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FARARTRIY P<0.001) , K UL UL U BR2FA0 A5 1 58 VER IR A% . Neo—1 S HE T LIMGF MR Sl LA BLVR ZE P 08 1 Froy i
FeAfEH . 58 LIM nJ fiE g R4 RIP1/RIP3/MLKL {5 53 B MK BUO LA ISR SRR T
(SRR JAy A6 i 3R 5 S AR EL A P8 PO — 1 /32 AR A B -3 10 5 1 2R DR 45 A R 2 P A 53 5 5 O JJURESE 5 3R
PR T
[HE S 2S5 ]R542.2 [ SCH#rFRERD ] A [Yefm B H#7]2023-11-16

Impact of limonin on necrotic apoptosis of myocardial cells in rats with
myocardial infarction by regulating the receptor—interacting protein 1/
receptor—interacting protein 3/mixed—-lineage kinase
domain-like protein signaling pathway
Tian Xixi', Wu Jianfei’,Han Siliang’, Zhang Yichao’,Ma Jing’

(1. Department of Education , Affiliated Hospital of Hebei University ; 2. Department of Hepatobiliary Surgery,

Affiliated Hospital of Hebet University ; 3. Department of Cardiovascular Medicine , Affiliated Hospital of
Hebei University)

[ Abstract] Objective : To investigate the impact of limonin (LIM) on the necrotic apoptosis of myocardial cells in rats with myocardial

infarction (MI) by regulating the receptor—interacting protein 1
{EE 48 Wi, Email : cissy_815@126.com,
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EEWA 2 FHFHAR KRB (%5 :22412F296) of 60 Sprague—Dawley rats were randomly divided into sham-
155 H AT - hitps://link.cnki.net/urlid/50.1046.R.20250522.1406.004 operation group(Sham group) , MI model group(Model group) , low—

(2025-05-23) dose LIM group (LIM-L group, 25 mg/kg LIM) , high-dose LIM

(RIP1)/receptor—interacting protein 3 (RIP3)/mixed-lineage kinase
domain-like protein (MLKL) signaling pathway. Methods: A total
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group(LIM-H group, 50 mg/kg LIM) ,and high—dose LIM+RIP1 inhibitor Nec—1 group(LIM—H+Nec—1 group,50 mg/kg LIM+0.6 mg/kg
Nec—1) , with 12 rats in each group. A rat model of MI was established by ligation of the coronary artery. The changes of cardiac func-
tion were examined for each group; HE staining was used to observe the pathological changes of myocardial tissue ;the 2,3, 5—triphen-
yltetrazolium chloride—Evans blue method was used to measure myocardial infarct area; the terminal deoxynucleotidyl transferase—
mediated dUTP nick end labeling method was used to observe the necrotic apoptosis of myocardial cells; quantitative real-time PCR
and Western blot were used to measure the expression levels of mRNAs and proteins associated with the RIP1/RIP3/MLKL signaling
pathway and the expression of apoptosis—related proteins. Results : Compared with the Sham group, the Model group had significant re-
ductions in left ventricular ejection fraction, left ventricular systolic pressure, and the expression level of B—cell lymphoma—2(Bcl-2)
in myocardial tissue (all P<0.001) and significant increases in left ventricular end—systolic volume, left ventricular end—diastolic pres-
sure, left ventricular end—diastolic volume, myocardial infarct area, cell apoptosis rate , the mRNA and protein expression levels of
RIP1, RIP3, and MLKL in myocardial tissue , and the protein expression levels of Bel-2 associated X protein and cysteinyl aspartate—
specific proteinase 3 in myocardial tissue (all P<0.001) ,as well as swelling and disordered arrangement of myocardial cells with ne-
crosis and massive inflammatory cell infiltration on HE pathological sections. Compared with the Model group, the LIM-H group
showed reverse changes in the above indicators (RIP1 mRNA : P=0.002, RIP3 mRNA: P=0.008, and the other indexes P were all <
0.001) , with alleviations of myocardial histopathological injury and inflammatory cell infiltration. Nec—1 promoted the effect of LIM in
alleviating the necrotic apoptosis of myocardial cells in MI rats. Conclusion : LIM may alleviate the necrotic apoptosis of myocardial
cells in MI rats by downregulating the RIP1/RIP3/MLKL signaling pathway.

[Key words]limonin ; receptor—interacting protein 1/receptor—interacting protein 3/mixed-lineage kinase domain-like protein signal-

ing pathway ; myocardial infarction ; necrotic apoptosis
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Sigma 23 H] 3 R ui AR i 32 (terminal—deoxynucleoitidyl transfer-
ase mediated nick end labeling, TUNEL) i | & (4t %5 .
8253548) S s 1R 5 (FE5 : 331598) My 1 508 fek A=
PIRHEAT IR B 5 S8 RIPL (4L : ab218933) \RIP3 (41t 5
ab541630) MLKL(#it*5 :ab217274) . Bel-2 4 & X 2 1 (Bel-
2 associated X protein, Bax; It %5 : ab8226) | B kO 4 i g -2
(B-cell lymphoma-2, Bel-2; b %5 : ab76311) | Jjt K & 11 7if§ 3
(cysteinyl aspartate—specific proteinase 3, Caspase3; It %5 :
ah239883) | 5 e H v & i & Al (reduced glyceraldehyde—
phosphate dehydrogenase, GAPDH; #t5 : ab258423) # H — ¥t
FIRER EHT S — P (HL 5 : ab205718) K F Abcam 24 ] 5 /1N5l)
PIREIE AL (TKR-200C) W H 35 [ Harvard Apparatus 23 7]
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Sk 1 7 R A DR B MBS RO i A A BRURR IS AP M [
FE AT B E AL BB TR A 3~4 4 T )
71 em MATUIE, B8 0. TERBUPZ8.0 B A 45 4L
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122 ZWH 5525 #60 H s AL SD K ELBEHL
53 5 H R n=12) L JUEBEAE 2 (Model £) \LIM 5]
B 4] (25 mg/kg LIM, LIM-L 21 ) . LIM & % & 41 (50 mg/kg
LIM, LIM-H 41 ) F1 LIM = 7 4t +Nec—1 41 (50 mg/kg LIM+0.6
mg/kg Nec—1, LIM=H+Nec—1 2 ) , 55 %R F AR 4 (Sham 41 ) .
ARG 24 WIFUR T3 LIM 4 H HES 2725 100, Nee—1 53 H I
VESS 1K, FFEE 7 ds Model 211 Sham 2143 51 45 T S5 A FH AR 1
R KV T R I T S, LIM-L 40 LIM—H 2001 o S5 45 1
FRABEER KA Ry %0 B

123 ZEEIZKUG A& RO IIEEE RIKAZ524 h
J5i R BRI 5 3% 13 L LE 22 8 (30 mg/kg ) R , 51 ] 22385
12 W AE 57 R BLZE %5 4 143 34 (left ventricular ejection
fraction, LVEF) | 7 & &F 7K K ] 25 2 (left ventricular end—
diastolic volume, LVEDV) | Z& & U 46 K B &5 F2 (left ventricu-
lar end-systolic volume, LVESV) /£ ZE & 5K K JE (left ventricu-
lar end—diastolic pressure, LVEDP) JE W45 TR (Left ventricu-
lar systolic pressure, LVSP) .
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1.2.7  SERF2¢565E 18 PCR (real time fluorescence quantitative
PCR, RT-qPCR) 5% 5 K5 I K Bl 0> L1 21 RIPT ,RIP3 \MLKL
mRNA 5 B 1.2.4 TR R ELL ALALET, Jin A Trizol it
FUHEICL ILZH 2L RNA, f# A5 & SYBR Green RT-PCR
IR EKE RNA W S8 oDNA R 7938 . 519533 T
mFE 1R L2 i B R RO LA L B RIPT RIP3 T
MLKL mRNA [ AHX ik it

F1 SR FS

WA 51FI(5°~37)
RIPI #5314 : GTCCTGGTTTGCTCCTTCCC
U514 : GTCTCCTTTCCTCCTCTCTGTTG
RIP3 55149 : ATGTCTTCTGTCAAGTTATGGCCTAC
T4 : CTTGTGGAAGGGCTGCCAGCCCCTACC
MLKL [ 37514 : GGGAACACTCCACGGAAACA
TUFS 14 : GATCTTGCAGTCTCTCGGGG
GAPDH 514 : GCTCTCTGCTCCTCCTGTTC

TS 147 : ACGACCAAATCCGTTGACTC

1.2.8  Western blot £ ] < BL.C> L RIP1/RIP3/MLKL {55 53
B AT-EARL RBO24 AN ONUEEA B E A
PEATEERC L Pk (B, 5 —PT RIPT.RIP3 \MLKL . Bax ,Bel-2.,
Caspase3 .GAPDH T 4 CF & 1 42, ¥k H I A FH R — ¢
(1:5000) = EIFE 2 h, AT R , WEIHT AR (440, L
GAPDH & N , F| ] Tmage Lab #1443 1 B 45 & 1 A9 1K
JE{H
13 %it¥75 %

AWFFE K GraphPad Prism 7.0 A #AT G047 45
B IR LIS + 2 (v x5) TR, 241
) Fe AR AR 2R 5 25 00 A, 44 25 S A G v 3 30, D gk —
R FH LSD—¢ K 36 HEAT W6 G LU AR, A 3K 7 0=0.05

2 # R

2.1 LIM KRS 2 fe g #ra

1 2} Sham £H F1l Model 2H K B A0y HL B, Model 2H K i
O HL I ) A B U R R MIB TR 3y Dy, BRI 3R
T2 s & 40 DI RE e 0 25 T A St (3
P<0.001). Model 4 %% Sham 20 LVEF[ (36.59 +4.23 ) % vs.
(75.45+5.20)%] .LVSP[(108.16 = 5.36) mmHg vs. (152.28 +
6.89) mmHg] ‘% 35 [% (%, LVESV[(2.76 + 0.18) mL vs. (0.58 +
0.08) mL]. LVEDP[(17.96 +2.58) mmHg vs. (4.47 +0.56)
mmHg] . LVEDV[(1.76 + 0.18) mL vs. (0.23 +0.04) mL] . 3%
Tk (34 P<0.001) o LIM—H 415 Model 41 45 45 7 i 35 2035
(¥7P<0.001) , HALF LIM-L 41 (4 P<0.001) . LIM-H+Nec—
| 21 % LIM-H 2 # — 2 % 3% (P<0.001) , L " LVEDV
[(0.35 +0.04) mLIEZIE Sham 41K T-(5£2)
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ShamZH

Bl 1 ShamfA5 Model AKX R E
x2 KROIIEELLE (x +5,n=6)

20531 LVEF(%) LVSP(mmHg) LVESV(mL) LVEDP(mmHg) LVEDV(mL)
Sham 21 75.45 £5.20 152.28 + 6.89 0.58 + 0.08 4.47 £0.56 0.23 +0.04
Model £ 36.59 + 4.23" 108.16 + 5.36" 276 +0.18" 17.96 +2.58" 1.76 £ 0.18"
LIM-L# 36.28 +4.18 109.83 + 6.25 2.63+0.17 17.14+2.23 1.65+0.17
LIM-H £ 58.64 + 5.47™ 134.05 + 8.54™ 1.52+0.10™ 11.20 + 1.34" 0.87 + 0.08"
LIM—H+Nec-144 71.13 £5.05* 148.79 + 8.82° 0.73 + 0.08" 6.04 +0.72¢ 0.35 + 0.04"
FAA 87.743 49.281 374.600 80.366 214.578
PAH <0.001 <0.001 <0.001 <0.001 <0.001

VE ra, 5 Sham ZHAH FE , P<0.05;b, 5 Model ZHAH EL , P<0.05; ¢, 5 LIM-L 4 A H. , P<0.05;d, 5 LIM-H 20/ ., P<0.05

2.2 LIM s K R 0s IUZE 42 5% 32 3 T AL 89 vy

Sham 41 K G ILAHHEHES 5% & B8 E R, To] i
WHEMARMR I . Model 41 K FLC LA M HE S A8 T )T
A IRFEAN AL . LIM-H 41 B0 LA i 58 1R 3R 9 SR FE AN
PR I I, LIM-L A R B O AL 2L e A i R £
DTSR FE MBS E . 5 LIM-H 2041 Ltk , LIM-H+Nec—
12 R JULE BE s BRADL A D 5 , 20 B DR BB 02, 8 1 400 A
R WL 2,

LIM-H+Nec—12H
E2 HEEERBRXROMNALFEFZTH(400x% )

23 LIM %k £ s JURE 58 @ AR 69 3% o
e 3ME 3w, R Ry 224081 /R 45 410 AR

T AR 2% S GE it 7 X (F=254.169, P<0.001) , H.AA B
9 : Model ZH %5 Sham 2H .0» JULAH FE 1 B W) & 34 I [(42.15 =
3.82)% vs. (0.00 = 0.00)% , P<0.001]; LIM—H 2145 Model £H 1]
BIHA[(26.48 +2.74) % vs. (42.15 £ 3.82)%, P<0.001], ELI
T LIM-L 41 (P<0.05) ; i 5 LIM 7] 5 38 i, 458 5 1 AR 2 9]
HHEDE /D (P<0.001) 5 LIM-H+Nec—1 257 LIM-H 43—
WP[(10.37 £ 1.44) % vs. (26.48 = 2.74) %, P<0.001],

®3 FAXROIUEFLERMLLE (x +5,n=6)

215 O HUEESE TR (%)
Sham 41 0.00 + 0.00
Model £ 42.15 +3.82"
LIM-L#H 40.83 + 4.07"
LIM-H 4 26.48 +2.74™
LIM-H+Nec—141 10.37 + 1.44
FAH 254.169

PE <0.001

¥ :a, 5 Sham ZHAH L, P<0.05; b, 5 Model A4 [t , P<0.05; ¢, 5 LIM-
LZHMI L, P<0.05;d, 5 LIM=H ZH#{ [t , P<0.05

ModelZH LIM-LZH LIM-HZH LIM-H+
Nec—14

ShamZH

3 TTC-EB#BMBRXRCIIEL
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2.4 LIM 5 X £ WL am JLIR 564 8 = 09 % v

N 4 FE 4 PR SR R 7 2250 01 s 45 410 LA
TR ERA G F7E L (F=159.345,P<0.001) , Model £
U8 17 R W B & T Sham 2 [(32.63+£3.35)% vs. (3.17 +
0.45)% , P<0.001]; LIM—H 21 (20.42 + 2.10) %% Model 211 &
Rk (P<0.001) , H W & fik F LIM-L 4{[(30.97+3.58)% , P<
0.05]; LIM—H+Nec—1 2H (11.13 + 1.24) %% LIM-H 21 i —
FA% (P<0.001) .

®4 FBAXROMMAATEMLEE (x £5,n=6)

2H 51 NI T2 (%)
Sham 4 3.17+0.45
Model 32.63 +3.35"
LIM-L# 30.97 +3.58
LIM-H ZH 20.42 +2.10™
LIM-H+Nec—144 11.13 + 1.24¢
FAH 159.345
PE <0.001

¥ :a, 5 Sham 1A I, P<0.05; b, 5 Model 414 [, P<0.05; ¢, 5 LIM-
LA, P<0.05;d, 5 LIM=H 414 It , P<0.05

CLIM-H4L

) ) 2
BN 2 AN N MW N S
R Wy AERQ TR DR X \
AR M v )
N “ Ntk N N
S \ NN N
O o LR NN T\
a A" N \y N
1S S Ao \‘ XA
R 5 N\ N
S w RO R
S N N\ e N
\\ . N
SRS SN\ N
“ (L N N
N wIN

LIM-H+Nec— IQH
B4 TUNELZEMZXRONMMEIRTEERT (400 x )

2.5 LIM %K & L 22 RIP1.RIP3 . MLKL mRNA & ik ¢4
EAC)

WA S fT7R , 5 Sham 41 AH L , Model 21 7K B0 L2 28
RIP1.RIP3 . MLKL mRNA Z&ik B B T+ (£,=14.592, P<0.001 ;
t,=15.444, P<0.001; 1,=14.483, P<0.001) ; LIM-H 41 K %%
Model £ K fL.0> WLZH 4L RTP1  RIP3 \ MLKL mRNA 335 [# (1%
(1,=6.066, P=0.002; 1,=5.291, P=0.008; 1,=7.008 , P<0.001) ,

LIM-L 20 22 5 o 40324 7 X (P>0.05) . LIM-H 4142 LIM-1.
2H K RO JILZH 2 RIPL . RIP3 . MLKL mRNA % 35 B & B AI%
(1,=5.738, P=0.004; 1,=5.005, P=0.013; 1,=6.696, P=0.001) ,
LIM-H+Nec—1 £ % LIM-H 2l K i 0> L 41 41 RIP1 . RIP3,
MLKL mRNA ik B & B A1 (¢,=4.427,, P=0.033;1,=4.862 , P=
0.016;1,=4.360,P=0.036) .

21 B ShamZH
2.0 EIModelZH
i - d EaLIM-LA4L
A =LIM-H4L
g 1.0 B LIM-H+Nec-12H
oo
=

0.5+

0.0-

RIP1 RIP3 MLKL
a5 Sham M H , P<0.05:b, 5 Model ZH A EL , P<0.055 ¢, 5 LIM-L
A, P<0.05;d, 5 LIM-H £4 4 Lt , P<0.05
5 XROAALRIPT.RIP3.MLKL mRNA KA i b

2.6 LIM 3 X & s MLZE 42 RIP1/RIP3/MLKL 4% 5 38 3% F=
THIRE G R KR

WE6.7.8 i/, 5 Sham £ A HE , Model £ K B0 UL
RIP1,RIP3, MLKL, Bax . Caspase3 3 i& T+ 5 (1,=25.082, P<
0.001;1,=25.932, P<0.001;,=27.490, P<0.001 ; 1,=24.132, P<
0.001; £,=29.353, P<0.001) , Bel-2 3¢ ik [ A% (1,=24.069, P<
0.001) ; LIM-H £H X Bl %¢ Model #H . JJL RIP1, RIP3 . MLKL .
Bax ., Caspase3 % ik [ (1,=11.903, P<0.001; 1,=11.903, P<
0.0015,=11.156, P<0.001; £,=10.935, P<0.001;1,=12.950, P<
0.001) , Bel-2 3% 3k 755 (1,=11.589, P<0.001) , LIM-1. 41 %
Model 20 4445 b5 22 5 LG 2 7 X (P>0.05) . LIM-H 41 %
LIM-L 41 K B0 W8 B A8 b 5 b 38 48 7] (¢,=11.053, P<
0.001;¢,=11.053, P<0.001;£,=10.359, P<0.001;,=10.181, P<
0.001; £,=12.087, P<0.001; 1,=10.698, P<0.001) . 5 LIM-H
ZHAH I, LIM-H+Nec—1 21 K .02 L RIP1 . RIP3 . MLKL , Bax
Caspase3 223k F A% (£,=10.628 , P<0.001 52,=11.903 , P<0.001 ;
t,=13.546,P<0.001;t,=10.181,P<0.001 ;2,=14.245,P<0.001) ,
Bel-2 #1575 (1,=10.698 , P<0.001)

a a B ShamZH
N 0.8 BEModelZH
i; - - he be mmpiM-L4
R E3LIM-H41
% 0.4 d d d-LIM—H+Ne(:—12E
= 024
0.0

RIP1 RIP3 MLKL

¥ ra, 5 Sham 41 L, P<0.05;b, 5 Model A HE , P<0.05;¢, 5 LIM-L

AL, P<0.05;d, 5 LIM-H 4 L, P<0.05
E6 AR/ RIP1/RIPI/MLKLIE

SEEEARIALLE
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1.5

B Sham#
o = ModelZH
2104 % a B [ IM-L4
H 4 =3 LIM-H4
K be be
et be B [ [M-H+Nec—141
= d

a d

Bax Bel-2
¥ a, 5 Sham HAEL, P<0.05;b, 5 Model AT H , P<0.05; ¢, 5 LIM-L,
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