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(FZE] BE: 4073 5 ORI T 38 22 A8 40 R B0 WU ofin T 4 #2495 ( MIRD) /4B FH R oML . ik R
Rl AL AL R 28 36 HR B 73 R T AR 4  MIRT 4 A 3L SE AR K20 (10 pe/kg, J2 N EESH) A 12 Ko R il FHEE 120 min
JEi o A0 4% 21 I B0 JUUATE 36 T R R Co JUL 2 2458 495 195 00 5 A I 45 20 DK R 37 0o JUL TG 7K SF A0 41k I8 38 K 5P, B 1 B 3 3 R T 4% 4
KR MMAL Bel-2 S K Bax Cleaved Caspase-3 JfIZK 4l K C(Cyt-c) ML AR Cyt-c HEARBEN ., R SBRTFARA
AR LG, MIRT 28 2K B i O JUAE 22 1T FRUCR 40 1 0 = 3 7 &5 (P < 0..05) , 1L i 0 JULEG A MDA K 3A K F-F i (P <0.05) ,SOD FI GSH-
px F KK FFEL (P <0.05) ,.0 JL4H 21 Bax/Bel-2 ,Cleaved Caspase-3 FllJfi3¢ Cyt-c % 1R iE/KF T (P <0.05) , 4k f& Cyt-c
EHFILFFEM (P <0.05) ;5 MIRT 4 A0 b, 3 FE AR ik 20 K B A% A0 JULATE BB 11 FEURT 40 i 8 T SR B I (P < 0..05) , IfiL 75 O JUL T 1
MDA F kK FFEAL (P <0.05) ,SOD Il GSH-px ik KT+ (P <0.05) ,.0 L4l 4! Bax/Bel-2 [ Cleaved Caspase-3 I3 Cyt-c
BARIBKT-BEIN(P <0.05) , Rk Cyt-c T ARIKKT-FHE (P <0.05) . i IR AT MIRT B0 RE IR 98 1° 3%
A S 00 U2 R 40 M 8 o, D O DL 5

(SR ] 0o LB I 7434 T 5249 5 S ST R 5 Lo 5 4 Bt 0 1=
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Study of exenatideprotecting from myocardial ischemia-reperfusion injury
in rats by mediating mitochondrial apoptosis

HUANG Feng-rui, HUANG Dan-xia, HUANG Chu-yan
( Department of Pharmacy, the First Affiliated Hospital of Guangzhou University of Traditional Chinese Medicine , Guangzhou 510405,
Guangdong , China)

[ Abstract] Objective:To analyze the roles and mechanism of exenatide on protecting from myocardial ischemia-reperfusion inju-
ry (MIRI) in rats by mediating mitochondrial apoptosis. Methods: A total of 36 rats were divided into sham operation group, MIRI
group and exenatide group (10 wg/kg,subcutaneous injection) ,12 cases in each group. After reperfusion for 120 min, area of myocardi-
al infarction and myocardial tissue damage were detected. The levels of serum myocardial enzyme and oxidative stress were detected. The
expression of B-cell lymphoma/leukemia-2 ( Bel-2) gene, Bel-associated xprotein ( Bax) , Cleaved Caspase-3, cytochrome C ( Cyt-c)
and mitochondrial Cyt-c protein were detected by Western blot. Results; Compared with sham operation group ,the myocardial infarction
area and apoptosis rate of myocardial cells in MIRI group were increased (P <0.05) ,levels of serum myocardial enzyme and malondi-
aldehyde (MDA) were increased (P <0.05),superoxide dismutase (SOD) and glutathione peroxidase ( GSH-px) levels were de-
creased (P <0.05) ,expression of Bax/Bcl-2,Cleaved Caspase-3 and Cyt-c protein in myocardial tissue were increased (P <0.05),
and mitochondrial Cyt-c was decreased (P <0.05). Compared with MIRI group, the myocardial infarction area and apoptosis rate of
myocardial cells in exenatide group were decreased (P <0.05) ,levels of serum myocardial enzyme and MDA were decreased (P <0.05) ,
SOD and GSH-px levels were increased (P <0.05) ,expression of Bax/Becl-2,Cleaved Caspase-3 and Cyt-c protein in myocardial tissue
were decreased (P <0.05) ,and mitochondrial Cyt-c was increased (P <0.05). Conclusion: Exenatide can inhibit apoptosis of myo-
cardial tissue cells mediated by mitochondrial apoptosis pathway in MIRI rats,and reduce myocardial tissue damage.

[ Key words] Myocardial ischemia-reperfusion injury ; Exenatide ; Mitochondrion ; Apoptosis
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J5 LA P R L BRAERT ST A, MIRT &2
P T R TR AR R, A el R A R R AR T
(9 A BRI A5 S T R 7T 45 5k 9 0 T i A A
O LB A7 , T 5 W R 0 WL Bk L S 0 R Y K A
SCFENS IR S — i N T A B i = i AR 25 4 iK1 ( glu-
cagon-like peptide-1, GLP-1) Z5{el ¥y, H A= ¥ 24 5
5 GLP-1 2600, I R % FH T W i 4, A% B0 i A o
EAFSE S R, R TR K T P A MIRT K B4R
PE I 3OK - I % MIRT 353 407, o4+ 00 SRk . PEOE 1
Ao R R A R R A Pl T DO 2R R T
BOFESONAR MR T AT R L %
TR kX MIRT kB2 R A U8 T 3 48 B 5% WL, LA 43
AR JILZE 2 AT BE ML

1 #RE7IE

L1 2y alf 5NEE

W ZEAR K 5 W W 3 32 [ Baxter Pharmaceutical
Solutions LLC; TUNEL #4141 41 L 1= K W1 ) 5 g
FI S SR SR A BR 2 W) LR B ] T i -MB
(creatine kinase-MB,CK-MB) HL41 %5 H ( myoglobin,
Mb) .0 LAILES 25 H 1( cardiac troponin T,c¢Tnl) (8 4
bW 5 Ak i ( superoxide dismutase, SOD) | 2+ Bt H Ak
o E AL W) I ( glutathione peroxidase , GSH-px ) #1TH —
B ( malondialdehyde , MDA ) ¥ i i 3 & 4 W B 7 &2
AR VUM A= D REBA BR 2N W) 5 L U8R AR 43 B9 15 &
14 B 2R RHCA RS A R RL B 40 itk
LR/ H % -2 (B cell lymphoma/leukemia-2, Bel-2)
FLIH \Bel A 2 45 [ ( Bel-assaciated X protein, Bax) |
A (43R C(cytochrome C, Cyt-c) i 1b 2 bk 24 2 &
1 fif-3 ( cleaved caspase-3) | B-actin P 57 B 377 14 Fll 55
MR it E AL B8 (horseradish peroxidase, HRP) #5ic B9 —
YL T3 | CST 2 7] 36 WA (BX60 &) | i
H 7 OLYMPUS 24 w] 4244
1.2 SEIGzh4Y

SD K 36 K, SPF 9%, 3y bfi ¥, & & 260 ~
280 g, i) oM B 2 R A B — B R R B S 5 sh i b
LA VFATHE S SCXK (#)2018-0034 1, 4@ 35 T
I FR R 2 R B — B R S e S 3 sl ) P 0 S B
[¥FAIES SYXK(8)2018-0001 ] ,
1.3 HYEEMAY T M

36 H SD R Wit 57 7 d J7, K F BE HL B SR ik
S HEFARM (n=12) MIRI 4 (n =12) L EHRRK
H(n=12), BRIFARLIN, A RKBRHISHCAH
SCHk 4 MIRTBEARSS 95 3 o JURR e, R U85 &
THBE KR FTIF M s, 22 8% 0 U, 4% 2 26 5 R Bk
T TEFEAR TR 2 mm A A5 AL, SR ] Z R 45 31 MIRT 4H

3L ZE R 2H R B A e IR 3 bk Ze TR 52, 30 min f5
FATFE AR, YK 52 Jm 7 4 LI O 38 0, WK 52 WE TE 120
min J5 REHGRA T IR . A4l
J& O WU 2L B3t 6 22 Ak, HC Hs P 7R R R Y
ST B4y i W o 3 A6 A0 2o Al R 4R Bl R 4 A 4R
e ANEEFLER B, BRIMET 1 b, SEFER kA I B
TESE 10 pg/kg SRR (T A= BLEL K ) #E4T Tl b
A R AR MIRT 20 J T U S 4 AR A B K
1.4 #RZAS R & Kb AILAE 58 T AR 44 i

FHAETE 120 min J&, 5% 4 25 41 0K RUAY 39130 ik i
# 2 mL, BB 3 000 rpm, .0 10 min, 73 B -
8T -20 COKFRORAF o FFR S5 LI AR 3 Bk iy
Wi S, 2 BRI TE A 1% B SCHT 3R 2 mL, Fp KRR
HS MR AR oy s e OB AL U v, #8117 2,3,
5-= R B & Ak W & wk (2, 3, 5-triphenyltetrazolium
chloride , TTC) 4L {8, Hlt Il X N 415, FHAE X H 4,
TEH LWL 1, 28 Image-pro Plus B4 73 H7 4% 2
FETIAR o 70 B HELH Y, — a8 7 B A7 T — 80 “C kA
BAF I TR AU 8 3Rk, o5 — B0 T IR
I E T A DO L R
1.5 HE &% TUNEL £ EHUZAXRONA
Risfh

SCHP R ] 5 O LA R BRI AR e, — 13 D
Ji 2R ) TUNEL e, 40k 9E 47 B I 20K V8 F i K
20 it 38 i | 2 B [ BT A 100 Il TUNEL
SR B WAE 37 CHREMR & b S 1 h, 21k 2 i fm
1 0.3% i) H,0, #f 4] 5 min, 100 wL Streptavidin-
HRP TAEW I 30 min 4K UK €8 B 7K 37 B A 3
Fr, 65 OB LSS A A T L BBk U0 R BE AL
S A PUEF A IR, B A LB T 40 S KR B BH M A
K, IF TR R MR R A TR S —
A4 HE Je )5, 7665 10 0 W46 = 20 K BL2H 41
) 95 B AB AL,
1.6 Imi#&F CK-MB Mb,cTnl g4l E

ROR BRI , >R A ELISA 3545 1M1 ¥ CK-MB
Al Mb 7K, [6] 4% 55 4 ELISA 5 4G i 1fL 35 cTnl 7K
-, TR BN U R A
1.7 (OAARFHEXEFHNE

W URAE RO WU SR IS, 200, IR, R
27 A A IO ILZE 48 SOD K-, Fe (5,3 4 GSH-px
KA B AL b 22 R R A T MDA JK -, ™ A 42
7 & UL PR AR
1.8 Western blot #& il /(> BJL 4H 22 Bax/Becl-2  Cleaved
Caspase-3 # Cyt-c RIAFR

G URAE O WUV BU0r Py, — Iy S K e,
BB E A, 28l Uk R B H, n— BT (Bel-2  Bax
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F1 Cleaved Caspase-3, i B b #3445 1:500) ,4 °C 5
BEA, M P, FHEEE 2 h, B, B-actin AN
Z BRI U R G & S AR TR A A A
Xf B-actin Y FKIK G, 5y — 0y % R & g HUZ kL
PRI 2 T, a0 LZR 2 i A 1 mL i 5 48 H
Buffer, 7K _F ¥ Bt 30 ~ 50 ¥, i JiE, #5 0> (4 °C,3 000
rpm, 10 min) , B 3, B0 (12 000 rpm,30 min) , ¥
B FRE L (4 °C,3 000 rpm, 10 min) , B E A
LA A, I UUE oA 1 mL i 5T 42 X Buffer, fK
HEAT IS E , B0, IO VE R AA, L) B-actin g 1A
S, K I 28 BRI 3% Fp Cyt-c 2R AR X B-actin A
Rk,
1.9 SHitZESH

VL] SPSS 22. 0 bt AT geit o #r . i TR
PL(w +s) 3R, 20 ] LG B8R F B3 IR 07 28 43 17,

SCENB R i
B1 OAMALFEETN(200x)
A-C. HE # & 355 MULL 2R 9% B T AL ; D-F. TTC % & WL 255 JLL4L AR 58 d AR,

2.2 XEAI MIRI KR IMLF OCANBGIRED
B % i

IR K2 7 1L CK-MB (Mb Fl ¢Tnl 7K FA{%
T MIRI 4 (P <0.05) ; MIRI 4 Ifi i CK-MB  Mb #I
Tl 7KF 8 TR FARH(P <0.05) , WK1,

F1 MFOIBRGREWKE (x £5)

A CK-MB(U/L) Mb (ng/mL) ¢Tnl(ng/mL)
BFERA(n=12) 243.47 £44.52 47.28 +8.33 1.17£0.22
MIRI 41 (n=12) 476.29£60.63 " 118.92£31.27*  4.08£0.73 "
LERKA (n=12) 294,61 +48.22" 70.12£11.36% 2,72 £0.46"
F 67.513 40.988 96.256
P <0.001 <0.001 <0.001

% P <0.05, 5 {8 F R4l ;#P <0.05, 5 MIRL 413k .
2.3 XEIBPRIT MIRI KR /O ALZAZ MDA, SOD #0

GSH-px 7k T i 84 M
U SET AL L LA12H MDA 7K - MIRI 41,

P E 4T SNK-g K23, P <0.05 Fom 22574 it

2 HR

2.1 XEMAKI MIRT KR OAALRRETHY
A

HE QL0 J5 28505 i U sl WL, R F R4
KER O L2 240 R 25 4 8 B, HEZ B 5%, oKk DL I
SEH s MIRT 41 5 7 O JULZT 4 7 28, K & 40 i B AR
P IRFE, HAE BE K & R M AE IR i s 5 MIRL 41 L
B, S FEAR KA 87 O LT 4 7 24 s /0, 35 40 40 it H
BT AR SRBE AR B s R, UL 1, SCZETB K
2H K BR Ay o0 LA BE 1T BRI MIRT 41 [ (34,72 =
5.63)% vs. (51.22 +8.40)% ,P <0.05],

SOD Fil GSH-px 7K1 T MIRI 4 (P <0.05) ; MIRI 21
FAEPRAKF A R TFRF ARG (P <0.05) , WL 2,

R2 OALALR MDA SOD 1 GSH-px 7K F (x =)

415 MDA (nmol/mg) SOD (U/mg) GSH-px (U/mL)
BEARH(n=12) 0.76 0. 16 149.85 £22.54 41.84£7.52
MIRI 41 (n=12) 2.24£0.437 78.04 £13.68 " 18.25£3.20 "
LA (n=12) 1.58+0.31% 112.11£18.90* 3007 6. 747
F g 64. 548 44,138 44,631
P <0.001 <0.001 <0.001

*P<0.05, 5/ F K4k ;#P <0.05,%5 MIRI 423t ,

2.4 LEMKI MIRI KROMALRMBEAEATH
=AU

SCIETR K AL WLAL 2040 i 07 7 F A F MIRI 41
[(18.25£4.10)% wvs. (27.83 £5.26)% ,P <0.05],
MIRT 4.0 LA 240 B 0/ 1~ 2R v TR F AR 4L [ (27. 83
+5.26)% vs. (7.82+1.55)% ,P <0.05], UL 2,
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fBF RLLT I D F AR & 29 I ; MIRL 28T JU K S 4748 & 2m fie ; LR AR R AL T L3R 5 4748 & 2w i,



3T H 1L
1380 2022 4E 11 H

JIldt E F B4R ( http : //noth. cbpt. cnki. net)
JOURNAL OF NORTH SICHUAN MEDICAL COLLEGE

Vol. 37, No. 11
Nov. 2022

2.5 XEMELT MIRI K RO ALE LR Bax/Bel-2,
Cleaved Caspase-3 #l Cyt-c 3 3% B8 i

SZE AR RK A 0 LA 20 Bax/Bel-2, Cleaved
Caspase-3 LA Cyt-c %3k £ T MIRT 401, 2k 4
& Cyt-c FiKE T MIRI 4 (P <0.05) ; MIRI 400> L
20 21 Bax/Bcl-2 | Cleaved Caspase-3 Fll il 3% Cyt-c £
KK TR FEARA, LK Cyt-c ik KK
TRFARA(P<0.05), WK 3 KE3,

fiil % Cyt-c -_—
Bax Sl SN g
B-actin " S

Bel-2 S S S 1 2 3

cleaved

Caspase-3 - Cyl-c —
B-actin Wl S S

- —
B-actin e TN S

1 2 3 1 2 3
B 3 O AL4E A Bax/Bel-2.Cleaved Caspase-3 #1 Cyt-c F&i%

*x3 AL4AHYH Bax/Bel-2, Cleaved Caspase-3 # Cyt-c &

% (x x5)
415 Bax/Bel2  Cleaved Caspase-3  Ji¥ Cyte  ZEhifk Cyt-c
BFAL(n=12) 0.4840.07  0.32£0.05 0.22£0.03  0.67£0.09
MIRL4 (n=12) 1.46£0.22%  0.84+0.11"  0.78£0.09* 0.29+0.04 "
LEWKAL (n=12) 0.8740.12%  0.53£0.07"  0.43£0.05" 0.50£0. 06"
F 129. 448 126. 338 216. 632 98.075
P <0.001 <0.001 <0.001 <0.001

%P <0.05, 5485 K200 ;#P <0.05, %5 MIRI 413,

3 itig

MIRT J2 g 1 25 23 % 52 0l it A4 107 B 458 495 o = 1)
b SRS T NN I RN =W Y 2 A LS
PEI> ST = Rl 0 U DTN = 2 R g o L T (797 N B
SIRIF R . GLP-1 KT 12 4 Tk B
AN I8 P Kz et R 30 Bk o0 L4 B T, GLP-1
Al 5N AZ AR LS A, RO LRV B 58 R 5 &R
BURE . S EAR KR GLP-1 [/ 4y, 55 GLP-1 A
A AR VE T, BRSSP, vl DA 1O WL AT L i) B
AR A 0 UL 4B et Bl AR 0, B 0 T
Be L ARWRAY & R, 3L ZE R K AT R AR MIRT K BLAY
O WURE B8 187 L, 20 JULZEL R 450005 , 138 93 36 2 8 ik T
DA MIRT KRG LA 26 T . A BT 5045 3
s, A TR F R 4L, MIRT K Rl 7+ CK-
MB Mb FI ¢Tnl 7K F-FF & , 238 JEMB LA S , Hiok
SEREAL . CK-MB Mb F1 ¢Tnl ¥ 7800 L4120 1 43 A5
J7z AR LA M 327 B 9545 B a] LR i A IV
R, 5| 3 PP KT T I PR R 1 S e L
SURGT bR R A . S0 IR K TT B I o

JULZH 1 fiE B A, R MIRT R B A9 0 JUL 48 i 45
17, AR I35 PP O UL P s K o AR 2
WF5E & B, GLP-1 0] DL 5 ML A& 19 4016 1 A 5 38
B, VR O L2 20 S A I SR 4, 156 B 3 ZE I K AT
FE 38 O 9 5 MIRT K B A &0 A B B KT AR 30
WUZH 2L, B AL 1 75 i — 20 BT

AR A TR TR 4L, MIRT K B0 LA
2k MDA JK-F- 8 2% 7t &, SOD fl GSH-px & 2% [
%, 2 L FEARPKAE G , MDA I 35 [ I H oK F, SOD
Fl GSH-px 7K 7 i 2 Jt 5 . SOD Al GSH-px J& #L ik
FER TR AT, 7T 5N 2 ik SR PERT, O
3 2o S I S R e Al S e W B, 4 A
PR 7 A R 40 i P B R AL T Bk T, MDA
S AL PN AR ER S A A AR b AR B e g, T
LA e HLAK By S8 AR I 30K - BLAR S A/ R
FRGE A W R B A A ER AT DU IR ek A R 2
¥, 52 W0 L2 i e ek AR B0 TR R AR R T ik
7SO WA LU MIBE T, § 8 MIRT #1457,
¢ WY S FETNS K AT fE 38 ik 4 47 A/ B AT A s
O LA A R AR, D8 MIRT K0 ILZH 2L 4R 1k
N AR

ARG K W, M B T T R 41, MIRT K By
Bax/Bcl-2 Fil Cleaved Caspase-3 7 H ik T &, K
Cyt-c Fh55, & ki ik Cyt-c T R, .0 U240 B 0 T 38 5
. % 3 % I8 Bk T I 5, Bax/Bel-2 F1 Cleaved
Caspase-3 £ [ K35 T B, 41008 723 T B, R 3L
FEJI R AT LA ) 0 T A 1 R Ak 30 MIRT K B
ML P T . Bel-2/Bax J& 1 41 5 E 0 40 i 0 12 98 15
AR, 3 3 A T A A A B 1 3 A L A 2 D A
T, IEEIEM T, Bel-2 o T 2% by 44 5t 32 1 , 78
PTG S HIT , 41 ML A% ) Bax 2356 8% 28 2R K I
FIMH Bel-2 M A, 51 R R KBS AR, 4k &
W PESE  LORAR Cyt-c BETBCA ML, W0 20 i
TE S . LRk Cyt-c BIRA MK S, 5
AEE B 8 T 2 B TS Y 45 S, TS Caspase I
-9 B e b, JB sh 40 ja 0 T R )4%—[1910 Cleaved
Caspase-3 J& 8 45 240 I 00 7= (%) B & 1, mT i A 40 i
%, S fig A N (%) 22 b 0 5 IR A% IS W), e 24 5 B i E
T2 AW ST F W], 3 SE IR UK AT A A 0 o 4Rk A
JH T AHOCE 1 Bel-2/Bax K3k, Ml LR K Cyt-c B
T, A0 WLAE LU T, Yu %Y BT R, MIRI
KBS e AR v R A B A A RR E ET DU R
R T34, 5 S0 WL S 40 M0 7, 25 BIF 98 45 S
5 HORARL, B3 ZE IS B AT fig i ok [ I MIRT K R4
ALK, A0 O UL AR R T, R O L2 2L
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