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3. Bcl-2 & Bax ™
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Table 1. Immunoreactivities of Bcl-2 in the ischemic reperfused
tibialis anterior muscles of the rat

Age Normal Ischemiafor 4h and reperfusion (h)
(Weeks) control 0 3 24 (18)
9 + +.+ ++ +.++
35 +.+ + ++,4+++ +
65 +,- +.++ + +

=+ :trace, + : weak, + + : moderate, + -+ + : strong.

Table 2. Immunoreactivities of Bax in the ischemic reperfused
tibialis anterior muscles of the rat

Ischemiafor 4 h and reperfusion (h)

Age Normal
(weeks) control 0 3 24(18)
9 + +++ +++++ o+
35 +.+ + ++ +
65 +,+ ++.+ ++.+ +

=+ :trace, + : weak, + + : moderate, + -+ + : strong.
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Table 3. Number of apoptotic nuclei in the ishcemic reperfused
tibialis anterior muscles of the rat

Age Normal Ischemiafor 4 h and reperfusion (h)
(weeks) control 0 3 24(18)
9 0 0 1 0
35 0 1 7 4
65 3 11 4
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077} 2= oA et (Fig. 28).

2) 3052 ANz AZEAFE o FAuk-eA
Ee WEHA Ak (Fig 29). 318 5 AAF7 0
A7kl 17 (Fig. 30), 32| 7kell 77} (Fig. 31), 2447k
ol 4747} A= A} (Fig. 32).

3) 655 ARz ToM N EAE FHAMEZ
T WEHA AskH(Fig. 33). 31 5 A#F 04
7ol 37 (Fig. 34), 321 7rell 117} (Fig. 35), 18A] Z}ell
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i, 32go] W AEAbE Sl A 5<%
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AzAp e 22t Aol Beldel AlsAD

5 53 FASHANE, o] A5 death proteine]
gt B2 cagpased A INTIE D=2 ASH
o, caspase B4 & =85 WA fAAF AH
EAAl 712 Bol-24 = (Bel-2 family pro-
tein) o]} (Alnemri 5 1996). Bel-24] w2 A
ZAPE oA 9l A} (anti—apoptotic member) 2} 3191
A} (pro-apoptotic member) 2. o] Fo]#] ¢l=1) (Tsu-
jimoto 1998), Arelsl Aol A F2 o7 elx}
7b AFsdAel A cytochrome ¢ f-2]8 =3z glow,
AEAE F2Q047F B4R Az o] Dol
o} (Zha 5 1996).

Bcl-2&= AlZzAME dA|dztz F=2 AIA] v}
74} (outer mitochondrial membrane)ell $1=]st1 g}
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100
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A2 =2 cytochrome c2 G531 M E:Alde] o
oJu}A v} (Srinivasula 5 1998, Liu 5 1998).
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AN, Bl-2¢} Bax: 22~2470 4% 3135 2ol A]
F7HEAH A skl ek, Azhar 5 (19990)2 215] 9
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Bax7} Z7}xlobx 3} a2, Fortuno 5 (1998)-2
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Legendsfor Figures

1. Bcl-2 immunoreactivities on 9 wks old rat tibialis anterior muscle in the control group. Trace immunoreactivities are observed.

2. Bcl-2 immunoreactivities on 9 wks old rt tibialis anterior muscle after ischemia. Trace or weak immunoreactivities are observed.

3. Bcl-2 immunoreactivities on 9 wks old rat tibialis anterior muscle 3 hours reperfusion after ischemia. Moderate immunoreactivi-
ties are observed.

4. Bcl-2 immunoreactivities on 9 wks old rat tibialis anterior muscle 24 hours reperfusion after ischemia. Weak or moderate
immunoreactivities are observed.

5. Bcl-2 immunoreactivities on 30 wks old rat tibialis anterior muscle in the control group. Trace or weak immunoreactivities are
observed.

6. Bcl-2 immunoreactivities on 30 wks old rat tibialis anterior muscle after ischemia. Weak immunoreactivities are observed.

7. Bcl-2 immunoreactivities on 30 wks old rat tibialis anterior muscle 3 hours reperfusion after ischemia. Moderate or strong
immunoreactivities are observed.

8. Bcl-2 immunoreactivities on 30 wks old rat tibialis anterior muscle 24 hours reperfusion after ischemia. Trace immunoreactivi-
ties are observed.

9. Bcl-2 immunoreactivities on 65 wks old rat tibialis anterior muscle in the control group. Trace or negative immunoreactivities
are observed.

10. Bcl-2 immunoreactivities on 65 wks old rat tibialis anterior muscle after ischemia. Weak or moderate immunoreactivities are
observed.

11. Bcl-2 immunoreactivities on 65 wks old rat tibialis anterior muscle 3 hours reperfusion after ischemia. Weak immunoreactivi-
ties are observed.

12. Bcl-2 immunoreactivities on 65 wks old rat tibialis anterior muscle 18 hours reperfusion after ischemia. Trace immunoreactivi-
ties are observed.

13. Bax immunoreactivities on 9 wks old rat tibialis anterior muscle in the control group. Trace immunoreactivities are observed.

14. Bax immunoreactivities on 9 wks old rat tibialis anterior muscle after ischemia. Weak or moderate immunoreactivities are
observed.

15. Bax immunoreactivities on 9 wks old rat tibialis anterior muscle 3 hours reperfusion after ischemia. Strong or moderate immuno-
reactivities are observed.

16. Bax immunoreactivities on 9 wks old rat tibialis anterior muscle 24 hours reperfusion after ischemia. Weak or moderate immuno-
reactivities are observed.

17. Bax immunoreactivities on 30 wks old rat tibialis anterior muscle in the control group. Trace or weak immunoreactivities are
observed.

18. Bax immunoreactivities on 30 wks old rat tibialis anterior muscle after ischemia. Weak immunoreactivities are observed.

19. Bax immunoreactivities on 30 wks old rat tibialis anterior muscle 3 hours reperfusion after ischemia. Moderate immunoreactivi-
ties are observed.

20. Bax immunoreactivities on 30 wks old rat tibialis anterior muscle 24 hours reperfusion after ischemia. Trace immunoreactivities
are observed.

21. Bax immunoreactivities on 65 wks old rat tibialis anterior muscle in the control group. Trace or weak immunoreactivities are
observed.

22. Bax immunoreactivities on 65 wks old rat tibialis anterior muscle after ischemia. Moderate or weak immunoreactivities are
observed.

23. Bax immunoreactivities on 65 wks old rat tibialis anterior m. 3 hours reperfusion after ischemia. Moderate or weak
immunoreactivities are observed.

24. Bax immunoreactivities on 65 wks old rat tibialis anterior muscle 18 hours reperfusion after ischemia. Weak or trace immunore-
activities are observed.

25. Apoptocic reactions on 9 wks old rat tibialis anterior muscle in the control group. There are no apoptotic nuclei.

26. Apoptotic reactions on 9 wks old rat tibialis anterior muscle after ischemia. There are no apoptotic nuclel.

27. Apoptotic reactions on 9 wks old rat tibialis anterior muscle 3 hours reperfusion after ischemia. An apoptotic nucleusis observed.

28. Apoptotic reactions on 9 wksold rat tibialis anterior muscle 24 hours reperfusion after ischemia. There are no apoptotic nuclei.

29. Apoptocic reactions on 30 wks old rat tibialis anterior muscle in the control group. There are no apoptotic nuclei.

30. Apoptotic reactions on 30 wks old rat tibialis anterior muscle after ischemia. An apoptotic nucleusis observed.

31. Apoptotic reactions on 30 wks old rat tibialis anterior muscle 3 hours reperfusion after ischemia. Seven apoptotic nuclel are
observed.
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Fig. 32. Apoptotic reactions on 30 wks old rat tibialis anterior muscle 24 hours reperfusion after ischemia. Four apoptotic nuclei are
observed.

Fig. 33. Apoptocic reactions on 65 wks old rat tibialis anterior muscle in the control group. There are no apoptotic nuclei.

Fig. 34. Apoptotic reactions on 65 wks old rat tibialis anterior muscle after ischemia. Three apoptotic nuclei are observed.

Fig. 35. Apoptotic reactions on 65 wks old rat tibialis anterior muscle 3 hours reperfusion after ischemia. Eleven apoptotic nuclei are
observed.

Fig. 36. Apoptotic reactions on 65 wks old rat tibialis anterior muscle 18 hours reperfusion after ischemia. Four apoptotic nuclei are
observed.

Fig. 37. Bcl-2 immunoreactivities on cross section of 9 wks old rat tibialis anterior muscle in the control group. There are no reactivities
on the muscle fiber in negative stain.

Fig. 38. Bax immunoreactivities on cross section of 9 wks old rat tibialis anterior muscle in the control group. There are no reactivities
on the muscle fiber in negative stain.

Fig. 39. Apoptocic reactions on cross section of 9 wks old rat tibialis anterior muscle in the control group. There are no apoptotic nuclei
in negative stain.
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Abstract

Age-related Alterations of Bcl-2, Bax and Apoptosis
in Ischemic-reperfused Rat Tibialis Anterior M uscles

Youn-Kyoung Seo, Jong-Heon Kim?, Hyun-Sung Leem,
Chae-Soo Shin, Doo-Jin Paik

Department of Anatomy and Cell Biology, College of Medicine, Hanyang University
1Department of Orthopaedic Surgery, College of Medicine, Hanyang University, Seoul, Korea

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 induc-
tions.

Among apoptosis-related gene products, Bcl -2 and Bax regulate the apoptotic response by inhibiting and promoting
cell death, respectively.

The present study was performed to examine the age-related alertation of expression of Bcl-2 and Bax along with
apoptosisin rat tibialis anterior muscles following ischemia-reperfusion.

9 weeks, 30 weeks and more than 65 weeks old male Sprague-Dawley rats were divided into 2 groups such as con-
trols, 4 hour ischemia. 4 hour ischemia group was divided into 3 subgroups based on reperfusion time. For ischemia,
left commom iliac artery was occulded for 4 hours. The tibialis anterior muscles were removed 0, 3, and 24 hours after
onset of reperfusion. Muscle samples were embeded in paraffin and 6 um sections were made. The expression level of
Bcl-2 and Bax were examed using immunohistochemical methods and apoptotic reactions was detected using TUNEL
methods.

The results obtained were as follows;

1. In control group, Bcl-2 and Bax were weakly immunostained in 9 weeks old rat tibialis anterior muscles. In 30 and
65 weeks old rat tibialis anterior muscles, Bcl-2 immunostaning was minimal. The level of Bax staining was incre-
ased in 30 and 65 weeks old rat tibialis anterior muscles, compared with those of 9 weeks old rats. The level of
apopto-sis among different age groups were not altered.

2. In the 4 hour ischemia group, the level of Bax staining was correlated with the level of apoptosis in 9 weeks, 30
weeks and 65 weeks old rat tibialis anterior muscles.

3. The level of apoptosis was increased in older groups relative to younger groups in 4 hour ischemia.

These results suggested that the level of apoptosis induced by ischemic-reperfusion in tibialis anterior muscle incre-
ase with ageing in rat tibialis anterior muscles, and that aincrease of Bax expression is related to increased apoptosis.
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