZ1 ¥, DAB
kit (Vector)g o]-4-3ted A 7] v 1% W - 1=
SNoz 2Py Fx200u)&2] P3ten|Hoz
FEETE A= Al

Qg Aast

-
i’fo =



< 9, AT PAWL 12802 A e ¥ A F2E ARuTelA 27 22 A (Table 2, Fig
o AZRe} s o A ;esel 14 2)

shstgict. B5q Aee) AT ool 1 A%E

Table 17} 2, 31| 2.9F5}91 31, Studenttests- A A]s} 3. AP-1 A x X 3|5t M

1. PKCO T x x| 5} std M °
7‘1%]041:}(Table3 F|g 3).

2ol A PKCO W ub-g-2 952N 71 &=
A A=A F o] SV Akl ot 65
FollA 30FTEe A WEEAL, AT
Al 7HA 2R A REE Sl

YTl M = F5 o] FrheS PKCO H vk
= F7kk o, 9o}t 30Fell M= ATl
A o F A, 6572 ZHAE el A B A fEH
it} (Table 1, Fig. 1).

P~
=

K

PKCE ofe] Aol w3tsh 43, A4 5¢ 24
s, Al 2] Al sl = 404?4 Rom ofeiA]
elc} (Stabek} Parker 1991). Moraczewsk- (2002)
& 248 A9 A2 kT A
2 o PKCus} -¢ -5, -0, -, -B, -n 5o HebFs
AL, ol 52 FxE AAAZI} AR

Z5ol wet dacha shaek.

4

2Tl NFKB "dut-g-e F3o] Zr1eds Hilgenberge} Miles (1995)%= PKCB7} o] Z-8-2]
5 s, 7S TR 2ol M vlgt dEd AAESA% ] el Heddita Fglx
2zo0 2 A= Q). Moraczewskig- (2002)2 =45 8o AAd o

5 d oAl NFkB Hdnkg-2 3¢ Z7ld4 PKCB7} AlzAoA Z&Edha &%) Donnelly
5 Z7Iskon, 7ixju] e A AT RY F & (1994)>- PKCO7} Wit 8ol TFo] o]F3} df
HAH A 2 AT 7, 30572 65 AL 2AF A, FAYALIA YRS F S

Table 1.Immunoreactivities of PK&in the rat tibialis anterior and soleus muscles of the control and ischemia groups

Reperfusion time after ischemia for 4 hours

Normal control

0 1 3 6

9 weeks

TA 8.83+1.47 317117+ 6.50+2.17 7.5+ 2.35 3.50+1.05*

Sol 8.50+1.97 2.33+1.03* 6.17+1.72 1.670.82* 3.33+1.03*
30 weeks

TA 2.67+0.52 6.67+1.37* 5.83+0.98% 5.00+ 1.26* 2.33+0.82

Sol 0.83+0.75 6.33:1.21* 4.67+0.82* 6.67+1.86% 5.33+1.03%
65 weeks

TA 3.50+0.84 8.002.76* 6.50+1.22* 3.17+1.47 1.670.52*

Sol 3.17+1.33 10.171.94* 7.00+1.41* 8.33+1.97% 3.83+1.60

Values are meah S.D.
Abbreviations: TA : tibialis anterior muscle, Sol : soleus musdie 8.05 compared with the control grodf,< 0.05 significantly different between
TA and Sol
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Fig. 1. Distribution of PK@® in rat skeletal muscle, 1 hour after ischemia. BK¥&as increased with aging, and was higher in Sol than
that in TA. (A) 9 weeks old rat, TA, (B) 30 weeks old rat, TA, (C) 65 weeks old rat, TA, (D) 9 weeks old rat, Sol, (E) 30 weeks

old rat, Sol, (F) 65 weeks old rat, Sol. TA; tibialis anterior muscle, Sol; soleus mus2@0)
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Table 2.Immunoreactivities of N/B in the rat tibialis anterior and soleus muscles of the control and ischemia groups

Reperfusion time after ischemia for 4 hours

Normal control

0 1 3 6

9 weeks

TA 6.83+1.47 3.83:1.72* 4.50+1.22% 3.67+0.82* 5.17+1.72

Sol 6.33+2.88 1.83£0.98* 2.67+0.82* 5.33+1.51° 3.83+1.60
30 weeks

TA 6.17+1.33 3.1A40.98* 8.33+1.51* 5.67+2.25 4.671.86

Sol 4.83+1.72 7.33:2.88 9.50+0.84* 7.50+2.43* 6.83+1.94
65 weeks

TA 1.33+1.03 5.33:1.21* 8.33+2.42* 7.67+2.50* 1.33+1.03

Sol 2.50+1.64 7.50+2.51* 9.172.40* 9.17+2.23* 3.17H+1.72

Values are meah S.D.

Abbreviations: TA : tibialis anterior muscle, Sol : soleus musde; .05 compared with the control grodp,< 0.05 significantly different between
TA and Sol

Fig. 2. Distribution of NFKB in rat skeletal muscle, 1 hour after ischemia-®iFwas increased with aging. NéB was higher in Sol
than that in TA of the 30 weeks and 65 weeks old rats. (A) 9 weeks old rat, TA, (B) 30 weeks old rat, TA, (C) 65 weeks old rat,
TA, (D) 9 weeks old rat, Sol, (E) 30 weeks old rat, Sol, (F) 65 weeks old rat, Sol. TA, tibialis anterior muscle, Sol; soleus musc
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Table 3.Immunoreactivities of ARL in the rat tibialis anterior and soleus muscles of the control and ischemia groups

Reperfusion time after ischemia for 4 hours
Normal control

0 1 3 6
9 weeks
TA 4.83+0.75 3.33:1.21% 5.33+1.03 7.33+1.03% 5.83+1.17
Sol 5.83+1.83 2.00£0.63* 1.67+0.82* 5.17+1.47 1.33+0.82*
30 weeks
TA 4.40+1.14 5.671.03 10.06:1.10% 4.67+0.82 5.17+0.75
Sol 2.83+1.47 2.83:1.17 1.67:0.82 3.00:1.41 3.83t1.84
65 weeks
TA 1.00+0.89 717 1.47* 9.33+1.37* 10.00+1.67* 1.83+0.41
Sol 1.17+0.75 8.171.47* 9.00+2.00* 7.50£2.17% 1.50+0.55

Values are meah S.D.

Abbreviations: TA : tibialis anterior muscle, Sol : soleus musde; 8.05 compared with the control grodf.< 0.05 significantly different between
TA and Sol

Fig. 3. Distribution of AR1 in rat skeletal muscle, 1 hour after ischemia:1ARas increased with aging, and was higher in TA than that
in Sol. (A) 9 weeks old rat, TA, (B) 30 weeks old rat, TA, (C) 65 weeks old rat, TA, (D) 9 weeks old rat, Sol, (E) 30 weeks old rat,
Sol, (F) 65 weeks old rat, Sol. TA, tibialis anterior muscle, Sol; soleus mus@en)

o] glort PKCBS] widnbg-e] Z3tat dAsh= A 38| FEEE= PKCB7} NFkBe} AP-13H4 3}
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Fig. 4.Variations in PK®, NFkB, and ARP1 immunoreactivities of the control and ischemia groups. Each point represents the mean
S.D. (A) 9 weeks old rat, TA, (B) 30 weeks old rat, TA, (C) 65 weeks old rat, TA, (D) 9 weeks old rat, Sol, (E) 30 weeks old rat,
Sol, (F) 65 weeks old rat, Sol. TA: tibialis anterior muscle, Sol: soleus muscle.
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Abstract

Alterations of PKCO, NF-kB, and AP-1 in Ischemicreperfused
Tibialis Anterior and Soleus Muscles of Rats

Youn-Kyoung Seo, Chang-Zhu Jin?, Su-Kyoung Jun,
Sang-Bum Kim, Yang-Ha Yoon, Ju-Jin Park?, Doo-Jin Paik

Department Anatomy and Cell Biologepartment of Dentistry, College of Medicine, Hanyang University
IDepartment Anatomy Medical College of Yanbian University

Ischemiereperfusion injury of skeletal muscles takes place in the phase of reperfusion and induces cellular damages
through activating various transcription factors and genes, which initiate signal transduction. The purpose of this study
was to observe changes of expression okBFand AR1, which are known as a redox sensitive transcription factors in
ischemiereperfused rat skeletal muscles, and BKhich activate NFkB and AP1.

SpragueDawley male rats of nine, thirty, and sixtye weeks old were divided into control and ischemia groups.
Ischemia was performed by occlusion of left common iliac artery for 4 hours using rodent vascular clamps. The animals
were sacrificed at hours 0, 1, 3 and 6 after onset of reperfusion and tibialis anterior and soleus muscles were removed.
The distributions of PK@, NFkB, and AP1 immunoreactivity (IMR) were examined using immunohistochemical
methods.

The results as follows;

In control groups, PKEIMR was decreased with age and was higher in tibialis anterior than that in soleus muscles.
In ischemia groups, PKECIMR was increased with age and was higher in soleus than that in tibialis anterior muscles.

In control groups, NiB IMR was decreased with age. In ischemia groupskBIFMR was increased with age and

was higher in soleus than that in tibialis anterior muscles. In control groups,|MR was decreased with age. In
ischemia groups, AR IMR was increased with age and was higher in tibialis anterior than that in soleus muscles.
Increase or decrease of PEKMR was associated with the increase or decrease ofBN&nd AP1 IMR in ischemie
reperfused rat skeletal muscles, respectively.

These results suggested that the increased expression 8frRé§Cinduce the upregulations of B and AR1 in
ischemiereperfusion injury of rat skeletal muscle. It is also suggested that the ischemic injury may be increased with
age, and tibialis anterior muscle is more susceptabile to iscliepgdusion injury than soleus muscle.
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