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FOF T S IULLL caspase — 3 mRNA ok & ik R-F3H R E5HAZH(P<0.05) 458 ¥V E S s/ T feidad %% Sirtl / AMPK / PGC - la
155 il %M #m CHF AR R Sk,

KB A e Sy RS ) B B EIAY R T 2 XL G RFREE O R TR IR RRE R y
P FERT - la

Effect and Mechanism of Sacubitril Valsartan on Cardiac Function in Chronic Heart

Failure Model Mice
CHEN Jingjing,JI Qiuxia
(Hai'an Hospital Affiliated to Nantong University ,Nantong , Jiangsu,China 226600)

Abstract: Objective To investigate the effect and mechanism of sacubitril valsartan on cardiac function in chronic heart failure
(CHF) model mice. Methods CHF model mice were replicated through aortic constriction surgery. Forty successfully modeled mice
were divided into the model group (group B),sacubitril valsartan group (group C),sacubitril valsartan + EX - 527 group (group
D) ,and sacubitril valsartan + Compound group C (group E),with 10 mice in each group;another 10 mice without surgery were
selected as the control group (group A). Mice in groups C,D,and E were orally administered 68 mg / kg of sacubitril valsartan
(for four weeks). Additionally, mice in groups D and E were intraperitoneally injected with 5 mg / kg of silent mating type
information regulation 2 homolog 1 (Sirtl) inhibitor EX - 527 and 20 mg / kg of adenosine monophosphate — activated protein
kinase (AMPK) inhibitor Compound C,respectively. Mice in groups A and B mice were given an equal volume of normal saline by
gavage and intraperiton eal injection,respectively. The echocardiography indicators such as left ventricular ejection fraction (LVEF),
left ventricular end — systolic diameter (LVESd),and left ventricular end — diastolic diameter (LVEDd) of mice were measured.
Hematoxylin — eosin (HE) staining was used to observe the histopathological morphology of myocardium. Enzyme - linked
immunosorbent assay (ELISA) was used to detect the levels of plasma creatine kinase MB type isoenzyme (CK - MB), cardiac
troponin I (¢Tn I ), interleukin — 6 (IL - 6) , tumor necrosis factor — a (TNF - «) , superoxide dismutase (SOD) ,
malondialdehyde (MDA) , and glutathione peroxidase (GSH - Px). TUNEL method was used to determine the apoptosis of
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cardiomyocytes. Real — time fluorescence quantitative polymerase chain reaction (qRT — PCR) and Western blot were used to

determine the expression levels of caspase — 3,Sirtl, AMPK,and peroxisome proliferator — activated receptor gamma coactivator 1 —
alpha (PGC - la) mRNA and protein in myocardial tissue of mice. Results Compared with those in group B, the degree of
myocardial cell degeneration and inflammatory cell infiltration in group C reduced,the levels of LVEF,plasma SOD and GSH - Px,and
the expression levels myocardial tissue Sirtl, AMPK,PGC - la mRNA and protein in group C significantly increased (P < 0.05),
while the LVEDd, LVESd, the levels of plasma CK — MB,cTn I ,IL. = 6,TNF - a and MDA,the myocardial cell apoptosis rate,
and the expression levels of caspase — 3 mRNA and protein in the myocardium in group C significantly reduced (P < 0.05).
Compared with those in group C,the degree of myocardial injury in group D and group E increased, the levels of LVEF, plasma
SOD and GSH - Px,and the expression levels of myocardial tissue Sirtl, AMPK,PGC - la mRNA and protein in group D and
group E significantly reduced (P < 0.05),while the LVEDd,LVESd,the levels of plasma CK — MB,cTn 1 ,IL -— 6,TNF - a and
MDA, the myocardial cell apoptosis rate,and the expression levels of caspase — 3 mRNA and protein in the myocardium in group

D and group E significantly increased (P < 0.05). Conclusion Sacubitril valsartan may affect the cardiac function of CHF model

mice by activating Sirtl / AMPK / PGC - la signaling pathway.

Key words:sacubitril valsartan;chronic heart failure;Sirtl ; AMPK;PGC - la
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BRI CBGE IR .
1 #R5FE
1.1 UE.XG 53

XA : vevo 3100 AU 75 LR R 48 (= BRI RHY A
A ] ) 5 V5800 F %' i i i (RSO A A A PR
73] ) 3 CFX Opus 96 AU S 5 i 5t 58 G il ik =X S g
(PCR) A ( 1 B &% (8 Br 52 &) 47 FR 2~ F] ) 5 iBright ™
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I3 AT R 120171054, BUAS O AF F 100 me) 5 WLER 34
fifg MB %4 [] T_fif§ (CK — MB ) g5 6232 W B 58 (ELISA)
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ELISA %77 & (4155 m1001932) , I 4/ % 6(IL - 6)
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T EX - 527 (L5 4 HY - 15452) , AMPK 41 il 51
Compound C (L5 HY - 13418A) , ¥ [ 35 [E Med-
ChemExpress 2\ w1 5 St BN K & F# 3 (caspase — 3,41t
54 ab13847) , Sirt1 (4it*5 4 ab110304) , B iz & AMPK
(p - AMPK, #t 5 Jy ab131357) , AMPK ( #it 5 N
ab32047) , #i iR 1k PGC - 1a (p - PGC - 1o, 1t 5 K
ab180235) ,PGC — la(#t'5 Jy ab191838) , il - 3 -
1 1% B8 20 (GAPDH, #it*5 2k ab8245) | L 241 — bt
(#t5 A ab6721) , ¥ H FE[E Abcam A H] .
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pound CZH(EZ) , 4 10 H 65 10 KX RRA/INR N A 2
C4l .DA E4/NRIIFES 68 mg/ kg V0 JF Ll # v>
I RS AT DAL K 4L/ FRUBRE VD P L i AR vb e
Hb T3 A0 4y BRI R S 1K S mg / kg Sirt 7615 EX -
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BN I 3 S 45 B AR FR R K o A ZH I B A /)N BRI 430
I A e A K
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e W4 R W N 42 (LVESd) | 2 % 4 i R 1 N 12
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I 3% 0 LR L 5 1 DR ARk I K ST -
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O WL S P A MEE - 45 LB HLAR AL 5 H/INER,
B U, PR A AR 7 gk T v O IR B I, 500 U 2 25
BE LA AUE 2 T 4% 2 R PR, FH S Bsph B2 K, —H
KB, AW, 2 pm V) R, AT IR AR - L (HE)
Jett, B R, WA/ NRO N ZUREIE A

A TG HLIE 8 /N RO LA SV A
4 pm YR, RS 2K, AR U KO 75 DNA B ) TAER
A3 15 min, FH#ERR £6 22 v (PBS) I3t , il TUNEL J
VR, 7E PBS FC il 19 3% 2o S Ak S0 ik (IRLEE SRy 37 °C)
5% 7 20 min, F PBS %%, Il 50 WL TUNEL A8 %% ( 21
), 37 “CHEEHFF 60 min, FH PBS YL, FHHTL 2 6K
BRWE R IR T AR S WS A T A

O WU ZURE BRI E 43 2420 55 5 HU/INRI O LA
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AL, — T URAE ,— 35 R TRIzol 14 $& G0 LA L5
RNA, FH JCA% W8 A% 1R Tl 10 7K 3 M, R 43 66 BE T
DI RNA U JEE o 00 S TRRE mRINA 556 50 ¢DNA,
- 20 “C¥% A7, H SYBR Green Master Mix #f 17 ¢cDNA §"
A TE B 5 10 S 4 55 A B 7 DNA | B, DA
27 MAGERIR mRNA AN KA & SR A L& 1,
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Tab.1 Primer sequence
AR A5 -3)
caspase =3 F:TGGACAACAACGAAACCTC;R: ACACAAGCCCATTTCAGG
Sirt] F:GCTCGCCTTGCTGTGGACTTCC; R: GTGACACAGAGATGGCTGGAACTG
AMPK F:TTGCGTGTGCGAAGGAAGAACC; R : CCGATCTCTGTGGAGTAGCAGTCC
PGC - 1 F:CGGTGGATGAAGACGGATTGCC; R: ATTGTAGCTGAGCTGAGAGTTGGC

GAPDH F:GTTGTGGCTCTGACATGCT;R: CCCAGGATGCCCTTTAGT

ANFO WL U A I - BUZR A7 I/ B AL 48,
13 EG  BRBUEER OIS I A vk B, AT T e
SEBRTR AN — 3R TN M5 IOk e B2 Jie FEL UK (SDS — PAGE) 5 HL VK
ER SRR, B, 43 i A e bt B caspase — 3, Sirtl,
p — AMPK, AMPK, p - PGC - 1a, PGC - 1o, GAPDH —
Bt (F B b GAPDH Jy 1:5 000, Hi4x %25 1:1 000) ,4 °C
B AL, TBST YRS , i AR i S8 AL W b i i 1L =
i —PUM B (R REEL R 1:5000) , EIMFH 1 h,
TBST B o >R FH 55 Bif 20 O 2 it 2R 45 ik =X S 7 (qRT -
PCR)IEFIRREENE (Western blot) I %E /N caspase — 3,
Sirtl, AMPK,PGC - 1o mRNA FIZE 1 35 /K -, 25 1 5t
JiE WiA% R e % , K H Image Pro Plus 6. 0 EUZ A4 0By
SRl IR FEMA
1.3 SGitFEaE

K SPSS 21. 0 Ge i 2#4RAFHT TEERL LA X £ 5
Fon , Z Y1) AR B B R 3R O 2240 H L 4 8] L3R
SNK - ¢ K56 . P < 0. 05 N 2ZE5H Giit#E X
2 #R
2.1 BAELIHEER

5 AL BAY NI LVEF KT 2RI (P < 0. 05)
LVEDd 1 LVESd /K21 i 3 5 (P < 0. 05) ; 5 B4 [L
B, CA4/INRB LVEF K7 8. 3% T+ (P < 0. 05) ,LVEDd
FILVESd K3 S E F#R (P < 0. 05) 5 5 C 4L b4 , DA
E 41/ A LVEF 7K 34 & 3% B A (P < 0. 05) , LVEDd
M LVESd KP4 2T+ (P < 0. 05)  FE LR 2.

2.2 ALEBIKE

HA4H#, B4 /MRIMZE CK = MB Fl ¢Tn 1 7K
¥ E TR (P <0. 05); 5 BLH AR, C /MR CK - MB
FleTn [ 7K B F R (P <0.05); 5 CAH L%, DA .
EZ/NRUME CK ~ MBHIcTn 1 KCEBETHE(P<0. 05).,
IR 3,
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®2 FSHNRBEOHEERLE(X 25,n=10)
Tab.2 Comparison of echocardiographic indicators of mice in

each group (X =s,n=10)

28 3] LVEF(%) LVEDd(mm) LVESd(mm)
A 72.39+4.15 6.73 £0. 54 3.95 +0.39
Bl  41.56+5.23° 10. 45 + 0. 58" 6.76 +0. 38"
C# 58.62+6.24 7.64+0.77" 5.02 £ 0. 36"
D4 49.15+4.76° 8.43 +0.76° 5.53 £0.35°
EZ8 45.72+4. 84 9.84 +0.63° 5.95+0. 54

EiHAME P < 0.05; 5 B4l P < 0.05;5C4
Jed, P < 0.05.%3 2K 6.H3F.,

Note: Compared with those in group A,*P < 0.05;Compared with
those in group B,"P < 0.05; Compared with those in group C,P <
0.05 (for Tab.2 - 6,and Fig.3).

®3 SHENRMEOMEEKFLE(X +5,n=10)
Tab.3 Comparison of plasma myocardial enzyme levels of mice

in each group (X £s5,n =10)

28 3] CK -MB(U/L) ¢Inl (pg/mL)
Aa 95.26+ 11. 84 11.23+1.15

B 267. 49 + 33.26° 18.76 + 1. 62°
G 156.72 = 19. 52" 9.24 +0.90
D 199. 60 + 24, 32° 12.05 = 0. 95°
E# 189. 71 = 23. 61° 12.95 + 1. 16°

2.3 RMEEFKE

5 A E, BAH/N UM IL - 6 FI TNF — o /K-
B TE (P <0.05) ;5 B AL, C /NI IL - 6
FITNF — o K2 0 3 BRI (P < 0.05) 515 C L LR,
DA E 20/ UMK IL - 6 F1 TNF — o /K735 2 T 5
(P<0.05) . PEILF%4.

x4 BHANMRKEEFKEEREK(X +s,pg/mL,n =10)

Tab.4 Comparison of inflammatory factor levels of mice in each

group (X +5,pg/mL,n =10)

2853 IL-6 TNF - o

A4 55.28 £6.91 80. 66 + 10. 08
B 176. 39 £ 22. 04° 176.52 +22.01°
ca 104.35+13.01" 112.55+14.03"
D4 144.30 + 18. 21°¢ 138. 60 = 16. 92¢
E# 145.58 + 18. 16° 137.91 = 17. 61°

B

2.4 FALRHKF

5 AL, B4/ MDA K- T (P < 0. 05),
SOD Fl GSH — Px K V-2 i 3E FEAIK (P < 0. 05) ; 5 B4L L
B, C4l/NE MDA 7K i 2 R AR (P < 0.05) , SOD Fil
GSH - Px /K i = (P <0.05); 5 C4L b, D4
E4/NE MDA KPR T (P < 0. 05),SODFIGSH - Px
TR R (P <0.05) 3E LS5,

%5 SANREMIHAFLER(X £5,n=10)
Tab.5 Comparison of oxidative stress levels of mice in each

group (X +s,n=10)

28%] SOD(U/mgprot) MDA(nmol /L) GSH - Px(U / mg prot)

A8 140.58 +17.52 6.72 +0. 80 350.51 +£43.16
B4l 58.71+7.34" 35.61+4.45 122.86 + 15. 35°
C#l  94.26+11.60" 20.31+2.51" 215. 64 +26.90"
D4 70.38 £8.72°  29.24 +3.66° 155. 64 £19.41°
EzE 68.59+£8.56°  30.16 +3.70° 150. 47 + 18.72°

2.5 DALALRRE

A2/ LGSR S 8 HED 38 55, R UL 5 PR 40 i
1230 5 B 4/ U U AE SRy KB PE SR BT, IILET Zk [a] FR AR A,
AR AR E B S 5 C A1/ BRUC LA AR 1 | 5 1 At
TR AR B AR s D 4 E AL/ B LR 05 1 A
CALMEE FEILE 1,
2.6 OAERATIER

55 A, BAVINRATIEIR T R B E TR (P < 0. 05);
5 B4, CA/NRAN IR - B E IR (P < 0. 05)
5 CH e, DAL E AL/ RGO WLAN I I8 753 B 25 e
(P<0.05) PR 6 FIE 2,

%6 SANRERATELE (X +s,%,n=5)

Tab. 6 Comparison of apoptosis rate of mice in each group

(X+5,%,n=5)
28 5 an o A = & 28 3 mpe R F
Az 7.63+0.91 D4 19.26 + 2. 40°
B4l 25.42 + 3. 16° E 19.77 £ 2. 42¢
céa 14.39 +1.72"

2.7 ALZEZR caspase — 3, Sirtl, AMPK, PGC - 1a
mRNA 1% B RIEKF
H5AH R, BA/NRO NS caspase — 3 mRNA

D4

1 SHEMROIALREH RS - FOREEE( x200,n =5)
Fig. 1 HE images of myocardial pathology of mice in each group ( x 200,n =5)
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M HFRIBAKE R ETE (P <0.05),Sirtl, AMPK,
PGC - lao mRNA Fil5E AR K - BRI (P < 0. 05) ;

DAPIH& {5,

TUNEL 44 {5,

TUNEL + DAPI 44,

=’y

[E5( x200,n=5)

Fig. 2 Apoptosis of cardiomyocyte of mice in each group

5B, CA/NROMALZ caspase — 3 mRNA Fl&
265K BRI (P < 0. 05),Sirt], AMPK,PGC - 1a
mRNA FIEE KPR EF = (P <0.05); 5 CA L,
D4 E 41/ LA 2 caspase — 3 mRNA Fl 8 H £ ik
K34 8 2% T (P < 0.05) , Sirtl , AMPK, PGC - la
mRNA Fl 8 (1 357KF 3 B AL (P < 0.05) . 3F
I 3,
3 Tt

CHF (& 0 WL 5 T R34 & Az e A8 0 I 38 1
AR TCHE R 4 B R i VR E AV 3 T i
MERKHES B2 - M4 B R RS, RIERR P ok m 4
WD E EAVER O E B E CHF B24E KRN E 2
MU, Hovb P B il 45 V0 $5 0T FHT9R97 CHE, BRI O
I FET 0 RS o H T, Y02 EL i 45 D 36 CHF /iR I7
PLHIATIAS T8 3 , HOAHIF 7 o X e J TR o AR 5% Hh A
T CHE /)N R Y, 330k 3 8h ik =5 4 28 A il 0
KT 2 400 mm / s/ FC HILZE 2005 P HE 24 (8 1]
L /NEUD UV SR R IR AE S R AR, 0 L
SFAEHES L, A TR T SRR A R
B GV WA G T IS | /N B LR A A
B, O WLAN LI TR BR A, B8 V0 12 B4 il 4050 0 3 m ol o)
CHF B/ O LA B P8 T2, AR5/ INER O L 21

S 32
(x200,n=5) B EARBLRI A R — P R5T
caspase — 3 mRNA X2k K F caspase — 3 1 [ A X1k
2.0 1.5
a
1.5 s a
e 1.0 C &
b
1.0
b
0.5 ’1‘ caspase — 3 ----- 35000 0.5 T
. - —
. e a6 000
qy AN - 4131
Al B4l cfl D4 E4 A4l B4 Cc4l D4l EAH Al B4 cfl D4 E4H
A B, B,’
Sirt] | W S - —— 81 000 HHHRIA )
mRNA I kAT = Akl 1.5 1 = Al
’ 4
2.0 7 == B4l p— AMPK = SEEEN S S S s 63 000 = Bl
= 4l = C4l
4]
L5+ == Dl ANPK S - G 000 =D
b - - 5
1.0 g b p-PCC - la  MENES === SS S S 0] 000
b a cc
a ~
0.5 cc PGC - la ----- 91000
a
. S
w  CAPDH SRR SRR ., ;6 00 Sintl p-AMPK/  p-PGC-la/
Sirt1 AMPK PGC - la A4l B4l C41 D4l E4] AMPK PGC - o
A, B, B,

A, - A,’. mRNA &k
B3 ZAMNROIEL caspase - 3,Sirt], AMPK,PGC - 1a mRNA f1E 5 &R %K F L% (n = 5)

B,/ - B, . ®akik

A" = A, mRNA expression B, - B,’. Protein expression

Fig. 3

78

each group (n = 5)

Comparison of expression levels of caspase — 3,Sirtl, AMPK,and PGC - 1a mRNA and protein in myocardial tissue of mice in
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RAE N AE CHF 1Y & Ji& v 4% 8 2 /E H C HANNA
LIS 25 R R e R T INF - o« FIIL - 6712
Z 50 Jy 32 v 04 KR AL, RT R 0 DLAE M 3R T 5
e, M HC ILAT M SR | 75 S 1 40 4 8 T o
PENA U AF 5% 285 5 o, 38 ol D S AR 3 5 R 1
SN, P BRI 5 B A0 0  TNF — a FTIL - 67K
ST S AL G T T A 4 B 4k N A G, AT
FEh &V I AP G YT S, C 4/ R TNF - o
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