CN 43-1262/R " [E S fikadifb 44 it 2021 455 29 55 5 # 395

[XEHES] 1007-3949(2021)29-05-0395-05 - SIS .

T o b S REIK 1 %) HOe2 Oy IL 4 it ik AR 52 AR 040 114
PRy 1 e WL IR 52

EBE', TIE', REE’
(1. T EMAERS AR —m R 7T d 4 #M T 4500002, b FIREE RS £8 A L7 HF 100000)

[RgE] MBaEmEEKL;, HOR Swmit, #ALEAH,;, AR, Nf2/HO-1:i@%

[ E] HHY RMBLMEEAARK(GLP-1)2f H9c2 « Mg it sk &5 A (H/R) 345 09 R 37 4E R B dLd) .
B3R HOC2 S MLLE AR AL A F HLAL 3R 69 3T BE 20 H/R 284 1.5.10 pmol/L GLP-1 ZL 2085 3E GLP-1 #9142 37 4
A FEHS A si-NC 48 si-NC+H/R 28 .si-NC+H/R+10 wmol/L GLP-1 8 si-Nrf2+H/R+10 wmol/L GLP-1 8 VA3 4E
B F E2 48X B F 2(Nif2) £ GLP-1 B i mAeA545 P e94E B, A3 24 h 5 4 ml $LBL I 208 (LDH) A% 82 ILBR
B3] LA (CK-MB) & =8 (MDA) . B AN (T-AOC) & & Nif2 St F A B 1 (HO-1) £AKF, GR
H/R %1 LDH CK-MB MDA #4-% & T 828 T-AOC #94-% & Nif2 ‘HO-1 # & ik K PAK F xF 8 28 ; R B #] & GLP-
1 48 LDH . CK-MB MDA #434&F H/R 4,T-AOC #4438 & Nif2 HO-1 #5 &k K F & F H/R 48; 84K N2 K ik
J& ,si-Nrf2+H/R+10 wmol/L GLP-1 28 LDH CK-MB MDA # 4% & F si-NC+H/R+10 pumol/L GLP-1 28, T-AOC #)
A% % Nrf2 HO-1 ) &% K FAKTF si-NC+H/R+10 pmol/L GLP-1 28, 4518 GLP-1 *F H9¢2 «s L4 b B 5 AR
5 B A AR AR B0E Nrf2/HO-1 38 32 7T 4669 5 F AUl

[HESES] R54 [ XERFRIZAE] A

Protective effect and mechanism of glucagon like peptide-1 on hypoxia/reoxygenation

injury of H9¢2 cardiomyocytes

ZHANG Youjian', FAN Weidong', WU Yuguo®

(1. Department of Cardiology, Henan Chest Hospital, Zhengzhou, Henan 450000, China; 2. Department of Cardiology,
Beijing Huairou Hospital, Betjing 100000, China)

[KEY WORDS] glucagon like peptide-1; H9c2 cardiomyocyte; hypoxia/reoxygenation injury; oxidative stress;
Nrf2/HO-1 pathway

[ ABSTRACT ] Aim  To study the protective effect and mechanism of glucagon like peptide-1 (GLP-1) on hypoxia/
reoxygenation (H/R) injury of H9¢2 cardiomyocytes. Methods H9c2 cardiomyocytes were cultured and randomly di-
vided into the control group, H/R group, and 1, 5, 10 pmol/L GLP-1 group to verify the protective effect of GLP-1.  Al-
so, H9¢2 cardiomyocytes were randomly divided into si-NC group, si-NC+H/R group, si-NC+H/R+10 pwmol/L GLP-1
group, and si-Nrf2+H/R+10 pwmol/L GLP-1 group to verify the role of nuclear factor E2-related factor 2 (Nrf2) in GLP-1
alleviating cell injury.  The contents of lactate dehydrogenase (LDH) , creatine kinase-MB ( CK-MB) , malondialdehyde
(MDA) and total antioxidant capacity (T-AOC) and the expression levels of Nrf2 and heme oxygenase-1 (HO-1) were de-
tected after 24 hours treatment. Results The contents of LDH, CK-MB and MDA in H/R group were higher than
those in control group, and the contents of T-AOC and the expression levels of Nrf2 and HO-1 were lower than those in con-
trol group. The contents of LDH, CK-MB and MDA in different doses of GLP-1 groups were lower than those in H/R
group, the contents of T-AOC and the expression levels of Nrf2 and HO-1 were higher than those in H/R group.  After
knocking down Nrf2 expression, the contents of LDH, CK-MB and MDA in si-Nrf2+H/R+10 pmol/L GLP-1 group were
higher than those in si-NC+H/R+10 pmol/L GLP-1 group, the content of T-AOC and the expression levels of Nrf2 and
HO-1 were lower than those in si-NC+H/R+10 pwmol/L GLP-1 group. Conclusion GLP-1 can protect H9¢2 cardio-

myocytes from hypoxia/reoxygenation injury, and activation of Nrf2/HO-1 pathway is a possible molecular mechanism.
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(1) 28 : HOc2 w0 L2 0 T B b it 4k A o 4 7
Had, (2) WA GLP-1 1 & % [E Sigma 2 7,
Nrf2 siRNA & [f 14 %t & ( negative control, NC ) siRNA
W BB e a A A A B FLRR IR A B8 (lactate
dehydrogenase , LDH ) % B LB 1% B [E] T8 ( creatine
kinase-MB, CK-MB ), #®# = # ( malondialdehyde,
MDA) . & 3t & 1k # /7 (total antioxidant capacity, T-
AOC) R M XA & W B & B3R R AW A,
RIPA 27 BCA ZA R ERXAEME LEET
v 8, N2 \HO-1 —Hi X Z— 1 W B GeneTex /A 7,
)& AMFERAE W G N NRRAE, ZA
WKL B AN — & A B BOR TR A F] B IR R
B g ki i AT LA E]
1.2 #REiEF

H9c2 o L2 o B 7 J6 A & 7 10% fie 4 i 76
TABAEPHEER G2 RESR 1 RE2EHR
F B K, R R R
80% ~90% Ja M 0.25% fk & & B #E 4T W 1L, 1% I
13 Pl S teRIFR, kREN A HEME

RN, T E R E 60% ~T70% & 34T 44
T,
1.3 XIWaHdE

Jy B iE GLP-1 #9& LPR 37 B AL, 4% R 5 B9 H9c2
o AL M 4k xR H/R 4K 1.5,.10 wmol/L
GLP-1 41, *t B 44 % 85 K4 (5%C0O,.95% =
H) WS 24 hy H/R 417 B A 3% 55 45 (5% CO, .
95%N,) W F 4 h, T Ja % N % 835/ W 4k 5%
# 16 h;1.5.10 wmol/L GLP-1 41 £ &t 4 # #£ 3% %
b dm N GLP-1 f H &k & 45 7 3% %] 1,510
pwmol/L, T J& % B H/R %41 B 7 3% # 4T 8 6 & 4
BE,

KB IE Nef2 £ GLP-1 & AUAR 37 3 5 o By 16 L,
R JE B H9e2 & L4872 77 si-NC 41 si-NC+H/R
41 si-NC+H/R+10 pmol/L GLP-1 #1 si-Nrf2+H/R+
10 wmol/L GLP-1 41, si-NC #41 % % NC siRNA ; si-
NC+H/R 41 % % NC siRNA & # 475 4 4 44 1F;
si-NC+H/R+10 pmol/L GLP-1 #1 % % NC siRNA, #n
N GLP-1 {# H A 0K 3k 2] 10 pmol/L & #ATH A 4
A3 AE ;si-Nrf2+H/R+10 pmol/L GLP-1 % % % Nif2
siRNA, flu X GLP-1 {# 3 2<% & 35 5| 10 wmol/L J&
HATHR AL ABRE,
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2 % R

2.1 AREFE GLP-1 3 H/R D AZHREEEFE F
LDH ,CK-MB & £ H501

XTI %S, H/R 20 HOe2 O ULZH i 15 77 3k
H1 LDH ,CK-MB [ 8 @3 (P<0. 05) ;5 H/R
HHHE,1.5.10 pmol/L GLP-1 £ HO¢2 > L4 i £
FRFr LDH . CK-MB 1 % &2 B B FE I (P<0.05) , H.
GLP-1 78k &5, LDH .CK-MB By & =ik (£ 1) .

% 1. 5 8 H9e2 (L ALZHARIE S E F LDH,
CK-MB & E/LLE
Table 1. Comparison of LDH and CK-MB contents in

culture medium of H9¢c2 cells among 5 groups

#&2. 5AHI2 LALAEH MDA T-AOC & EHILLE
Table 2. Comparison of MDA and T-AOC

contents in H9¢2 cells among 5 groups

il n  LDH/(U/mg) CK-MB/(U/mg)
Xof HEZH 5 18.48+5.82 1.0320.32
H/R 4 5  56.48+9.39° 6.41+1.03"

I pmol/L GLP-14H 5  39.47+5.68" 4.24+0.76"
5 pmol/L GLP-140 5 30.51+4.62"  3.09+0.63™
10 pmol/L GLP-141 5 24.12+3.48"™  1.93z0.32"

:a i P<0.05, 5X B LA ;b i P<0.05,5 H/R A 4 ;e
9 P<0.05,5 1 umol/L GLP-1 41 lL%i;d 2 P<0.05,5 5 pumol/L
GLP-1 4 13,

2.2 AEF= GLP-1 3t H/R (O AL MDA T-
AOC & ERF

5% A He g, H/R 2 HOe2 SO LA AL - MDA
A B S B4, T-AOC 75 1 B 1 F A1 ( P<0. 05) ;
5 H/RAE,1.5.10 wmol/L GLP-1 41 H9c2 >
WLARML T MDA (455 8 B 8 B AIK, T-AOC & &= 1 &
BN (P<0.05) , H GLP-1 FH#E , MDA Y5 i
ik, T-AOC W& ilim (£2),
2.3 AEFE GLP-1 X H/R > ALA B N2,
HO-1 RiXBI 220G

5xt R L, H/R 2H HOc2 SO LA i Nef2
HO-1 [k B FEAK(P<0.05) s 5 H/R 4l
,1.5.10 wmol/L GLP-1 44 H9c2 .U L2 g
Nrf2 \HO-1 [ 2 35 7K F B 8 3 &5 (P<0.05) , H
GLP-1 #5855, Nef2 \HO-1 19 3% 35 7K F 1 5 (1
1.£3),

Iy n MDA/(mmol/g) T-AOC/(U/mg)
Xof B 5 0.84%0.15 19.39+3.24
H/R 4 5 3.29+0.72° 8.59+1.34"
1 pmol/L GLP-141 5  2.47+0.52" 12.12+1. 42"
5 wmol/L GLP-141 5 1.84x0.24™  14.73+1.95"™
10 pmol/L GLP-141 5 1.31£0.16""  17.89+2.27"

H:a  P<0.05, 5XF BRI ELE ;b O P<0.05,5 H/R AL HE ;¢
A P<0.05,5 1 pmol/L GLP-1 £ % ;d N P<0.05,5 5 wmol/L
GLP-1 4 [L#¢,

N2 D —— e e b
HO1 D - e o> G

) s T S MR Ao

XTEE4H  H/RZH 1 umol/L 5 umol/L10 pmol/L

GLP-142 GLP-148 GLP-14

1. 5 42 H9c2 (L ALZARE A Nrf2 (HO-1 E B &
Figure 1. Protein bands of Nrf2 and HO-1 in
H9¢2 cells of 5 groups

3. 54 H9e2 L ALARH Nrf2 HO-1 RiZKFHILLE
Table 3. Comparison of Nrf2 and HO-1 expressions

in H9¢2 cells among 5 groups

il n Nrf2 HO-1

papilcE| 5  0.98%0.15 0.87+0.16
H/R 4 5 0.34x0.08" 0.22=0. 07"
1 pmol/L GLP-140 5  0.51+0.07" 0.42+0.08"
5 wmol/L GLP-140 5  0.780.11" 0.63+0. 10"
10 pmol/L GLP-1 40 5  0.93+0. 12"  0.83x0. 14"

H:a N P<0.05, 5T IR HLE ;b o P<0.05,5 H/R 4H L% ;¢
N P<0.05,5 1 wmol/L GLP-1 4t %:;d i P<0.05,5 5 wmol/L
GLP-1 4 L%,

2.4 FEF Nif2-siRNA LK N2 RiZHIR

5 si-NC 4 H#, si-NC+H/R 20 H9¢2 0> JL4H
Ja T Nef2 \HO-1 [ 3 3K 7K - B 2 AR ( P<0. 05) ;
5 si-NC+H/R 4 b ¢, si-NC + H/R + 10 pmol/L
GLP-1 2 H9c2 > L4 il Nef2 \HO-1 A9 3R 3K 7K
RN (P<0.05) ;5 si-NC+H/R+10 wmol/L
GLP-1 4 %5, si-Nrf2 +H/R+10 pmol/L GLP-1 4
LI Nef2 \HO-1 %) 2 15 7K SF- B B RIS ( P<
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0.05)(Kl2.%4),

N2 D — - -
hor D wee D
B -actin ----

si-NC+ si-NC+H/R si-Nrf2+H/R
N/RZH  +1 umol/L +1 pmol/L
GLP-142 GLP-14R

si-NC4H

2. 4 HH92 (LALLM H Nrf2 HO-1 FIE B &7
Figure 2. Protein bands of Nrf2 and HO-1 in
H9c¢2 cells of 4 groups

2.5 BUE N2 XF 10 wmol/L GLP-1 &% > AL R B
5 1E RIS

5 si-NC 2H H#2, si-NC+H/R 41 H9c2 > L4 ity
BrgR3krh LDH CK-MB 2 41 g o MDA )55 &3 1
S, AR T-AOC 1 & 5B R FE I (P<0. 05) 5

5 si-NC+H/R 4 I8, si-NC+H/R+10 pmol/L GLP-
1 2H H9c2 O UL 4H L 3% 57 36 b LDH , CK-MB A 4 Jifd
MDA 17 5 2 B 0 R AIG, 4 i T-AOC 1Y &
B A N (P<0.05) ;5 si-NC+H/R+10 pmol/L
GLP-1 ZH H#2 , si-Nrf2+H/R+10 wmol/L GLP-1 £H.0»
WLZH 3% 32 5 p LDH . CK-MB 2 ZH fa vh MDA 1 &
B RN, 40T T-AOC B5 A SRR (P<
0.05)(%5).

R 4. 4 HHI2 LALAREH Nrf2 HO-1 RiAKFHILLEL
Table 4. Comparison of Nrf2 and HO-1 expressions in

H9¢2 cells among 4 groups

S n Nif2 HO-1
Si-NC 41 0.89+0.14  0.86+0.15
si-NC+H/R 41 5 0.3420.09° 0.29+0.06°
SIENC+ H/R+10° pmol/L 0.94%0.17"  0.93%0. 17"
GLP-1 41

SN2+ H/R+10 pmol/L g 010,08 0,480, 08°
GLP-1 41

H:a A P<0.05, 5 si-NC 41 Lb# ;b A P<0.05, 5 si-NC+H/R
H B ;e H P<0.05, 5 si-NC+H/R+10 wmol/L GLP-1 4 H#

5. 4 AHI2 LA FED LDH,CK-MB S E R4/ H MDA, T-AOC &ERLLE
Table 5. Comparison of LDH, CK-MB contents in culture medium of H9¢2 cells and MDA,

T-AOC contents in cells among 4 groups

434 n LDH/(U/mg)  CK-MB/(U/mg)  MDA/(mmol/g)  T-AOC/(U/mg)
si-NC 41 5 20.11+5.77 0.97+0.28 0.95+0. 14 20.15+3.72
si-NC+H/R 41 5 54.77+8.91° 5.93+0. 94" 3.33+0.83" 8.84x1.51°
si-NC+H/R+10 pmol/L GLP-1 41 5 28.82+6. 68" 2.040. 54" 1.4220.39" 17.03+4. 12"
si-Ntf2+H/R+10 pmol/L GLP-1 41 5 45.51+9.02° 5.14=0. 86 2.87+0.62° 10.32+2. 48°

H:a F P<0.05,5 si-NC 4L ELE ;b i P<0. 05,5 si-NC+H/R 4 H# ;¢ S P<0. 05,5 si-NC+H/R+10 pwmol/L GLP-1 41 HL#4¢,

3 3 i

O LR X -3 3 958 49 %) B 3 S o0 I A 4588 )
FFE A, 20 FILEH L s 4 S SR TR S A 0 UL A i
FHUE T3 03 108 FH A R B TR AR S0 DA s A B
() H9c2 U HILAN i A %o 52, 3 ottt 4 A 4 Ak B4
SO WLAsFe i PR 3 ) oo A SR SR SR A LS A0 R B 3R
FErp AL LEE LDH , CK-MB 1 & 27 5 & 54
WO WLAHM & A T SR A, 5 SR A O L
£ it e A A AR 1 A TR b R AT UL B P T
il ia MR oE

GLP-1 JEUTAF T & B ELA 4L UM 28 4
VEFTE P9 43 WA 28, R VBT /Mg b Bz L 4 i, o ke
I P R B R T R O UL P B 4
PJEA R ER O ARSI A0 A0 i SR R

AR SR TR R E GLP-1 1, 45 5 & 3.0
WLAR B 3% 3% 5 b LDH . CK-MB 115 & 34 B 55 B A1
H. GLP-1 5| &# 5, LDH K CK-MB ¥ BI85 B 5.,
FH GLP-1 BEfE DL 7] A 1) 7 =X 0 LA
it e AR A2 AR AR A5 , 5 R A LA 9 K BB GLP-1 U
LN [ R TS S/ R

St P A AR v A Pl 3 R R RS R
o7 T S i B ZE 2445 1 BB B IR R T GLP-
1 FEZ R A LUh REE A S PR, MDA
FEA AR A A A N A 0 2 R g o e AR Ak R R
(R 7=8) 78 i 3 K A A i B2 of MDA B (g 3
Z BT AOC JE 45 P BT A A B R AR Bl b 4
YL B BT EALRE T, 78 A R 3 R A T T
FEHUEAL I R T-AOC B s /) AR sy
FEG U A O LA rh A& B MDA & s 38 m, T-
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AOC g/l WA .0 ILAN it 78 Bl 4R 2 St i 4]
AR T 8 G 5 O LA B e S AR AR et
R AR B GLP-1 T i, MDA & & f />, T-
AOC Zr30im , 2200 GLP-1 Rf% LI S ik 1 )y
AFER O WUB AR S R v ) SR AR N R N, X
Al RESE GLP-1 W20 LA i s 48 52 S8 BT B

Nrf2/HO-1 38 2 5 e il P08 vE K ki 2 A
TR r AR O S I I B VTR G i L A AR AR 5 i
% Nef2 0% S5 16 40 M4, 55 R I Y B T A 4
AR sh HO-1 py3eak kit HO-1 pP &ALk
FHAC RS A S A0 07 98 B I, 22 0 g i P 3 ) F 5
PIUESE Nef2 \HO-1 (4938 38 78 SR i P 1 O AL g
W 2H 25 b B S RIS N2/ HO-1 38 % O BT R
A RIS , 328 T 2 o8 S A I 3 S I, ) TG o AR 5
95 e Bk S A 00 LA B Nef2 L HO-1 1Y 3R 35 3
D MAENA GLP-1 T 15 Nef2 \HO-1 #9334 BH i
BN, 3 BH AU S RE A 4T 1O LA i R 4T ALk
i Nef2/HO-1, 5 R =AM 5 i 8 — 3 ; GLP-
1 A8 750 LB S0 2 400 78 P TS Nef2/HO-1 3
%, X AT RESE GLP-1 3200 LA AR s 420 52 S8 482 403
P03 A A I 1 A TR

K T L IE Nef2/HO-1 38 & 7E GLP-1 )8 4%
O WL e e 2 52 S0 A 4000 ) 2 Ak 17 3 s oy v A
A28 T Nef2 siRNA |, 76 GLP-1 42- 3514 [a] st
L g siIRNA 1907 Ik Nef2 19 3% 35, 45 R &
. 5 si-NC+H/R+10 pmol/L GLP-1 4 H4% , si-Nif2
+H/R + 10 wmol/L GLP-1 #H.0> UL 40 Jfd &% 35 3t v
LDH ,CK-MB K4 MDA f)5 &2 01 & 38, T-
AOC 5 12 B I R AIG , R A AR Nef2 ()RR R
GLP-1 W0 UL 480 52 S840 10 00 ) 4 Ak 0L 33 s
WIVEFH & A2 33 5 | 478 Nef2/HO-1 38 6 7E GLP-
1 A0 L0 b sl S 5 4R34 400 o 1 1 38 s o
HR E AR B Nef2/HO-1 38 B% 2 GLP-1 760
LA B i A8 AR SR R rh R AR R A 43 AL

25 bR, GLP-1 X H9c2 .0 UL 4N it Bk 48 55 48
W5 B YR, 06 Nef2/HO-1 38 1% AL
ISR N S GLP-1 &AL VR AT BB Y 43— BILTHI
A& GLP-1 A3 B R B TG O LA i P8 3 45 477 1)
HYz—,
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