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ALD. ANP. BNP., ¢cGMP. PKG /K°F-Fl NPR-A . PDE5A (¢cGMP) . PKG. Bax. caspase 3 A% (# P<0.01) ,
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[ Abstract | Objective To study the protective effects and mechanism of sacubitril (Sac)/valsartan (Val) on
cardiomyocytes of rabbits with heart failure induced by doxorubicin (DOX). Methods Thirty New Zealand rabbits were
selected to establish DOX-induced heart failure rabbit model. Twenty-five rabbits with successful modeling were randomly
assigned to model group (DOX group, n=9), DOXVal group (n=38), and DOX-+Sac/Val group (n=38); and another 8
New Zealand rabbits were selected as blank group. The DOX -+ Val group was gavaged with 4.65 mg/kg Val suspension
each time, the DOX+Sac/Val group was gavaged with 9.3 mg/kg Sac/Val suspension each time, and the blank group and
DOX group were gavaged with equal volume of distilled water each time. Each group was gavaged twice a day for 8§ weeks.
After 8 weeks of administration, echocardiography was used to measure left ventricular end-diastolic diameter (LVDD),
left ventricular end-systolic diameter (LVSD), left ventricular ejection fraction (LVEF), and left ventricular fractional
shortening (LVES). The heart mass index (HMI) and left ventricular mass index (LVMI) were calculated. The pathological
morphology and myocardial fibrosis of myocardial tissue were observed by hematoxylin-eosin (H-E) and Masson staining.
The ultrastructure of cardiomyocytes was observed by transmission electron microscope. Terminal deoxynucleotidyl
transferase-mediated dUTP nick end labeling (TUNEL) staining was used to observe cardiomyocytes apoptosis and apoptosis
rate was calculated. Enzyme-linked immunosorbent assay (ELISA) was used to detect the levels of N-terminal pro-brain
natriuretic peptide (NT-proBNP), high-sensitivity cardiac troponin I (Hs-cTNI), angiotensin Il (Ang II ), aldosterone
(ALD), atrial natriuretic peptide (ANP), brain natriuretic peptide (BNP), cyclic guanosine monophosphate (cGMP), and
protein kinase G (PKG) in serum. Quantitative polymerase chain reaction (qQPCR) was used to detect the expression of
natriuretic peptide receptor A (NPR-A), cGMP-specific phosphodiesterase SA (PDESA [ cGMP ] ), PKG, B-cell lymphoma
2 (Bcl-2), Bcl-2 associated X protein (Bax), and cysteine aspartate protease 3 (caspase 3) mRNA in myocardial tissue.
Western blotting was used to detect the expression of phosphorylated cAMP response element-binding protein (p-CREB),
phosphorylated Bcl-2 related death promoting factor (p-Bad), Bcl-2, Bax, and caspase 3 proteins in myocardial tissue.
Results Compared with the blank group, the LVDD and LVSD in the DOX group were increased (both £<<0.01), the
LVEF and LVFS were decreased (both P<<0.01) and the HMI and LVMI were increased (both £<<0.01); the apoptosis and
apoptosis rate of cardiomyocytes were increased (P<<0.01); the levels of NT-proBNP, Hs-cTNI, Ang Il , ALD, ANP, BNP,
c¢GMP and PKG and the expression of NPR-A, PDE5A (cGMP), PKG, p-CREB, Bax and caspase 3 were all increased (all
P<0.01), while the expression of Bcl-2 was decreased (P<<0.01), and the expression of p-Bad had no significant difference
(P>0.05). Compared with the DOX group, the LVDD and LVSD of the DOX+Sac/Val group and DOX+ Val group were
decreased (all P<<0.01), the LVEF and LVFS were increased (all <<0.01) and the HMI and the LVMI were decreased (all
P<0.01); the apoptosis and apoptosis rate of cardiomyocytes were decreased (all <<0.01); the levels of NT-proBNP, Hs-cTNI,
Ang II, ALD, ANP, BNP, cGMP and PKG and the expression of NPR-A, PDE5A (cGMP), PKG, Bax and caspase 3 were all
decreased (all <<0.01), while the expression of Bcl-2 was increased (P<<0.01); and the expression of p-CREB and p-Bad was
increased in the DOX+Sac/Val group (both P<<0.01), but there was no significant difference in the DOX - Val group (both
P>0.05). Compared with the DOX+ Val group, the DOX+ Sac/Val group showed a decrease in all indicators except for LVEF,
LVFS, NPR-A, ANP, BNP, cGMP, PDE54 (cGMP), PKG, p-CREB, p-Bad, and Bcl-2, which were all elevated (all P<<0.05).
Myocardial pathology and transmission electron microscopy showed that Sac/Val effectively protected cardiomyocytes,
reduced cardiomyocytes apoptosis and myocardial fibrosis, and these effects were significantly better than those of Val.
Conclusion Sac/Val can effectively reduce cardiomyocytes apoptosis, improve cardiac function and reduce myocardial
fibrosis in rabbits with heart failure, and these effects are superior to Val. Its mechanism may be related to activating the
NPR-A/cGMP/PKG signaling pathway and inhibiting renin-angiotensin-aldosterone system.
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BeRMIET RN Em AT, HARRIT S .
WiE2" . AROEREFIRREIL 03812, WK
KoK F NI BRI 1.0%~2.0% .
r D R L B BB R R 1.3%, 2945 1 370 J7
W, Ho 0 SN 54 (left ventricular ejection
fraction, LVEF ) <50% I & 5 %~ 1%, HI L
LVEF AR A0 £ 0 Ik, GG A7
YT EEF B Z .0 RIT A A SRR
R, MAENTNFHONMEBZOERLE . K
JE () FE B AL, 1 Co LA g T L A
FREERH, PR R - M RKER - BEHE RS (renin-
angiotensin-aldosterone system, RAAS ) Fl 3¢ J&& fif
Z RGN, FIREIIK R SGE (natriuretic peptide
system, NPS) AUAHXTAS & A2 T 3500 5 3 1 19
HNZE™ . —HRSE, TR ET A O
I T B ORI OGRS MG, PR, RITC IR A oA
T2 F- IR DL B B2 mim R T S

I 10 4E2K, A ERTEO IR YT 7 AN W E
AL 25 Wy, o vb Bl (sacubitril, Sac) /4
b 30 (valsartan, Val) . ik#& 50, "M 5
TR I LG A5, I b Sac/Val (1 1t PR 3k 4% 5 K,
PEUE B2 27 3 B 3 & o Sac/Val J& — Fl H A X H
00V FH 4 AL A R AR S A W, Fe T R
(neprilysin, NEP) 11 ifil 7 Sac F1 1 45 E 5K & 11
1 0 %2 {K (angiotensin I type 1 receptor, AT-1
ZAK) FEPUA Val LLEE R [ 1+ 1 45 & i k.
Sac/Val B 7] L3l i Val 5 % 8 M 55§t AT-1 32 1k
0 RAAS (19 35 V£, X fig i i Sac 4] §il NEP
PE, WD NPS | 92 0K A I T V) 5T Y R i
B IR P NPS AKF, A #E R R HE AN, EF 5K i
B, BN RAAS K AZIEM 4 RGE0E 1R, WL
L Yifl, WL EEM, O IhEEST .
PRI, Sac/Val C 8 RIS M b LG S HE R HER A &
18O R RO R T 25 > Al TA ZK3E
PR . HRT Sac/Val B I R AGIE B 24 E 3 -F
B, AEILPE GO AL, RO WU S8 ) SR
LoD A A W98 & R W] Sac/Val BA
LN T L RO | s O IIRE)
PERNOM E RO LR R T 9 2 TR AR
HAE, ARFHZZEIAE (doxorubicin, DOX )
FE 00 RE A AR AR, R4 Sac/Val U 3 4 1900 JE )
AE. NN T 22T 44k . NPS S RAAS R340,

FFRIT Sac/Val LrAFH 0 LI R T2 A5 5 15 A6 ) IR B
JK3ZAA ( natriuretic peptide receptor, NPR ) -A/ ¥
IR 24 ( cyclic guanosine monophosphate, ¢cGMP ) /
HE P G (protein kinase G, PKG ) 1553 i Al
H RAAS A5 ¢, B 1E R Sac/Val I JRIGIT L = 1
BET 200 2 T B SRR A AR

1 ##FnTE %

1.1 %%z E iy 38 H 8~10 Ak i
PEH VY 2R, K (2.5405) kg, W H TR
TLIXEB R s R AV A IR A ], e shiA: -
VFATIES : SCXK (I71) 2017-0003, ASEH 5 523k
PR TR AE I B AR e R B AR PR B 2 vt (i
DWLL202308 ) . Sac/Val, Val iy [1JbatimAedl 255
A FRAF], DOX W B # i E 2L B A PR A
12 XA EME AR AR (L4
FRGAfb A BR A F] ) , TUNEL Kl & ( 1
T R RAEYEARAIRAT ) |, Sad FR Il A1 IR
FHRKETIA ( N-terminal pro-brain natriuretic peptide,
NT-proBNP ) | #lil & %52 [I (angiotensin I,
Ang Il ) ELISA il i) & (sDURHEE 2E Wk
ABRAFE) , S UVLES 1 TChigh-sensitivity
cardiac troponin I, Hs-cTNI) ELISA £ il iz 7 &
( 3[H Life Diagnostics A ] ) , hHA =YL A |
Tl [ M (aldosterone, ALD ) . Ha.l» oAl FREM K
(atrial natriuretic peptide, ANP ) . i A R 40 K
(‘brain natriuretic peptide, BNP) . 4t cGMP, #
PKG % ELISA Fa 50 & (b 3d g 50 A7 PR 2
Hl ), PR TOhE B PCRIA & . TRIzol i 7
. SDS-PAGE #BEie i s iaGi & ( Ligife B
HE AR ), PCR5 4. ECL B GH ( 1
SR A YRR R ) , PYDF R (£
[ Millipore 23] ) , HRP FRic il itk IeG (£
[E Jackson A ) ) , WEFRIL cAMP Jz b o454 %
I ( phosphorylated cAMP response element-binding
protein, p-CREB) . WM& 1k Bel-2 #H 538 T i i
¥ ( phosphorylated Bcl-2 related death promoting
factor, p-Bad) . Bcl-2. Bax. caspase 3 Z5hifk ( 38
[ Cell Signaling Technology 7 7] ) . iU22 A0 i
FAOZ W (7 2% Philips A H], BRI 8
MHz) , ST5020 ZUIRE4L i —{AHL. RM2245
YIR L. DW4-B BUAEY) i idss (72[E Leica W] )
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JEM-1220 A% 45 ( HAS Hitachi /A% ) , Eclipse
Cl1 BB MEE ( HA Nikon A F] ) , Mx3000P
AU 5t 2 5 PCRAX (32 [ Agilent A 7] ) , DY-BI
MEEPER (Y PEES ) . VE-180 TR EHL
WA (¥ REERMEARAF] ) , PowerPac™ HC
HITKAX . 170-3940 BUETHEENRE . XR+BER NG5
Br 24 (32 Bio-Rad /A ) ) , Gel-Pro Analyzer 43
Pt (€[ Media Cybernetics 23 F) ) o

1.3 7k

13.1 NFEHMEAHET BSHEHAETR,
38 LV I MR BT VY 22 il MR SR 1 S, R
FHBE LA 7 #3208 B 30 H ik f7 DOX i 3.0 B 1
R, 45 R S A9 1.0 mg/mL DOX ¥ i LA 1.25
mg/kg MR AT H- S kS, /T 8 Hoha |
H, TR NI T Ik ES; PidlEy
REJRITEGT 2 Ik, 22 6 JH . R SRR RN
FrhZEEE . g, b B, Hfe HihBl
DOX 7ESHE- NI . it (hH&elaE) , 1
SREURRHTE . HERRAbHE . 55 6 J& 5 FHA R O 3h
EIPEAL I RE I I NT-proBNP 7K, LA LVEF<
45%. NT-proBNP 7KV~ 5 25 T i 4 Wt o0 5 S A Al
BN, B2 il £ O R A 25 1, BET
4 H, R 1 H,

132 ZH2ARTH 25 HO Bl gbbil
Jy R34, BRI (DOX4H, 9 H ) . Val T 14
(DOX+Val 41, 8 ) . Sac/Val 1+ fii 41 (DOX+
Sac/Val 4, 8 H) ; Mk vE " IFRIE A 53
YAl AT BT AR ERGR i, DOX - Val 4
FRRIE S Val IR 4.65 mg/kg, DOX+Sac/Val 4%
U HE H Sac/Val R 2 K 9.3 mg/kg, 25 H4H M DOX
HAEFRHESE FERBEMWZERK, SHAYBHER
2K, FELERJH; AT R, DOX 414ET™
3 H, DOX+ Val {1 DOX+Sac/Val A4 5ET- 1 H.,
R TSR B g — AR T a AT, R A S
ZH . DOX+ Val 41 Fil DOX+Sac/Val 21 4% Fiti HL 12E H
6 HEH R,

133 #EoshEAE 24118 Ji)E, Lk
EREAEIK 12 h, REFEELFHIKE S 20% 5
$r3H (5 mg/kg ) WREE, AEM [ E, BT E,
F 8 MHz @Mk & F M &%, BaALEK
Y, RS M AV .OShE, WE 22D = Ak
K N 1% (left ventricular end-diastolic diameter,

LVDD ) Fl 72 0 % Wi 45 A W N 42 (left ventricular
end-systolic diameter, LVSD ) , i H Teichholtz /A
U9 LVEF MU 2= 8 404 /8 % (left ventricular
fractional shortening, LVFS) . #EZEid ¢ 3 03l
S BdE, SO,
134 AKX E. QJEE E 4RO Ef0 4 5 R E F
WE RO RE AL e s, TR 8k
Reifil 20 mL, #HE . BO, UL, & T —20 Cik
FAORAE, LA a2 ELISA KA G bR . RIS ST
RIAbFE A, PR 5 5 o s - B Lo, FH kR K e
YEJE Tk LByBROERE . 4SS, 14T
FrigAan g, SYERACC D MAT O R PR A2 E
i (left ventricular mass, LVM ) , 433 iT 58 40
H 580 (heart mass index, HMI; HMI=4>.[>H
/R ) A0 FE HEFEE (left ventricular mass
index, LVMI; LVMI=/o0aE dde /K )

B Ze DA, H 4% 225 B R T 1]
E, UK. = A IR, fTE L H-E F1
gt B, BRSSP, G
TWELONIHLIE S M AL RIS
135 FABFEAE B LEOIAL,
2.5% G AV E, PBS VR 3K, £ 1% ki
[ . B CWEWK . M A IR BT A
i, BAARARS iKY, FEEST R T OE L
A TS FR I TR A EIR
1.3.6 TUNEL # 7 UL 2 B 1.3.4 Tl /5 14 G /e
O EDNAHAL AT, w2k E, HEA
fitf K T /£ 37 'C ¥ & 30 min, PBS ¥k ¥ 5 minX
3K, AR T AR IR T F 25 min, PBS PR
5minX3 ¥; 208 TUNEL K U500 & 5 WA B A
i Y, 37 CWEE 3~4h, PBS VLV S minX
3, A DAPIYL, #OL= i H 10 min, PBS
P 5 min X 3K, M5 FHPUOCIERICE Bl E s
£ Eclipse C1 850 1 filld ™ MR A FA,
JH Imaged AT R 538, AL LA T3
CILMEIHT % (% ) =TUNEL 42 {0 FHYEAI AL
i/ TR X 100%.
1.3.7 ELISA #3l U 1.3.4 WURSE MG, ™k
G ELISA i) &8 4553350 NT-proBNP
Hs-¢TNI, Ang I . ALD. ANP, BNP, ¢cGMP, PKG
Ko
1.3.8 PCRAM b/ L% 0 L2 100 mg,
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JINA TRIzol 2 AT S . 510K, $EHUE RNA,
ERNAVREE , 4, ROE5EG M cDNA, #&IEML
B0 5E B PCR (SYBR Green ) 71 & 56 B 4,
A6 E 7 PCRAGEATY 1S 517 5: NPR-A
iE 16 5] % 5“TCTGAACTACAACGGAACTT-3',
K18 51 ¥ 5“AGACGATGAGAATGCTGAG-3';
cGMP %§ 5 £ # B2 — WiE # 5A [cGMP-specific
phosphodiesterase SA, PDE5SA (¢GMP) | 1E w54
5"AAGCAGGCAAGATTCAGAACAAG-3', KL[i5]
¥ 5'-CTGGGCTGTTTAGAACCATCAA-3';
PKG 1E [f] 5] ¥ 5-GGCTGTCAGAGAAGGAGGA-
GGAA-3', JZ [ 5|4 5“TGTCGCAGGTCGTGGA-
AGGA-3'; Bcl-2 1F 0] 5] ¥ 5-GTGCGGCCTCTGT-
CAGACTTCT-3', Jx " 5|4%) 5-CCGAGGGTGATG-
CAAGCTCCTA-3'; Bax 1E [ 5|%) 5-TTATGGGCT-
GGACGCTGGACTT-3', [ 5|% 5-AGATGGTG-
AGTGAGGCGGTGAG-3'; caspase 3 iF [i] 5| ¥ 5"
GCCAGAAAATACCGGTTGAA-3', 2 Ia] 5] ¥ 5~
GTGGCATCAAGGGAATAGGA-3'; B- L 3 & H
( B-actin ) 1F [f] 5| #) 5“AGCACCATGAAGATCA-
AGAT-3', Jz [n] 5] #) 5-CCGACTCGTCATACTC-
CT-3", DA B-actin NS, KA 24 BT NPR-A
PDE5A (¢GMP ) . PKG. Bcl-2. Bax. caspase 3
mRNA BYAHX RN &
139 ZaludEsen Belko=004H
41150 mg, hn A T ¥% [ RIPA 24 i W, 21 K.
g, B, RASSEA; SfL LFE25 ng
17 SDS-PAGE, HIk7 &5, HEARE® =
PVDF . #}/4; Jin A p-CREB, p-Bad. Bcl-2,
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Bax, caspase 3 PUiA (FBELLBII M1 2 1000) ,
DL B-actin /E Jy N = IR, 4 C % 75 i %4, TBST ik
% 10 min X3 ¥; A HRP FRiC i — 40 (R B kb
B 1 : 1000) , 37 CHEHF 90 min, TBST ¥k %
10 min X3 ¥X; H ECL @BHUAOGRAN IS, 12 A g
6. B, BE, I XRABIRBUSMT RS AR,
HH Gel-Pro Analyzer 5 i 17 534, 115 p-CREB.
p-Bad . Bcl-2 , Bax , caspase 3 £ F 45 K& {55 B-actin
BN REE LU, VR HARX R

1.4 %t a3 i SPSS 28.0 ¥ T4t 2F
0. THEGORI X £5s R, 2400 LA R
T3 22500, WA LU SR B/ N i 350 25 S . R
KHE (a) 4 0.05,

2 # R

21 BARSEETERME SEHLIMEL, DOX
A HML, LVMI #5745 (39 P<0.01) ; 5 DOX
20 1 Ht, DOXSac/Val 4 1 DOX+Val 4 % HY
HMI., LVMI $J[&f% (¥ P<<0.01 ) , H:rf DOX+Sac/
Val 2l f (1) L iR 48 b5 AL T DOX+Val 4 (¥ P<
0.01) . WK 1,

22 BUMaRECwEAEELER SEHAMLEL,
DOX 4% 1 LVDD. LVSD ¥k (] P<0.01) ,
LVEF ., LVFS #J[5A% (1 P<<0.01); 5 DOX ZHAH I,
DOX Sac/Val 20 1l DOX+Val 4% LVDD . LVSD
P/ (#1P<<0.01) , LVEF., LVFS #1715 () P<
0.01) ; DOX+Sac/Val 4 % By | ik 38 #1 % DOX+
Valdl 22 5 ¥ A Goib ¥ B X (P<001 3 P<
005) . ULIK 2,
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Fig1 Comparison of HMI and LVMI of rabbits in each group
“P<0.01. n=6, x+s. HMI: Heart mass index; LVMI: Left ventricular mass index; DOX: Doxorubicin; Val: Valsartan; Sac:

Sacubitril.
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Fig2 Echocardiography results of rabbits in each group

A: Changes of echocardiography; B-E: Changes of specific parameters of echocardiography. "P<<0.05, “P<<0.01. n=6, x+s. DOX:

Doxorubicin; Val: Valsartan; Sac: Sacubitril; LVDD: Left ventricular end-diastolic diameter; LVSD: Left ventricular end-systolic

diameter; LVEF: Left ventricular ejection fraction; LVFS: Left ventricular fractional shortening.
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Fig3 Comparison of serum NT-proBNP and Hs-cTNI levels of rabbits in each group
"P<0.01. n=6, x&s. NT-proBNP: N-terminal brain natriuretic peptide; Hs-cTNI: High-sensitivity cardiac troponin I; DOX:

Doxorubicin; Val: Valsartan; Sac: Sacubitril.
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Fig 4 Pathological morphology of myocardial tissue of rabbits in each group ( H-E staining, 400 X)
H-E: Hematoxylin-eosin; DOX: Doxorubicin; Val: Valsartan; Sac: Sacubitril.
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Fig5 Myocardial fibrosis of rabbits in each group (Masson staining, 200 <)
DOX: Doxorubicin; Val: Valsartan; Sac: Sacubitril.
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Fig 6 Ultrastructure of cardiomyocytes of rabbits in each group (transmission electron microscope, 11 500 <)

DOX: Doxorubicin; Val: Valsartan; Sac: Sacubitril.
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Fig 7 Apoptosis status of cardiomyocytes of rabbits in each group

A: TUNEL images; B: The cardiomyocytes apoptosis rate.  P<<0.01. =6, x+s. DOX: Doxorubicin; Val: Valsartan; Sac: Sacubitril;

TUNEL: Terminal dexynucleotidyl transferase-mediated dUTP nick end labeling; DAPI: 4’,6-diamidino-2-phenylindole.
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Fig 8 Comparison of serum AngII, ALD, ANP, BNP, cGMP, and PKG levels of rabbits in each group
"P<0.01. n=6, X£s. Ang Il : Angiotensin Il ; ALD: Aldosterone; ANP: Atrial natriuretic peptide; BNP: Brain natriuretic peptide;

c¢GMP: Cyclic guanosine monophosphate; PKG: Protein kinase G; DOX: Doxorubicin; Val: Valsartan; Sac: Sacubitril.
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Fig9 Expression of NPR-A, PDE5A (¢cGMP), PKG, Bcl-2, Bax and caspase 3 mRNA in myocardial tissue of rabbits in

each group detected by qPCR

"P<0.01. n=6, x*s. qPCR: Quantitative polymerase chain reaction; NPR-A: Natriuretic peptide receptor A; PDE5A (cGMP):

c¢GMP-specific phosphodiesterase 5A; PKG: Protein kinase G; Bcl-2: B-cell lymphoma 2; Bax: Bcl-2 associated X protein; caspase 3:

Cysteine aspartate protease 3; DOX: Doxorubicin; Val: Valsartan; Sac: Sacubitril.
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Fig 10 Expression of p-CREB, p-Bad, Bcl-2, Bax, and caspase 3 proteins in myocardial tissue of rabbits in each group
detected by Western blotting

"P<0.01. n=6, X£s. p-CREB: Phosphorylated cyclic adenosine monophosphate response element-binding protein; p-Bad:

Phosphorylated Bcl-2 related death promoting factor; Bcl-2: B-cell lymphoma 2; Bax: Bel-2 associated X protein; caspase 3: Cysteine

aspartate protease 3; DOX: Doxorubicin; Val: Valsartan; Sac: Sacubitril.
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