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Abstract; With the aim to explore the effects of apoptosis on muscle internal environment, apoptosis
factors and tenderness during postmortem aging, the longissimus dorsi muscles injected with specific
inhibitor cyclosporin A ( CsA ) of MPTP were taken as experiment objects. The muscle internal
environment factors, apoptosis factors and tenderness index were measured. The results indicated that
myofiber diameter and cross section area in the CsA group were significantly or extremely significantly
larger than those in the control group (P <0.05,P <0.01) ; after 6 h and 72 ~ 120 h of postmortem, the
pH value in the CsA group was lower than that in the control group (P <0.05), and at 6 ~ 168 h of
postmortem , ATP contents in the CsA group were higher than those in control group, specially, after 12 h
and 72 ~ 168 h of postmortem, ATP contents in the two groups had significant difference (P <0.05) ; the
degree of MPTP opening in the CsA group was lower than that in the control group (P <0.01); Cyt-c
content in the cytoplasm was significantly or extremely significantly lower in the early aging stage, and the
result was opposite in the late aging time; caspase-3 activities in the CsA group was lower than those in
the control group during the whole time except after 72 ~ 120 h of postmortem; Hsp27 expression in the
CsA group was lower than that in the control group, after 12 ~24 h of postmortem, the shear force of the
CsA group was higher compared with the control group. Cyclosporin A could suppress the changes of
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internal environment, caspase-3 activities, Hsp27 expression level and the shear force and changes of

myofibrils and mitochondrial ultrastructure by suppressing the opening of MPTP, the apoptotic process

played a significant role in the changes of internal environment and yak meat tenderness during

postmortem aging and the changes of internal environment and tenderness could be adjusted by controlling

the apoptosis process.

Key words: yak meat; postmortem aging; apoptosis; muscle internal environment; cyclosporine A;

ultrastructure
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1.3 REHE
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(40 g/ ) FEALA B 2 41,1 HAEARAT 2L 3 25 5
XFBEAE A, 55 1 4LTE S 200 mmol/L Y CsA % (B
W 1 g/mL), T 4C K0T, 3 i 6,12 .24
72 120,168 h, 3 7£ AH N B (8] 25 00 %2 pH {H 1 85 )
71, X% F caspase-3 1 J7 , Cyt-c % 5 5 AN i o7 B
IR AR , 5 PUREAE L T B 1) o5 R 4 I I R0V il 2
WiEET -80°CHH

1.3.2 JLNZLZ# 0%

BrRE YK x 58 x # 1.0 em x 0.5 em x
0.5 cm (YR, AT 10% ¥ B EE 5 IR 16 48 h, SR
JE B EER A 0% 80% 90% \95% (KT 4%k) 2
BB P K 1 h,100% £ 8 T 11 4% 10 min; —H
KBNS minf5 HAEM B R R Qe ik
BB E R JE R R B SR 5 A Motic Images
Advanced 3.2 BG40 3 & G2 0 0 5 AR LR 48
A2 LA B ] B R AL 2 A4 e AR ) B O 5 4 A A
LS AR o
1.3.3  pH {H &

F A5 0 pH AR BT 46 A A pH 311y
HLAR 5 LR AL 2 5e o e i, 28R 8 R e %, A
FEE S ME 3 W, BCOFE
1.3.4 ATP & &

Z: BRp ot A AR W AR ST T ATP 5 12
FER I G UL E ATP & & (/R )
XU IR 325 00 2 o 1Y 3 1 & i, ATP & & i S AL
pmol/g,

1.3.5 MPTP Jfjcfs B

SR LD A R AR BRSO ik R Y
KL, 57 0 5 BT 10 £5 ORI 4r B A i
(220 mmol/LH #& % .70 mmol/L FE#E Al 2. 0 mmol/L
EDTA 5.0 mmol/L 4-P5 i fig ZL M 0k 0 0. 5% 4 I i
FEEME,pH 7. 4) IS ALK, ST 4°C,
1000 g&5.0> 10 min, B F3% 1 000 g £ .0> 10 min, T
4°C ,8000 g #.0> 20 min, FF S ULTE A LRKLIAR, 35
M o SRR 1 S i R OO Rk AT A DU ik
FHHTH] MPTP 32847 50 4 B 22 0. 3 mg/mL 28 [ T &
W, MPTP I i 4 Bt (230 mmol/L H 8 M.
70 mmol/LgEH# ,3. 0 mmol/L Hepes,pH {8 7.4) ., 7&
ABERRFATA 3 mL MPTP JU 384 J5 , 4R Je AR 3 26 ki
A B 1 BE I — 2 B GORLAA, T 58 AR 43 O
JE A 540 nm Kb (14 W 56 BT, WO BE BE OR, & BH AL
1) T JHORE B 97N o
1.3.6  Jfi3krh Cyt-c ¥ EE &

SRR [ e B ik a4k g 1.5 mL
ML, /b 7 % — G ER N (0. 025 ¢) , IR 4% 5, 7E
520 nm Kb 5E WO R, R AR AE 2T S MUK P Cyt-c

A
1.3.7 caspase-3 %M &

2 caspase-3 1% P A6 I 42 70 & 134 B A3 OF RS A
BUHEXS caspase-3 [ E PR FEAT I E . B 90 mg 41 41
PIFE, BT 5 A 500 L caspase-3 24 ff Vi , F 3% 3%
SJHRHLT 4°C I 30 IR SIEWT 4°C,10000 g 5
L 10 min, 850 56 B8 J5 B 1 IE W AR I, 85 plL
caspase-3 J¥ W 2% Pk, 10 pL 90 E VWK, 5 L
2mmol/L caspase-3 Jz i JE ¥ DEVD — pNA, #K ¥ i
A 96 FLEGHR AR Y, X BEAL A 95 pL N 2% vh
5 wL caspase-3 JZ i JIlE9) DEVD — pNA, A & 0 B &
i, 8T 37TCHEIRAM P RN 1 ~2 h, BOR &0,
bR A FE 405 nm 400 52 W% 56
1.3.8 Hsp27 HHFB R E
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JE K BE T4 A S A E RO AP S T E R . il
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1.3.9 BiH

U2y 4 em i 100 g 2247 (19 AR (BR &5 3% 100
N W5 F&s i 2 21) | 3 NSRRI A4S, il Je 7 # 10,
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(ANOVA,P<0.01,P <0.05), 2 ® L R HAHE
W2 (P <0.05) , /] Origin 8.5 #{F1EH .

JER I T, O ELAZ T 0 A 24 20 5 (ELRE A 803 R TR] ) S
K, B A LA M A T B 1) 10 2% 5T 7% TR I 2 i
A 246 240 i TR) 3% 9 39 K, G R L TR ) 40 O T

2 H#HRE

RS o fiIF . KWAK 280 J7 o 7 255 BF 5% 4 30F 52 40 i
2.1 FZRESHRINAMEESETWL AR & 25100 - R E & AN L TACE.
2.1.1 IR A Ak M PR TS . RIS, 78 8 A B B b, CsA 2B

1 s S AT R TR X RS CsA d14E
ﬁFE’ﬁ%HRleH@ﬁfF} SIAIE—E2RF, ¥i6~24h,
B HE LA B R ) 25 0 52 3 (AN Sk TR ) L #R

(a) SHIBLH,6 h o) XTBME 12h (c) $HIBLH 24 h

s L2 M A% T 25 %) 12 i UL 400 i A% 45 4 o8
B or AT S), FRW] CsA 41 35 4] 1B UL 2R
TR R AR

(d) X HEZH, 72 h (e) XTHBZH, 120 h (f) XFIELH, 168 h

(g) CsAZH,6h (h) CsAZH,12 h (i) CsAZH,24 h (j) CsAZH,72 h (k) CsAZH,120 h (1) CsAZH,168 h
BT CsA b FRXH G 2 A RS G A v A0 ML A 0 25 2 22 AL 19 52 i)
Fig.1 Effect of CsA treatment on morphological changes of yak skeletal muscle nucleus during postmortem aging

2.1.2 BELMOE =4

B WUIR 2 5 A 10— AN 52 2% 1 2B Ak R0 2o
T HLARTE B B4 B0 T, LA pH A L ATP & &
LARTE S R TIGe H LA RIE S EH S RERN
[ R 1 o A R R 4 Ll i A T — A
AR TR A L WUET 4T 2SR T UL P
(38 b5 2 —, WLEF 4 B 428 /0N, BB i,
F LRI AT, 2 A s UL AR 4 B AR R ILEF 4
Aot A TP R 2 B o o A B ) S A T kD, L 2T A4 (] R
Wi Fof [1] S TG K, LA B i b S LT 4R B 3
AR R, EAT RS 2 U i A

F1 CAREXNEFHARAITEPIRNABESE

FER B % WLILET 4 A R 8K 1 A3 4 /s L L
ZF 2 [R) BE 2 W 4 K [ B, 52 )5 6 h,24 ~ 120 h, CsA
U VLR 2 E AR 3 s 2 3 K T R4 (P < 0.05,
P <0.01);12 ~120 h, CsA £ K% % 18 A 2 % sl A% 5
RFR Y (P <0.05,P <0.01), 55 12 h,
120 ~ 168 h, CsA 4 JL£T £ [A] i & & bk 3% /) T
SFHRLL(P <0.05,P <0.01) , 8B CsA 41 JJL£F 4k 4%
25 R N MRS O Bl AR L A Rk R
FRULHT, CsA Ab 3 i 225 400 i) T B S8 ik 2 v LT 2 1Y
CIE I L il ok e A TR |
JILTE 25 1) i AR

AL B R0

Tab.1 Effect of CsA treatment on morphological changes of yak skeletal muscle cells

i Rk 0h 6h 12h 24 h 72h 120 h 168 h
SHERZ] 90.68 £7.80"  82.73 +4.69"  76.52 +4.13°  68.29 +7.617  60.76 +4.35"  58.61 £+7.20"°  57.82 £4.26"
LT 4 LA/ . b . dos den
CsA 4l 90.68 +7.80"  88.64 +7.25° 78.21 £5.25"  71.20 £7.15°%  68.58 +7.76°/** 64.72 £5.42% 61.57 +5.95°
e 7316.48 + 6759.45 + 6289.91 5520.64 + 4981.09 + 344347 = 3236. 88 =
X HRZH i i
AR 734. 83* 551.52" 789. 72" 872.16¢ 415.03" 428.99" 600. 04"
S |/ V
7316.48 + 7157.51 = 6837.79 + 6482.11 + 5987.67 + 4007.33 + 3268.21 +
CsA 21
734. 83" 857.97° 524,28 926. 43" 328.79°* 353,794 453,25°
= XM 7.33£1.30°  8.27x1.47°  9.40£0.51""  9.93+1.56"  12.36+1.03¢ 14.74+1.45"" 18.36+2.21""
WLEF4E AR/ pm | . .
CsA4  7.33+1.30° 7.90 1. 18° 8.86 £0. 79" 9.83+1.58 11.23 £3.09° 12.88+2.33 15.90 =2.20°

AT AR TR RR 257 B H (P <0.05), # | w53 BIFIR X RS CsA HTEARIRI ] 5 22 5 2.3 (P <0.05) Bl % (P <0.01) , Rl

2.2 ARRETK b, XF AL A R F TR kA, AR %R
2.2.1 pH{H W, LA M P9 3R B8 pH (AR 7.4 LA LI BB S e E A

S 20 R R I e AR PR AN I N PR BT RO BR W caspase-3 iU T AL, AT A ] caspase-3 Y
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W BE AR AR R TR T o ph R 2 AT X R 2
pH EH7E AT R 2 TR BT A2k, )5
24 h pH (5 ZMEF 12 h(P <0.05),5% )5 168 h
pH B 55 0 h B FFEAL 14. 58% (P <0.05) ;5
J56 h .72 ~ 120 h, CsA 4 pH & B &K T X B4
(P<0.05),12 ~24 h Wt 2 ¢4 pH{H LB F £ R,
BOBE T a5 R 5 oY OBE T 4 B —
BOUDJELLAL %" #i 53 % BL pH fi T W fE 4% T 5
PR RETL Cyt-c B 3K T, J5 3 caspases 27 1K S
W& A, WA ST K BL pH (A T K3 6.3 I, 40 i
P RAE AR )G 6 h 72 ~120 h, CsA 4]
pH {H & K F X IR 41, UL B CsA ZhBREEWS B 3% 5
i AL PR P 30 85 11 A5 Ak, EL Bl 25 B A B T A RE K
CsA 0341 75 FH 08055 , pH (T B B R AIS , L F 5 4%
REBE B R, P KW 5 24 h
J& I AR PR pH {EAE 72 ~ 120 h &g 3 & T X

HEZ , 3 B ot B8 42 1 Dt R AT R T O o 4 of 5
(R il 25 B A FHPLEUAR [F] o
2.2.2 ATP 4

ATP & caspases 5¢ Ik & A= 9% Wk I Nj 1) b 2 5%
1 A W9 % BT U 240 L0 T 1Y) & A 2 AR ATP
128 2 n) 0, Bl E 802 )R] A I 4G, X IR ZH B2 CsA
M ATP SR EAFRER N, 5556 ~168 h,
CsA 4] ATP & &3 m TX A, HAES )5 12h .72 ~
168 h W& Z [A] ATP & 8775 W% 2 57 (P <0.05) ,
12 h i} CsA 41 ATP & & Hoxf BE4L /& 31, 71% , 6B
CsA REMGAN I ATP 774 19 F % , ADRAIN %5 ff 5¢
fe i ATP 5 5 1 BRI 2 B4R caspases G HK 2
N, caspases [ fif 25 B AE FH U 55 , L0 ) 24 A 04
TR R A2l ATP & B0 F B, 5 A DR 10 45
AL, DB 2 5 A B R T RS
ATP & &8 W2 L% AN ] 41

R2 CsA ShIETHE S AL T 72 o AL Y PO SRR R 4L B9 R 0

Tab.2 Effect of CsA treatment on internal environment changes of yak skeletal muscle cells

L b 7 0h 6h 12 h 24 h 72 h 120 h 168 h
XHERAL 6.66 £0.15" 6.32 +0.10"" 5.76 +0.17° 5.62 +0.06"" 5.55+0.04"" 568 +0.06""  5.69+0.06"
pH fif CsA 4l 6.66+0.15" 6.24 £0.05" 5.79 £0. 14° 5.61 0. 08" 5.39 +0. 09° 5.54 +0. 13" 5.59 0. 16"
ATP &8/ XA 416.32£6.99"  377.52 +4.21"  271.84 £12.42° 241.66 £21.66" 183.00 £14.79"  178.68 +4.07°  135.79 +12.67"
(pmolog™)  CsA#l 416.32+6.99° 399.66 £29.95" 358.04 +£23.94"" 279.69 +11.92" 266.27 £31.04"" 232,04 £23.44"" 241.33 £53.44""

2.3 MPTP AHEERMEF Cyt-c REEH
2.3.1 MPTP JFife &

FURT, & FEORLR I T A8 Cyt-c (9 R AL
il EEA 2 PRl Bel -2 ZOMCE H AR
LRI N IR 2 8] Y 3 7 T fe FL AT IR S 0
2, B Cyt-e BB, 5 22 Fh 20 i A Y o 35 3% W
Cyt-c ji i MPTP Bl ™ o FE4E 4 5 J5 B i
H3& T Cyt-c 19 B HL i A SC BF 58 A &, HUANG
SR G AR A P S S R R P A T
Bel-2 Rk B & 2240, M2 W 1= [ Bax 3k
RN, f R 3 AT, X HRZH MPTP Y JT ik 7

JiE L S0 T DN Y 78 Ak L BE 2 R N ) B 2 K
MPTP 2 A5 0] 3 () PR 45 76 2 A i3 72 o
CsA 41 MPTP JF i 72 B # S0  I T 0 IR 4L (P <
0.01), Ml CsA 4k B & 52 H) ) T MPTP (1 JF jik,
VALERY 45 (g B 55 i 92 CsA g 0% 40 ) 1. 20 Jf2
MPTP {4 FF i, 1A Cyt-c B4 - 52 i 240 e
ToE R A TRV 7 3 G iR 240 i 45 22 b 4 i A 5
Hi LR CsA REAE M ) MPTP fy JF Jikc , F T 5% mid 41
T T G 1 B B A 2 SR T UL A T 43 BF g R
Cyt-c BIREI S MPTP J6 3¢, Jit 9 Al i 5 7 F 40 Jfa A5t
Ry MPTP {45 24 % S DI e A o6 o

£33 CsA EESAMATESR MPTP FEERIEH Cyt-c iR EHNM
Tab.3 Effect of CsA treatment on MPTP opening and Cyt-c content

S an b3 Oh 6h 12h 24 h 72 h 120 h 168 h
' 0.054 8 + 0.0437 = 0.0579 = 0.050 6 + 0.0435 = 0.0350 0.0324
Xf B 4L
B D A C D E ¥
MPTP JF bR i 0.0056 0.004 9 0.0049 0.009 5 0. 005 4 0.0053 0. 006 2
, 0.054 8 + 0.058 6 = 0.0751 = 0.0615 0.0572 = 0.053 8 + 0.0502 =
CsA 4 A
0. 005 6 0.0047°*  0.0049**  0.0055""  0.0050°** 0.005 6" 0. 003 5¢*
0. 560 = 0.80 % 0.616 = 0. 460 =+ 0.434 = 0.485 + 0.370 =
X HE 4 ) . .
M Cyt-c #e i/ 0. 066" 0.071%* 0.071°" 0.065%" 0.108Y 0.040¢ 0.102°
(mmol-L"") 0.560 + 0. 690 + 0.504 + 0.394 + 0.624 = 0. 666 + 0. 480 +
CsA 241
0. 066" 0.118* 0.027" 0. 049°¢ 0.086" " 0.088* " 0.084""
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Fig.2 Effect of CsA treatment on caspase-3 activity

FEARF 5 P 400 ) 7 BT 5 1 A L O T, A O O A
B I YT TE IR I8 IE ] , Hsp27 7] 5 Cyt-c Fll caspase-3
(B SRS A, AT IR i T i R B3 R
B, % B4 rp Hsp27 35 3 0k i Bl 2T ) /Y 28
R F AR (P <0.05) ,72 h i ik B fe /ME S X
SR TR AT 2R AT B g 4 R — B
CsA 2,0 ~24 h I (8] N Y Hsp27 25 H KA B35
TRE(P <0.05) , Ud B 78 o 20 B f Hsp27 B 3R
ik 2 B AT 8] B CsA AL B2, [ B CsA
41 Hsp27 5 H 2 1K A5 B A ol e b 2 W 35 el
W B ZFALT X IR (P <0.05,P <0.01) , & W] 4 ff
R TR R R AR N, Hsp27 B Rk B2 T,

Vo CsA = 30 50 40 B 0 = nT LA 8] 42 52 mi HL A4 18
LY R O A
1or . e
:ICSA[KH

80

60

40

Hsp277 HFK AT /%

20

0 0 6 24 72 168

BT E] /M
K3 CsA 4bFEXF Hsp27 3 5 335 B B2 0
Fig.3 Effect of CsA treatment on Hsp27 expression amount

2.5 EYINEHR

B R A SR R R PP AAY P SRS AR JE 1Y T 2
b5, T B U TR A UL P 2 45 4 0y L
P P 114 A 0 1k 2 7 A Xk 4% 2 20 4 v 1 i e
1 5741 35 H BT P A IE TS R s i R UL IA) B
JERR TR AR R 4 AT 1,2 4L A RE AR
(LRI DA Sl ol o) el N A A S PSS B
B JULET 4R AL, DL PY i A B, S 200y U] ik #)
SR M F 9 4 SR 15 2 4 2 ) 1 BF 9 4 A —

120

[ Bopctl
* * 4]
— [Ccsadq
80
z
R
5 60
e
40
20
0
0 6 12 24 72 120 168

B A/
Bl 4 CsA 4bBXFHE A P BURGE 7 H B U0 J) AS Ak 19 52 i

Fig.4 Effect of CsA treatment on shear force



47

ESR GE . S AR AR A AN I T UL PA) A B S R Y e 323

BRI, 76 12 ~ 24 h s [a] Y, CsA 4155 V) ) &8 3% 5k
W i 258 T X B ZE (P <0.05,P <0.01) , i £ B 24
72 h J5 ,CsA 4187 Y) Jy ¥ I 25 s i 2 K T % R
DL RIFSE 4 FE 32 B, CsA Sl 2ok 400 50 - 5 UL 200 e o 1
SR TR T] 3 T O T Ak N X UL AN B R SR R
I B i, LR CsA B0 4 Ao o 55, WL Y B0
152 W0 HE— 25 UE B 40 A T 52 S LA 1 L
A B R A/ A, CHEN 2577 j F 9 45 S s 52
Fribahie
2.6 AEAHEREHEBHMEN

LS WU 2 A PO LR LT 468 i 45 1
TEIEAS FREA 0 WA i 2 235 M, 35— 45 L
Ji 21 A0 52 R 0] g WA RS A o % B2 AR A
LA R WURET 4B i a5 40 A T I ARk, 2 S

o

(e) CsAZ1,24 h (f) CsAZ1,72 h

24 h, WL 27 4 % 452 5 %%, WLt 2 4 AE B8 45 44 35 0l , UL
T 5EE HHEB A Fy, [5) i, 20k 1 45 48 56 %, 46 BL s
B, £ (AR 11 A 58 B I Bl () 1 S 4, LT 24 1 O
B HEF I, LI B B8 A0 5, LT 4t & A= 4 4, 4 ki
TRRFUIE R I & AR b i, 2 AR, 52 J5 168 h, LR
R R AR 2 R, IR UL 4N R, 7 26
VT SR i L 3 b AR R R 5 CsA gl v, 5
J&i 120 ~ 168 h, WL £F 4 25 #4) Y5 55 % B A 58 88, KR
RENE 7 2N LR 21 4 88 S 45 4 A8 AL A K (EE 3R 43 4ok
Rt AR B RIH R H LA T W% CsA ALILIR
T 4 0 2 A 2 SR P/ T % R,
CsA Gl L] Cyt-c B9 R, A1 FE A0 ] T B2 o 72 v
HME TR & AR SR T RERAVR T A0 Y O T K R Y
YEF BRAR T B s A i SR AR

T T

(g) CsAZ1, 120 h (h) CsAZ1, 168 h

IS CsA fb FROAE A A B P A v L i 2T 2 B AR AR A T 45 A ) 2

Fig.5 Effect of CsA treatment on myofibrils and mitochondrial ultrastructure
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