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Effect of Ischemic Postconditioning on Activation of p38 Mitogen Activated
Protein Kinase and Cardiocyte Apoptosis in Rats
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ABSTRACT: Objective To explore the change of phospho-p38 (P-p38) mitogen activated protein ki-
nase ( MAPK) and its influence on myocardial apoptosis in reperfusion injury in postconditioning. Methods
Totally 60 rats were equally and randomly divided into six groups: Sham group, reperfusion injury ( R/1)
group, postconditioning (Post) group, SB203580 (1_p38) group, anisomycin plus postconditioning ( Ani +
post) group, and anisomycin ( Ani) group. After the model of acute myocardial infarction was established,
placebo solution (DMSO) , SB203580 ( 1mg/kg) , or anisomycin (2mg/kg) was injected through jugular vein
5 minutes before reperfusion. Six hours later, 3 rats in each group were executed and the hearts were separated
to measure the signaling molecules including phospho-p38 , tumor necrosis factor-alpha ( TNF-o) , Caspase-8 ,
Bcl-2/Bax, and cytochrome-c ( Cyt-c). Twenty-four hours later, the hemodynamic data were measured in the
remaining rats, and then blood was collected to determine the serum markers of cardiac damage. After that,
hearts were separated to measure the infarction area and apoptosis. Results Six hours after reperfusion, the
expressions of P-p38 in Post and I_p38 group were significantly lower than those in R/T group (P <0.05), sig-
nificantly higher in Ani + post and Ani group than in Post group (P <0.05), and significantly lower in Ani +
post group than in R/I group (P <0.05). The expressions of TNF-o and Caspase-8 were significantly lower in
Post and I_p38 group than in R/I group (P <0.05) and significantly higher in Ani + post and Ani group than
in Post group (P <0.05). The expression of TNF-a was significantly lower in Ani + post group than in R/1
group (P <0.05). The expression of Bcl-2 was significantly higher in Post and 1_p38 groups than in R/1
group (P <0.05) and significantly lower in Ani + post and Ani groups than in Post group (P <0.05). The
expression of Bax was significantly lower in Post and I_p38 groups than in R/1 group (P <0.05) and were sig-
nificantly higher in Ani + post and Ani group than in Post group ( P <0.05). The expression of Cyt-c after the
removal of the cytoplasm mitochondria was significantly lower in Post and I_p38 group than in R/1 group (P <
0.05) and was significantly higher in Ani + post and Ani group than in Post group (P <0.05). Twenty-four
hours after reperfusion, the values of rate-pressure product and = delta pressure/delta time max were signifi-
cantly lower in R/I group than in Post and I_p38 groups (P <0.05) and was significantly higher in Post group
than in Ani + post and Ani group (P <0.05). The apoptotic index ( Al) was significantly lower in Post and
I_p38 groups than in R/1 group (P <0.05) and was significantly higher in Ani + post and Ani groups than in
Post group (P <0.05). The values of creatine kinase and creatine kinase-MB were significantly lower in Post,
Ani + post, and I_p38 groups than in R/I group (P <0.05) and were significantly higher in Ani + post and
Ani group than in Post group (P <0.05). The area of necrosis/area at risk ratio was significantly lower in Post
and I_p38 groups than in R/I group (P <0.05) and was significantly higher in Ani + post and Ani groups
than in Post group (P <0.05). Conclusion Postconditioning can inhibit the phosphorylation of p38 MAPK,
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through which it can attenuate cardiocyte apoptosis by both extrinsic and mitochondria pathways.

Key words: postconditioning; acute myocardial infarction; reperfusion injury; p38 mitogen activated protein kinase

MG AT SR S M R T 2O LR SR Y
Jr i, AL AL A o FEVETE S 4 2003 4, Zhao
IR S B, Bl T VAT R B P A O U B
P, B REARO DU S AR, 2 — A RO
VETEB G WA TS S R, S AT 5
VAT O O 00000 A T A, R TS AT R
WIE , RS LR R G 7 PR 45 fL - (mitochondrial
permeability transition pore, mPTP) [FF i7", #4%4
JRUE AL H B ( mitogen activated protein kinase,
MAPK) J2& 5 %1 85 A5 5 1% S 0l i, nl 76 20 i 4
B AR T R AR AR, R 4 DRI
OB AN AMME 5 U8 Y R S (extracellu-
lar signal-regulated kinase, ERK1/2) . J 7% k& H
M (c-Jun N-terminal kinase, JNK) . P38 MAPK i
ERKS, Hr1 p38 MAPK AIH N, =8B . B
P R S A 2 MO B TR R I O, 2 U SR 5K
p38 MAPK i 5 Fl S E Z s B YNNI =, A
INERA . B p38 MAPK 75 J i 5 A 18 i
BFgs s b, BE5e It A—3 L ARSI R IS K
RO UURE 2 P R AR 2R T )5 38 AL B
21k p38 MAPK {745 DL, I ] p38 MAPK ¢ 5+
PERIIR) (SB203580) FIEIE A (anisomycin) AT
B, DUHR D HAE 5 8 B 9 05 5 18 5 4 T Soxt
O LA 3 T A 2

bR i

MRS F fd e PE SPF 2% SD KR 60 H
W B 7 R R B S s L, VRATIE S SCXK
2 (%) 2007-004, {200 ~250 g, SB203580 ( #3
7, 1mg/3) F1 anisomycin (37, 10mg/3) W H
TEEB A E s bt/ BB 1L p38 (phospho-p38,
P-p38) . MR 3K L [ F o (tumor necrosis factor-al-
pha, TNF-o) . Caspase-8., Bcl-2, Bax, i fifi {1 % C
(cytochrome-c, Cyt-c) Z Ti PP &M H 3% E Santa
Cruz A7), AHNL ZH0 A 5 i Amersham 22 /] 5 I T2
A& B PSR AEMBEARARAE KR
7Aoo A 7 i o

ARONERBREHEET BB FHGE
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AR BE L 8 7 K BRUE RO WUBE B I 790 R
B KRERFRE, LL2% LEHZ4 (0.23 ml/100
g) ATHERETE SRR AEME 2, SEIE P, f
NAERE, DL HX200 B S YnEmg L (RE 2 A
BAWAT) HEmFm (AR 30 ml/kg, 42 50 ~
60 {X/min, WERFLL 1:2) o BYFFHRE R, 438540 S
k&M S Ok, STF O, fEAOH T
5 fii s ik 0 () T 5-0 TG B 1 4% & 4k 28 ok i M S0 IR
i, KR BEY IkEkEE (Grip, 3.0 x 12 mm, %+
Acrostak NHF], JE 9K 101,325 kPa) 3T 1M 545
HZ B, M E5HL, ¥ K= Rk
1215.9 kPa, #ft1f1 40 min B, 38 32t 45 290 %% KR 48 43 20
VESIARIVEST 259, Bl 45 min 5, B E 7
R R 101. 325 kPa, #R#EAZ TAFEALEE, )5 LA
3-0 222 48 4 W s R0 M0 B bk o o K BRI B I R B
I, SR E MBI, BT IERIKE. RE
6h (HFH3 R).24h (BH7T H), LL20% ZHiH
(0.8 ml/100 g) & s i SRR IEE , 4847 R sl kA A A2
OESE, RAAEWES ZEI MRS (MFL lab
200, & H K2 B E AR W 3 B bk
TN IRNRSIPIESE 2 SRR R )1 €Ik =Eiii)ET 1
M3 ~4 ml, HRYEHMIEFEAF ST AFELLIE: (1)
Western blot #:il]: i FHASS 6 h 4bsEHE (3 H), HUH
OISO E A OE, ARG E T -80C K
FRAE; (2) OAUESEHARDE . (ARG 24 h &
(4 K, bl f5 28 502 bk 4 58 1 A SCHT i s £
(3) TR AR 24 h & (3 2), BUHL
IR v R [ E 24 b

KIG4rAE 560 L SD KEBEHL N 6 41, Hdl
10 H; BREF AR (Sham 41) 4b, & 41395k 10 45
min, 175 AR 4 23 4L [ 45 T 5 A B R 2k T U
(1) Sham #1: JFM, 285 ARSIkt 284k, A4
L, WE 45 min, 7EZLR)E 40 min B I A SER Bk
550.8 ml 10% DMSO; (2) @i fH#EHH (R/TH):
Sk 1M 40 min B 38 3 A7 20 K 4T 0. 8 ml 10% DMSO,
Bl 259G R R PR (3) JEa@ M4l (Post
41): kI 40 min B 58 23 A7 50 K H 0.8 ml 10%
DMSO, i 25 50 f5 . P e 3 Ao R - e A
W20 s FRHEEFNI20s R, 45, FrEmiEld;
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(4) SB203580 2H (1_p38 #H): #Hkifl 40 min B3 o A
iRk 5T SB203580 (1 mg/kg, VAT 10% DMSO 0. 8
ml), BRIMEERIGHFEEH#E T (5) anisomycin + J5 i
M2 (Ani+post 41) : I 40 min B, 38 547 SR K
5} anisomycin (2 mg/kg, 3T 10% DMSO 0.8 ml) ,
55 11 245 PR PR YT 3 o BR R AR - AR A S I 20 s T
TEFI20 s k1ML, fAE4 %e)a, FPELHETE; (6) aniso-
mycin 4 (Ani 2H) : Bt1fl 40 min B 38 i< A S0 DK 5
anisomycin (2 mg/kg, T 10% DMSO 0.8 ml) , Hrif
SRS (K1),

BT PR 24 h R4 s BRI S,
B I, Bkt X0 WILZH 2 (200 3 HiRE Hh A] B )
BN, 10% vtk HRE [ GE 24 h, W RLAORE R, R
RV S 38 4 A% PR % A% A 2 1) dUTP 5 11 K 3 B
it ( TdT-mediated dUTP nick end labeling, TUNEL)
2, i BN & U0 B R AT 0 WL 00 B iR O T Y
JEA R, BT B O RS A, W
MM ETERA — S O, Bk R TR T4
IR A XA S AN m A LT, TEE O 2 4 100 A
AR TS, A A R (%) R
1650 (apoptotic index, Al),

OAEBNE 2 3 bk S ik i, 3 000 v/
min B0 15 min J540 2 8 I, WA R KRG -80C
UKAORAT, T I 32 v BN R 2 B e 2B AR R LA

Sham | DMSO

Post NS0

JINSLE SB203580

40 min 6 (or 24) h

5 mm

Sham: fRFARH; R/L: Gl FHE TE2H; Post: J5idi M4 ;
I_p38: SB203580 #H; Ani + Post; anisomycin + J5 3N A
Ani; anisomycin 2

Sham: sham group; R/I: reperfusion injury group; Post: post-
conditioning group; I_p38: SB203580 group; Ani + Post: aniso-
mycin + postconditioning group; Ani: anisomycin group

1 sei s A AU (CRE AR, B aARME

i)
Fig 1 Time-lines of the experimental protocols (black means is-

chemia and white means reperfusion)

2 EIEASTAL (HAH LA R WE LR ¥
( creatine kinase, CK) FllJJLF2 i B#-MB ( creatine ki-
nase-MB, CK-MB) 5%,

DAVERE RN E AT 24 h RIS 538 Ik
QS o i & =R i O N N CTE 4 I
mm) ZEFFRK, TERDRE TR JIUSESE R AL I Y i 45
HLMREGH, @B MG EZETEA L % H 3
QR 3 ~5 ml, RGO LG SOR €, AT R 7 ik
MWL e 10 min J5, B0 IE & T - 20°C K
Fi29 20 min, ¥R 5 4R T 00 = K7 U0 i
(JEZ)2mm), B A2 %TTC BEERZE ik (pHT. 4)
i, 37CHEE 20 min, BEEFHEAEIX K, B R
HEAE LI AL (area of necrosis, AN); @ Ifil IFAF 4L
DXCEFELLE, GRICILI AR (area at risk, AAR) 2h
KE Gz, 8 TREREREHAMG,
K Image-Pro Plus & 1% 43 #7 % {4 ( Version 4.1,
Media Cybernetics, LP, USA) 4353158 45840 1 1,
S LA AAR 522005 (left ventricular, LV) [
MZIFoR, BALILRHLL AN 5 AAR Z LR,

Western blot  F3EVE 6 h J5 BUH O ER %R, 12
BOONAHA R ER, E0RR EF (F&EB 100
g)  FEAT SR TR MR T M B I HL U, R HL UK O B AR
FIHL AR BAMIRLF AE R L b, &M VRIS 23
Jim A P-p38 MAPK, TNF-o, Caspase-8, Bcl-2, Bax,
B-actin Z pEPEHUIA (42 1:200), Z=iIFHE 4 h, B
TS AR 9 — 92 iR E 1 h, FURBUIARE &9
ECL /8, BEE XGBB8, M Image-Pro Plus
B 7 B A o3 8 1 25 RV B L (integrat-
ed optical density, 10D), 10D =-356% EE(H x R,
DAL 1 10D/ B-actin 10D #y HofE Sz S 25 1 AH X /K
¥, Cyt-c BYIIE S0 L % Wk, Bk AL L
P ZE BB 0 vE BB A BRI R, LSRN LR
FELH R AT R A8 A i e b iR 4141 Western blot J5 i #k 47
CERTI QNI 23U I 0 VAN A L | g

GitF AL ORI SPSSI3. 0 GEit A, SLE KL
WLl x5 Ron, AN BRI R 5 2017,
L) P L BCR ] ¢ A8, P <0.05 A2 A Giit
=

% R

P-p38 W) RIZEHR FHE6h 5, Sham 4,
R/1ZH . Post2H . 1_p38 ZH . Ani + post ZH Fll Ani 2 P-
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p38 MAPK {5 10D {f 4 % % 0.80 +0.23 . 1.70 =
0.37, 1.10 £0.12, 1.12 £0.18, 1.40 = 0.22 FI
1.90 +0.26, Hrh Post 4171 1_p38 411 B X F R/1 41
(P14 <0.05); Ani+post 201 Ani 2 B i = F Post 41
(P <0.05); Ani + post H AL T R/T 4 (P <
0.05), T Ani 205 R/T 4 AH 16 22 5 L 48 it % = X
(P>0.05),

TNF-o and Caspase-8 fJRZE R FHHEIT 6 h
J5, Sham ZH . R/I4H . Post . 1_p38 4. Ani + post
ZH A1 Ani 411 TNFo F1 Caspase-8 10D {E 435114 0. 70 +
0.10 # 0.70 £0.10, 3.00 £0.30 #1 2.30 =0. 30,
1.00 £0.30 Fi11.00 +£0.30, 0.89 £0.21 Fi11.02 =
0.21,2.00 £0.10 #1 2.40 £0.10, 3.00 +0.10 F1
2.60 +0.10, 1, Post 411 I_p38 410 AL T R/
2 (P <0.05); Ani+ post ZHF1 Ani 2038 & & F
Post 4] (P 3] <0.05); Ani + post 4 ] TNF-o 10D {H
BHEALT R/T2H (P <0.05), F Caspase-8 10D {H 5
RV 22 R TG4 L (P >0.05),

Bel-2/Bax 1 Cyt-c (Y RZEER T o6h T,
Sham 20 ., R/T 4. Post 20 . 1_p38 4. Ani + post ZH Fll
Ani 21 1) Bel2 F1 Bax 10D {H 43 51 5 0. 43 +0. 10 F
0.39 £0.10, 0.80 0.3 F11.00 +0.30, 1.40 =
0.30 1 0.50 £0.30, 1.20 £0.21 #1 0.45 =£0.21,
0.67+0.10 f11.23 +0.10, 0.78 +0.10 f11.20 +
0.10, HH, Post 24 1 [_p38 ZH Ky Bel-2 10D {HHH &
BT RAYH (P <0.05); Ani+ post 21 F1 Ani 2]
BART Post 4 (P14 <0.05), 5 R/T AU 22 57
TGt E L (P >0.05), Post ZH Al 1_p38 41#Y
Bax 10D {H | &k F R/T4H (P ¥ <0.05);
post ZHF1 Ani ZH B & 55 F Post 4 (P #<0.05), %
BREBLAR G M3 Cyt-c (9 3R 3K, Sham 4, R/1 4,

Ani +

Post 2 . 1_p38 #H. Ani + post ZH A1 Ani 2 A A9 10D {H
Al 0.12 £0.02. 1.00 = 0.11, 0.33 + 0.04.
0.48+0.20, 0.76 £0. 11 F1 1. 12 £0.20, HH Post
2 T_p38 LW AR T R/T4L (P #<0.05), Ani+
post ZH Al Ani L] B 5 F Post 4 (P 1 <0.05)
MR NFRMER SHRAHET 24 h J5
B0 R AN B ik (mean arterial pressure, MAP)
ZEFEGEITFEL (P >0.05); R/AARL R
RPP) | &y R EJt
%K ( + delta pressure/delta time max, + dp/dt max)
R J1fx KT B R (-delta pressure/delta time
max, -dp/dt max) B Z KT Post 44 F1 I_p38 244 (P
14 <0.05), Post 44 B & & T Ani + post 2 Al Ani 44
(P#5<0.05), Ani + post 211 Ani 415 R/T 418 %
FEGIFEXL (P¥>0.05) (£1),
DALARATER P24 h J5, Sham 411R
/D ULF] TUNEL e & AR T 40, R/T ZH A 08 - 40
HRL A 3 2 (P 2) . Post 410 1_p38 4 A AL 4331
H (5.56 £1.12)% 1 (8.33 +4.12)% , W B LT
R/T41HY (18.22+5.10)% (P #<0.05); Ani + post
A Ani 0 HR (14.12 £2.00)% F1 (18.10 +
4.00)% , WIBET Post 41 (5.56 +1.12)% (P ¥ <
0.05), 5 RAUHMHEERTG I2=E L (P>0.05),
Post 41, 1_p38 41Fl Ani + post £ i) CK {E 4345 N
(328.56 £132.00) . (473.03 £178.01) Al (986.96 =
198.02) U/L, BSAKT R/T 41 (1327.16 £243.09)
U/L (P ¥ <0.05); CK-MB {H 45K (201.16 =
112.41), (285.53 £104.35) FiI (693.36 £102.35)
U/L, W B LT+ R/T4HAY (928.03 £276.00) U/L
(P <0.05) . Ani + post 411 Ani 411 CK {4331 %
(986.96 +198.02) Fi1 (1389.36 £190.00) U/L, B

3 FL (rate-pressure product,

R OBAFHEN 24 h MBI 2A A (25, n=T7)

Table 1 Comparison of hemodynamic data 24 hours after reperfusion among all groups (x £s, n=7)

40 Group HR (bpm) MAP (mmHg) RPP (1000 - bpm + mmHg) +dp/dt max (mmHg/s) -dp/dt max (mmHg/s)
Sham 488.15 +20. 90 123.23 £13.34 60. 15 0. 28* 1019. 09 +318. 65° 752.31 +231.05°
R/1 425. 94 £69. 60 103.33 +14.23 44.01 +0.99" 526.37 +123.99" 445.44 + 79.58"
Post 425.94 £25.97 133.89 £20. 76 57.03 +0. 54° 855. 42 +150. 54° 645.90 +132.24*
1_P38 429.00 +65. 93 123.33 £11. 21 52.91 +0. 74* 829.51 + 87.79* 625.23 +141.39*
Ani + post 389.85 +31.23 126. 20 = 14. 56 49.19 0. 45" 564.41 £101. 19" 470.85 = 54.85"
Ani 397.21 +36.03 101. 57 +10. 36 40.34 £0. 37" 507.36 + 62.55" 425.89 + 40.67"

Sham: R FARH; R/ Bl FHEEL; Post: JGiE N4l ; 1_p38: SB203580 4 ; Ani + post: anisomycin + J5 1% W 41 ; Ani; anisomycin 20; HR: [»3%;

MAP: SEHBIBKIE; RPP: OFRIERF; +dp/dt: JES ik b ThR;
Post 41 H 4z ,"P <0. 05

-dp/di; FES AR TR, ImmHg =0. 133kPa; 5 R/141[L#,*P <0.05; 5

Sham: sham group; R/I: reperfusion injury group; Post: postconditioning group; I_p38: SB203580 group; Ani + post: anisomycin + postconditioning group;

Ani: anisomycin group; HR: heart rate; MAP; mean arterial pressure; RPP: rate-pressure product;

+ dp/dt; + delta pressure/delta time; -dp/dt: -delta

pressure/delta time; 1mmHg = 0. 133kPa;*P <0. 05 compared with R/T group;”P <0. 05 compared with Post group
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BT Post 214 (328.56 +132.00) U/L (P ¥ <
0.05); CK-MB {4 % % (693.36 =+ 102.35) A
(997.08 +253.21) U/L, t#8] & & F Post 4111y
(201.16 £112.41) U/L (P#5<0.05),

DAAESEEAR R/LZ4L, Post2H, [_p38 41, Ani +
post ZH F1 Ani 41 () AAR/LV {43 5 g 52.38 £9.21,
51.75 £8.67, 51.01 +7.82, 51.30 +7.89 #152.25 +
8.21, &AM R LG IH¥ L (P>0.05); AN/
AAR E4) 54 42.31 +8.21, 18.57 £6.32, 22.61 +
8.12, 35.27 +5.23 F140.23 £8.10, H 1 Post £ il
I_p38 AR T R/T4 (P <0.05), Ani+ post
1A Ani 4100 55 T Post 41 (P ¥ <0.05),

i #

ZIURFFEIE S, i IS 3 N RE A A58 R T
Pl TR PREE B EZ R, i p38 MAPK
WO E AT R 2 M E AR T, BT LIRS
0 AL 8 T B HL R W & 42 AN P-p38 MAPK [ 35 A F,
PRV T JG 38 NEXT p38 MAPK &AL 52 . 25 5 & B,
Post 41 % R/ 41 .00 WL T2 & 3% 3 2>, [6) B P-p38
MAPK K35 3 FEAR . i — 25 8 1A U5 a8 B o p38
MAPK 1978 Ak S FEAE T, AS BF 58 4 1 5 5 0
#| SB203580 Fl ¥ i i anisomycin, %5 & M,
SB203580 n LA L) 5 3 N 0 FIE AR 47 FE T, 1fii p38
WG ) anisomycin AT 34K S A8 B 7 oK A PR3P AL
5 WNARFRLE L T anisomycin [ A FEAT 5 38 N T 91,
MR VE S R/ 33 o DA T E 55 1 7%
FEFERU R R —Fh O] A p38 MAPK, M f5 ik
o7 DU AT AT A sk — 3 AR, 40K T O A O T Y K
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A REGN DAPLREAHMEE, RIEEG N DAPL 5 myogenin 32 I MHE; B. WGy DAPI M, RIEEN DAPI
5 MyoD 2L ; C. FEEN DAP EAMMEY, 6N desmin P

A. myogenin-positive cells co-stained with DAPI (light blue) were observed in the skeletal muscle of mdx mice 12 weeks after hBM-MSCs
transplantation, while navy blue (DAPI) indicate myogenin-negative cells; B. MyoD-positive cells co-stained with DAPI (light blue) were
showed in skeletal muscle of transplanted mdx mice, and the others were not MyoD-but DAPI-positive (navy blue) ; C. a number of desmin-
positive cells (red) were detected in skeletal muscle of the mdx mice ( DAPI counterstained )

B 5 hBM-MSCs BAf)5 12 A mdx NEAE BB S REFOERE ( x150)

Fig 5 Immunofluorescent analysis of myogenic marker in the muscle of mdx mice 12 weeks after hBM-MSCs transplantation { x 150)
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Fig2 TUNEL staining results of myocardial cells in all groups, brownish means apoptotic cell ( x400)





