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(PACs) *f it Z M H 3k 3R 5 (SONFH) 49 B EAF L ZLh] . ik RS XmAT @ M Z+F R A9 % ik H4%) SONFH B2
Foo FrrEABL R T # R AL A AER 28 (Model 48, A #2 37K ) \PACs 4% 7 & 28 (PACs-L 28, 11 mg/kg) \PACs % 7 & 40 (PACs-H 42,
22 mg/kg) . PACs & #] & +RIPK1 i#% 7& # (RIPK1 £ 4% & , i #& “tRIPK1” ) 48 (PACs-H+rRIPK1 48 , 22 mg/kg PACs+4 pg/kg
tRIPK1), 7 X B AT R840 (Control 28, £ 22 37K ), 406 R, S HWURERIEF/ERME R LR, FETRAR ., RRkEHE,
Hori S P A B R SE B F o(TNF-o) L & 28 B 6 (IL-6) 82 ;4 S B I & M B % 2. (BMD) VB B % (Tb. Th) VBN 3
H(Th.N)Fe B oy 4 38 JE (Th.Sp) | E AL ; VLA S BB 4L LR 09 IR 22 529 25 5 A ) S I 7B 40 42 4 LR == B 0L 5 M) S B B 4L 48 o
MR A K BT (VEGF) B &S K A% G 2(BMP2)mRNA #9 & 8 K- #0) i% B 2842 ¥ RIPK 1/RIPK3/MLKL 13 5 i@ %48 % & &
# F A AKF, BB 5 Control 28648, Model 28 % 2. 7% 7 TNF-o . IL-6 &% F2 Tb.Sp . ZF 14 & & i A = £ VA B IR B LR P
RIPK1.RIPK3 MLKL % & % Bk 82 ALK F 3 2 %9+ 5 (P<<0.05) ; BMD . Tb.Th. Tb.N, & & 28 2% F VEGF .BMP2 mRNA #% & & /K-
VA B R B & Bl 8 (caspase-8) # R A RT3 B E AR (P<0.05); R BB P @mles R, B0 ZHINMHE ., 5 Model 281t
# ,PACs &7 &40 Lk 8 F 4547 (P<0.05) Fesm 3 T B F & &, 5 PACs-H 4L 5, PACs-H+rRIPK 1 28 L% 52 & 45 47 (P<
0.05)Fesm B A R F#F 4 G518 PACs 7T % & % SONFH, H4F A ALh) 7T 4 5 #7+6) RIPK1/RIPK3/MLKL 4% 5 38 #4380 & | 47 ] I
BRI T AR EH AR K
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Study on the improvement effects and mechanism of proanthocyanidins on steroid-induced osteonecrosis of
the femoral head in rabbits

WU Chunli', LIU Liting", ZHAO Xuting’, SUN Ruifen’, WANG Wenxuan® (1. Dept. of Vascular Surgery, the
Second Affiliated Hospital of Inner Mongolia Medical University, Hohhot 010010, China; 2. Dept. of
Orthopedics, the Second Affiliated Hospital of Inner Mongolia Medical University, Hohhot 010010, China;
3. Area A, Trauma Surgery Center, the Second Affiliated Hospital of Inner Mongolia Medical University,
Hohhot 010010, China)

ABSTRACT OBJECTIVE To study the improvement effects and mechanism of proanthocyanidins (PACs) on steroid-induced
osteonecrosis of the femoral head (SONFH) in rabbits based on the receptor-interacting protein kinase 1 (RIPK1)/RIPK3/mixed
lineage kinase domain-like protein (MLKL) signaling pathway. METHODS SONFH model in rabbits was induced by injecting
Escherichia coli endotoxin+methylprednisolone. The successfully modeled rabbits were randomly divided into Model group (normal
saline), low-dose PACs group (PACs-L group, 11 mg/kg), high-dose PACs group (PACs-H group, 22 mg/kg), high-dose PACs+
RIPK1 activator (rRIPK1) group (PACs-H+rRIPK1 group, 22 mg/kg PACs+4 pg/kg rRIPK1), along with a control group (normal
saline) , with 6 rabbits in each group. Each administration group was given relevant medicine once a day intragastrically/via
injection, for 4 consecutive weeks. After the last administration, the levels of tumor necrosis factor-a (TNF-a) and interleukin-6
(IL-6) in rabbit serum were measured. The changes in the microstructure of rabbit femurs, including bone mineral density (BMD),
trabecular thickness (Tb.Th), trabecular number (Tb.N), and

trabecular ~ separation (Tb. Sp) were examined. The

AEETE W5l HIR X A ARHA L85 H (No.2021 LHMS08-
048,N0.2022QN08004) ) . ) .
* Bt B EATEIG B, BISeI7I B 5 e i S histopathological features of rabbit femoral tissues were

SIS, E-mail : hplzzr@163.com observed, and the apoptotic status of cells within the rabbit
#EEMEE B FATE, L. BFFT 7] B2 B S IRAE 1) femoral tissues was detected. The mRNA expressions of
LRl I PRAFSY . E-mail : aiaaym@163.com vascular endothelial growth factor (VEGF) and bone
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morphogenetic protein 2 (BMP2) in rabbit femoral tissues were determined. The expressions of RIPK1/RIPK3/MLKL signaling
pathway-related proteins in femoral tissues were detected. RESULTS Compared with the Control group, serum contents of TNF-«

and IL-6, Tb.Sp, empty bone cavity rate, cell apoptosis rate, phosphorylation levels of RIPK1, RIPK3 and MLKL in femoral
tissue were significantly increased in the Model group (P<<0.05). BMD, Tb.Th, Tb.N, as well as the mRNA expression of VEGF
and BMP2, along with protein expression of caspase-8, in the femoral tissues were all decreased (P<<0.05). The bone cells in the
femoral tissue were unevenly distributed, and the trabeculae were arranged sparsely. Compared with the Model group, the
aforementioned quantitative indicators (P<<0.05) and pathological changes in all dosage groups of PACs showed significant
improvements. Compared with the PACs-H group, the aforementioned quantitative indicators (P<<0.05) and pathological changes in
the PACs-H+rRIPK1 group showed significant reversal. CONCLUSIONS PACs can ameliorate SONFH in rabbits, and its
mechanism of action may be related to the inhibition of the activation of the RIPK1/RIPK3/MLKL signaling pathway, suppression
of apoptosis in femoral tissue cells, and promotion of angiogenesis.

KEYWORDS proanthocyanidins; steroid-induced osteonecrosis of the femoral head; RIPK1/RIPK3/MLKL signaling pathway;

angiogenesis

JBCB Sk PR AU I — v e a B, Horb i R
(AN [8 B ) 755 19 B 1Sk TR AE [ RIECR P IR Sk IR 4K
(steroid-induced osteonecrosis of the femoral head,
SONFH) 2 AR it A Sk IRSE I LR ZE L, LAA 4
FLBR AL IRFE B/ N R Sk Be B G T D BE R
S EBAEAE" Y, BT, % SONFH (67 25 I FE4E —
FERIVER, WOSURERR £k AT e S B0 IR5E  PisE 25 )]
B i AU, PR, S4BT SONFHIRYT 254 BA

54675 % (proanthocyanidins,, PACs) /& — K £ i)
FAE R EFR, AR DR T 2GS ARG
PRAMIFSE 7R, PACs T 410 ] 1 S K M 5 5 14 1l 40
T, A B B SR RSB 7 B BRI A
Frifb— L 5E 8", WAL —F AR P SE T 07 L i
Z AR B AE 8 U 1 (receptor-interacting protein ki-
nase 1, RIPK1)/RIPK3/iE & 1 2% W il 45 14 Bk A 25
(mixed lineage kinase domain-like protein, MLKL ) {55l
BEA0 WEFE AW, B B o R w] o i {2 7E RIPKL
RIPK 3 38 T 0% 200 M AR 7 PR AR T i A2, DA i ) K Bt
JBe Sk IRFE™, SR, PACs & 75 Al 3 o 4 #55 RIPK 1/
RIPK3/MLKL {5538 %2k 4% SONFH [ N, SEF
I, AR 5 UL F RIPK 1/RIPK3/MLKL {5 53 % , i i
F4 5 SONFH B G K 5% PACs Xf SONFH (¥ sk #:45 H
LAl , LU A Im ARR YT SONFH S fiE27%

1
L1 EEUHF

A 5T B FH 32 EEAL S 145 Quantum GX E4 /N sh )
Micro-CT 514 & 4t ({8 [# PerkinElmer 23 ] ) .800 TS #
B ARAL T MASGHT AR IR A PR3 F] ) | Leica UG i
B[R~ AR (L) 3 5 A B A \]] .CX41-32RFL
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HU9 G Wi ( H 7R Olympus 28 7] ), Alphalmager HP !
BEIKE 1% 2 5t (25 [# ProteinSimple 23 7] ) . QuantStudio 5
RU SR 9 1 R A W =X s (PCROAY (& E ABL Y
GIPE
12 FEHRSIKA

PACs JFURL 25 (L5 P413229) W [ _EIRE B f7 T 424k
FHE B A PR 2 A RIPK 1 77 [RIPK 1 520 25 1 (&
FR“rRIPK1” ) ; 4tt 5 HY-12479, 4fi JiF =989%] W [ 26
MedChemExpress 2\ F] ; KM HT B P # % (4it-5 8000P) I
Fb v AR A RS A IR e e (it 5
A3551 1) 3 A TNRr A VIRHA IR A F s H B RN
(5 A2638) W [ At 5 Fedm 4 A= R A FRA 7 5 I
SR G (k5 AK3495) 1 W T A RA IR AT FR A
) 3 Mg SR FE R T o (tumor necrosis factor-a, TNF-a) . [
41 il 4 Z 6 (interleukin-6, IL-6) Jiff B¢ 40 28 W% [ ) 2
(ELISA) I & (4157331l 2y 10268 ,20187) ¥4 [ I if¢
VLA R A BRA W) 3 R ARG -1 (HE ) e iR &
(#t5 20087CR) W A FifE 5 = RAEYHAFRA A ;
TUNEL i3 & (1t 5 0003) W I 2P SRR 72 DR
& 0y A1 R 2 Al 5 % Bt W 2 1k RIPK1 (phosphorylated
RIPK1, p-RIPK1) | RIPK1. # i# 1k RIPK3 (phosphory-
lated RIPK3, p-RIPK3) . RIPK3. #% 2 {& MLKL
(phosphorylated-MLKL, p-MLKL) .MLKL . Jbt & % [ it
8 (caspase-8) . H I i - 3- Wl i Wit = i (GAPDH) i 4 (it
5 43 5l SN ab316924 . ab300617 ., ab284393 . ab316957 .
ab196436 . ab184718 ., ab247233 . ab181602) ¥4 Iy [ ¥ [
Abcam /A ] ; BAR i A ALY (HRP) Bric 19 L EhT e e
JEERE H G(1gG) i (175 FNSA-0004) 1 [ 2 E R
AR A FR 2 W 5 48 Rz AR 1K 7 (vascular endo-
thelial growth factor, VEGF) . 'H JE & A& 4 % H 2 (bone
morphogenetic protein 2,BMP2) .8-JL/1 5 FH (B-actin) Y
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mRNA 373 51 4y hy S5 EER A YR A BRAY Rl I
AR HARME R 1,
&1 PCREIMFFIRYTE=WKE

Hit A 5IEFFI(5—3") T op

VEGF 1F1i): GCAGACCAAAGAAAGACAG 103
[ TIGCAGGAACATTTACACG

BUP) TF11]: GAGAAAAGCGTCAAGCGAAAC 121
Fili: AGTAAAAGGCGTGATACCCCG

Bractin TF14: TGGCTCTAACAGTC CGCCTAG 119

J21i7: AGTGCGACGTGGACATCCG

1.3 KIEIY

AHEFE TR SR 3 #7722 A, 2 36 KT
292.3~2.5 kg, NG RS 4E S A= 71 Tk =
i SCXK ( 5%) 2020-0006., % 1Al 37 3 5% 1 & Ry 20~
24 °C, HHXFRE A 40%~60% , A G 3N R AT
NG KA AR 2R B s e I S L (i
5 IMU-2024-mouse-080) .
2 FHik
2.1 EHE5HA

HGE R PSR 7 S, AL 27 HAE i,
N IR B ER . T REZGE KT KB AN G R
(10 wg/kg) , 24 h 5 FRRIES 1 B T8 b LS
W JE (20 mg/kg) , T 24 h g5t 1k, 2EVES 39k 5
Hb BT LN TE S E 25 3R B0 (5 7 FLfi/kg) 2 IR, Ty R
PO E9 Hb, LA BRER KA 259, A 0 X B4
(Control ) . 58 )5 , i B 2 Fl Control ZH Hr 43 5| i
B3 HA, ok H Micro-CT 5245 7 G A i L i B i /N B
JZ )i (trabecular thickness, Tb.Th) ‘B /NG2%K (trabecular
number, Tb.N) FlH /)N 3243 55 & (trabecular separation,
Tb.Sp) , H-i i HE Yot g 8 HL A B 21 2L B AR AL o
AR et R/ N TR HE SRR B R A R e S
B Bass B %, HL Tb. Th . Tb.N # Control ZH %t &A% , Tb.
Sp % Control 41 e Ft 5 i), & B SONFH 452 84 e 44 2
DI, BB 24 N e BEALEL 72 1% 4 iRl
2 (Model 41) \PACs fikFI 41 (PACs-L 41) \PACs /= 71| i
2H (PACs-H 4 ) . PACs = 7] 5 +RIPK 1 3831 71 41 (PACs-
H+rRIPK1 1), B2 6 H o AR 34 5 09 45 3500 ik
¥ PACs-L 41 . PACs-H 41 %73 B B 11,22 mg/kg
PACs" I & # ki 9 SR B A= B ER 7K, AR 11K PACs-
H+rRIPK 1 41 f 76 1 22 mg/kg PACs [ [l i J8 & bk 1
8 4 ng/kg rRIPK1™, &K 1 YK ; Control ZH Fl Model £
T R o S AR AR B R K R LR K4l
PIvi R4 4
2.2 #IiEH TNF-a . IL-6 &2

RIRG ARG X 25 41 i A 7T B e kR i, 25
O Ji BT, 2R FH ELISA 32 DA Bt B A SRS 100 G 1fiy 375 v
TNF-a \IL-6 %4,

TEZED; 202545 36 44 20 1

2.3 &EERESHRREN

R SE LT AL HEA2H A, 53 B8 HEOBUNI e 5 T R ) L
BRI A B CRIA R 3URAE 5 D T Z R W R
E 48 h, #RJ5 ] Micro-CT 5414 R Gk HL e 1 -
[ (bone mineral density, BMD) . Tb.Th . Tb.N F1Tb.Sp.
24 SREBAANRFEFHENR

W& AH S A MR, 10% 2 — e DU 2 R R4 T 1 45
AH SR G HEA TR LA A ) s BRSO e AT
HE Ze 0, P 1] DG b A W52 J 1 2 4L ) o B 22 T
SOMTAEEERER. S TRER="TRE 8B
TEELX 100%
25 BREREBAAMMATEREN

HU“2.47 T T 5 B Y) A, s BB R )
JA 0.1%Triton X-100 5721 738 AL 3, 7 LL 5% 4 1
T LB S %0 TUNEL SO O E , A4,
6- PR HL-2- R IL M| (DAPD) YL i & YL AN s Bt A s
SR HZE WA A A I T L (P T A i R g a2
J6) IR AN T A TR = T AR A 2
Ja% X 100%
2.6 mEIXBHALAH VEGF . BMP2 mRNA Kkl

BR“2.37 T 45 20 S R A7 A A 0 e 1 2L 2, T B ol
1, BGE &, A Trizol BRI 2 HUE RNA 6 A B RNA
F2 % 55 i cDNA J& , LA cDNA A AR 317 PCR 9714
PCR #"#8{K £ (20 wL) & 2XSYBR Green Mix 10 pL,
/59945 0.8 wL . cDNA B 2 WL JoA% i K 6.4
pLo PCRY IR )T 95 CCTHIAR P 30 5395 °CAEMES s,
60 °CiH K FNZEAH 30 s, H: 40 NMIEH, LU B-actin NN Z:,
K 27 R BB 412U VEGF . BMP2 mRNA [
PRI (L5 LA Control 4 2 A TIH— AR BE) .
2.7 % E 4% 5 RIPKI/RIPK3/MLKL {5 & i# i 18
XEPFRIEGN

HL“2.67 30T 4% 2H S A BB ZH 28 K, i A RIPA
BRI TSy B0, B0 E B R E B R AR PR A
S, AT A e B I - SR R s T e R LUK 43
JIEE I A PR AT 5 43 i A p-RIPK L . RIPK 1 ,p-RIPK3 |
RIPK3,p-MLKL ,MLKL , caspase-8 , GAPDH —#/i (i B¢
HAG34 4 1:1 000) , T4 °C TR E 1174 ; AR — @
(FRREHLBI R 1:1 000) , T2 FIEE 1 h; PERE)S L LA
ECL il 52 , IRl B R R G & . R H] Image J
WA A AW KEME, DEMEASNSEA
(GAPDH) 1) %7 JK BEAE LA 2 7R H 8 g 2R A K
F, L) p-RIPK1 5 RIPK1 ,p-RIPK3 5 RIPK3 .p-MLKL 5
MLKL [ 234K - Fe 5 # 78 RIPK 1, RIPK3 \MLKL % I
PR AL AT
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2.8 HitFEFHE

K HI SPSS 24.0 5 {4 Xt £ 85 kAT S . &
Shapiro-Wilk ¥ 56l Levene ¥ 5 23 15 , £ & IE 2553 4R
FITTHE TR x + s Fom , 2241 R LR FH L R 7 2253
BT, HE— 25 9 9 L35k T SNK - K6 86 (5 22 5 ) o K
JKHE«=0.05,
3 #R
3.1 PACsXt# &K AEFEF& =R

5 Control 41 %% , Model 4H f 1fiL /& # TNF-o, IL-6
SR BT (P<0.05) ;5 Model 41 4%, PACs-L 21
A1 PACs-H 4H fe Ifil 7 P TNF-«, IL-6 75 2 14 i & [ A%
(P<<0.05), H PACs-H £ P I8 R B B i (P<<0.05) 3 5
PACs-H 4 1.4 , PACs-H+rRIPK 1 ZH #i IfiL 3% ' TNF-o . IL-6
SR E TS (P<0.05), 452,
X2 FAZEMFBFPRTNF-o. IL-6EEE (x+s5,n=6,

mmol/L)
it TNF-a IL6
Control 4] 67095 % 38.04 12789+18.19
Model 031,28 +42.10° 2111611436
PACs-L 846,06 56.77° 18097£13.05°
PACs-H# 73714 149,58 15299+ 11.08*

PACs-H+RIPK1 41 881.37450.26' 196.08 £ 17.13¢

a: 5 Control 4 M %5, P<<0.05; b: 5 Model 41 L%, P<0.05;c: 5
PACs-LZ Lb#:, P<<0.05;d: 5PACs-HH 145, P<<0.05,

3.2 PACs3t &R BRI Mm

55 Control 4 It #5 , Model 41 % BMD . Tb.Th , Tb.N
52K, Th.Sp 5 BT (P<<0.05) ; 5 Model 41 4%
PACs-L 4 # PACs-H 41 % BMD . Tb.Th ., Tb.N ¥ i 2 7}
5, Tb.Sp 3 B A% (P<<0.05) , L PACs-H 41 IRk 3
% 5 5 B & (P<<0.05) 5 5 PACs-H 41 M %% , PACs-H+
rRIPK 1 21 %t BMD , Tb.Th , Tb.N ¥} i Z&(% , Tb.Sp . %
T (P<0.05) ., Z5H K3 KL,

e

®3 BARBRBMEEEXEIRLE (x+s,n=6)

413 BMD/(glem’) Tb.Th/mm Tb.Sp/mm ToN/(}M/mm)
Control 41 0.6120.04 0.28+0.01 0.24+0.03 0.50+0.04
Model 41 0431002 0.15£0.01° 0.680.05° 0.29£0.03
PACs-L# 049+0.03° 0.19+0.02° 0.57+0.06° 035+0.03
PACs-HA 0.560.04™ 0.25£0.02* 0.33£0.04* 0.44£0.05~
PACs-H+RIPK14] 047+0.03° 0.17£0.01¢ 0.61£0.06° 0.31+0.03¢

a: 5 Control 4l [t#5 , P<<0.05;b: 5 Model 4] Lt % , P<0.05;¢: 5
PACs-L4H t#¢, P<<0.05;d: 5PACs-HA 4%, P<<0.05,

3.3 PACsXaREBHANREFHEZ N

Control ZH F BB 2H VA5 40 TR 4 15 A o3 A 2412
SH MG A R M (11.83+1.45)% . 5 Control 41 H %5
Model 41 G BB 21 2 /NEHES A B, - 40 L 4 A A
Yy, 23 B b s 2R [(28.67 £ 2.21) %] i 3 T (P<<0.05) .
5 Model 21 b5, PACs-L 41 Fl PACs-H 2H % [l B 41 41
H/NEHES A, B ARG 2 | 25 B R
(21.33+£1.67)% . (15.50 £ 1.63)% | 3 i & % ik (P<
0.05) , H PACs-H 21 [ ik % S 51 B | (P<<0.05) , 5
PACs-H #H 4% , PACs-H+rRIPK 1 2H % JBE B 2H 4L i /)8
EHEFNAR 57, A0 B D, 25 B R R (2417 +
2.15)%] . F T (P<0.05), 453ILK 2,
3.4 PACsXt &R & A RMMEAT K

5 Control ZH [4H M8 1%~ (2.52 £0.88) %] HL#5¢
Model 4 S H AV M T- 32 [(31.60 £ 5.05) %] i &
Fh 5 (P<<0.05) ;5 Model 41 %% , PACs-L 41 #il PACs-H
20 A BB 2 240 M O T 3 [ ) ol (24.73 £4.36)%
(13.24 £ 2.17) %] ¥4 i Z PR (P<<0.05) , H PACs-H £H %
2% 5 BB i (P<<0.05) ; 55 PACs-H 41 %%, PACs-H-+
rRIPK 1 21 S JB B 22U AR I T 44 [(28.12 £ 5.35) %] . &
TR (P<0.05) ., Z5HLULIE 3,

Bl JRAZREHEHNERE

B. Model 41

C.PACs-L4]

C. PACs-L 4

g.lg N /

B2 HHESRBAANREFESEME(HELE)
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A. Control 41 B. Model 21

C. PACs-L4{

D. PACs-HZH E. PACs-H+rRIPK 1 21

3 BARBRBARMEATHERNERE(TUNEL )

3.5 PACs X% ix & HLRA H VEGF . BMP2 mRNA 3R ik
HI=0m

55 Control 41 %5 , Model 2H %t it B 21 21 VEGF
BMP2 mRNA % ik 7K - 44 1 2 4% (P<<0.05) ; 5 Model
2H H %, PACs-L 2H 1 PACs-H £ % I 41 21 b VEGF |
BMP2 mRNA ik 7K V-3 i 3 T 55 (P<<0.05) , H PACs-
H 41 FF 5 2000 05 B i (P<<0.05) ; 5 PACs-H 40 L #%
PACs-H+rRIPK1 21 % i i 20 41 'h VEGF .BMP2 mRNA
FRK T B ERFR(P<0.05) . Z5HRILFE 4,
x4 BAHRBRBHELAF VEGF. BMP2 mRNA F1i&E 8§

HXEZEAREBERLE (x+5,n="6)

pRIPKI/  p-RIPK3/  p-MLKL/

caspase-§/

gl VEGF mRNA  BMP2 mRNA

RIPKI RIPK3 MLKL  GAPDH
Control 1014002 099£002  040£002 0324005  0.17£003  096%0.06
Model 41 058007 0.62£005 0924005 097+007 089007  047£0.05°
PACs-LA 0712005 0774008 078£006° 0712008 067008 0654008
PACs-HZL 094007 092£006% 054+006" 048+005% 031006 0.88+0.07

PACSH+RIPKIZAL 0.67£006"  071£006° 083£0.07° 07840.06° 074£008' 0.56£0.07

a: 5 Control 41 L %%, P<<0.05; b: 5 Model 41 HL 45, P<<0.05;c: 5
PACs-L4H 8¢, P<<0.05;d: 5PACs-H4 %, P<<0.05,

3.6 PACs 3tz HHLAH RIPKI/RIPK3/MLKL 55
WEREXERRIENZG

55 Control 20 [t 4% , Model 2H 5 % B 20 21 77 RIPK 1
RIPK3 MLKL % 1 PR b K 735 1 35 755, caspase-8
B R R K B R (P<<0.05) ; 5 Model 41 b %%,
PACs-L 20 Fll PACs-H 20 % JIE 5 41 21+ RIPK 1, RIPK3,
MLKL 8 H B8R T /K-35 i 25 F#AIG, caspase-8 8 FH Y
FIRKOE ) B EFHE (P<0.05) , H PACs-H 41 I iRtk 3%
% 5 5 I 5 (P<<0.05) ; 5 PACs-H 41 H %% , PACs-H+
rRIPK 1 2H 4 B 20 44 v RIPK1 . RIPK3 . MLKL % 4 1Y
WA KT 1 8 35 715 | caspase-8 £ 1 R /K- I 2
fR(P<<0.05), Z53ILE4 %4,
4 1Fig

JBCE S IRFE , PRI Sk Bl M PR SR AE , 322 A 43
TAE AN & 25 K15 S s SONFH 2 AF Q1 45 1 ek 3R
B UL SR LRI R A G T Bl Ui, Bz
G TSR N, AT TG S A2 R B A T a0

EZE G 2025 4E45 36 #5465 20 11

pRIPK]  w— S S cs— O 7 (D,
RIPK| W S— S S S kDo
PRIPKS o S S — S 57 D
RIPK) W S — S — (<D
PMLKL e S S— e - 5 D
ik S — — o
caspasc-3 WS Se— A A s— 2 (D
Garpi M S S S 7
I ;Controléﬂlz 1 :Mo]jleléﬁ;]]? :PAcs.]Lzﬁ;w? PACs-HZL; V :
PACs-H+rRIPK14H
4 FHEBREHLF RIPKI/RIPKI/MLKL {5 S8
X EARIENEIKE
A B BHIRTT , AT RE & AR 80T IR S Bl PR IR BT
A AT
T3 MH , 4 AEAE SONFH & vp HAG F B0 - R
it PRI 19 R B AN AT 3 3 e - 40 B 3 Ak ok =
ST B, T3 S A R L A T R A
R IRFE BEAERFFT A, PACS Rk 2 R4 T4
) i 00 L A, 4 PN VR A R A AT
OV RS A L T, T S 1 P R 1 R R B A
i, XK PACs X E A BN HA — & B BEERCR
ABFFELE R TR, 4 PACs Tl , SONFH 4 A 4 IfiL. 75
o TNF-o, IL-6 7% it 35 i 2 B 1% 5 5 BMD., Tb. Th,
Tb.N ¥ 82 & T4, Tb.Sp B E FEAIK s B /NP HES % 4 1
BRI 2, 25 B IR R B E TR AKX, PACs Xt
% SONFH ELAT B b i eV E A
SONFH W] 5 BB 3k 1 i e 2 17 v BBy, DT 412 it
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