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2oz oA glovth e A7l FHYelx: M
7t9- ez £AE 4 glef(Idstrom 5 1990). 51
I AFFA el AfARLRT], v A 22 A,
W g, 2 A5H Sl s ZeA =z}
EAE e £ d5HE 5ol A7 (Pang 5
1993), o|8jat A5 F= 5y ARF 27
WA= Aoz kel sl (Lipton 1999).
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TAIA A ) (Fhofel et o) she)at o) -
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freeradical)x= ¢]2%=2 (ion channel) o] %=} 2H41¢
(membrane potential) Sol] ¢33F8 F1, Al 22 A5
A A (signal transduction) & A 34A1A o=
ARpe] A feshe, Al E21EA (apoptosis)
+ M ZFAH(necrosis)E o 71} (Baxter 5 1995,
Piper 5 1996). Al ZAPE AR AAF WA o)
Aol A5 el HlZE AlA e 7Ad e
2,3 9 ARl SAE wZ8H 22 Xz
= FeJdh= Aoz dHA e (Cook 5 1999,
Daugas 5 2000).

A FEe] w282 Ay
fiber)e} =A28A]¢

B TS =
l"yo ]
7’63_—--.—.—}‘]_'.’_

=

=844 (white muscle

(red muscle fiber), 718]32 =
(intermediated muscle fiber)7} o]-$-2]
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FRAARN TS glon], MYz ea S
F5ol et oliAE Qe W Qe rx
ARA 546 Fel7h giek(Lindsay 5 1990).
oJ2a A4e) 54 wEel Wojzgeln ol
HREAE 40 FRel wheh xol7}k Qlekm el
A Qieh T WA Rl e SHAene
QAFAE W oA e a3 e (Gardner
5 1984, Cavalho 5 1997).

off rlr
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e SEENS HZoMek B4 i) 7]
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ool MAEL AFA A D ARFA 0
L8871 85% =}R) el kA7t (tibialis anterior
muscle) 7 A 284428 A5 7Ixe] 2 (soleus
muscle)ll A (Amstrong=} Phelps, 1984) L o= A
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shadet. e & A@AAE At AR5 042
A} 24717 73 Fe AHFES YA A <
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73%- 2477%
Hx] F3lar FolA A AF F 18 A|7ke]
& WAA 24072 i H| s

A28k 292 0.1% glutaraldehyde—4% paraform-
aldehyde £3-8-91 (pH 7.4)l] 247} o] W2 A A]
71 ¥ 6um 79| A -HA S A 2skgle

3. MEXEHA Z4

M ZAPE A= TUNEL (terminal deoxynucleotidyl
transferase (TdT)-mediated nick labeling) ¥12]& o]
23t ApopTag kit (Intergen Co., USA)S- Al-8-3}]
HAsge) Doleld 9 F4AHe AN H po
teinase K (DAKO Co., USA)Z Al-&o|A] 153, 3%
Sibshrag 583 A ssich TdTE ol gs)o]
digoxigening £Z 3 DNA 7}=te] 3'-OHwdxlel
Rashe $4e TCA 147 ARskR ol
4] stop-wash bufferg 1087+ #-8-35}%it}. Perox-
idase7} ¥-2#% anti-digoxigenin A2 Al-2-of| A

al
=

Table 1. Number of apoptotic nuclei in therat tibialis anterior (TA) and soleus muscles(Sol) of the control and ischemia goups

(Mean+SD.)
Skeletal Normal Reperfusion time after 4 h ischemia
Age muscle control oh 3h 24(18)h
9 weeks TA 0.0+0.00 0.4+0.70 3.9+4.58 1.9+1.66
Sol 0.3+0.48 0.3+0.48 3.5+3.60 15+222
TA 0.8+1.03 0.9+1.20 11.1+755 6.4+5.67
30 weeks
Sol 0.8+0.92 1.3+1.25 6.0+3.65 55+3.69
65 weeks TA 11+1.29 3.3+258 13.7+6.65 7.7+5.40
Sol 0.9+1.10 244250 744255 6.5+2.95
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Fig. 1. Number of apoptotic nuclei in the rat tibialis anterior
muscles (TA) of the control (Cont) and 4 hour ischemia

groups.
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Fig. 2. Number of apoptotic nuclei in the rat soleus muscles(Sol)
of the control (Cont) and 4 hour ischemia groups.

3027+ A43t Fof| DAB (Vector Lab., USA)Z o]
glo] 7TEZ A7) oS 1% methyl green 8-
oz qxge AAES. F3En S o] 43}
of do] Moz FAg NEAPDAL FAUH-SAHE
£ FAsIYh TdTE A|9g wgAE o] &3}
ANz S Ak, Fe] 2234k
22 & o] g3te] FAHRT AL Aldste] Al
ZAEAL ubge] BolAS FQIslvh 7 ol
Azl AbRl 103-E Aelste] A ZAPFAL ofdut
& vehliE 2 £ Ao P 2EHAE

uE
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Wi 22| MEXIHAL —

Fste] 1 AzE Table 13} Fig. 1 78] 3 Fig. 29
fepatalet

1.

HEg

1) 9F ATl AEAEAL FPHEA
= HAERA w9k (Fig. 3A). Al A Fell=

0407 07, 3X17+ A3}A] 3.9+4.587) (Fig. 3B), 24
A7k 72 1.9+1.667 7} =] Qi

2) 3057 A el A Al EAEAL FIuEEA
£ 08+103707} #2= de} (Fig. 3C). A&7
Foll= 0.9+1.207, 3417k oAl 11.1+7.557)
(Fig. 3D), 24Xzt ZA3}A] 6.4+5.67702] Al ZApDA}
PG 7L A

3) 655 A el A AlEAEAL FuHEA
Zx 11129707} 2= 9ek (Fig. 36). AAF =]
Zol] 33+£2587, 3417t 74| 13.7+6.657] (Fig.
3F), 183k 7 24A] 7.7+£5.4070 9] AEAEA}L 44
H-gH £} A gk

2. 7xa|2

1) 95 A= ZelA Ml ZAEAL FAAU-EA
¥ 0.3+048707F #2E e (Fig. 3G). A AF =)
Fol|= 0.3+0.487, 3x 7+ As}A] 3.5+3.607)7F &
2= 9] 2 (Fig. 3H), 24X 7+ A 3}A] 1.5+2.227071
2= A skt

2) 307 A 2ol Al Al ZAPEAL SFARESA
= 0.8+0.92707) &=} (Fig. 31). A&7 =
Zoj|= 1.3+1.257, 347+ Z7HA] 6.0+3.657) (Fig.
3)), 24x17F Z A 5.513.6970 2] Ml EAPEAL FA
HSA 27} = gl

3) 655 A el A A ZAPEAL S REEA]
= 09+1.10/07F #2E ot (Fig. 3K). A 2-F =)
Fo)| = 2.4+2507), 3X)7F AFA] 7.4+ 2557 (Fig.
3L), 18A)7F 7 F}A] 6.5+£2.95702] A ZAFGA} oFA]
whsM 27} e gl
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K

Kerrel 120] 252 197249 2| 2oz A=A}
A} (apoptosis) 2 TholE AEE A LZE (pro-
grammed cell death) o]zt o|m] =2 A}g-3}ie}. Azt
o] ItEE T FEHHE FHks= *ﬂia%}(necro-
s9ehs e, AEAAE Axete] HaEA ¢
o YFUEE BN ok Azl w
AEAME 8e] 25 (condenstation) o] E4H oz
dojuir, A 2te] 3] (blebbing) = 12 Al £2] Z7]
7} ApolAleh. A2 Az oz Aol e 2¥
(M ZA ), apoptotic bodies) 2. 1}ylo] =1, 2w
2 AZADA L FHE ol 2AEY A 2 ]
AN AARDET QeiA ek AEAEAE 1A
F H8 e Axst iz A8 5 AU A
25 AAS, olgly mE 26l A £
A (turnover) 2 A3t} o8] gk Al ZAEAL Ao
A7} A7 TEd AE EAo F4o] o]
2 4 glem, © vk AdE 998 4= A5
(McCarthy 2002). =3+ Higami % (1997)2 7tol}
M 7Y B9S ALsl= 24 (mitotic tissue)dl]
N walrh AR el AzAEAT} 27
2 shodetk

W TR w3t APl ok 2HA S
2] 91 (atrophy)e| °J_°Mi A %4 27} Zhsted
=89 F(mass)e] #AF v} (Holloszy 5 1991).
Roubenoff £} Hughes (2000)= o|&3F Z8-F2] 7

A7} $-%5417 (motor neuron) 2] 7FA-¢} 3}l wE
s2Ee] W} Fo o8 dold 4 olvkw ssle
o, Al 2P A} o] dF W22 Zhael Fodt
e Feha shodeh mF AEAPAE W2
&AM gE W A2 4 s 289 =)
= (dystrophy) (Allen 5= 1997)3} ZhztAaz] £l

ok ZEAZ £

A 9let (Sandri 5

F23 4Fe Yohw Lol
1995). 2} A Foll £Y
o] dojuir] ¢k Aoz iRl AAlelv} ¥, 18
T w28 22 %3] (postmitotic tissug)ol| A =3}
o} AAF o] ol M EAPHE AL gt 7L o}
2 =Ae] dife] H glek(Morrisons} Hof 1997,
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Higami £} Shimokawa 2000).

Cook 5-(1999)3} Daugas 5 (2000)-2 8- 22
AZzAEARE Az 2 =7 oY A
AbA7) e AE:Y A}=o] 9)e w) cytochromec
|EARE Bl doldotx sk HPF A
FAlel e S gl ARAtRTs S EEA
o] F3 fd<le] Hm, xpe] £7}<l (cytokine)zt H AL
2l 2} (transcription factor), 42 5-& 2WAA|FA A
ZAEANE dod|E Aoz <dex gld(Das &
1999).

Azhar 5-(1999a)2- 22~247)99] »3}d A7 A
A3} 6~ 9E AN DAL A xApEARE
Aot gk shedent, S8 R ARFANE =
S8 AAelN AEAWA} FrhEga sheds.
Azhar S (1999h)- 6~ 87|93} 22~ 247195 317
o AR HelA BAR A ZAEAE Zol7} ¢l
S Sl A W ARF Fel AR A
AFA7} 271w Sl o5 waE 37
A AEADAL B gl dolueha sheli
d, ol @ gHle) Aol Hls) A3l AT o
=] (threshold)7} 7] wjZe|gtx 3teivt(Azhar 5
1999b, Liu 5 1998).

o] APelN Py z=e) 7 o 71l
G} AZAIA: FAG00 2 Aol Gch
SN B AsARE 2] 210
det S AE 2 4 st ol Az
(19998, b)e] w35} fAksHSIEk ol F3ol Z7}
ol mek, AE oY wao) ok 1 BAe B
o}x] 12 (Bak 5 1998), A A 427} 743} (Conley
= 2000), 3HAA 21713 o) &I o) ®] sl A}
ol A &5 Be At He (Azhar 5
1999b) 6132*1 o w2 Al ZAEAL dojubs Ao
2 A4 4 9l =3 Misao 5-(1996)=} Muro-
hara 5 (1995)& 3% AlAe mdoz A=
(stress)& w3z 917] W el HIF FHo Bt Al
ZAEAL we] AlAtEloka Egi) o] Algel A
HEE QD[ A Fol| 9FLelME HEALA}
A9 #AEZA] ogkor} 0FFolA] LA TFL A
0.9+ 1.207), 7}A}m]) 2l A 1.3+1.257), 655+ &
A7} 2 A 3.3+2587, 71AIR| | A] 2.4+ 2.507)

%7



— 38 MERA Fo| wE I Ko MEXLA —

7 #FE Aoz Mol F¥o| FUIESSE A AP HEF AWRF A A we] #EH 1,
Sl s whgEda A4 4 ok (Table 2423 AspA] ashe A AW € 4 vz
1, Figs. 1, 2). A 7+8)93 T

T, wo Tl A dojup= HIEEAAE Z8A o] 42l Aol A, win] Tl A dojip= L
#o) FRol metd ch2A delunkm deld 9l A4S Foel 34T ZhYe U 4 AUgle
o} A7AEe weh 179 AolE welw e W] AAvizuc el o ARl
Hintz 5 (1980)2 37]A] Abefol|A] WA Z8-0] A A T AL 4= glgo)

Sk ATPAAS & #48 4 lota 34

a7, Mattei 5-(2000) = w2328 5 (fast twitch X 72 sl

fiber)2 o]Fo]xl z1ulr}=ts Z (extensor digitorum
longus muscle)o] =7 4=Z5-(sow twitch fiber) <.
2 o]Folzl A ZHG e WAe] lotx
shleh T} ol B ATAES WA T84
#7F AATeAfuct el o wtsiey
Fska Qlet Carvalho 5-(1995)2 217]9] sid=]
E 300mmHg ¢} o= 2A7F AL |, 713
ZRuE= Aax]Z (gastrocnemius muscle) 3 A
A vl (plantaris muscle)oll A} Z8-9Fo] o we] 7}
AXva sl9o). Woitaske2} McCarter (1998)= A
Fel et Zo] ZiAu| R Y At |l
ek, EAelA B1¥EE Sxx gy sige
TEH RS 7k ALY HEF 529y
Q& Fohw Qe w3 < 5(1999) % Y
A o] zHe AMIZEA SoA] T A o)
A FRe A ZADAE HA defuiwl, Ab
AT AZE BEsE FAkAT AFEloH|
(superoxide dismutase, SOD)2] &4 o] =tial 39
o} o] AGIME Tpapulzne TN A

b2 Y o el 3¢l ow, Carvalho 5-(1995)
3} Woitaskes} McCarter (1998)¢] A& Az= 317
skl A7ITol ¥l o RIZEHA whEgea
A 3 Sl o3 HEEA Aol AFIA
o] Bx9l wAgTe] B 181 YRS dx

alis

E:

M

=
T

] %

> 2 3

o

=

Lo Z8Afol wet t2r] uEolgta A
zhat 4~ 9)gd.om (Lindsay 5 1990), ¢F = (1999)o]
FA4g AAY FAstasre] Hesade e =
4 9l Aeletm Az

=3 Blaisdell (2002)> W82 AL
A{F 3AZE ATA] AlEbEe] AR 6413l
gRE vk st ol o] A A=A}
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Legendsfor Figures

Fig. 3. TUNEL staining for apoptotic nuclei in tibialis anterior and soleus muscle of the control and ischemia group ( x 200).

A. Intibialis anterior muscle of 9 weeks old rat, the control group, number of apoptocic nuclei is not observed ( x 200).

B. Intibialis anterior muscle of 9 weeks old rat 3 hours reperfusion after ischemia, number of apoptocic nuclei is 3.9+4.58
(% 200).

C. Intibialis anterior muscle of 30 weeks old rat, control group, number of apoptocic nuclei is 0.8+ 1.03 ( x 200).

D. Intibialis anterior muscle of 30 weeks old rat 3 hours reperfusion after ischemia, number of apoptocic nuclei is11.1+7.55
(% 200).

E. In tibialis anterior muscle of 65 weeks old rat, control group, number of apoptocic nuclei is 1.1+ 1.29 ( x 200).

F. Intibialis anterior muscle of 65 weeks old rat 3 hours reperfusion after ischemia, number of apoptocic nuclei is 13.7+6.65
(% 200).

G. In soleus muscle of 9 weeks old rat, control group, number of apoptocic nuclel is 0.3+ 0.48 ( x 200).

H. In soleus muscle of 9 weeks old rat 3 hours after ischemia, number of apoptocic nuclei is 3.5+ 3.60( x 200).

1. In soleus muscle of 30 weeks old rat, control group, number of apoptocic nuclei is 0.8+ 0.92 ( x 200).

J. In soleus muscle of 30 weeks old rat 3 hours after ischemia, number of apoptocic nuclei is 6.0+ 3.65( x 200).

K. In soleus muscle of 65 weeks old rat, control group, number of apoptocic nuclei is0.9+1.10( x 200).

L. In soleus muscle of 65 weeks old rat 3 hours after ischemia, number of apoptocic nuclel is 7.4+ 2.55 ( x 200).

297






— S|Ea MBFA T Wi WiZI| MEXIHA —

Korean J Phys Anthrop
16(4): 291 ~ 299, 2003

Abstract

Age-related Alterations of Apoptosisin I schemic-reperfused
Rat Tibialis Anterior and Soleus M uscles

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
IDepartment 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. Such injury takes
place in the phase of reperfusion following ischemia induction in part via regulating of apoptosis-related gene
inductions.

The present study was performed to examine the age-related alertation of expression of apoptosis in rat tibiais
anterior and soleus muscles following ischemia-reperfusion.

9 weeks, 30 weeks, and 65 weeks old male Sprague-Dawley rats were divided into 2 groups such as controls and
ischemia. For ischemia, left commom iliac artery was occulded for 4 hours using rodent vascular clamps. The tibialis
anterior and soleus muscles were removed 0O, 3, and 24 hours after onset of reperfusion. Muscle samples were
embedded in paraffin and 6 um sections were made. The apoptotic reactions was detected using TUNEL methods.

The results obtained were as follows;

1. In control groups, the number of apoptosis was increased with aging, but not significantly.

2. In ischemia groups, the number of apoptosis was increased at 3 hours after ischemia, and decreased at 24 hours after
ischemia.

3. Inischemia groups, the number of apoptosis was increased with aging.

4. Inischemiagroups, the number of apoptosisin the tibialis anterior muscle was higher than that in soleus muscle.

These results suggested that the ischemic injury of the rat skeletal muscle is increased with aging and that tibialis
anterior muscle is more susceptabile to ischemic injury than soleus muscle.

Key words: Ischemia, Tibialis Anterior, Soleus, Apoptosis
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