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AEHEE Sl AAsE 7oz, AHAkAeY] 2 A¥EES AHEkS
AbERAb=o] Ml <ol AR 73-$- cytochrome c2
Z7 2 (cytochrome c-dependent pathway)S %3 2. AMElX x|

doidohir A ok (Cook 5 1999, Daugas 5
2000). Cytochrome c= A Aol 9]X]8}= ghial =
At cytochrome c7} M ZzA 2 |59 Al =28 A}
7t AlAHE ek Ml 22 ARe] F4le] =& cytochrome
co| 2l Bel-2 7 whiide] 2Jsir xde] o
3 A gloh Ba-2 Al s Al Eapdal o
A q1x}el Bel-2, Bel-xL, Bel-xB, Bag-1 53} A=
A=A} 22191719l Bax, Bad, Bak, BID 0.2 4]
o] ¢lv} (Rossé 5 1998, Tsujimotoe} Shimizu
1999).
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Table 1. Immunoreactivities of Bcl-2 in the ischemic-reper-fused rat tibialis anterior (TA) and soleus muscles(Sol)

Ischemiafor 4 h and reperfusion (h)

Skeletal Normal
Age muscle control 0 3 24.(18)
TA +, (5 + (6) +++(12) ++, +++(10)
9 weeks Sol +(3) +(3) SR— +, +(4)
TA +, ++ (@) + (6) ++4, +++(10) +, +(4)
30weeks Sol +(6) +. % (5) +,+(4) ++(9)
TA +(3 ++, +++(10) ++,+(8) +, +(4)
65 weeks Sol +(3) b, (1) +, +(5) +, (4
Abbreviations
=+ :trace, + : weak, + + : moderate, + -+ + : strong
number in () : agrade of immunoreacitivity
Table 2. Immunoreactivities of Bax in the ischemic-reperfused rat tibialis anterior (TA) and soleus muscles(Sol)
Skeletal Normal Ischemiafor 4 h and reperfusion (h)
Age muscle control 0 3 24 (18)
TA +, =5 ++, +(8) ++(9) ++,+(8)
9 weeks Sol +(3) +, % (5) 4, +(8) +, +(4)
TA +,++ () +, ++(7) ++,+(8) +,+ @)
30weeks Sol +(6) () o+ (7) +(6)
TA +, +(4) +++ (12 +++, ++(11) +, = (5)
65 weeks Sol 1, +(5) 1 (®) 4+ (10) +(3
Abbreviations
=+ :trace, + : weak, + + : moderate, ++ + : strong
number in () : agrade of immunoreacitivity
Papdch 7 ¢ 2HE AARGey BAsigen, (2 0FE AdrTINE AR(H) =2 FF
Wejube] 2719 Hug SN (), vkt ¢ ml(+4) Wdgew A= ow (Fig. 48), A
Aubg- (), A= AdRbE(+), T5=2 ot 7 AFls A= (+) Hus, 32z ZAHA
S(+HT AR PPES(H+H e FRAAS  AR(+) B FER (1) PUS, 24407 A
o, Table 17} 20 2 eFabgiet. Al mlekR(+) m Awe) (+) PIges W
= et
(3) 65F+ ANz E mloFgH(+) WFdnt
B it Soz FFAFgoH, AAF AT FE5=(+4)
w2 7R (+++) PES (Fig. 40), 3412 Az
1. Bel-29| gz =55t M (Figs. 1-3) FEE () Ex A= (+) FAS, 2407 A3}
oF5 L Awo 9 5 ) =) =2ye} =+
g A R (£) me AwS (1) FAEo WA
o — 0:‘1:]-.
(1) 952 AN EEAAE AR(4) mE vlop o
gH(+) Hu-goz HAFg o (Fig. 4A), A A 2) 7txtol2
AFole AEe) (+) PP, 3 A AR (1) 95T AN ETAIME k() PE
(+++) PAURS, 24007 AT FFE (+4) = o2 FEow, A Aol vk () ¥
748 (+++) RS2 EE g AMbE, 327 A A=(+) =8 5= (+H)
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Fig. 1. Immunoreactivities of Bcl-2 and Bax in tibialis anterior
(TA) and soleus(Sol) muscle of the 9 weeks old rat, con-
trol (cont) and ischemia groups(IMR : immunoreactivity).

12

10 +

Grade of IMR

Cont Oh 3h 24h

Time of reperfusion

—&— TA-Bcl-2
—&—— Sol-Bcl-2

—&— TA-Bax
—&— Sol-Bax

Fig. 2. Immunoreactivities of Bcl-2 and Bax in tibialis anterior
(TA) and soleus (Sol) muscle of the 30 weeks old rat,
control (cont) and ischemia groups (IMR : immunoreac-
tivity).

RS (Fig. 4D), 24417+ 733hA] mlofah (&) i
A=) (+) PEo = WAL
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Cont Oh 3h 24h

Time of reperfusion

—e— TA-Bcl-2
—&—— Sol-Bcl-2

—&— TA-Bax
——— Sol-Bax

Fig. 3. Immunoreactivities of Bcl-2 and Bax in tibialis anterior
and soleus muscle of the 65 weeks old rat, control and
ischemiagroups(IMR : immunoreactivity).

(2) 3032 AANFZAME=
oz paEgon], ARF
u]q_}:tﬂ-(+) oFAuLL. 3/\]7‘1—
wx AR (+) PUE, 2403 AT FEES
(++) st seo = 17&55{1 (Fig. 4E).

(3) 655 e Eol A mlokR(x) A

= Ame) (+) P
Aol AE(+) =

AshA) wlek ()
427k

1__

5] M=
Xl

o= FAESglen, ARF Aol AT (+++)
EE TR (++) P (Fig. 4F), 3413 7=}
Al 7 () B meoRR (%) PN, 24417 A
Al mleket () e A= (+) Pntee= A
S
2. Bax2o| Mz x|5|5tdM (Figs. 1-3)

1) gEys

(D) 95 A zweANE A= (+) =& vk
(k) Fureoz dAHdon, AdF A 5ol
T TEE(H) =E A= (1) P, 32 7
A FE= (+4) FANS, 24212 A FF
=) B2 A=l (1) FPtsem dAHAS
(Fig. 4G).
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22} 7txio|2oj|A Bel-22 Baxe] £E —

AZAEAE Z42e] Aol BolHel s
Az 2 E3] FA3}E A9, o]= ZA= death protein
ole} o) caspased AT D= AFH
t}. caspase A4S A3 DUk $A-AAE A

ExA el 71 Bcl-2 A whA (Bcl-2 family pro-
tein) o]=} (Alnemri 5 1996).

Bcl-2 Al bl Alol|= M Z2PE AL A QI A} (anti -
apoptotic member) 2} =321 %} (pro-apoptotic mem-
ber)7} ik (Tsujimoto 1998). AlelQl: A o=
F2 AA|Qdx7F AR A4 cytochrome ¢ §-7] &
2y g9l om, N ZAEA) dolt= EQtel = A E
ZE AL 22161217} #8413 Fo) (Zha 5 1996).

Bcl-2= MlZApgAL AAIIAz F=2 AFIA bt
7@‘“‘011 91=)5}kaz, cytochrome co] f-2]& Hal giet.

axs MZzAEAL FRAzt2 Az 91351
‘}lﬁ‘rﬂ Az EH AFIA R o] 53 (Adams <}
Cory 1998). d=t Bax7} AFdAl 2 o] g3, AFA
oA AlZA= cytochrome cE $2A7|2, 2%
cytochrome c= Apaf -1 (apoptosis-activating factor
-1)3} procaspase-93} 73 3le] apoptosomes 3
#3517 ¥ic}. o|2)3t apoptosome A4S procaspase
-9& A7 A A caspase-92 FAI3FA] 7] 11, cas
pase-9-2 procaspase-32 caspase-3=2 Al 3 7Io)
el HHE A Ax: AF AxAEsE o
©7)A B} (Srinivasula S 1998, Li 5 1997).

Bcl-2 Al shiAle] M ZAEAL A 1AL} &2
A= o] ¥ o] A (heterodimer)E B A 3te] A =29
BHE AN T, B2 AR st geate
sted Al3IAle] Weke 2Tk Azl A) 3 gl
o} (Tsujimoto2} Shimizu 2000).

Hockenbery 5-(1993)2 Al ZxPHAL Z2191x}14l
Bad”} Bcl-2¢} 7ZA3dS s, Bax: £3 o]3HA|
(homodimer)E A8t = o Al ZAPEALE 414
7)1, Bade} Bel-22] ZA3te] dojuix] ¢kow, Bel-
29} Bax9] Zgre] deolut AlZAEA} Al dekx
stode}. Bel-29} Baxe] ©]3] o] 3HA) 3 A (heterodimer-
ization)2 DNA 248 ZAAZ 4 qlda sigle
w, o2&k 0133011121163*3% Bcl-29} Bax2| H|&
o Aol SJalA eldttm sgivh Miso 5
(1996)= Bcl-2 Al A e] M| zAPHAL 10}



— NeF, A

A ko] A2 7h A EFLell A
7o) ohz} o] o] Hlfo] A
J3kcta kit Azhar 5-(1999b) <A
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Liu % (1998)% 33
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(1998)2- A &
7= RS wEspal e, o
Baxe] o] Ml ZAEAs} Bde] irka seich

Centurione 5 (2002)2 247143} 443 31359
AAelA Lol MEADAE Aoz} glont
Bcl-29} Baxz 247092l Z7he] Adhw &
Aot Azhar 5 (1999b)2 Al zAE AL Al elzkel
Bcl-2¢} Bel-xL: 6~8/143} 22~24714 % 313
o) AR} el A wlssht, HEF ARFA 7}
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~ 240G ARl M= M3t gl HelA
&‘:}i shodet. 22~ 2470 el M= vl =
—2 o] A YehIA|u A ZAEA} Tk
dofidrii gl om, o= Baxe] Wa o] vel7t &
o wel Z7kEw, 2ol Bls|A Aol Wk o
27} kol {4A EAPE7] W fel2ta stk (Azhar
% 1999D, Liu 5 1998).

Azhar 5 (1999a)& =3}51 22~247192] A7 A
ot 6~8dE AxelA A AEzAEARE
i}°l7} ok stolent, SEF ABFA N =3
® ARl A AlEAEARE S7HE S 3k Misao
5 (1996)7} Murohara 5 (1995)2 383 A7 ol A
dojubs M ZAEAR: e3holl A o e Az
o, Bcl-29} Bax H] &% x3}7oA o] Eohy 3)el
o} Bax7} koM o ge] vehds AL, 23
9] AS - ez A5E w3 7] dEele
atodom, o]t o] frul el HPF 3417 A}
Al Fe we Azapdabt we] Argea &)

g rlr

k4

At

o] AgeM Az Bcl-2¢ Baxe] #
vleo o2 = zud 305 24 BEFY
ot Z ztele §AlHh S EA] 9FLI 30FA

Fh2E Bel-2¢} Baxo] WHAubs-2 I F A5
37kl 7 A HAE T 2447 Fhaslg]
31, 65FZA M= BT 23 7R =4 BEAE
o] XA A H} 244 7be] ZhAsHATE o]
o]zt Hell meEr MEW o8 &Ae] o3 1 &
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™ (Conley 5, 2000), A §-%]7]|H- 0] &3} 0]
E3la, A5l A 448 i A7) Ho] (Azhar

5, 1999b) & & ¥ 6550 A Bcl-22} Baxe] HY
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Ashe & Age] Az} o] YT AZH .

w3 Bax WS S AF ARF A5} 342
ZAFA] BF 65FZelA T A EE S,
Baxe] Z7}7} MEAEALS} o] glehe Liu 5
(1998)3} Fortuno 5+ 1998)2] A}e} x37) 4=
YA AMzApdArel Bax7h F7bgleh= Murohara
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Legendsfor Figures

Fig. 4. Immunoreactivities(IMRs) of Bcl-2 and Bax in rat skeletal muscle of the control and ischemia groups( x 200).

A.Bcl-2 IMRintibiais anterior muscle of 9 weeks old rat, control group. Weak or trace IMRs are observed ( x 200).

B. Bcl-2 IMRintibialis anterior muscle of 30 weeks old rat, control group. Weak or moderate IMRs are observed ( x 200).

C. Bcl-2 IMRintibialis anterior muscle of 65 weeks old rat, after ischemia. Moderate or strong IMRs are observed ( x 200).

D. Bcl-2 IMR in soleus muscle of 9 weeks old rat, 3 hours after reperfusion. Weak or moderate IMRs are observed ( x 200).

E. Bcl-2 IMR in soleus muscle of 30 weeks old rat, 24 hours after reperfusion. Moderate IMRs are observed ( x 200).

F. Bcl-2 IMR in soleus muscle of 65 weeks old rat, after ischemia. Strong or moderate IMRs are observed ( x 200).

G. Bax IMR in tibialis anterior muscle of 9 weeks old rat, 24 hours after reperfusion. Moderate or weak IMRs are observed ( x
200).

H. Bax IMR in tibialis anterior muscle of 30 weeks old rat, 3 hours after reperfusion. Moderate or weak IMRs are observed ( X
200).

|. Bax IMR in tibialis anterior muscle of 65 weeks old rat, 3 hours after reperfusion. Strong or moderate IMRs are observed ( x

200).

J. Bax IMR in soleus muscle of 9 weeks old rat, after ischemia. Weak or trace IMRSs are observed ( x 200).

K. Bax IMR in soleus muscle of 30 weeks old rat, 3 hours after reperfusion. Weak or moderate IMRs are observed ( x 200).

L. Bax IMR in soleus muscle of 65 weeks old rat, 3 hours after reperfusion. Moderate or strong IMRs are observed ( x 200).
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Abstract

Age-related Alterations of Bcl-2 and Bax |mmunor eactivities
in the I schemic-reperfused Tibialis Anterior and
Soleus Muscles of the Rats

Youn-Kyoung Seo, Chae-Soo Shin, Jong-Heon Kim?,
Young-June You?, Doo-Jin Paik

Department of Anatomy and Cell Biology, College of Medicine, Hanyang University
1Department of Orthopaedic Surgery, College of Medicine, Hanyang University
2Department of Plastic Surgery, College of Medicine, Inje University

Prolonged ischemic-reperfusion induces cellular damages and apoptosis in rat skeletal muscle. Reactive oxygen
species generated during reperfusion time induce expression of various genes and apoptosis. Among apoptosis-related
gene products, Bcl -2 and Bax regulate the apoptotic response by inhibiting and promoting cell death, respectively.

The purpose of this study was to observe the age-related aertation of expression profile of Bcl-2 and Bax in rat
tibialis anterior muscle and soleus muscle following ischemia-reperfusion.

9 weeks, 30 weeks, and 65 weeks old male Sprague-Dawley rats were divided into control and ischemia groups.
Ischemia group was divided into 3 subgroups based on reperfusion time. For ischemia, left commom iliac artery was
occulded for 4 hours using rodent vascular clamps. The animals were sacrificed at hours 0, 3 and 24 after onset of
reperfusion and tibialis anterior and soleus muscles were removed. Muscle tissues were embedded in paraffin and 6 pm
sections were made. The expression level of Bcl-2 and Bax were examined using immunohistochemica methods.

The results obtained were as follows;

1. In control group, immunoreactivities (IMRS) of Bcl-2 and Bax were weak or moderate in 30 weeks old rats and were
tracein 9 and 65 weeks old rat.

2. In control group, IMRs of Bcl-2 and Bax in tibialis anterior muscle were more higher than those in soleus muscle,
but not significantly.

3. Inischemia group, IMRs of Bax were increased with aging.

4. Inischemiagroup, IMR of Bax in tibialis anterior muscle was higher than that in soleus muscle.

These results suggested that the increased IMR of Bax may be related to increasing of ischemic injury, and both old
skeletal muscle and tibialis anterior muscle are susceptabile to ischemic injury of rat skeletal muscle.
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