55 34 35 55 19 1] FEMRKEFEZRE Vol. 34 No.19
2024 410 A China Journal of Modern Medicine Oct. 2024

DOI: 10.3969/j.issn.1005-8982.2024.19.006
XEHRE : 1005-8982 (2024) 19-0035-09

pa;
s
bj)}
&
i

b ZE BB 2D 3B 038 i Nrf2/HO -1 {5 518 2%
Z R0 N1 =g BB A *

L, JORE, RONE, RE R, b, 2474
(HEWHE=ZER ChEN_F, LH &5 330009)

HE . BY BRIV ECHSIIEMIET NR2/HO- 112 5 i8% K5 /1 %35 (HE) fefeshihsiil 6 o5
FhH, FiE B HRFMEE(DOX) 4 HOC2 41 s 41 & HE 2o AR R, K6 o 34T i B & o 430 340
(LCZ696) F= Nrf2 47 ) 7] (ML385) 3897 . H E I mitn A5 B4, DOX 4L, DOX+ LCZ696 41, DOX+
ML38548, DOX+ LCZ696+ ML38548, I DOX#-FHFEA R, 4T LCZ696 2 ML385 7477, X4 AiR
F AR, DOX4L, DOX+ LCZ69648, DOX+ LCZ696+ ML38541, CCK—8#ml &t 7y AR m oAb 4w
FRT; RPEERE SR R (ELISA) #mlafROS, MDA, SODKF, A KERF(TNF-a IL-1B,
IL—6) &8 E; Western blottingﬁ??)”\‘l A28 am i Fa s R Bax. Bel-2. C—Caspase—3. Nrf2 FHO-1 &G A&k
o MR RS IR HE, Massonfe TUNEL £ &, 255 S5afmRalibi, DOX L& 1 %Ak (P <
0.05), taf A = &9+ 3 (P <0.05), £ B F . ROS.MDA K-FFefe 8 =& & & ik I3 (P <0.05),S0D K
F N2 fe HO-1 & & & X 3 AL (P <0.05) ; 5 DOX kA, DOX+ LCZ696 20474 T DOX 3 i 8% 48 i1
i, MmDOX + ML38540mE T oo a4 ; 5 DOX+ LCZ696 2B b4, DOX + LCZ696 + ML385 £ 2 feL 4t
% E A =E, 5 DOX+ ML38520ILE, DOX+ LCZ696+ ML385 24 i ds w4z, HIBF KLk, DOX
TN RS IRAALA S 2 E, DOX + LCZ696 AN 4 i T DOX MR A Fifs, DOX + LCZ696+ ML385 L1457 4 An
F, it AW IEANETE Nif2/HO— 113 518871 22 A DOX #1698 ILam JLAR A% A )N R LB LR 35745 .
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Mechanistic study of Sacubitril/Valsartan in alleviating heart failure
via the Nrf2/HO-1 signaling pathway*

Liu Sheng-shan, Pei Zhao-hui, Xiong Xiao-ying, Song Guo-liang, Xiong Ling-bing, Liu Yan-dong
(Department of Cardiology, The Third Hospital of Nanchang, Nanchang, Jiangxi 330009, China)

Abstract: Objective To explore the molecular mechanism of Sacubitril/Valsartan Sodium improving heart
failure cell model and animal model through Nrf2/HO-1 signaling pathway. Methods H9C2 cells were treated with
Doxorubicin hydrochloride (DOX) to construct a heart failure cell model, and then treated with Sacubitril/Valsartan
Sodium (LCZ696) and Nrf2 inhibitor (ML385), respectively. They were divided into five groups: Control, DOX,
DOX + LCZ696, DOX + ML385, DOX + LCZ696 + ML385. Mice model of heart failure was induced by DOX and
treated with LCZ696 and ML385, which were divided into sham operation group, DOX group, DOX + LCZ696
group, and DOX + LCZ696 + ML385 group. Cell viability and apoptosis was analyzed by CCK-8 and flow
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cytometry. ROS, MDA and SOD levels were detected with the kit. The levels of TNF-a, IL-1B and IL-6 were
detected by ELISA. Bax, Bcl-2, C-caspase-3, Nrf2 and HO-1 proteins was detected via Western blotting. Heart tissue
of mice with heart failure was stained by HE, Masson and TUNEL. Results Compared with control group, DOX-
induced cell viability was significantly decreased (P < 0.05); cell apoptosis ratio was increased (P < 0.05); the levels
of inflammatory factors, ROS, MDA, and pro-apoptotic proteins were increased (P < 0.05); SOD level, Nrf2, and
HO-1 proteins were decreased (P < 0.05). Compared with DOX group, DOX + LCZ696 group significantly inhibited
cell damage caused by DOX, while DOX + ML385 group significantly aggravated cell damage. Compared with
DOX + LCZ696 group, the cell injury was more severe in DOX + LCZ696 + ML385 group, while the cell injury
was reduced in DOX + LCZ696 + ML385 group. Compared with the sham group, the heart tissue damage of mice
induced by DOX was serious, the damage caused by DOX was alleviated in DOX + LCZ696 group, and the damage
was aggravated in DOX + LCZ696 + ML385 group. Conclusion Sacubitril/Valsartan sodium alleviates DOX-

i34 %

induced myocardial cell injury through Nrf2/HO-1 signaling pathway.

Keywords: heart failure; sacubitril/valsartan; doxorubicin hydrochloride; Nrf2/HO-1 pathway

> 77 3 3 (heart failure, HF ) J2& — Fp 12 1 3 17
PG R 25 B AE , Fi O JUE 45 4 50 R S i Sk, &2
BRI 0% G ML B AR EUAR Y. HEF WA
25 P A Z W I PR AG B 995 3 AR B 25 G AiF 0 il 475 25 5
i, ™R AT A5 ™ HF 2R
I 82 i 02 R 57, i P A B AU AR ALE G il 1 (5
BB URE B R ) A K i s bk Tkt o BN
M2 W e 2 " i, 5 BUHF R % BT HF 2
R — AR BEST ) L, 25 BR 97 R Ge il ok IR 1Y
T VD A VD 3E A (LCZ696 ) S — il IfiL 4
Book 3R 101 B A2 A — i Ok i A o) ) B AT BT AR
oAl M BT ST R LA
J7 HE B 254 o Vb 7 L 25000 45 4 mT DL TR] i 40 o
I P JORC Tl R 2R — o R K R — TR T R O
048] A WA L HE B PR R, 39 O LIE
JE AL LT 4 Ak, DA B35 HE G830 E )
REM . Vb R Ol A0V 3B e F T IR T S i 4 4
B AR 19 HEF JB 25 T AT R0k 35 0 T RE 45 46 b, BLAS
BN e AT AH A FHIL I A 1 0E — 20 B B,
M A7 7 38 % 2% I+ E2 4 5¢ I+ 2 (nuclear factor
erythroid 2-related factor 2, Nrf2)/Ifil Z& 2% il & 1 1
(heme oxygenase—1, HO-1) J& HLAA PN B 5 2249 P IR
PEPT SR AR AE o 08 %, T U 45 BT SR AL i B A D H IR
B 7K SF L T BRI S M 4 (reactive oxygen
species, ROS) , 1 1 & 1k W 98, I 8 AL A 460 11 .
Nrf2/HO-1 {5 53 #% & $ Uk W1 78 2l 3% HF Hh k45
SR, PO 20 [ R A% W 3 R O UL A0 M 1Y 4R
A IS ORI A, T A ) 322 3 % U0 A R0 UL 4R i
P10 AR ST T E R ST VD A O A VD dH AR

Z 55 Nef2/HO-1 {5 5 38 % M 2 3% HEF O VL2 g
FERY ) TR, DA I R I AR 7 FH 4 43t B 8 S 3

1 MBS AE®

5
KRG ULAE i (HOC2) W H K v 1 B A= ) B
Fe AT BR A ), 20 HUEME CSTBL6 /) BLIE 1 1 v 3
3 o 5 7K S50 3 W) AT BR A RS2 58 3 W AR VR ]
HE45 1 SCXK (3H1) 2024-0009 ; 512 % 3h ¥ il FH 14 7 31k
7 1 SYXK () 2019-0017]. LCZ696 . M1.385 ¥4 i
3 [ Med Chem Express 2y A , £ iR fil 25 2 (DOX) 114
F b 22 sobk AR A B By A7 BR A B, CCK-8 A
M & B RS = RAEYWRARAR A, &
F1 4 52 B0 38 £ (9 B 4K ( Bax . Bel-2 . C—Caspase=3 |
Nif2 . HO-1 . GAPDH ) ¥3 1§ { & [E Proteintech 2 7 ,
DMEM #7 % B i 4= 1L 76 W A & [ Gibeo 28 7 ,
Annexin V-FITC/PT i T4 Il 1050 & . ROS A6 I 12851
& MDA K3 57 & L SoD G ik ) & [k
38 = RIEYHARA PR A TNF-a (TL-6 1118
i B A 22 W B i 56 (enzyme linked immunosorbent
assay, ELISA ) IXF & ¥ 3 F 28~ KAV H R
A BRA T 5 IR AR - B2 Y O M YA
AW R A PR A A, Masson = 0 Y 46 7 W [ 270
i R 8 AR W), TUNEL B (43U & A B8 = K
W FEARABRA T
12 UHE5E
ARG RN FE b & A ) IR K
(B R RSP AR A R, AR B SR AR
( 2% [ Thermo Fisher Scientific 2> 7] ) , 4= ¥y 20 27 P 1%

1.1
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XL, S VP A0 I A3E 1 Nef2/HO- 155 30 B R A0 1 s 3B I ML B9

A HLCRIR AN F AR A A, Pk R 4200 HLRI
fiti 1 A ( 3 [E Thermo Fisher Scientific 2> &) ) , & B
1% % 4t (92 |5 Bio-Rad /A #] ) , B B W 8 ( H A
OLYMPUS /A #])
1.3 KEFHE
131 ez ie A 432 ffi ] DMEM 3% 35 £ (10%
54 L3 L 19% 45 ZEERE 100 w/mL % % 100 pg/mL
B ER) R R BLO ILZE A (H9C2) # T 37 °C 5% —
AL B B 77 4 R 3R, HOC2 4 e B 2 ~ 3 RALAR
1R o 4B e B DL J7 i Ah 39 43 2 < %) EL2 ol 1)
DMSO ¥ 71 4b F 41 i ; DOX 2H i Jil 5 wmol/L DOX 4t
FEAH 1 24 h; DOX + LCZ696 41 7E DOX ZH K5t Ffm A
LCZ696 (10 wmol/L) 4b BEAH g 1 h; DOX + ML385 41
1E DOX 2H KL filh I hm A ML385 (1 wmol/L ) 4b F 4 Jfg
1 h;DOX + LCZ696 + ML385 41 7F DOX 4 3L At Ffin A
LCZ696( 10 wmol/L ) F1ML385(1 pwmol/L)ZEFRZNAE 1 h.
132 CCK-8iktmlaminiEh 40 ALs Hl
0 AR, 96 FLAR H BEFLIIA 100 L 40 i A2,
T37 C 5% A ARG IR AE PG 95 24 h 71301
I M 75 S AL B 7 A TR AR SR FR 24 h )R
FEALINA CCK-8 ¥ 10 pL, THFE40 NI T 4 h;
g A5 AL I 5 450 nm Kb (14 5% BE (optical density, OD)
1B
133 GAX AL A T &40 M ab B
JE AR, B0 B, A 300 L 22 ik E R 2
Ji9, FE A S wL PLAN 15 wL Annexin V=FITC, k6 2
¥ 15 min, AIIA 200 WL 59 22 of 5 B ALAS I, R H]
Flow Jo 54534 48 ML 117 O
1.3.4  ELISA % 28 )& ROS.MDA .SOD K- 43
A BEAS AL A0 5, 4% IR ELISA 357 & id B 45 A0 45
VSR 28 4 LA i, TC T A N A Y, 3 A0 A
A IRAG  41 2 ROS \MDA . SOD /K -,

1.3.5  Western blotting # % Bax.Bcl—2.C—Caspase—3
Ea ok ® o AN S UE T RIPA 2L i

30 min, 73 #2546 U4 ML 4> 45 F1, BCA 6 HG I 2 1 k
FE o FF S BEAT SDS- 3R PN s I i 58 I LUK O e &
PVDF JIE, LA & 5% IR W ks 0 P P, =0
£ 2 ho 485 A Bax, Bel-2 . C-Caspase-3 , Nrf2 |
HO-1 A1 GAPDH — 37 (1:1 000)4 CHFHE 4% . PBS
VRV 3 U, I AR —HT(1:5000) , JR 7 I 2 he
VRS, I A Ak 2 &G0 it i B, Rt

e R A3 AT R G A0 MR fd FH Image J 237 85 1 2%
JREEAE

1.3.6  ELISA # ] TNF—a.IL-6.1L-8 & & & &
K0 AR AL PR 3% 24 b, BURE 3R KL, 2 500 t/min B
> 10 min W BV . 4% B8 ELISA 32050 & v DT 1)
PRVEZR, 20 BB RE AR B BRI O AR AL
HHIFERG & L E WP E 1 he 2R)5 H PBS Tk
FEMATMB 520, B 2 F 10 min J5 AL IR,
FEPR G o L ARA5T, BT B S e A SRS I TNF - |
1L-6 1L-8 H & .

1.3.7  HF#EE DSR4 ADNREFEE21~22 C.
50% ~ 60% T & 12 h BIREIE SR BR 5, A B 3R EL
BYHIK . K/NERBEVL o 44, B2l 5 5, 5000k
B F R4 . DOX 4 . DOX + LCZ696 41 K DOX
+LCZ696 + ML385 41 . DOX 41 . DOX + LCZ696 41 .
DOX + LCZ696 + ML385 £H /N Bl 44 — Yk 1k B I 7 i
DOX (15 mg/kg) , 5 F- A 4L/ BN 45 7 %6 A= B 3
Ko M DOX R 2 K IF IR, DOX + LCZ696 4 Fil
DOX + LCZ696 + ML385 £H /)y Bl IS Ji v 5t LCZ696
(50 mg/kg, 1 ¥K/d, ZELETESE 1), DOX + LCZ696 +
ML385 ZH /Iy B T DOX 7 §F i 1 h I8 ¥ 1 4 ML385
(30 mg/kg) o FEATEI AL BR IS B 5E 7 %, % /0N RSt
SRAE, B EHE AT e Sk o

138 bR pEas e (OHE G @M. iid
21N NEZE 4% 22 5 WP 4 C 18 W e A s
MU 4 pm ¥ WO 2 AR K S 8RR
KO8 10 min J5 A A SRR MPE. TR R T4
BB A, /K TG 15 min J5 W T 7K 43, e e
10 min. B ALK BT B R, BRUEE R 40 OO
%2, @Masson e 0 M E0 WLEF HEAL - /N B0 IE 7 s
IR B 257K, % A A B B8 2 ok 3 T v (P RS T 1)
HAUW AL TEAT B ) o MR H KK ZR IR AR BE,
IARAGE G A% 5 ~ 10 min.  F843 K VS5 FH Masson & &
Yo G 10 ~ 20 min, ZZ A KK Pk 1% B 50 iR
IR AL 3 ~ 5 ming ANLIKPE, 1A% AR 806
SEYLS ming DA 1% VKSR KIS WORVE R 200 #
oK B B R, BB TS . BTUNEL 4
L EE O LA B8 T = /)N B JOE A 5 D0 B s K Ak
J5 L HN 100 WL & (A K TAEW , 37 °C I 30 min,
PBS 2 ¥k 3K o I I 50 wL ¥ TUNEL 2 I 1 &

37 CHEIEIEE 60 min; PBS PR 1Y, i A0 B2 W 4 11
W% IR F 10 min; PBS ¥E % 3 WK 5 F-% 11 50 L
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Streptavidin—-HRP T ¥ , W & ' 37 °C 3 6 &2 )
30 min; PBS 76342 Uk 3 YK 4% 5 min. %1 50 wL DAB
B TAEW , B 5030 s ~ 5 min; 228K R TRZ 11
WA, TIARYAL 30 s J5 WK wP k. B R AR B
K GEW S, BB MR
1.4 FitEH*E

s 23 K T SPSS 18.0 e b4k f4F o 4 okt
AR + bR 22 (xxs) Foom, LR 7 22001,
Wi LA LSD-1 3k o P <0.05 0 22 5% A 4 it 2%

241 (P <0.05) , = T DOX+ML385 41 ( P <0.05) . i =X
2 L A ARG 0 258 R S L 5 ZH A B T R LA, &
TEMN, ZRASITFE L (P<0.05). 5
4 Eb B, DOX 4 11 40 M 98 12 3 T (P <0.05) ;
DOX+LCZ696 21 41 ffs 94 T- % ik T DOX 41 (P <
0.05) ; DOX+ML385 41 41 fitd 5 1~ % 1= F DOX 41 (P <
0.05) ; DOX+LCZ696+ML385 4H 40 Mo i = K & T
DOX+LCZ696 41 (P <0.05) , it T DOX+ML385 41
(P<0.05)., WER1TFE 1,

= xR1 ARFHIAREATE (%, xxs)
o pm 415 AL S A%
- X R 100.00 + 3.83 3.83+1.39
21 EEME BT HF AEER AR TE S DOX 41 7136 +4.817 21.77 + 3.06°
B TR DOX + LCZ696 411 8635+3.677  12.13+231%
. N .. g i +4. @ ) +9. )]
COK-8 MR W25 e 7% . S LA Iy b, Do o 0040 BLe0wa70
G R AT G 1 X (P <0.05). 5% DOX + LCZ696 + ML3854  73.22 + 4.24%1 20.27 = 2.30%7
W o - ’ . FE 44320 36.870
HEZH AH L, DOX i 5 19 4l i 1% 1 BEAIR (P <0.05) 5 P oo o000

DOX+LCZ696 4H 40 i 3% 71 % F DOX 41 (P <0.05) ;
DOX+ML385 41 41 ifl 1% J1 ik F DOX 41 (P <0.05) ;
DOX+LCZ696+M1.385 2H 4fl ifl i 7 ik T DOX+LCZ696

o Q5 X4, P <0.05; @5 DOX 41 L4, P <0.05;
@5 DOX+LCZ696 4H L #5 , P <0.05; @5 DOX+ML385 £ [t.4% , P <
0.05,

DOX + LCZ696 +

Ko AL DOX 41 DOX + L.CZ696 41 DOX + ML385 4] MI38541
107561 2L, 1051201 | QI=UR 10701 2L, O1-UR 001201 | QI-UR 10T 6121, Q1-UR
(1.00%) (4.86%) | (12.53%) (3.55%) | (8.90%) (5.32%) | (16.46%) (4.00%) | (11.61%)
10°3 : 10°% oo 10°% I 10°3 ) 10°% ) -
<F10~- <F10»- <IC10’- <|10"
gt E104 &10f 210t
10 6y QI-LR 104 QI-LR 00 8 | o1-r 1 QI-LR 1014 QI-LR
10 (95.06%) | (1.45%) " 73. (9.55%) 10 (84:97%) | (4.56%) ,1(62.88%) | (15.32%) o (76:36%) | . (8.03%)
10 10° 10* 10° 10° 10 10 10° 10* 10° 10° 10 10 10° 10 10° 10° 107 10 10° 10* 10° 10° 10 10 10° 10* 10° 10° 10
FITC-A FITC-A FITC-A FITC-A FITC-A
5[ s e o s
22 EEMIBMI HF BAEEEDF MK Caspase 3 H A X KI5 1 & T DOX 4, Bel-2 & 1
EHRIEWZID FHXT 2% 35 7K T DOX 41 (P <0.05) ; DOX+LCZ696+

Western blotting 5 il 5 5 i 715 , 4 2H 20 Jifd A5 7Y
I8 T- M1 ¢ 25 11 Bax . Bel-2 | C—Caspase-3 A4 A X 26 3k
WL . &, ZRHUASITFE (P <
0.05) . S5X}H 4 L, DOX 41 Bax fil C—Caspase—3
AR M K TR Bel-2 2R A U 2 K R AR
(P <0.05) ; DOX+1.CZ696 #H Bax Hl C-Caspase-3 & &
FHXF 2235 BEAR T DOX 4, Bel-2 2 1 AH Xf % 35 &
5 T DOX 41 (P <0.05) ; DOX+ML385 ZH Bax il C-

ML385 4 Bax Fl C—Caspase—3 % [1 FH X} £ ik & & F
DOX+LCZ696 4 , Bel-2 & [ AH X % 35 2 Ik T DOX+
LCZ696 4 (P <0.05) , Bax il C—Caspase—3 & [ Al %}
3k B K T DOX+ML385 4 , Bel-2 & 1 A X} 3 ik
5 T DOX+ML385 4H (P <0.05) . W2 FIE 2,
2.3 EB M4BT HF 48 AR dh ROS 8
%7K F MDA 7K F . SOD 7k F 1y 22 Ml

2 4140 g ROS AH X 7K AF- . MDA 7K *F- .SOD 7K -
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*R2 KA Bax.Bcl-2.C-Caspase-3ZEEMAMFKIZELLE (x+s)
2151 Bax Bel-2 C—Caspase-3
X REZH 0.09 +0.02 0.64 + 0.04 0.05 +0.03
DOX 41 0.36 +0.05% 0.13 = 0.04% 0.46 + 0.06%
DOX + LCZ696 4 0.12 +0.04% 0.44 = 0.05% 0.23 £0.05%
DOX + ML385 41 0.59 + 0.06% 0.04 +0.02% 0.62 £ 0.03%
DOX + LCZ696 + ML385 41 0.36 + 0.04%% 0.11 +0.05%% 0.44 +0.03%®
F{H 64.730 120.010 86.790
Pl 0.000 0.000 0.000
T OS5 FIRA L, P<0.05; @5 DOX 4L 4L, P <0.05; 35 DOX+LCZ696 4 H.# , P <0.05; @5 DOX+ML385 4 H 4, P<0.05,
1 2 3 4 5 0.05) . 5 X H 41 H %, DOX 41 ROS #H X} 7K - |
Bax =% R Lo - e ) ) MDA 7K 3 FF &, SOD 7K F F& % (P <0.05) ; DOX+

Bel-2 n g B -

e R VA D)

26 kD

C—caspase-3

CAPDH D < G G A 36 D

1: X7 HRZH 5 2. DOX 4 ; 3:DOX+LCZ696 4 ; 4: DOX+ML385 4 ;
5:DOX+LCZ696+ML385 4 .
2 &EMBEBax.Bcl-2.C-caspase-3 & B EiX

i, & o, ZEREUARIT¥E L (P<

LCZ696 21 ROS #H X 7K F- . MDA 7K V- ik F DOX 41 ,
SOD 7K F- ¥ F DOX 41 (P <0.05) ; DOX+ML385 4
ROS 4 % 7K °F . MDA 7K *F- & T DOX 41, SOD 7K °F-
& T DOX 4 (P <0.05) ; DOX+LCZ696+ML385 41
ROS #H Xt 7K 5F- . MDA 7K F & F DOX+LCZ696 41 ,
SOD 7K K F DOX+LCZ696 4H ( P <0.05) , ROS #H %}
K MDA K S IK T DOX+ML385 41 , SOD /K 3F- 7
T DOX+ML385 41 ( P<0.05) . VL5 3.

%3 &AM ROSHEXFKFE MDAKTER SODKFELLE (x=s)

215 ROS HIXF 7K MDA/(nmol/mg) SOD/(u/mL)
Xt BE4L 1.000.11 5.05 = 1.90 63.42+3.32
DOX 41 3.96 + 0.50" 25.08 +2.82% 25.93 +3.43"7
DOX + LCZ696 21 2.05+0.67% 15.07 £2.70% 4879 +4.31%
DOX + ML385 4 6.78 +0.78% 32.23 £3.49% 15.35 + 4.38%
DOX + LCZ696 + ML385 41 3.63 +0.43%7 2421 +2.08%% 2551 +2.16%7
FAE 48.100 46.670 89.320
Pl 0.000 0.000 0.000

0 Q5L LR, P<0.05; @5 DOX 4 AR, P <0.05; 35 DOX+LCZ696 41 HA% , P <0.05; @5 DOX+ML385 41 4%, P <0.05.

2.4 7R A 1B SR 3T HF 28 A 4% BY o 58 i [F
FKTERIF T

ELISA 6 25 5 W7, £ 20 240 i TNF-au  IL-6
IL-8 7K e, & 5 20001, ZE R A G # &
X (P<0.05), 5XFHEA L, DOX 445 44 B 77K
- FF 8 (P <0.05) 3 DOX+LCZ696 20 4% 48 4 ] 1 7K °F
it T DOX 40 (P <0.05) ; DOX+ML385 £H 4% % 4 A 1
JK 55 F DOX 4 (P <0.05) ; DOX+LCZ696+ML385 41
% 48 5E W F 7K F- 85 T DOX+LCZ696 4 (P <0.05) , ik

F DOX+ML385 41 (P <0.05). W34,
2.5 b EE B &b 1B s Xt HFE 20 A 4% 2 Nrf2/
HO-1 i# BE A F M

Western blotting 25 42 i 715, 2% 2H 241 Jifd Nef2 F HO-1
O R R, & 200, 2% A51T
RN (P<0.05), 55X A A, DOX 21 Nif2 Fl
HO-1 2 4 7K - FE A (P <0.05) s DOX+LCZ696 £ Nif2
A HO-1 2 A 7K F & T DOX 41 (P <0.05) ; DOX+
ML.385 4l Nrf2 Fl HO-1 & 14 7K ik T DOX 41 (P <
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#
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*4 HEAMETNF-a.L-6.IL-8 FASEMWLE

(pg/mL,x + )

2051 TNF-a/(pg/mlL.) 1L-6/(pg/mL.) IL-8/(pg/mL)
X HR 2 79.16 + 12.84 52.43 +10.47 43.86 + 12.27
DOX 41 259.50 + 16.04" 170.31 12.14% 142.86 + 18.26"
DOX + LCZ696 2H 155.19 + 24.66 121.43 +19.59% 94.95 + 14.28%
DOX + ML385 41 343.14 + 34.58% 230.63 +27.55% 197.48 + 13.04%
DOX + LCZ696 + ML385 2 253.20 = 19.63%% 170.08 + 14.99%% 144.63 = 16.98%7
FAg 60.090 40.750 43.990

P{H 0.000 0.000 0.000

o Q5 XHBA R, P<0.05; @5 DOX 4 AL, P<0.05; @5 DOX+LCZ696 4 HE#% , P <0.05; @5 DOX+ML385 4 [L#% , P <0.05,

0.05) ; DOX+LCZ696+M1.385 21 Nrf2 fil HO-1 #& [ 7K
AR T DOX+LCZ696 2H (P <0.05) , 125 T DOX+ML385
H(P<0.05), WESHME I,

x5 HAMAINT2 HO-1 ZEEEXMRESHLLE

(xxs)

215 Nif2 HO-1
poiikiil 0.61 +0.04 0.53 £0.04
DOX £ 0.46 +0.04” 0.41 £0.03"
DOX + LCZ696 2H 0.59 = 0.04% 0.58 +0.06%
DOX + ML385 41 0.24 +0.03% 0.19 +0.03%
DOX + LCZ696 + ML38541  0.45 +0.04>7 0.38 + 0.04%7
F{H 42.670 42.630
P{E 0.000 0.000

o Q5 XTI LA, P<0.05;@5 DOX 41 Lk# , P <0.05;35
DOX+LCZ696 41 H 55 , P <0.05; @5 DOX+ML385 41 H 45, P<0.05,,

1 2 3 4 5

Npfp W S w — )
HO_| o S— 30 LD

Cappy D G D @D @ o)

1: X HAZH 5 2: DOX 45 3: DOX+LCZ696 4 5 4: DOX+ML38S 4 5
5:DOX+LCZ696+ML385 4
3 JBEMAIN2FIHO-1 EAKIE

b FE Bl 45b 1B M X HF AR B/ FR Y 821
22 HE , Masson fil TUNEL % & /]n B0 Il 20 2101
FEUb P U itf 45D 35 B X HF AR RAE T . 4%
2 Masson 1 TUNEL 4 0 [H 4 2R HL 8%, 2807 22 5047,
ZRYAH G E X (P<0.05) ., 58FRAHM

2.6

Fe , DOX ZH .0 JIL 20 i i J5i 2 960 A R0 A i JiK B &2, /)
SO JUL ] J3 AT K o e B EF 4 43 A, Masson 4 {4 FH
PERE T (P <0.05) , H I8 T 40 Ml 4 it # £, TUNEL
Yo [P 2T B (P <0.05) 5 5 DOX 41 L #5 , DOX+
LCZ696 20 .U> VLA R 453 103 95 /0 M Dot 4 4 B3t ik 2>
Masson 42 {6, BH 1 Z &AL (P <0.05) , I 1= 40 it 5
W] & 98 />, TUNEL 3 8 BH £ 32 B {IK (P <0.05) 5
DOX+LCZ696+M1L385 21 Il 3¢ DOX+LCZ696 41 0> L 4H
MO fE BE R . WER 6 A 4,

% 6 MassonF1 TUNEL L& PR % L&

(n=5, %, x+s)

ZH 5 Masson TUNEL
RFARA 5.50 +1.80 1.84+0.92
DOX 41 27.80 5357 20.92 +4.227
DOX+LCZ696 411 13.02 £3.87% 6.41£2.42°
DOX+LCZ696+ML385 2 24.62+451% 17.85 +3.09%
F{H 31.840 48.500
P{H 0.000 0.000

o O5EFARALE, P<0.05; @5 DOX 4 4L, P<0.05;
35 DOX+LCZ696 41 L4, P<0.05,

2.7 ¥EEE & IB XY HF #EY /N FR Nrf2/HO-1
yEyd: 0

Western blotting 25 & i 7, #% 41 HF £ 8 /)y f)L
Nrf2 Al HO-1 8 1A X 25k i e 88, & 5 22 43 i
LRAGIHFE X (P<005), SRFPRALE,
DOX 41 Nrf2 #l HO-1 & [ AH XF & 3k & FE AR (P <
0.05) ; DOX+LCZ696 £ Nrf2 Al HO-1 25 A X} 3 35
5 T DOX 41 (P <0.05) ; DOX+LCZ696+ML385 41
Nrf2 1 HO-1 & [ A0 XF 2 ik 5t ¥ ik T DOX+LCZ696

« 40 -
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BFARH DOX 4

Masson 5=

TUNEL

B4 HE.Masson#1 TUNEL Z&/NROAEALR

H(P<0.05), WLFERTHKS,
K7 HBHEHFEEUNE N2 HO-1 EQEMNKIEEN

kB (n=5, %, x+s)
@ Ne W
RFARA 0.93 +0.08 0.76 + 0.05
DOX £ 0.53 + 0.04” 0.25 +0.08”
DOX + LCZ696 4 0.73 £0.04% 0.48 + 0.06%
DOX + LCZ696 + ML385 4 0.48 +0.05” 0.16 + 0.04”
F{E 44750 57.950
PE 0.000 0.000

o O5BFRALE, P<0.05; @5 DOX 4L L, P <0.05;
35 DOX+LCZ696 41 FL 5 , P<0.05.

1 2 3 4
Nif2 I — i —— 0
HO—| e — 30 kD

GAPDH "e—— ||

1:ARTARL; 2: DOXH; 3:DOX+LCZ696 4 ; 4: DOX+LCZ696+
ML3854H .,
E5 FHEHFEER/NRNM2FIHO-1EZERRIL

3 it
HF {732 I AiF T 5370 Rl P9 52 mig A 35S g B 7

KA, S AE HE 1697 A4 38 R i 7 1 B T B
Kt A S A4 3 770 71T N HF , 412
Wi HE J& 5 4F 9% 58 % R 509", [R I 4% 98 HF /4

DOX+LCZ696+

DOX+LCZ696 41 MIL38 4

(x200)

R AL B IF KB R 25 ) XA YT HE B KR
X . ABFSEIE B DOX 4b 3 HOC2 41 g ¥4 £ T HF 4
JUASE Y 3ok — A58 AR L 28 75 S i AF 9 o R Y 0F —
A fli 1T LCZ696 16 9T, H 98 T LCZ696 7E DOX 5 3
B4 JUL 280 1453 0 v 4 4 R AL

U0 B A I H RS B4 T HE I
PRIGIT , Vb 12 il 450 70 3 40 BE A 2k 38 HE & 90
P B Bl J8 0 DY RE L AR SEO IE T RE K 2, A AL
WG RIVER, B B U™, AR RE, W E
B 4450 0 2 Ak 5 H At G 24 18 v 24 0 VR A R
R AR T RO NS 0 LS v A B 46 D
WER AR YT R O A T2 M HE IR YT A JUR
EFHTE, R AR BN R > IR 9T R A
PR O AR A 5T 45 R UE 52 T LCZ696 Ab P fE
i & 2 40 %1 DOX i S 190 WL 40 il 48 10 38 R 2R
iE N, HE A0 A L AR AN B TR X —
45 W 5 e g it 98 45 S — 2, LCZ696 1 il DOX i &
O JIE 2 PN XTA AR B, LCZ696 i i I 2
Pk A0 U /N B 2Ok AR D) R R B 23 0 )
fiE , X 5 A B 5% T LCZ696 2% fit HF #L%1 /N BL O E
05 0 VR AR ABL o AR T A P A% T8 A ATL AT 55
— BRI, AR B — LR T LCZ696 Xf Nrf2/
HO-1 5 % 8 B VEH .

Nrf2/HO-1 {55 5 38 % J2& 20 Jfd 4604k W 3 R % e
2R EL G B, 7E O I A B b kP AR
H L iE—25 (58 47 B F B BH Nef2/HO-1 {5 5 Bl 75
HF 3697 s 1™ S iF 98 W, « BT 52 1
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FpIE AR ek

i34 %

B sh ) @ B Nef2/HO-1 38 % A iH AT Ca*-
SERCA2a 1) il HF B A0 LA 47315 #ih Bz 2% 3 2o
Nrf2/HO-1 38 #2435 e 7 B far 175 3 19 HF™; DL-3-
1E T 3 4 K 3 5 3807% Nef2/HO—-1/Ca>~SERCA2a %l
I 4% HF /0N BRAS 0o B 458 493 91 6k 20 404k 7 38 0 240 i
JATP A 5 4 2R R AE IR 52 T ML385 1l i Nef2/
HO-1 15 53 B% , {2 #F DOX i 5 190 WL 20 i 45 1k
JO7 RN 9 RE KN, Jin B O UL AN 62 45 o i L.CZ696
Ak PR G T Nef2/HO-1 {5 %5 38 1%, % ff DOX 5
00 0 JUIL A0 S A I R 9% E BB ek R 0 L 4
JiL 458 40 5 5 £ 1L.CZ696 4k B A B i A ML385, i F
ML385 FH Wi T Nef2/HO-1 {5 5 i % o F& K T
LCZ696 G I AE T, X i — D UE 52 T LCZ696 J2 i
if Nef2/HO-1 {55 %5 3 % 2% fift DOX 5 5 9.0 L 241 i
PG . i 3 B 5T AIE 52, LCZ696 i i Nef2/HO-1 15
5 2R i P LR TN G S N T RE R A, &
FERR AR P AR B 58 A8 0 LA i A ) B IR
527 LCZ696 % Nrf2/HO-1 15 5 18 % i 1 1, [A) it
16 HF #5580 /8 B & B LCZ696 Ab 31 1% T Nif2/
HO-1 {5 53 #% , Z& fit T DOX i 5 (1 .0 IIE 4 21 4
£ 5 {H ML385 4b 3 J5 FHL W T Nrf2/HO-1 {5 538 % 1
FEAIR T LCZ696 Xif 0> L 2H 2 45 475 1) 2% f VE

SR B AT IR ST AN o 58 %, HAE DOX i
S0 0 A AN BB R R AT T RS . B F HE
o R &2, B4l i) DOX 5|2 Y 24 9 3 0 LA 45
S LA 4 T ) A L & R AL AR ol iR T AE
fib HF #5575 vy 3t — 25 5630 70 128 B il 450 0 45 40 60 1
FH L EEFBLL, 55 AN 5 ZEAE I IR AR i — 25 il
o B UE A B 5E 1 2538

g5 bR, b % Tl VD 35 44 3 i Nef2/HO-1
15 %5 18 1% 2% fit 7 DOX %5 T 1Y HF 41 Jifg A5 %4 F1 HF
BEAL /N B B 00 . 3X R Vb B 4 VD 3H B AE HEF
(36T R4 T W 2 (0 RS A, IO HF 1958 2y
TF R P4 T A 4 S0 B

2 % X
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