VIR BERIR 244 20234F SR46t Aol
Journal of Southwest Medical University Vol.46 No.2 2023 135

i

i

7 B B U BT SE R O I R IE K R E 0 E
5K B B =2 M A B AL

oW ERKLCEAT L MERLF ALK RS
1. PR R AR LA IR 646000) ;2. PHRAEE RIS LM BRAEBFFT (5 646000)

[ ZE)] BeY B0 5oks \’g’ﬁifﬁ\@uﬂiﬁf&ﬁ?m%uﬁu(angiotensin receptor neprilysin inhibitors, ARNI )R dh 4D (sacubitril) 5HCMIL
FHZESE 0 )08 (heart failure, HF ) KU E M OV H B N RTRENLH . F35% RAZEERANIKATE S AL SD KELOILEEZES 0
TIEEVERERY AR O A (HEZH ) b REE dhéiyH2H (HE + ARNIZ) (68 mg/kg-d™, #EE ) Ay HH 4] (HF + ARB4) (30 mg/kg-d ™", 8
) \MCUHIHIFI-474040 (HF + RR Z0) (2 mg/kg-d ™ JERESE) o SR EF AL (Sham 1) o EL2GM T304 8. 258 TIRRTFISE RS
FECBHERG A o TG burse IS, MR = MO 5 5% . HE G 28 KRR DI A SR T 4RI AS . Western blot MR FR
LKL FS B )45 15 (R (mitochondrial Ca®* uniporter protein, MCU)FiA . £5R 5 Sham ZAHEL , HE KRR A U SE M B A, O DD RE T 0%
(P < 0.05), SHF4 HF + RR AL, HF + ARNIH K FUOMES A SO DIRE B ENGE (P < 0.05) . 5 HF + ARBZHAHLL , HF +
ARNIZH K FRUCMEA I SR P UCE (P < 0.05) (EEREOIIRESCEAIIE (P > 0.05) . SHF4 HF + RR ZHAHEE, HE + ARNIZH R AE
£ 6V [z 12V Burst IS 23 OV R SR B BT (P < 0.05) 3 5 HE + ARBZA4HAEL, HE + ARNIZH KRR 7 12V Burst IR 22 0 LR
ﬁlﬁ%?—@%ﬁ%ﬁﬂp <0.05), Western blot 4557 : 5 Sham A RERAREL , HE ZH R R CMILED MCU & FA KT ET S (P < 0.05), S5HEZA
FEEE, HE + ARNIZHCER (HF+RR 2 )2 HE+ARB 20K H MCU & 11 KK R4 (P < 0.05), 5 HF + ARBZAEHA:, HE + ARNIZHRR UG
FLMCU TR TE (P < 0.05). 5HF + ARNIZAFAERES, HE + RRZDKFUVOMLMCU FK FBEEIFE (P < 0.05). 4518 ARNI [ EEE
TR CREPE S O KRR M O RO T2, B AT RE R O D RER O 45 B2 , I NI MCU BRI

(R ] Pz BBy OV ;03808 s M OV s 2R R IR S A AR B IR
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[Abstract] Objective To investigate the effect of angiotensin receptor/neprilysin inhibitor (ARNT) on ventricular arrhythmias in
rats with heart failure (HF) after myocardial infarction and its possible mechanism. Methods SD rats with heart failure after myocardial
infarction were established by ligation of left anterior descending coronary artery , and then divided into heart failure group (HF group),
angiotensin receptor/neprilysin inhibitor (ARNI) (HF+ARNI group) (68mg/kg/d, intragastric), valsartan group (HF+ARB group) (30mg/
kg/d, intragastric), and mitochondrial Ca* uniporter protein (MCU) inhibitor—ruthenium red group (HF+RR group) (2mg/kg/d, intraperi-
toneal injection). The sham operation group (Sham group) was also established. Continuous drug intervention lasted for 4 weeks. Echo-
cardiography was performed before and after drug intervention. The induction rate of ventricular arrhythmia was detected by Burst stimu-
lation. HE staining was used to observe the histopathological changes of rat heart. The expression of MCU in rat myocardium was de-
tected by Western blot. Results Compared with the Sham group, the HF group had cardiac structural remodeling and significantly de-
creased cardiac function (P < 0.05). Compared with HF group and HF+RR group, the cardiac structural remodeling and cardiac func-
tion of rats in HF + ARNI group were significantly improved (P < 0.05). Compared with HF + ARB group, the cardiac structural remod-
eling of rats in HF + ARNI group was significantly improved (P < 0.05),but the cardiac function of rats in HF + ARNI group was not sig-
nificantly improved (P > 0.05). Compared with HF group and HF+RR group, the induction rate of ventricular arthythmia in HF+ARNI
group was significantly decreased when the voltage was 6V and 12V with the Burst stimulation (P < 0.05). Compared with HF +ARB
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group, the induction rate of ventricular arthythmia in HF+ARNI group was significantly decreased when stimulated with 12V Burst (P <
0.05). Western blot results showed that compared with Sham group, the expression level of MCU protein in myocardium of rats in HF
group was significantly increased (P < 0.05). Compared with HF group, the expression of MCU protein in HF+ARNI group, HF+RR
group and HF + ARB group was decreased (P < 0.05). Compared with HF+ARB group , the expression of myocardial MCU in HF+ARNI
group was significantly decreased ((P < 0.05). Compared with HF+ARNI group, the expression of myocardial MCU in HF+ RR group
was significantly decreased (P < 0.05). Conclusion ARNI could significantly reduce the induction rate of ventricular arrhythmias in
rats with heart failure after myocardial infarction, which might be through improving cardiac function and structural remodeling, and
down-regulating the expression of MCU.

[Key words] Sacubitril/valsartan; Myocardial infarction ; Heart failure ; Ventricular arrhythmias ; Mitochondrial Ca** uniporter pro-

tein

PR SR H (ventricular arrhythmias, VAs) 2.0
NUAESE (myocardial infarction, MI) % UL I & 5E , HEL
FE AR R BOR A o O WU SE I B0 ) =
(heart failure, HF) , 1 —25 i TV As B9 & 42 Ko A
FeTM, i A B 5K 3R A2 AR - i ME JIK A 4 1) 77 (angioten-
sin receptor neprilysin inhibitors , ARNID) 70 2 B ph #i v b 38
VER U330 ITR B 25 W) TE G R BT Th Bl BRBR T g
i 03 HF 5 AT , BRI B2 S A RIFET 56N | 3
Al g /> HF 95 A VAs . O T3 PE 2 38 (sudden cardiac
death,SCD) [ & 2EP7, HUO e MI 5 HF K RS A
s & B ARNI AT B AR HF R Bl VAs 5 & 5% . B2
ARNIHE MG VAs BIBLHIAATEE . BF5 A B0 ML
AL Ca™ Z5 LA VAS 1Y & AR 25 DA OGP, Zokifk A
2 1 BT Ca™ F 25 e Hi A N, R B 1 i o 5
2 - H 2R 5 §% 32 K (mitochondrial Ca**uniporter,
MCU) B2 BF 58 R B B MCU H5 507 Ru360 AJ
AU/ o 1L 75 0 A ok P4 HEF 2584 CSTBL/6 /)N il
O WLAR A N Ca™ 22 , Yol /b S 4 HL 467 457 252 I 1] (action
potential duration , APD) , Jf- 2% R W 5 BRI ( early af-
terdepolarization, EAD ) . It Ah, @Bk MCU 3% A J5 ,
C57BL/6 /IN B A/ H 4 B9 APD 1 EE /0 ) EADs 158
B & AR PRI, MCU AT g2 2 PO A 2R i G ]
P AR ST 2 44 M HEF K BB, #83+F ARNI
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1.1 SEIEEh#

AL P R BE R R 2= S e HE S D1 23 A% R
(41t5 :20220812-008) , 40 H SPF g ffE 1 SD KBl , 1A
(220 + 20) g, WK TP e BERL R 7 s W S i vpots o
TEZ R R 25°CAEAT VLB 40% ~ 50% 124 i i
PRI GBS —JE], 12 h B, 91T K B B Ko
S PR, 7 TR
1.2 FEXEIKF

VO EE D I 45 v 3H (B - Novartis Pharma stein AG) .
VLIS EOR (LA g5 i) ETE0 (BT T ) et MCU
Yok (IR =8 ) Pt GAPDH Hi /& (Abcam) . HRP-
Goat anti Rabbit(ASPEN) .

1.3 EEUH

vevo2100 /) 2l ¥ 88 7 0 3l K (FUJIFILM) | BL~
420F A= Py AL g i 00 &R 40 ( il e S ) LR AR
(NIHON KOHDENO) /NS4y AL (AR 2 ) | ik
IS8R ) (EERAL (Diatek 23] ) o
1.4 ZhERIRESI R 57 4H

T VMR SR 1S BEALIC35 HOR AR AR Tk
12 h )G, T LIRS 10% KA S (3 mUke) J5 , 2
B SCHRA T 20 5 R 30 KT B S 25 LA A MR BURE
TR AR A TR I ST-T BE 5 35 1) b4, sl 4%
AL ORI E M a2 H ., ik TARH
(Sham #) KEL5 B, HATIFAR AT k45 L. M1
K SRR 25 1 RIS o7 FH o JE A P A 10 45 4 K BRL P
= S 1M 43 % (left ventricular eject fraction, LVEF) , L)
LVEF < 55% 24 M1 J& HF & bRk, HF K RS A
21 2 BEALG A0 (HF 41)5 5 Vb 2 il 46
UHIHAL (HF + ARNTZ1)6 H AP IHA (HF + ARB4H)5
H MCU M -4 2041 (HF+RR 41)5 2 . HF + ARNI
2R RE B VD i 450D 30 68 mg/kg-d', HF + ARB
20K FLE MR 4570 30 30 mg/kg-d™!, HF+RR 20 i i 1 5
MCU #5721 2 me/kg-d™', Sham 2H & HF 2H %t Hi 45
T IF] A T 0 A PR K E R MR . 2R
4.
1.5 i IhREFEARAG T

BB JE X BT S U MR IRR I , A 47 JRR vk B2
1.5% ~2.0%. HI/Nshiyidrs o a X LVEF g4
718 (left ventricular fractional shortening, LVFS) | 77 %
W 45 R W 25 FH (left ventricular end—systolic volume,
LVESV) 22 Z Y 4 K N 42 (left ventricular end—systolic
diameter, LVESD) . 7 % &7 5K A N 42 (left ventricular end
diastolic dimension, LVEDD ) #4740
1.6 Burst BRI R EZHKR VASFSER

TENG J5 T 72 ZEREHE ) 320 XA 7 3 2 B ) D7 e 1) R
S (Burst) F, BRI R 6 v B 12 v, RSk b 2
ms Jy I, FFEEIFR] 3 s, B R BAE 6 v & 12 v R &
391 2 80 10 R R AR AR, SR T A [ A TR A
DT 30 s, B RO RO BEL BEFT 20 M . e SR A
VAs BT O, B4 2 7535 &t 28 M0 i 3 (ventricu-
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lar tachycardia, VT) . .{» & 8l 5] (ventricular fibrillation,
VEF)o VT#E CAHFREER DT 1 s 8L 31K
DI BB MERIRTIR . VE 808 SO R, A
P ANEL O, VAsIE SR E UNiER
H BV As YRERUE R

1.7 HEBMBOAMAREEE

HORE A 2 < A0 SD KBRS, B Ol 2 A 7
FE W 10% A8 IR MR 5 o K L3« FH 2Bt AL
HAUBIK , B e A LU ) S 5 SRS A
FHE, VIR e B O L 2R S B FH U0 R BL
VI 2 ~ 3 pm 3R, 04835 B 1, s 5 I3 AR
- etk (HE ek ) Yo, R sk,
TP IR . HDG2E BB ISR
1.8 Western blot il MCU By &R i&

100 g U WLEHZ 505 B 224 5.0 s Uk |
M BCA LT A U i o AE8R FURE S o AGE
MY S} LRSI, BEJS T 95°C ~ 100°CiflizK
B S mine WIS , MR S RF S R VR B R UE S
AFE SRR I 40 pgo #5417 SDS-PAGE Hijk i
DRI SRR BB AR AT 1 b B R BR
13, i A GDPDH . MCU 43 5 4% 1: 10 000, 1: 1 000
Fb B i 41— 40, 4°Cad 7 . FH TBST {36 S min (P —

ORI R R . R H SPSS19.0 47543 . 240
2R (AT L, R ORER TR 2 T 2243
BT, 2R R R 5, P < 0.05 28 A St

=
2 &R

2.1 KRFETIHER

25T B R BT ARAKREICT 1 H VPR )
ERUPIAIFET 1 H o HAK RIS
2.2 ARNIXI MIf§ HF X RO IhsE I 2400

/R MIACHY 1 J5 O R @A I 5k 1 fs , 5
Sham ZHAH [t , H4s MIFE A ZH (model £H ) K B LVEF 4
TR (P <0.05), anZe2 & 17, HF 415 Sham 41
A, LVEF \LVFS .LVESV B & f#{K (P < 0.05) ,LVESD
HA9E (P < 0.05),LVEDD 22 55 JE4t 11245 L (P > 0.05) .
TS, 5 HE 40 HF + RRZHAH L, HF + ARNIZ4H
K Bl LVEF. LVFS # 55 (P < 0.05) , LVEDD ., LVESV .
LVESD % /N(P < 0.05) . 5 HF + ARB 414 kb, HF +
ARNI 4 K . LVEDD . LVESD %5 /N (P < 0.05) , LVEF .
LVFS LVESV 2R egeit2# 2 L (P> 0.05)

®1 1 ABEAROEERN

Table 1 Cardiac function of rats after 1 week

W) o A ZHURBER(1:10 000), 2= 8% F 30 min, [ A n LVEF( %)
TBST 7E4% K L YEPU YK, 431K 5 min, 40 ECL 2 W model > P35 383
TERIEAUT B . H Image ) RAHATAHESHT sham ! srov =
L9 Gt 4R , ] o
FE ORI ME £ ArifE2E (v £ SD) IR, 4328
F2 HYTH4BRSHEKRROINEELE
Table 2 Cardiac function of rats after 4 weeks of drug intervention
Hil n LVEE( %) LVFS( %) LVEDD (mm) LVESD (mm) LVESV(pL)
Sham £ 4 75.46 + 3.39 46.35 + 3.28 8.76 + 0.17 470 + 0.37 104.75 + 18.13
HFZ* 5 40.06 +7 .46 21.70 + 4.82 10.4 + 0.66 8.78 + 1.04 453.30 * 106.80
HF+ARNIZH 5 65.37 + 5.49 37.83 + 4.12 7.78 £ 0.42 4.80 + 0.57 121.61 * 32.44
HF+RR 2" 5 35.09 + 5.28 17.91 + 3.02 9.25 + 0.68 7.59 + 0.63 317.78 + 58.47
HF+ARB 4 5 4488 + 9.84 2472 + 6.35 9.85 + 0.68 7.58 + 1.08 337.61 + 93.37
F 5.111 4.903 3.345 5.693 3.567
P 0.006 0.007 0.031 0.030 0.026

VE: AFHLE KA SNK %, a:HF + ARNI#45 HF 2064 LVEF.LVFS.LVEDD . LVESV .LVESD 3§ P < 0.05;b: HF + ARNI 415 HF +
RR #8 %2 , LVEF,LVES.LVEDD ,LVESV.LVESD 3 P < 0.05; c: HF + ARNI 28 5 HF + ARB 41}t % , LVEF,LVFS.LVESV 3 P > 0.05,

LVEDD .LVESD 3 P < 0.05

2.3 VASIES=E

WF 3 A 2 7R, 5 Sham ZHAH FE , HF 2H K BLU7E 6
v %212 v Burst B R, VAs A SR B EH (P < 0.05)
S5HF4 HF + RRAAMLE, 7E6 v S 12 v Burst FIFL T,
HF + ARNIZH R VAs iR B EFIN(P <0.05), 5

HF + ARB 41, HF + ARNI 20 7E 12 v Burst 33 F K &
VAs SR B EEE (P <0.05), 6 v Burst HII T, HF
+ ARB 20 FIl HF+ARNI 4 VAs IS R 2 R LG ¥ =
X(P>0.05),
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Figure 1 cardiac color ultrasound of rats after 4 weeks of drug intervention
JE:A: Sham 28 ;B: HF 4L;C: HF + ARNI 48 ;D: HF + RR 41;E: HF + ARB 41,

R BHEMHVEREFSE(%)

Table 3 Induction rate of ventricular arrthythmia (%)

ZH3 n 6v 12v
Sham 2H 50 13.33 (7 / 50) 20.00 (10 / 50)
HFZH* 50 60.00 (30 / 50) 74.00 (37 / 50)
HF+ARNIH 50 16.00 (8 / 50) 24.00 (12 / 50)
HF+RR ZH" 50 54.00 (27 / 50) 58.00 (29 / 50)
HF+ARBZH* 50 30.00 (15 / 50) 78.00 (39 / 50)
X - 39.95 59.95

P - 0.001 0.001

EHEIECK A F b, a:HF + ARNIZLE HE 204830 ,6 v
512v3¥# P <0.05;b:HF + ARNI#85 HF + RR 4448 ,6 vE5 12 v
¥ P <0.05;c:HF + ARNIZL5 HF + ARBZLAAI,6 v:P > 0.05.12
v:P <0.05,

‘”WWWWWW .

frigrtedf L L m‘“ *l“rffmwm
B2 &HIFLE VAs BTRIO R E
Figure 2 Electrocardiogram of Vas
7E:A: Sham 28;B: HF 48 ;C: HF + ARNI 48 ;D: HF + RR 41
E: HF + ARB 41,

24 HE#f&

& 3 fra , Sham 25 K BRLCo JULZ Jf 5500 JUL 280 i ]
2B/ O WL LR SE R, G54 e SR HES AR R
B HA . HF 4RO LA HES ZEFL , 27 4841
MW, 20 B E RIS, RBK M, BLAEA R P40 i
12, HF + ARNIZ M HF + ARB 2.0 LEF 4EHE 5 #a
THSE, RN B B8/ . HF + RRA KRS
HF HRARIE AL, 75 0] WL AR M40 IR, 2 21 4
TﬂEHinﬁm

3 HE# (X 400)
Figure 3 HE staining(x 400)
JE:A: Sham 48 ;B: HF28; C: HEF + ARNI 48 ;D: HF + RR 48 ;E:
HF + ARB41,
2.5 Western blot

Q11 4 Fi 7R, 5 Sham 20 K BUR EE , HF 2H K BRLC L

H MCU £ [ 238 KB &8 T+ (P < 0.05) o 15 HF
2 A B, HF + ARNI 41 (P < 0.05) \HF + RR41 (P <
0.05) }2 HF + ARBZH (P < 0.05) #2811 MCU %5 132
AR, 5 HF + ARBAIAH L%, HF + ARNI 4K Flo
WIMCU %35 FF%(P < 0.05), 5 HF + ARNI4AHH#R,
HF + RR 20 K B0 L MCU 23k F 0 g 2 (P
<0.05),
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jas)

MCU 35 kDa g
Q

B

GAPDH 37 kDa <
=

Shan HF HF+ARNI HF+RR HF+ARB
B4 £HAXBRMCUERRIX

Figure 4 Expression of MCU protein
JE:RJASNK %, a:Sham 85 HF 20 L4, P < 0.05;b: HF 205 HF + ARNI 2638, P < 0.05;¢c: HF + ARNIZ1 5 HF + RR 204, P <

0.05;d:HF + ARNIZL5 HF + ARB 414, P < 0.05,

3 iTig

HFEIT MG VAs & A BIER B R HBIE N T 3
NG S N | R 3 R P g T i B NS R B U
S5 LA et R 20 Wk R S R 2 il VR MITJE HF KRB
dw 25T UG B0 s E B, ARNL AT 2 350 4 K
O E T A B e O T RE (AR 2 25 R ) . X 53
A1) ARNT A 24035 HF SR O D BE RIS 500 )k B
FA AT FE 285 S — 8710, Sy 40 mT LA A o Jik A A
e D INRE  (HACR RN A ARNL, &7 21046 T ML K R
O E R A B AN RE RS K RO I RE . X145
SEPEIR RAAS 1 55 v] 336 5% MIJS HF RO Ak S A8 i
e IIRE , ARNLRCRE T ARB, MCU # il 57) XF 0>
I TG 335 FEABT RN

ALFE I FURTAT HE SR I 45 4L A0 V As 5 R, 4
SR B, ARNL GG V010 ] g R MG HF KLV As
B S %, H ARNIE T ARB, 5T 20 FEAR R ELVAS 1
PR JUHIE 12 v i R H I, (25 HEF 4L
e, 3 A Gt oo 3, $278 ARNI i 2 [ M1 HF K
FUVAs, TR IR A , HACR T ARB, MCU #1j1 i
A D> VAs IS I PRI IE & B LB
G AEA R AR A A BREY (1CD) B9 5 1M 4
BLREAR 090 5 (HFrEF ) 955 A HHOULEE 21 ARNLIR YT S5 18
A ICD HE s> MO B s E BBl (VI/VE)
g N ARFREEE S M0 Bhad b

{H ARNI Xt VAs 238 (AL ANTE 2 . AR &
PR ARNI ] 3 5 855 WL ) Ca Ab PR iR fb 45 1 25 1
MG 10808 1 CAMKII-p)HY 235 . Ca B B
PR UTRYR NCLX N Y4538 8 | LA E538 5 \SERCA
AT JE O LA N Ca> B85, JLF DL b SL i g
IR FRATHED ARNIXT VAs /9 2k3% 7] BE-5 ARNI XL AL
A Ca> RSB TR TR SE . SORIARNE A0 ILAN I Y
L) MU A ATP 4R O LA B IE 5 16 2, i85

50 WLAR L P Ca? 8 191240, o 4438 1 MCU $E 1R
Ca® P 17 L Y Ca 6 B, DT 52 Wi O 2R 8 1 &
AR D 2281 S I MC U BELTE 700 AT L A RS dte i 7
FEE KB E®S), R ARSZE A T ARNI Xt
MCU B, 455 BRET 20 BN MCU ik (1 58
J1#¢ ARNLIE 25 . BCH A AIZH , ARNT AT i RG>
WLARREL P MCU 933k . BARETET & 4] T MCU (1)
Fik B EBA B HF KR VAs B SR, Xl
AE 54720 AR VA S MCUR W BT T 22 68)e 32
A L FREESE AE DL K NCX FE N I 25 Tl 1 A B, an
e tE— 2 WF T, W3k A H X MCU 99 461 3855 5 1 1)
RU360, XEAMITHIA L Z Ak, BEAk, ARNI G
HF KB VAs i SR ] REA 5 O U REA

4 #5ie

ARNI 7] &g & RO U BE 5 0 5 R ER = O
W FE TR, HALH AT RE UGS T 0 IhRE RO MESS
F R, FE R T MCU By &L,
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