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[# ZE] BHE  HEI0IRME (Nob) T ZAARAATAE R A B 1/ 52 AR VR R M B0 310 &% 2R iR
ZERIREE F1 (RIPL/RIP3/MLKL) 55 38 #0180 J) 535 ( CHF ) K L WUARSEPE TR T s e R AR AL, ik T
2022 49 J—2023 4% 3 A4Em H ERE ORI E TR, @7 KB CHF B DK ATy 75 HK R HL
B E S AREIZ (CHF 4H) 1 AR 520 (Nob-L 41,7.5 mg - kg ™' - d ™! Nob) I Bz 2 vh3 520 ( Nob-M 4,
15 mg - kg_] - d™" Nob) JIIF% % 2 =575 41 ( Nob-H 41,30 mg - kg_l - d™" Nob) F118 #1177 Necrostatin-1 £ ( Nec-1
41,2.45 mg - kg™ - d7' Nec-1) , 54 15 K, J5H 15 HREUENRF AR (Sham 4 ) RITH MR #EAT4540, T
28 d Jii , SR JHER 75 0 B IS 2200 25 T RE 5 BE0C S 28 R BHACES: ( ELISA ) A5 if i B Rd R E Rl F--a (TNF-a0) | I/ E-1B
(IL-1B) \N ¥ (MDA) S /L YL (SOD) MAHL A ABE J1 (T-AOC) /K- ; TR AKG LT (HE ) 1 T #4 ( Masson)
Yot W E 0 WL SV AR Ak S A HE AR B JRA A i 5 B AR 2 B R ( TUNEL ) W80 WL 2L 115 0 5 2 1 B B
% (Western blot) Frill.0> L4141 RIP1 RIP3 \MLKL 7R b /K T B2 2 bk 20 1k R 4 4 R 25 171 il ( Caspase-8) 2 1 Ri5, &
B 5 Sham £ AL, CHF 410 USRS ARG IR AT S5 A 250 O JULAR J Jib Jik A B i 8 PR 4R iR, 0 UL
LU R AR (TR T AL 0, 55 CHF 41 Fe48, Nob-L £ Nob-M £ Nob-H 41 Fll Nec-1 £H.0 JILET 4 HEF 2 8 A0 0>
LA AR A A SRBE B 5 40 i 35 Wi v 2 T SR OB RN AT 4k Ak 20 . 55 Sham 41 HLAY, CHF 41 7600 % £ 5K AR 1 P9 42
(LVEDD) Ze.0> & W 45 K W N 48 (LVESD ) (IL-1B ., TNF-a #1 MDA 7K ¥ ZH it ¥5 T % | p-RIP1/RIPI , p-RIP3/RIP3 |
p-MLKL/MLKLZE A & 2300, 220 = 53 M50 (LVEF) 2D Z A E 350 (FS) .SOD Fl T-AOC /K- | Caspase-8 ik
AR 5 CHF 4 L%, Nob-L 4 Nob-M ZH Nob-H #H Nec-1 #H_FRFEFRYI 3% (F/P =102. 557/ <0.001 .117. 684/
<0.001 ,364. 401/ < 0. 001 ,268. 087/ < 0. 001 , 124. 566/ < 0. 001 ,229. 003/ < 0. 001 ,193. 585/ < 0. 001 ,182. 164/ <
0.001,142. 657/ < 0. 001, 140. 900/ < 0. 001, 169. 680/ < 0. 001, 103. 485/ < 0. 001, 108. 277/ < 0. 001,
200. 435/ <0.001) , H. Nob-L £ .Nob-M £H . Nob-H £H ({8 S FIR A E (P <0.05) , Z5¥  Nob nl il i #1111
RIP1/RIP3/MLKL 15538 B (4 300 , Ul 4 M S or SR AR R, 0] CHF SR B O JIUSRFEME A T, % CHF R ERACHE R
FYEM.

[ E4iR] e S5 5 & RIPL/RIP3/MLKL {55 538 B 5 48P R0 3 S8 A0 8 SRAEPE TR T2 K
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The effect of Nobiletin regulating the RIP1/RIP3/MLKL signaling pathway on myocardial necrotic apoptosis in rats
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[ Abstract] Objective To investigate the effect and mechanism of Nobiletin (Nob) on necrotic apoptosis in chronic
heart failure (CHF) rats by regulating the receptor interacting protein kinase 1/receptor interacting protein kinase 3/mixed line-
age kinase like domain protein (RIP1/RIP3/MLKL) signaling pathway. Methods From September 2022 to March 2023, exper-
iment was conducted in Central Laboratory of Southern Medical University. A CHF rat model was established, and 75 suc-
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cessfully modeled rats were randomly divided into model group (CHF group), low-dose Nob group (Nob-L group,
75 mg - kg~' -+ d”' Nob), medium dose Nob group (Nob-M group, 15 mg - kg~ ' + d ' Nob), high-dose Nob group (Nob-H
group, 30 mg - kg~' - d”' Nob), and pathway inhibitor Nec-1 group (Nec-1 group, 245 mg - kg~ ' - d "' Nec-1) according
to the random number table method, with 15 rats in each group. Another 15 rats were selected as the sham operation group
(Sham group), with only the thoracic cavity opened and no ligation performed. Echocardiography was applied to detect and
detect left ventricular function. Enzyme linked immunosorbent assay (ELISA) was applied to detect the levels of serum tumor
necrosis factor-a (TNF-e), interleukin-13 (IL-1f), malondialdehyde (MDA), superoxide dismutase (SOD), and total antioxi-
dant capacity (T-AOC). Hematoxylin eosin (HE) and Masson staining were applied to observe the pathological changes and
fibrosis of myocardial tissue. The terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick end labeling (TUNEL)
was applied to observe the apoptosis of myocardial tissue. Western blot was applied to detect RIP1, RIP3, MLKL phospho-
rylation levels, and Caspase-8 protein expression. Results Compared with the Sham group, some cells in the myocardial tis-
sue of the CHF group were damaged, necrotic, structurally disordered, with myocardial cell swelling, a large number of in-
flammatory cell infiltration, and collagen deposition and fibrosis in myocardial tissue increased, Compared with the CHF
group, the myocardial fiber arrangement of the Nob-L group, Nob-M group, Nob-H group, and Nec-1 group gradually be-
came regular, with myocardial cell swelling, necrosis, and the inflammatory cell infiltration decreased, collagen deposition and
fibrosis decreased. Compared with the Sham group, the levels of left ventricular end diastolic diameter (LVEDD), left ventric-
ular end systolic diameter (LVESD), IL-1, TNF-a and MDA, cell apoptosis rate, and the expression of p-RIP1/RIP1, p-RIP3/
RIP3, and p-MLKIL/MLKL proteins of the CHF group, Nob-L group, Nob-M group, Nob-H group and Nec-1 group were
obviously increased (P<0.5), the levels of left ventricular ejection fraction (LVEF), left ventricular axis shortening fraction
(FS), SOD, T-AOC, and the expression of Caspase-8 protein of the CHF group, Nob-L group, Nob-M group, Nob-H group and
Nec-1 group were obviously reduced (F/P=102.557/ <0.001, 117.684/ <0.001, 364.401/ <0.001, 268.087/ <0.001, 124.566/ < 0.001,
229003/ <0.001, 193585/ <0.001, 182.164/ <0.001, 142.657/ <0.001, 140.900/ < 0.001, 169.680/ <0.001, 103.485/ < 0.001, 108.277/ <
0.001, 200435/ <0.001), and the intervention effect of different dosage groups of Nob showed a dose-dependent relationship
(P<005). Conclusion Nob may alleviate inflammation and oxidative stress by inhibiting the activation of the RIP1/RIP3/
MILKL signaling pathway, inhibit necrotic apoptosis in CHF rats, and exert a protective effect on CHF rats.

[ Key words] Chronic heart failure; Nobiletin; RIP1/RIP3/MLKL signaling pathway; Inflammatory response; Oxidative

stress; Necrotic apoptosis; Rat
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2)C IR 55% ~60% ,JCHE/ FAREIRER 12 h J H HIR
BPOK AT R ERSR . AR m I RS 5)
Vs Ze L os e 18 (H7)2021-107 ],
11,2 F#E W) 3800 B AU : Nob (HY-NO155) I H
MCE 7y w5 38 % 0 ] 5] Necrostatin-1 ( S8037 ) g H
Scellck 23] 5 iR PR FE R F-au ( tumor necrosis factor-o,
TNF-a) ( R980536 ) #1 4 4 %-1B (interleukin-18, IL-
1) (R980521 ) fif 1% 4 35 W B iU 5K ( enzyme linked im-
munosorbent assay , ELISA ) K457 & W) B L6 %2 76
MAACRHE B A A FR 2 7] 5 9 % ( malondialdehyde,
MDA) ( CB10238-Ra) , #i %8 1t ¥ B fk B ( superoxide
dismutase ,SOD) ( CB10258-Ra) Fl i A AL E 71 (total
antioxidation capability, T-AOC) ( CB11081-Ra) ELISA
R R S b T SCI A Wy E R A BR A w5 D7
i i B B AR 0 B AR (TUNEL ) A6 I3 57 & ( P-CA-
303 ) g B B FE A A BH AT BR 2 | — 40 RIPL
(A7414) . p-RIP1 ( AP1230) . RIP3 ( A5431) . p-RIP3
(AP1408) .MLKL( A19685) .p-MLKL ( AP1244) 2K Jik
R K & B R B 1 W ( Caspase-8) ( A0215) | B-actin
(ACO38) Fl 4t th FEH R BEEREN G (1g6)
(AS063) Wy A iDL 12 v AR MR A IR A v
INENYIRE R (6 LAB, Jb o 25 (L B A R
N D BB ( BXS3M ) OLYMPUS ; 41 38 £ i 73
5% (Mica, {82 [# Leica 23 A ) ; Thermo-max i AR{Y ( 3 [
Thermo Fisher Scientific 2y ) ) ; & F HL 3K AL | %% PEAL
( 5 Bio-Rad A7) .
1.2 ik T2022 489 H—2023 423 HTERS =R}
AL S & AT SRR
1.2.1 CHF KRB AL EE T K o 4 A3 A4 5% 3¢
k[ 10 257 CHF R EUBEAD, BEMLEEIR 80 HOK RURREE
THEESE  FT IR M 0, 37 2 T I Sl IR 3l Bk BS 9E  3 ~
4 mmAbSEFLRTE BB EO T R, KW 220
W53 % (left ventricular ejection fraction, LVEF) <
60% , Bk kBT B S7. CHF K BB PR R e 452 Ji
BLFET 5 o 75 B 55015 HREWE MR TR
ZH (Sham 2H) HAT I A 04T 25 4L, B s B L2 1)
CHF KL 75 Hk M BEHLE T R k40 W AR 20 (CHF
41) Nob {57541 ( Nob-L 4H) . Nob H15 41 ( Nob-M
2H) Nob =74 ( Nob-H 4H ) A58 &0 57 Necrosta-
tin-1 20 (Nec-1 #1) , %4 15 H, Nob-L £ Nob-M #H
1 Nob-H 4, 7 B S 7.5 mg - kg™ - d7',
15mg - kg™ +d"F130 mg - kg™ + d7" Y Nob'"',
Nec-1 25T 2. 45 mg - kg ™"« d ™" A9 38 B4 1 551
Necrostatin-1""* o Sham ZHFl CHF £H K BUIE Jiss 18 1 4%

ALK ELE YT 28 d,

1.2.2 ZE.OFEINRERI . KR4 25 05, i B A5 0 3
PRI 512 58 R BRSO AT SR AR HH A2 (left ventricu-
lar end diastolic diameter, LVEDD) Z=.0yZ= Wi A A
12 (left ventricular systolic diameter, LVESD) & LVEF |
e Z 46 78 53 B (fractional shortening , FS) .

1.2.3 VS A% PR A AS I« K5 R BB I8, SR BRI
EHHKIM 0.5 ml ,%11}(3 000 1/min, 10 min) WA B
T, FEAR IR ELISA 12050 G484 A6 I M v P TNF-oc |

IL-1B K,
1.2.4 DGR SRR B bR . 45 41 BEHLER 5

KRV IRBE, B O LA 21, BE AR 20 3% B 0 I B L
TH, A% 5 B ELISA 32050 & A, Ao L2 21
MDA .SOD Fl T-AOC 7K,

1.2.5 UL 2V BRARTb S 27 ARAS . 452 Bl L
5 R FEUERE, B O LA 2, 1 R4 T A I Ao 2
VIR T 953 AR —F£1 ( hematoxylin-eosin , HE ) F1 5
P (Masson ) B, 27 B s T 47 BRULEE 0 L2 20
PRARAL K 21 AR L

1.2.6 DALHZPE TR B, 2.5 Raisdl Rk
Yl 5 TUNEL L5 H 60 min, J55 47,6- " pk3E-
2 JESLN WA IR 10 min & YL A%, JLER A i
BE AR IR AR TR,

1.2.7 MREARBEN. L£HF RS RRRAAE,
ol FH BSOS P G e VT TE T 0% oI 4 1. 2. 4 TP RO LA
AUREUER 1 T, s opk B R a7 i, B B 1 B
17 10% SDS-PAGE #E I, Ji5 % 21 3R A 980 £ 0 5 L
5% WiREFLEA 1 h(ZE=R) RS —$0 RIP1 p-RIPL |
RIP3 . p-RIP3  MLKL, p-MLKL Caspase-8 Fll B-actin 7E
4°C T, E 58 PR E 1 h( i) , itk
2R SGRF B . [ Image J AL 1 &40
[R5RIE

1.3 Seit=Jrik W SPSS 20. 0 #4434, 4
EAD TR GORIA & 5 s, 240 00) B R T2 A
R 25t AR 2 5 ECR A LSD- £33, P <0.05
FESEBGIFE X,

2 & R

2.1 Nob X} CHF KA DEINRERZ N 5 Sham
ZH e, CHF 44K B LVEDD H1 LVESD SN (P <
0.05) ,LVEF #l FS I Z[E{L (P <0.05), 5 CHF 41
H %8, Nob-L #4H . Nob-M 4H . Nob-H #H 1 Nec-1 42
LVEDD 1 LVESD Bk (P <0.05),LVEF il FS
WLEREN(P <0.05) , H Nob AS[a] 74 41 i T i85 -
BRI KA P, Nob-H 45 Nec-1 41 b 2 5% LS8+
HFEN(P>0.05), WFE1,
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R 1 Nob X} CHF K Z:.0 % LhREMIF2

(x+s)

Tab.1 Effects of Nob on left ventricular function in CHF rats

Mo n LVEDD( mm) LVESD( mm) LVEF(% ) FS(% )
Sham 1 15 8.12£0.12 4.76 +0.32 87.37 +6.62 48.36 £3.27
CHF 4 15 13.75 £1.07° 9.21 +0. 83" 48.62 £4.35° 23.15 £1.48°
Nob-L 24 15 11.94 +0.92" 8.08 +0.67" 56.43 +4.81" 29.07 £2.51°
Nob-M £ 15 10.51 £0.86™ 6.73 +0.59" 69.28 +5.11% 36.42 +3.16"
Nob-H 4 15 9.32 0. 6454 5.65 £0. 5404 81.05 +5.07 43.84 +3.92"
Nec-1 £ 15 9.28 +0.75" 5.09 +0.71" 84.54 +4.93" 45.23 £2.84"
F i 102. 557 117.684 140. 900 169. 680
P <0.001 <0.001 <0.001 <0.001

1. 5 Sham ZHHLE,*P <0.05 ;5 CHF 2H % ,"P <0. 05 ; 5 Nob-L £H 43, P <0. 05 ; 5 Nob-M £H L% ,9P <0. 05,

2.2 Nob X} CHF KRG RMEHFK MmN 5
Sham 4 L #¢, CHF 4H IL-1B F1 TNF-o 7K 3 5 25 34 i
(P<0.05), 5 CHF 41 b4, Nob-L 41, Nob-M 41,
Nob-H 21 F1 Nec-1 £ TL-18 F TNF-a 7K - & & F& A%
(P <0.05) ,H Nob /[l 5 & 41 i) T il &5 L 2 1) 41K
#HiPE, Nob-H 45 Nec-1 HHLB Z R LG ITH%E X
(P>0.05), %2,

&2 Nob Xt CHF KEUMTERYEH F/RFHIREM  (x+5,ng/1)
Tab.2 Effect of Nob on serum inflammatory factor levels in CHF rats

A 5l n IL-1B TNF-a

Sham 1 15 65.79 + 5.42 91.43 +10.27
CHF 4H 15 217.62 £22.41° 305.15 +26.48*
Nob-L #H 15 165.37 +15.83" 243.64 £21.53"
Nob-M 41 15 138.91 +14.76" 172.59 +18. 62"
Nob-H £H 15 86.43 + 9.15™1  116.37 +13. 86"
Nec-1 £ 15 81.54+ 9.62" 110.82 +15.35"
F 1 364.401 268.087

Py <0.001 <0.001

755 Sham 41 H#,*P <0.05; 5 CHF 401048, P <0.05; 5 Nob-L
ZHH#, P <0.05;5 Nob-M 4 % ,4P <0.05,

2.3 Nob X} CHF K Bt ILZH 2 v 480 £k 17 388 A 19 52
M) 5 Sham ZH HL#5, CHF 41 MDA /K-8 80 (P <
0.05),SOD I T-AOC KV EFEL(P <0.05), 5
CHF 4 [ %, Nob-L 4, Nob-M 41 Nob-H £ i Nec-1
24 MDA /K i Z F#K (P <0.05) ,S0D F1 T-AOC 7K
S RN (P <0.05) , H Nob AS[H]5 & 2H i) T ik
FEEF AR E , Nob-H 415 Nec-1 Al % 7 L5
(P >0.05), W#E 3,

2.4 Nob X} CHF KO NLZH 20 B 1k S 21 4 {1
M 5 Sham 4H 4, CHF 4.0 ILAH A S5 F X EL O
LA i B A A i e M IR T SRR A AR A
YL N, 5 CHF 41 L%, Nob-L 41, Nob-M 4
Nob-H ZH 1 Nec-1 210> JILET 2 HE 51 328 R0 0], .0 UL A

LK B 5 W A s T D A B TR R T Al i/
DL 1T AE 2,

%3 Nob Xf CHF KEUCUHLU P EAALIIHHRARITER (2 +s)
Tab.3 Effects of Nob on oxidative stress indicators in myocardial

tissue of CHF rats

4 5 n MDA (nmol/ml) SOD( U/ml) T-AOC(U/mg)
Sham £ 5 1.62 +0.11 137.43 +7.89  34.62 +2.87
CHF 4 5 4.06 +0. 28" 74.65 £3.14°  11.23 +0.96°
Nob-L#H 5 3.35+0.23" 86.18 +3.56"  17.85+1.32"
Nob-M4l 5 2.72£0.19%  107.94 +5.28" 24,17 =1.68"
Nob-HZ 5 1.94 £0.12%¢ 124,29 +5.35"¢ 31,59 +2, 15"
Nec-1 4H 5 1.73 £0.20" 130.37 £6.62"  32.34 +2.35"
F1i 124.566 103.485 108.277
P <0.001 <0.001 <0.001

;5 Sham 241 H#,*P <0.05 ;5 CHF 41 %, P <0.05; 5 Nob-L
HI#E, P <0.05;5 Nob-M 4H IL#,9P <0.05,

2.5 Nob X} CHF KEOCNIAHLAIHT 52 5 Sham
ZH b, CHF A2 T B £ (P <0.05), 5
CHF 4 L%, Nob-L 41 . Nob-M 41  Nob-H #1 1 Nec-1
HAMIH TR BEFEIT(P <0.05) , H Nob A ]| &
ZH 1 T TR 22 55 AR, Nob-H 415 Nec-1 4 1t
BESIGH ¥R X (P>0.05), WK 3 fik 4,

&4 Nob Xf CHF KELCHUALUHT I (v 5)
Tab.4 The effect of Nob on myocardial tissue apoptosis in CHF rats

a5 n YURRLPAT- % (% )
Sham 2 5 3.47 £0.10
CHF £ 5 32.86 +2.75°
Nob-L £ 5 26.15 +2.03"
Nob-M £ 5 18.39 + 1. 64"
Nob-H £H 5 9.73 +0. 78"
Nec-1 21 5 7.92 £1.46"
F1H 229.003
P1{A <0.001

1 . 5 Sham ZH AL ,*P <0.05 ;5 CHF 41 [4#¢,"P <0.05; 5 Nob-L
ZHILEL, P <0.05 ;5 Nob-M 4H [t #%,4P <0.05,
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1 AR B (HE e, x400)

Fig.1 HE staining observation of pathological changes in myocardial tissue of rats in each group ( x 400)

2 HARBOCHAL S LA ( Masson B8, x400)
Fig.2 Masson staining observation of myocardial tissue fibrosis in each group of rats ( x 400)

2.6 Nob X} CHF K042 RIPL RIP3 \MLKL F1
Caspase-8 [ KIBAY M 5 Sham 2 L4, CHF 4
p-RIP1/RIP1 , p-RIP3/RIP3 . p-MLKL/MLKL ik i} 3
HfN(P <0.05) , Caspase-8 ik I FFFL(P <0.05)
5 CHF 41 H%5¢, Nob-L 2 \Nob-M £ . Nob-H £H FlNec-1
24 p-RIP1/RIP1  p-RIP3/RIP3 , p-MLKL/MLKL ik i}
FIEAL (P <0.05), Caspase-8 ik W Z N (P <
0.05) , H Nob A [F) 51 £ 2H 1) - Fi 550 SR 422 791 1 AR i 4
Nob-H 415 Nec-1 ALK ZF TLFHITFE L (P >
0.05),ILIEl 4 F1 5,

7 A. Sham 413 B. CHF 41;C. Nob-L 41;D. Nob-M £;E. Nob-H 41;F. Nec-1 41
B4  Western-blot £l 25 21 K BlC L4141 RIP1 RIP3 \ MLKL
B 3 TUNEL Kl 4541 K B WL 2L T i F Caspase-8 £ 7K
Fig.3 TUNEL detection of myocardial tissue apoptosis in each Fig.4 Western blot detection of RIP1, RIP3, MLKL, and Caspase-8

group of rats protein levels in myocardial tissue of rats in each group
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&5 Nob X} CHF K. NIZHZ! p-RIP1/RIPL ,p-RIP3/RIP3 ,p-MLKL/MLKL FI Caspase-8 £ H F ik 152N (x £5)
Tab.5 Effects of Nob on the protein expression of p-RIP1/RIP1, p-RIP3/RIP3, p-MLKL/MLKL, and Caspase-8 in myocardial tissue of

CHEF rats
A n p-RIP1/RIP1 p-RIP3/RIP3 p-MLKL/MLKL Caspase-8
Sham 2H 5 0.10 +0.01 0.12 £0.01 0.21 £0.02 1.36 £0.11
CHF 41 5 0.94 +0.10° 0.89 +0.07° 0.97 +0.11° 0.25 +0.01°
Nob-L #H 5 0.75 £0.08" 0.67 £0.08" 0.62 £0.05" 0.51 £0.03"
Nob-M £H 5 0.46 +0.05" 0.48 +0.05" 0.48 +0.03" 0.84 +0.06"
Nob-H 4 5 0.16 £0.02b4 0.24 £0.03b4 0.30 0. 03" 1.29 £0.08"4
Nec-1 24 5 0.14 £0.01" 0.19 £0.02" 0.27 £0.02" 1.31+0.10"
F1H 193.585 182. 164 142. 657 200. 435
PH <0.001 <0.001 <0.001 <0.001

1. 5 Sham ZHHL#L,*P <0.05; 5 CHF #H L3, P <0. 05 ; 5 Nob-L #H 3, P <0. 05 ; 5 Nob-M #H L%, 9P <0. 05,

3093

Nob J&—Fh B Fi 2k &9, 32 MM ZSAE P 1)
FR oy B R, BA P9 AP AR TE 2 X0 il 45 95
TR RAFAATER WF5E R, Nob REH 1 3 il £k 5
T 2 TR PRSI RO LI i P8 1 #5455 . Nob
RE S K BUO T REAS 4, Dl S8 AL I 38, 30kl Co ILAR i
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