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Attenuation of endothelin—1-induced oxidative stress in mouse
cardiomyocytes by activation of G protein—coupled bile acid receptor—1

and its mechanism
Chen Dexiu,Li Jiafu,Feng Jian,Fan Xinrong
(Cardiovascular Department , The Affiliated Hospital of Southwest Medical University;
Key Laboratory of Medical Electrophysiology ,Ministry of Education)
[ Abstract]Objective : To observe the effect of G protein—coupled bile acid receptor—1(TGRS) activation on endothelin—1(ET-1)-
induced oxidative stress in neonatal mouse cardiomyocytes,and to explore its possible mechanism. Methods ; Primary cultured car—
diomyocytes were treated with ET—1 at concentrations of 10,107 ,and 10 mmol/L for 12,24 ,36,and 48 hours to establish a car—
diomyocyte model of oxidative stress. After model establishment,cells were treated with INT-777(TGRS agonist) , TGRS siRNA (TGRS
expression inhibition) , or empty virus for 48 hours. The survival rate of cardiomyocytes was observed by CCK-8 assay. The content of

malondialdehyde (MDA ) , superoxide dismutase(SOD),and lac—
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(2019-09-18) levels of Nif2 downstream antioxidant genes such as heme oxy—

tate dehydrogenase (LDH) was determined by biochemical kits.
The protein expression of nuclear factor erythroid 2 -related
factor—2(Nrf2) in the nucleus was measured by Western blot.

Real -time PCR was used to determine the mRNA expression
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genase (HO-1), quinone oxidoreductase (NQO-1),and thioredoxin reductase—1(Txnrd—1). Results . ET-1 at concentrations of 107,
107,and 10" mmol/L significantly reduced SOD activity and increased MDA expression (all P=0.000) ;the oxidative stress of car—
diomyocytes was enhanced with the increases in ET-1 concentration and culture time. In the cells treated with 10 mmol/LL ET-1,the
content of MDA and LDH was significantly increased,SOD activity was significantly reduced,and the protein expression of Nrf2 and
the mRNA expression of HO—-1 and Txnrd-1 were significantly increased(all P=0.000). The treatment with 30 wmol/L INT-777 effec—
tively improved ET-1-induced oxidative stress:compared with the ET-1 group,the cardiomyocytes treated with INT-777 had a sig—
nificantly higher survival rate (P=0.000),significantly reduced MDA and LDH,a significantly higher SOD activity,,and significantly
higher protein expression of Nrf2 and mRNA expression of HO-1,NQO-1,and Txnrd-1(all P=0.000). Inhibition of TGRS expression
by virus partially blocked the improvement of cardiomyocyte injury by the TGRS agonist,suggested by significantly reduced protein
expression of Nirf2 and mRNA expression of HO-1,NQO-1,and Txnrd-1(all P=0.000). Conclusion ; TGR5 activation attenuates ET—
I-induced oxidative stress of cardiomyocytes probably by activating Nrf2 downstream antioxidant genes such as HO-1,NQO-1,and
Txnrd-1.

[Key words]G protein—coupled bile acid receptor—1 ;endothelin—1;oxidative stress;nuclear factor erythroid 2-related factor-2;heme

oxygenase ; quinone oxidoreductase ; thioredoxin reductase—1
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JLZR e B2 EL hy 5 % 10* AN/mlL, 3R T 6 FLAR, 24 h 400
W BE 5 YUt FER AN HIC A BN 30%~50%, 43 R % HRAL
siRNA-NC ZH siRNA1-TGR5 41 .siRNA2-TGR5 ZH il siRNA3—
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10 wL CCK-8 IR, AR TIRE 1~4 h, BEFRISE 450 nm
TG EEAR, IR SR, 2R (%) =(25 A -0 4 ) /2
2 x 100%.,
1.2.5 MDA %5 LDH & SOD it ARG AR 43
2053 B AL PRS- L 4T AE 48 h 5 AR FE MDA I 52 557 & .SOD
I 3700 6 e LDH a2 3750 65 U BH A5, 460 D00 g 21 155 57 rp
MDA &+ SOD & LDH 75+,
1.2.6  Western blot K0 4% 2H 20 g 1 T Jm WO 4 40 i, 4 B
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1.2.7 Real-time PCR T PBS YE¥ 441+ W5 o4l
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ASPE 95 °C, 1 min;95 °C, 15 s—58 °C,20 s—72 °C,45 s,40
AR s i 28 60 C—95 °C, 4 20 s F1E 1 °C, GAPDH
i 5’ -TGAAGGGTGGAGCCAAAAG-3", T il 5’ ~AGTCTT-
CTGGGTGGCAGTGAT-3" ;TGRS Fi#% 5’ ~CTGTGTGAGATC—
CGCCGACT-3" , FifE 5'~CGCTCATAGGCCAAGACTGAC-3";
HO-1 Fi% 5’ ~GTGACAGAAGAGGCTAAGACCG=3", T il
5’ ~CAACAGGAAGCTGAGAGTGAGG-3" ;NQO-1 |l 5° -
GAGAAGAGCCCTGATTGTACTGG=3", il 5’ ~GATGACTC-
GGAAGGATACTGAAAG-3" ; Txnrdl | 3% 5’ ~CTCGGACAA -
GCTCTGAAAGACTC-3’, Fii¥ 5’ ~GATGAGGAACCGCTCTG-
CTG-3", G553 H7 : LA GAPDH g2 1545 2H 4 it Ao+ i
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BE T, 48 h NEEFRI R | O WLAIA SOD 15 k55 , MDA
iR, I P, ET-1 AER T 0NN 48 h #i3iCR
T EBEE ET-1 e ER i, X R4l ET-1 10° mmol/L
20 ET-1 107 mmol/L 41 .ET-1 10 mmol/L 41 SOD #4351
(17956 +0.20) . (8.578 +0.41) . (12.600 + 0.20) . (16.378
0.56) U/mL, J5 2243 #7 SOD FRIkEA it %1 L (F=197.054,
P=0.000) ; MDA 443519 (1.523 £ 0.07) . (2.362 = 0.07) ,

(2.991 +0.18) . (3.962 + 0.08) nmol/mL, 77 2%/ HTF MDA #ik

Y EA G #E L (F=168.159,P=0.000),
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4
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T a, X RRAE R EESR 48 h (O IR LA, P=0.000
B. MDA & i

B 1 ARERE ET-1FS2 RO SOD &
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2.2 TGRS #3754 ET-1 % 544 $UR s g Il B 5 3t 357
AR A

22.1 TGR5-siRNA $Z Y EFLELO AN TGRS mRNA M4k
383k DL 24 Heds TGRS mNRA 7K 2 G k6 45 5 | LA
X} IR H ) TGRS mNRA 7K A% IR (100%) , UnfA 2 255
7~ ,siRNA =NC £ siRNA1-TGR5 #2H .siRNA2 -TGR5 ZH Al
siRNA3-TGR5 41 #5173 2 % FRZ 14 (0.96 £ 0.02) %
(0.21 +0.01)%,(0.60 + 0.01)% . (0.39 + 0.01) %, ik K- E.
G255 (F=2 162.140,P=0.000), 0408 TGRS &
FIYFILLL GAPDH SN2 X BRZ siRNA-NC 41 \siRNA1-
TGRS 4H siRNA2-TGRS ZHFll siRNA3-TGRS £H4351] 40.843 +
0.017.0.084 +0.023.0231 +0.017,0.511 £0.012 0366 +0.011,
TR HAT B 2425 5 (F=848.714, P=0.000) , AR 445 H 16
P& siIRNA1-TGRS5 BHf7)5 4328

2.2.2 % TGRS X O IUAHMLA TG 22052 m 25 X IR |
ET-1 20 ET-1+INT-777 #1 ET-1+INT-777+TGR5 siRNA
4 ET-1+INT-777+TGR5 siRNA-NC 4100 LA 07 15 22455
J9(1.014 £0017)% . (0.805 +0.03)% (0925 0.042)% . (0.819 +
0.063)% . (0.931 +0.058)% , {71 K2 T4 G it 2# 5 X (F=
18.349,P=0.000), W5 1,
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2 FLR.OALZHRE TGRS mRNA RERRIE (n=3)

F1 & TGRS Xf ET-1 Xt 2L RO AT E RHFME (n=3 )

25 G (%)
payiite:l 1.014 +0.017
ET-141 0.805 + 0.030"
ET-1+INT-77741 0.925 + 0.042"
ET-1+ INT-777+TGR5siRNA £ 0.819 + 0.063"

ET-1+ INT-777+TGR5siRNA-NC £ 0.931 +0.058"

FAE 18.349
PAE 0.000

Fora, 54HRA L, P=0.000;b: 5 ET-1 40 HL#, P=0.000;¢: 5
ET-1+INT-777 41 H#,P=0.001;d: 5 ET-1+INT-777+TGR5siRNA 41
L #8,P=0.0015e: 55 ET-1 4 48, P=0.650;f: 5 ET-1+INT-777 41
H#z , P=0.842

223 P TGRS X} MDA 4 \LDH 2 SOD {if P 5200

25 H AR ET-1 40 ET-1+INT-777 4 ET-1+INT-777+
TGR5 siRNA 20 ET-1+ INT-777+TGR5 siRNA-NC ZH MDA
Sr5R (1496 +0.083) (3916 +0050) . (2893 +0.269) , (3.773 =
0.101) (2772 £0.119) nmol/mL, &2 A it #E L (F=
132.937,P=0000),, LDH i /1551 41(45926 + 1.851) (216.593 =
3.122), (145.185 +3.122) . (209.185 +4.008) . (140.148 =+
2.715) U/L G 2254 it 5 L(F=1 527.279,P=0.000) ,
SOD W PEA> 3R (18.352 £0.166) . (12549 + 0.529) . (15.604 +
1.989) . (14.791 +2.755) . (16.549 = 0.237) U/mL, 7if 1425 5+
HYiHriE X (F=5.802,P=0.011), W32,

2.3 TGRS & J& *F ET-1 i s Mg htz F N2 &k )
EAG]

L) Histone H3 HNZ: | 8] 3 Wos vt IRZE ET-1 20 ET-1+
INT=777 #H ET-1+INT-777+TGR5 siRNA #4{ ET-1+INT-
777+TGR5 siRNA -NC 410 ULAH B 42 v Nef2 2235 43 51 Ry
0061 +0.002.,0.178 +0.004,0486 +0.015.0231 £0.016.0.510 +
0.016, F A K F- B A G it 22 7 (F=799.87,P=0.000) .
AT AL ] L, 55 % R A L, ET—1 ZUNef2 A28 k8
(P=0.000); 5 ET-1 ZHAH L, ET-1+INT-777 0 Nef2 ¥ 19 55
KBS (P=0.000) ; ET—-1+ INT-777+TGR5 siRNA 215 ET-
1+INT=777 41 He#, Nif2 #2E F1383598020 (P=0.000) , 5 ET-1
2 LB, Nuf2 4% 45 A 26 5 B8 in (P=0.000) ; ET-1+ INT-777+
TGRS siRNA-NC 21 5 ET-1+INT-777+TGR5 siRNA 4 145,
N2 4% 45 112635389 1 (P=0.000) , 5 ET-1+INT-777 41 L3¢,
Nif2 #2251 2A 14 1 (P=0.033)

2.4 TGRS #7EJ& 2 ET-1 i %S Wl 2m 2 HO—1 mRNA
NQO-1 mRNA Txnrd-1 mRNA 4% ik ¢ % A

PI24¢ g HO-1 mRNA NQO-1 mRNA Txnrd—1 mRNA
K-, AN 25 AN P 4 R, S R4 ET-141 \ET-1+
INT=777 #H ET-1+INT-777+TGR5 siRNA #{ ET-1+INT-
777+TGRS siRNA-NC £ - HO-1 mRNA 4351 1.131 £0.154
1.518 +0.121,2.023 +0.085.1.491 +0.091,1.977 +0.043, %
KB SR 2 5 (F=37.349,P=0.000) , NQO-1 mRNA

Fz2 & TGR5 3t ET-1 33 2L RO AL4EAE MDA LDH.SOD B0

45 MDA ( nmol/mL ) LDH (U/L) SOD (U/ml.)
X HEZH 1.496 + 0.083 45.926 + 1.850 18.352 +0.166
ET-14 3.916 = 0.050" 216.593 +3.122" 12.549 + 0.529°
ET-1+INT-77741 2.893 +0.269" 145.185 £ 3.122" 15.604 = 1.989"
ET-1+ INT-777+TGR5siRNA £H 3.773 +0.101~ 209.185 + 4.008~ 14.791 + 2755~
ET-1+ INT-777+TGR5siRNA-NC 41 2772 +0.119* 140.148 £2.716" 16.549 = 0.238
F{H 132.937 1527.279 5.802

P 0.000 0.000 0.011

¥ ca, 5XHE4 A , MDA . LDH .SOD 4341 P=0.000 ,P=0.000 .P=0.001;b: 5 ET-1 £H [t45%, MDA .LDH . SOD 4351 P=0.000 . P=0.000.P=0.036;c:
5 ET-14INT-777 41 FL3 , MDA .LDH .SOD 435! P=0.000 . P=0.000.P=0.533;d: 5 ET-1+INT-777+TGR5siRNA 41 It.4¢ , MDA .LDH .SOD %351
P=0.000,P=0.000.P=0.193;¢: 5 ET-1 41 % , MDA .LDH SOD 43 %] P=0.257 .P=0.014 P=0.106;f: 5 ET-1+INT-777 %1 .4, MDA .LDH .SOD

A8 P=0.333 P=0.07 .P=0.471
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435 1.068 +0.082.1.082 +0.101,1.486 +0.075.1.142 +
0.069,1.588 = 0.088 , K ik /K V- HAT G it 5 2= 7 (#=25.654,
P=0.000), Txnrd—1 mRNA 4354 1.057 +0.068 ,1.389 =
0.104 ,1.868 = 0.152 ,1.504 + 0.132.,2.045 = 0.186, Fik /K F
B G225 (F=20.524,P=0.000) ,
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BTxnrd-1

mRNAFHXT A
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K435 P=0.001 ,P=0.839 ,P=0.022;b: 5 ET-1 41 b4 HO-1 mRNA |
NQO -1 mRNA Txnrd -1 mRNA & ik 43 ] P=0.000,P=0.000,P =
0.003;c: 5 ET-1+INT-777 £ [t# HO-1 mRNA NQO-1 mRNA Txnrd-
1 mRNA 24431 P=0.000.P=0001.P=0.014;d: 5 ET-1+INT-777+TGR
siRNA £ [b#: , HO-1 mRNA NQO-1 mRNA Txnrd—1 mRNA 253
fin451 P=0.000 . P=0.000 . P=0.001;e: 5 ET-1 £ F.% HO-1 mRNA |
NQO-1 mRNA Txnrd—1 mRNA 434 P=0.763 P=0.404 P=0.365;;
5 ET-1+INT-777 #H % HO-1 mRNA NQO-1 mRNA Txnrd-1
mRNA Fik535 P=0.611 ,P=0.167 ,P=0.178

4 TGR5 #iE/Ext ET-1 S0 A48 HO-1 mRNANQO-1
mRNA. Txnrd—1 mRNA FRixBI 2208 ( n=3 )

33 i
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WY, ET-1 J& P B AT AR A IR B, )iz ik

TN AE Y- LA AL O JULAR B | U 2T 4 20 e 25
AP S0 U R G E AR T BFSEER
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TGRS 7E.C MU VR IBFFE A R, B 155 5L
R (oleanolic acid, OA)+& TGRS ) RIRILSNF] , X}
F 1 ph 2 EAT B B3 R A AN i 1 T e A1
FH o OA ATk ik S A Wy i A 446 B 1 0% L A2 A
(peroxisome proliferator—activated receptor, PPAR) 1]
FERFNEE S0 A Z PR BERR T 1B (protein ty—
rosine phosphataselB, PTP1B) i 14 S5 4 U101 HiAp
SALTERVET S0E TGRS AR it — PR K
AR TGRS BAT BT AL, IR vl fg
IR
3.1 ET-1 % Ugm B A AL B2 33 4574 L A7 B 18] Ao 20
JEAR P

LDH J2.C LA A, 240 JLAR B Rl 28I
TAFEFRW D, HTEPERG N, S0 A0 P SZ 45
SOD AJ V&R A A, HE Pl S m LR bt A
AEJIBsR . MDA 240G o A1), n] S ik
OISz A i FEECE AR R, 15 1 A 2
iR o B ET-1 ¥R, MDA & 3 m,
SOD {f kTR, LDH G M3, $27 ET-1 Al S0
JULAR L S A R A 40, 5 BRAEIF T 4 R — 3,
32 TGRS #t#/GtRAz ET-1 sha e 5 45 A

W aE I R, 457 TGRS #shi 4bBS , MDA
B> LDH 6 MR [, SOD I& VRS , i
TGRS I ZRIBG R 1 RER s O MU AL
POTVER R 58 2R T BE S TGRS Kk AT 4L
BELITAH G , 23S TGRS nl #i.0 IL4n i bt S Ak
RET , W S A T B4 4%
3.3 TGRS i@ it % % Nif2 # 5 HO-1 NQO-1 A&
Txnrd-1 A& REE ET-1 % Wlbm ial BAC AR

Nrf2 SRk T0 HF SRS E , HAT BT
it AERF AN AR AR S S E . TR B L
T ,Nif2 5 KeaPl 25 G AA4E TS, Y4t T
SEALRCRAS I, AR 43 Nef2 55 KeaP1 fi# 5, #EA
AL, 57 Maf B U ZRAIK, A S PR
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AN TC TR Nef2 AR 3 B R HE O LR A
YER . Nef2 NUHTALIR T3 2 C AR ALSE SOD |
HO-1 NQO-1 Txnrd—1 5§ Nrf2 & A 25 Bk H K
(glutathione , GSH) S fbif J R 45050 Hirp SOD Fil
HO-1 J& Nef2 P4 ARG, SOD 437 4341 141
Ji R SR AR K A0 i A, 3 e 7 Ak Bz g K 4R
P LA Ry ad EACE UK, 2 05 26— Z 50 g ik
AALEFEAL K, NI R3PS ALPE I, ARG
t L ET-1 A SOD 7% 4 B i F R, 1 TGRS sl
T TGRS FIRHMZS TR B4 SOD 1 PE LG
2F2E S HEE ET-1 4G TH i, TGRS 30 1T RE 2L
3 SOD 1, HORRRIEBIE TGRS 5 SOD it
MIOCFR , HO-1 2t 1ML £1 38 [ fige i) B Al , 22 g R
Rl P H AR IR S BRI Naf2 3
PRUTER AR HO—-1 25 A B IR e 1k Sy 2
Al L HO-1 363532 Nef2 PHFE20 ) 32 Nef2 P28 1380
ANQO-1 J Txnrd-1,NQO-1 J& 85 % &5 i , # 1
NADH F NADPH #& 4t i 5, fi AL R 2 SO AT AE
W HFE R, BT E A E R, Txnrd-1 7
FE 7 A & 5 N R EE IR, ASBF9Y ET-1 2 hiNef2
¥ H HO-1 mRNA Txnrd—1 mRNA A3 n, #k
D ET-1 7175 500 LA M S0P 7 38 493 1 [ o)
AT RRULE Nrf2, JFi75 % TS S HO-1  Txnrd-
1 eIk R HEPUEALVE R, (L HT A A A R A i/
FHAVER  ET-1 155 S5 A A0 N U0 03 1 AL 6] 4
T it—2E9% . fF TGRS sl 4l Nef2 Z&E A
B 142 ' HO-1 mRNA Txnrd—1 mRNA & NQO-1
mRNA FiKB W IGhN, TH0 TGRS R FRIA G ik
LR IR TR Y . LR FE R S e T RE S
TGRS SR AR 58 2 Wi A ¢, #278 TGRS 1] fig /&l
1 IOE Nief2 355 R % HO-1 mRNA Txnrd—1 mRNA
K NQO-1 mRNA ByZRikk ks ET-1 5 AL
N AR

25 LRk W% TGRS A2 KW figid i & Nif2
TP E AL HO-1 NQO-1 & Txnrd-1 i 5%
ET-1 XF0 AR 3 451 H
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