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[(HZE] B HTU0REE i (SAC) /43 (SAC) TRzt O L (TTS) KR E MOk
WIS LA . FiE K 60 REFA R M SD KL A% BRAE (CTL 41) \TTS 41 . SAC/VAL
20 VAL 4, &40 45 15 K, CTL AR RS T I A A K 1 ml/kg BE 4T, A 3 ARG T 57
A FIRER (1S0)50 me/kg MEETEST . 25901085 24 h JF45T 10, CTL 200 TTS 41 K 45 T A4 38
ERKEH 8L 7 d,SAC/VAL A1 VAL 41K 43 51 45 7 SAC/VAL 68 mg/kg VAL 31 mg/kg #EH .
FEAIRER KB 1SO 5 )5 8 d % 4% 41 K BRI A7 5 44 ¥ 2 B Masson Yt €8, T 25 [ JoG 4 33 EJ) 36 3%
( Western blot) #:il] , 258  CTL 41 TTS 41 .SAC/VAL 4 VAL 41k R Z MO HE2e 3 & A RN 51K
0(0/10) .80% (8/10) 20% (2/10) ,50% (5/10) , Hr TTS 207 F CTL 4, SAC/VAL 4{% T TTS 4
(P<0.05), 4 4 FK R E D RFBEF A AT BT B L B 25 T A e i h 250 3, Joh TTS 4 &
CTL 21 ,SAC/VAL 41X F TTS 41(P <0.05) . 4 4 K FE kLK FF (TGF)-B, .Smad3 , Collagen I |
BEIR ALY RyR2 (p-RyR2) Swieig Ak i 415 8 2 1 AR 28 08 [ (p-CaMIK 1T ) 25 11 838 AP FE
ZRA G HE (P <0.05) , Hrf TTS 4 _FiRHeFr3Y & F CTL 41, SAC/ VAL IR T TTS 4
(P<0.05), &5t SAC/VAL X TTS K REAHEME K EE.
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Effect of sakubactril/valsartan on ventricular arrhythmia in rats with stress cardiomyopathy and
its mechanism Sun Yazhou ,Liv Tao ,Shi Shaobo,Liv Xin,Ran Qian,Yang Bo. Department of Cardiology,
Renmin Hospital of Wuhan University , Wuhan 430060 , China

[ Abstract] Objective To explore the effect of sacubitril (SAC) /valsartan( SAC) on ventricular
arrhythmias in rats with stress cardiomyopathy (TTS) and its mechanism. Methods Sixty wild-type male
SD rats were divided into control group( CTL group) ,TTS group,SAC/VAL group and VAL group,with 15
rats in each group. Rats in CTL group were given sterile saline 1ml/kg intraperitoneally,and rats in other
3 groups were given isoprenaline (ISO) 50 mg/kg intraperitoneally. The intervention was started 24 h after
drug injection, rats in CTL group and TTS group were given saline for 7 d consecutively,and rats in SAC/
VAL group and VAL group were given SAC/VAL 68 mg/kg and VAL 31 mg/kg respectively. In vitro
electrophysiology , Masson staining and Western blotting detection were performed in rats of each group 8 d
after saline or ISO injection. Results Incidence of ventricular arrhythmias in rats of CTL group, TTS
group,SAC/VAL group and VAL group were 0(0/10),80% (8/10),20% (2/10) and 50% (5/10)
respectively, and that in TTS group was higher than CTL group,SAC/VAL group was lower than TTS group
(P <0.05). There was statistically significant difference in fraction of fibrotic area in left ventricular apex
of rats among 4 groups, and that in TTS group was higher than CTL group,SAC/VAL group was lower than
TTS group( P <0.05). Differences in expression levels of transforming growth factor (TGF)-B,,Smad3,
Collagen | , phosphorylated RyR2 (p-RyR2) and phosphorylated calmodulin-dependent protein kinase I
(p-CaMK I ) protein among 4 groups were statistically significant( P <0.05) ,and above indexes in TTS
group were higher than those in CTL group, above indexes in SAC/VAL group were lower than those in
TTS group( P <0.05). Conclusion SAC/VAL exerts antiarrhythmic effects on rats with TTS.
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N3O LR SR Takotsubo Z5E A 4E (TTS) | J&—
Fh b S RT3 A0 7 S0 (RIAR O 8 ) S ik B
TR TTS J—Fh R, (HEGE R FSE & 3L, TTS
AP R S ANk A AR TTS "]
R TE G UREIR T 22 5 0 H G AR L 2R S o e A
FERLD AR, Hih 174 DB TTS g 2k
e gkw . TIS FERE THEIE L,
T2 PO R WS LT B TTS ™ ok, B
P TTS R H A5 B PE O s O U R 15 451
Je A O, WO 5 54 TE B TTS B i1
RHELEY S VDA E T (SAC) /#YbAH (VAL) & N
M FOAC 411 ) 7000 0 T B b 0 A 155 i 2R 2 (AR BEL s 751 4 7>
AR 725 . RIS, SAC/ VAL 78 Atk
S AREEL B B B R O IR R D L SR RE B
FEAIGHE T SAC/ VAL 7500 3 O UREBE O JILIE JE
2 i 30 Jk e e 1A 5 252 2 ol BUGG 00 F 49 AT e
FIUIRET L A, TR St b B R R SAC/ VAL W]
PRI Cavl.2 Fik, JEK O B A SO L, W 00 B 45
tE S [ARE, SAC/ VAL AT b 50 0 4 1 2 3%,
REEAR O WLBE BE 175 S 190 3 R BB B =8 Pk OV 2 o ) Dk
PE o DL EBRST S R KB SAC/ VAL B HLL
WU, {H SAC/ VAL Xf TTS 2= 40 A 2 7 I AE i
AW, AR R R KA EES AT ERR
(ISO) #4 7& TTS K RUKE B, 45 1 45 T SAC/VAL #i
VAL, 5% SAC/VAL F11 VAL Xt TTS &= PO R B
1EH .

M5 7E

LR AL 60 H B A= RUBREPE SD R B (45 200 ~
220 g) Mg 3 =Wk R~ gl My S 3 vl AR 3R T DT A
ZBEBESER S G o B SR R O A s T A
=R BESEER Sh P e P 2 2 51 24t v (SY2020-002)

2.7k

(1) BRI R ME T SD R BRBEPL 3y 4 42 %
WRZH (CTL 2H) \TTS 4 SAC/VAL 2 VAL 4, 540 %
15 Ho CTL 2R BT Io i AR 3R /K (1 ml/kg) 18 i
BF(IP) , HiAy 3 ZH R T 1SO(50 mg + ml ™" - kg™")
IP,24 h J517#E B Ab ¥, CTL 411 TTS 4 KR4 74
LK ,SAC/ VAL 20 K% T SAC/VAL 68 mg/kg
HEH VAL H R4 T VAL 31 mg/kg HEH .

(2) POl BT A Birfr R SR AR BEER /K B 1SO
WG 2 d F1 7 d JEA7 & il re O sl R A o R BURR
B fE ST A AR TR & AR E o T vive BB B
4L (VINNO 6 VET 7 &R 40) Fl 18 MHz Rk AT 248 iy
PO R M i 5% 200 2 KB D) THDE 2l el 555X

Tz gl X9 > 220 B N R 10% F ] TTS LAY
TENT M) o RN 55 200 28 S AN 5 200 28 L AR ER AN
Zrl 30 IR A L 4 B (FS ) FS = [Pk e 0
FNAE(mm) - W45 7.0 = N (mm) J/8F 5K I AE
LE WA (mm)

(3) B A AE AN - 75 A BRER /K 51 18O W4t 5
8 d, #9 A BEAE  A EAT B A A AR L, KR
PRI F , DRI A0 I , K5 00 JUE 3% 52 1) Langerdorff
ARG (AD Instruments) , & 4t 7 & A IE % 1Y Tyrode
VA, AL A5 AR AN 135 mmol /L S ALBH 5. 4 mmol /L 54
EE 1. 0 mmol/L & 4L 45 1. 8 mmol/L  # ik & — 4N
0.3 mmol/L 3% Z FEWR W 2 i R 10 mmol/ L | 7 % B
10 mmol/L, FE & AL&¥s pH (HiIHZE 7.35 ~7.45,
2 FEY Ag-AgCl UK AE Zc 0 & FE ISR AN 2 0 & 0
IFRIC T O AN S AE B AL, il ] PowerLab £ 4
(AD Instruments ) X ff 4 {5 5 #4700 45, FF 4 ] Chart
8.0 LK AIE T, R SIS2 FRMELER
RSB (ERP) |, Y 8 A% Z2 1 B Al B (S1) [ R4
JERE (PCL) 2y 200 ms ] Fl— > 52 Aiy A9 48 3 (S2)
H %, S2 ) PCL 1 100 ms ZE A K E 1 ms, ERP & X
N S2 AR REAH A0 M A B 1< S1S2 [a]Bg, SIST J5 %
10 N34Sl 3% (S1) 4B, ie 5% PCL 24 200 ms B0 %
SIVERLALRFELAT[A] (APD) , 1153 90% AR [] (APDy, ) o
K Burst 2 00 5E B O R W B R, M
I 5 AR AR AT Burst 119 (50 Hz ) |, B4
FIBAFEE 2 s, AUARYE A M 2 VRO W E] B 2 s 15
YR, LR TR0 20 UK, A &t Ap 2t )i 2 s i AS
R H % S 5 2 M D R T s L, TR AR OR
B OHRREHER,

(4) Masson Je {8, : K S BRI I , ol gt B i o0 U, R
FH 5% t8 /R AR E o AL O 2O IRHR AL O 3O R
HRALZAE 2 , % Masson B (bR HE T 15 EAT e 14, >R
Image J FFIN .00 WL 4 AR 9348

(5) H 5t 9% BN i (Western blot) : K BUZETR
FERRBERAS T AL SE , GBS O 2O 2 DR, T
R K Western blot Kl RyR2 B2 1L 1Y) RyR
(p-RyR2) [ RyR2-S2814, RyR2 A5 Wi W BR AL 037 A5, 73
ok S2808 A1 S2814, S2808 A 4K 1Atk A (PKA) [
WARMR AL A A, 17 S2814 Sy Ca®* /85 8 2 [ AR Mt 1 2K
Wt I (CaMK D) Py BRI AL 5. PKA 4 51 RyR2
BERRALAS e LA M XS B 52 M4 1) B i, RyR2-
S2808 7 725 th AN g A5 18 1 17 BT A O ILEE AT
il CaMK 11 41 5 ) RyR2-52814 2 5.0 H K 6 Y &
R AR BF 5T P R T RyR2-S2814 (4 K - ]
Smad3 ,Collagen T F5fb/f: KA F (TGF)-B, ,CaMK I |
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WAL CaMK 1T ( p-CaMK 1T ) 2 1 /K %, GAPDH {E
FWNZ o KH Image J X Western blot EUE 174
AT

3. Biit2p b . i ] SPSS 23.0 Fl GraphPad Prism
8 BAFHATHIT A T AR . TR PR & 25 FUR,
Z A [A] 14 25 5 LR FH B DR 28 5 22 40 Mr, W G B3R
FH SNK-q K556, LA P <0.05 WZEFAGEITHE X,

# R

1.4 R RUE P 0 3l B R A 4528 B AR B K
8 18O {E /5 2 d, TTS 41 SAC/VAL 41 VAL 41,04
i FS KW AR T CTL 44 (P <0.001) , 1 4 2K f0>
JIHS FS P G # B (P >0.05) . A3
HoKE 18O GG 7 d,4 KRBV IR LOIEER FS 1L
BERIGIFEXL(P>0.05), BEI,

R1 AGURMBA OOERE AL R ILE (% 2 £5,n=5)

g AR 2d HEANE7d
AIEHEFS  RERFS  UIGHEFS  SHE FS
CTL 41 52.36+1.81  53.13£2.39  53.67+3.68 51.33:1.77
TIS 24 52.143.57  39.51+3.69" 53.13£1.89 53.16£2.15
SAC/VALY] 48.41£2.93 38.46+2.88" 4.60+1.9%4 53.38x1.67
VAL 4 50.17£4.79  33.88+6.38"  56.28+2.40 53.46+3.13
F Al 1.445 20.110 1.440 1.005
Pl 0.267 <0.001 0.268 0.416

. 5 CTL 41 He#, P <0.001

2.4 HRFRCRE ERPAPDy S s PO ERH K
A 0 HE R 4 2R RO RS ERP JAPD,, e 22 S 1
TGt E L (P >0.05), W2, CTL 41 TTS 4,
SAC/VAL 4 VAL 21K BRE RO HER B R AR5 58
0(0/10) .80% (8/10) 20% (2/10) 50% (5/10) , HHn
TTS 4 F CTL 41,SAC/ VAL 4HAIKF TTS 41(P <0.05),
1M TTS 411 VAL 4 Fb 2= e8¢ X (P >0.05)

T2 4 HKERES ERP A1 APDy, F3% (ms,x +5,n=10)

. AR LJRHS
2157
ERP APD,, ERP APDg,
CTL 2 52.00£10.75 68.72+£30.69 55.60 £9.56 64.40 +20.69
TTS 4H 55.80 £12.12 69.28 £14.13 55.00+9.10 65.64 +11.38

SAC/VAL 4| 52.40 +7.04 68.68 £12.72 56.20 £11.01 66.28 +12.40

VAL 4 56.20 +8.56 68.36 +7.73  56.80 +10.42 68.44 +7.67
F18 0.505 0.004 0.059 0.148
P1{E 0.681 0.999 0.981 0.930

3.4 KRR D ZE D ARFBFLO S FRET ek T £
BHLHE 4 AR KRR ZE 0 2 O AR TR £ Ak T B 5K e
BERAGIFEL(P<0.05), K TTS H & T
CTL 4 ,SAC/VAL HAKF TTS 41 (P <0.05),SAC/
VAL 01 VAL 4 [bA 25 Sw oG it 3 L (P >0.05) ,
1M 4 411K FRZE 0 % D IR AT AL I AR o B e e 22 5+

TG EX(P>0.05), WLIE 1 M3,

el s SRR |

1 4 PR ZEDIRTRFCIRALL Masson e (i 455
(A B 43510 CTL 4104 %6 0K H ; C.D 43 314 TTS 41
DYREB OB E F 4351k SAC/ VAL 2H .08 O IS 3 5
G H 4351 VAL 4104338 O JEEE, x400)

R34 AR E ORI AL
IR (% 3 £5,n=3)

5 NI S LT
CTL 4] 3.16 £0.77 3.39 £0.98
TTS 4] 8.15 £2.57° 2.95+0.98
SAC/VAL 4 4.17 £0.55" 3.09 +0.59
VAL 4 5.62 0.58 3.63 £1.02
F A 7.195 0.346
P i 0.012 0.794

.5 CTL 41 bb#,° P <0.05; 5 TTS 41 Fb#:,PP <0.05

4.4 24K B TGF-B, . Smad3  Collagen I , RyR2 |
p-RyR2 .CaMK II ,p-CaMK [l % 9 ik K P HL %4 4
KB TGF-B, .Smad3 | Collagen [ \p-RyR2 ;2 p-CaMK I
HEHRBKFIR ZER A G E X (P <0.05),
Hop TTS 21 FiRdebr 4 m T CTL 20, SAC/VAL 41
f&F TTS 41 (P <0.05) , VAL 415 TTS 4l 22 5y
TG E (P >0.05) , 1 4 2H[H] CaMK II 1 RyR2
HEARDOKP IR ZE TR B L (P >0.05),
W4,

Wit

UTAERIORTTE K B, TTS Ak RpE gt
KA TTS 2Pk IR % W SohE ™ H G Bz Xt TTS
FASC O B MR, SAC/VAL 0] 2% i 22 b R r
HE LI REA R RLLE R E ST AL R BN
(1)SAC/VAL 1] [k TTS 92 P00 A R B b
(2)SAC/VAL n] a5 TTS 0ARFREF4EAL ; (3) SAC/ VAL
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£4 44K TGF-B, .Smad3 Collagen I .RyR2 .p-RyR2 ,CaMK Il \p-CaMK Il & H £ A /KFE K (2 £5,n=3)

4151 TGF-, Smad3 Collagen | RyR2 p-RyR2 CaMK II p-CaMK II
CTL 24 0.19 £0.03 0.24 £0.11 0.11 £0.06 0.56 +0.14 0.14 £0.05 0.87 +0.04 0.17 £0.08
TTS 2 0.65 £0.03" 0.76 £0.11° 0.58 £0.07* 0.59 £0.15 0.68 £0.04" 0.88 +£0.01 0.69 £0. 14
SAC/VAL 4 0.36 +0.03" 0.46 +0.11" 0.21 £0.07" 0.50 £0.11 0.33 +0.06" 0.87 £0.03 0.28 +0.09"
VAL 4 0.55+0.08 0.65 £0.04 0.44 £0.08 0.55+0.11 0.55+0.08 0.84 +£0.02 0.54 £0.04
F{g 40. 130 16.950 31. 640 0.267 47.380 1.064 18.920
P1{a <0.001 <0.001 <0.001 0.847 <0.001 0.417 <0.001

45 CTL 41t ,* P <0.05; 5 TTS 41t ," P <0.05

X WA R ERP 5% APD JG W] 82 0, H 7] REFE
TRECOHRH N Ca® " it .

1SO A JFI T2 F 3l 4065 0 1y o 45, 40455 2 k00 L
REE O LI/ £ 24k, 1SO B8 .0 LG5 0 5 %
WS TTS ., B A 7] 1 3l K50 5% T 1 25 490 A
[F] AH 25950 & F 25 25 07 XA i 2 5% 1SO i TR
KGR IUBEZER , R KGN 25 2, — o i
P R 8 1P 75 ~ 150 mg/kg 10, 5 1] b i 1] Ay
24 WM IURE R | £ AL L0 B S SR /N 2
2577 R WAHESE A Y TTS, it R I Sachdeva
2O T (AR TR IE 5, SR PR YR AR A IS0, 1
ok 50 mg/kg BY 100 mg/kg, # A4 A Ty % 5 150
U TCH A EE . BT LA B4 e 8% 50 mg/kg 1SO
13%—'?— TTS[10,17] .

IR b, SR TTS 2 B I A 0 38 00 AT L
EHER, DA B LD E IR, A R0 R
B 0 2 P IS 4 Th R I BRI 2, 0 2 S A
SREIE ™ L FEA BT AR AR R R 1 5 IS0 JE
2 d, K B R A A 4 I e TS AR T S S AT 46 ) i
Ho WOATBHLIG R TTS .0 IE 25, 1 7 d J5 47O
R AL, L AR AE DI RE IR S IEH X S IR TTS
B R D RE R A 2

RESRIRTISE 3%, TTS AR 25 40 I SMA AR 43 5] &5
BT $ R 40 M A1 4T 4 1 22 5 Sachdeva 451 % B
1SO 755 8 d 0o L2 1 b 500 B S 0 e AR [
REARBFFEHIVE G TTS LBt | Z2.0 35 0 2R H B 1
BAAEAL L2 R A UL R SR AR, 3 AT fig s
TTS BTG EA "™ . TTS fy4s i H 8 p—4
VLW TTS Ff AR —Fh BT BLAF A IG R R BEFE
(HRTFE 45 R R, TGF-B,/Smad-3 55 1 B4 75 0 ik T
PRSP . ASHESE R, TS0 HESTE 8 d KR
TGF-B, I T 7455 54> T Smad3 & [ 4 3% 3 i, 2 W]
TGF-B,/Smad3 il B (5 BE¥HG 5 5 7 &k 10 15 3
AL LR A AEAL i R . 50 WUBEFE 0 5 55 2 Bl
FTIAALL, SAC/ VAL T AR TTS ZE00 %8 S T 4
A SAC T i Ok P A 6 TG K 3 83 5 i
TG IBEIR = 1 (cGMP ) /3R R 5 11 AR 10 2 1 U il

(PKG) {5 538 I K45 AE . A5 4s R s, SAC/
VAL [ { i o] B AR TGF-B,/Smad3 () 35 , i B i
I VAL X} [ 3R B ICH B . G cGMP/PKG/
TGF-B,/Smad3 i #% T & Collagen 1 1Y 33k, v Gt &
SAC/VAL LHEG ALV A 2L
Koy TTS B35 2k W] QT [ WIE K, #&/R TTS
AVER R O ENAN APD ZERKS (HRZH TTS M
# QT [ HA7ERR A AR A 1 . BEAERRSY 2
B, R 400 e Y 1SO AT 4 KK L QT il 41172, 1S0
AT HER LN g APD ) 45 & A E 5T 45 5, IS0
70 TTS KA 8 d (1) APD Fll ERP ¥R & 1E 4, 3=
Bk FIR i 18O 53 B s I BT TTS B il
PREFAE . [F] B, SAC/VAL 7.0 Ji7 B 8y o0 WILAS 36 55
ERP J{28 B AT 8745 Cavl. 2 S8 38 8 2 1 0 3R8 , ¥ 45
YKZ ERP, FRAGC AR 1Y & AR (BAEARBE ST, TTS
KB ERP Hl APD I B384k, $27% Cavl. 2 A
3 3 2 P R S AR e ) S 0 TG S A,
F SAC/VAL J5 ERP F1 APD 7R {54 1E %, 20 SAC/
VAL A0 1E % B9 Cavl. 2 FIAR 8 3 & 1 #2507,
FFRIINIIE R Ca®* WG 0 AT B45 M 1R Na*/Ca® " 58
i, DI IR R J5 E AL, 7T fil sk o Y. —
TG0 TTS KBS BRI 98 & B, 76 180 1415 15 d
I, LS I Ca® R A S 1 . OIS ) Ca * i
TR FIAEIR 5 A AL P BB 2 TTS 2ot O R H
AT AENLET o RyR2 2L Ca®* Jitk s o 3 25
i, BARTE S 1SO J5 RyR2 A48, {E4E Jy RyR2 (43 ¥
3, p-RyR2 4 11 235 K F-Fh i, T4 Uk 7 L
Ca’" IHRIE £ . RyR2 Al 4l PKA B CaMK Il B &1L , 111
Ja B AR B EL TR R, p-CaMIK T 85 [ Rk K
SEFhin, W] RyR2 3% P84 i £ %y CaMK 1T 4 %,
Eiringhaus 25> % 31 SAC/ VAL ] B IR 4K B0 52
F O E AN Ca™ W, 1B TR [ & Ca® " KAERY
PR, ABFTT L5 WoR, B ] SAC/ VAL 1] FA%
RyR2 (IR ALK, i — 2 B iE T SAC/ VAL B0
B AVE T, TTS K AR5 1) M B oK & 19 L 25 B
W, AR S ERREAE LR ERME B E LR
RAEZIR, T B ZK-Gs 25| RyR2 i JE B iR
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T T Q1P Wl Lo (£ ol USRI o7 2 o e
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