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[WZE] BM I8 B 45 % B 277 R (knee osteoarthritis, KOA ) K BRUACH 40 £E T FIERSE
T-HSEN, F75k 40 L SD KERFHHL M IRTFARLAL(10 H) gl (30 H) ;i 4R R 5 OBOE T R
FHHTAE X EH B WK (anterior cruciate ligament-transection, ACLT) fI/E KOA BB b Jati 36 46 1 J2 75 ) 437 | 1
BERVE IS | 9K R KR T 6 3l 30 min LA S KOA B 5545 4 J8 5 K SR BEBEA T BRI, HR AR &K -
BT (HE ) Y 0t SRR 22 2 B A5 T 0 9 40 i 352 i 0 DA 3 4SS 20, 3 A e ) i, R LRI 3 AU 2 (=
8) ERE MU (n=8) Mz W B IAL (n=8) , FUHKBE T EMEKSYIES T, Hb BFAR
A AERIZ K BRI 10 mL/kg A FRER K R BT AR BRI 12 me/kg MY ZER BT KR, 45 B 290558
AR RHEE 5.4 o/kg W ZKFIE K 1K, ELE 8 A, TS UG , BRI B, I 3 2l kR il 3 25 1l
T8, o B EOCTT  BRZHE 3 I IROC Y [ 8 T 2 W, oAt 3 25 G B A4 . (i H] HE  ZR 21 [ 20 G a0
SR LY T 0 F 0 BREACAE 5 micro-CT A3 AT B 39045 K ELISA AG I I 775 11 20 i 4 & (interleukin, IL)-18 . TL-18
M HFEA 0 5 E B PCR (reverse transcription quantitative real-time PCR, RT-qPCR ) 46 I 48 i £ T Fn ik
BFET-AHSEHE K NLRP3 ASC . Caspase-1.,GSDMD IL-18 . IL-18 \ACSL-4 . FTH-1 ,GPX-4 Fll COX-2 iy mRNA AH %} %
KK, HIEA LA NLRP3  Caspase-1,COX-2 F[IRIEHEN . &R SIRF R LR, BRI K RUERCE 4
LURZEIRIE RS Z A M HES 25 AL, LB e B R R 2 B/INRRR L 3 A5 25 0L 5 1035 28 4% 7 1L-
1B A IL-18 T} (P<0.01) ;3K 'H 4H 4L NLRP3 ASC . Caspase-1 ,GSDMD IL-18 IL-18 ACSL-4 F1 COX-2 mRNA #
kT (38 P<0.01) ,FTH-1 fl GPX-4 mRNA A TR (P<0.01) , S i, S8k A fgs B
TP 2507 21 R BRUER v R B R H- T AR 0 2 AL IRk e B B R BNl /NIRRT
FJE BRGS0 M AR PEN T IL-18 A IL-18 ik T (P<0.01) ; BB 44 NLRP3(P<0.01,P<
0.05) \ASC .Caspase-1 . GSDMD IL-1B I IL-18 ACSL-4 FI COX-2 mRNA (] P<0.01) mRNA FiA+ F %, FTH-1
Fl GPX-4 mRNA AHX KA B ETHE (P<0.01) . G5 45 B 2058 45 1 vl 3l s 4 il KOA K BURCE 4 i A2
TORVERBET, BEARIM T 1L-18 IL-18 FY/K -, MO 2514, 1797 KOA

[R$iA] B BT R A fa T BRI T

[FES%ES] R33 [ X#EARIREB] A [XEHS] 1671-7856 (2025) 01-0049-10

[ B ST B b4 E FRRHS A7 B g 15 £ 751 (19392507D ) ; B R 3% & i vh B R RHE P2 B30 H (KY201904005)
[EERIN ] LFAE(1992—) 2o AE AR 5T AR BFSE 0 ) o B DG B B AE WL S5 B IR . E-mail : 1399426535@ qq. com
[EEIEE ] L (1989—) , L, Wit M8z R 5 7 1] B SR i & A ML S5 BEG , E-mail ; wmedtem@ 163. com



50 [ AR EE 4 2025 48 1 A5535 %45 1] Chin J Comp Med, January 2025,Vol. 35,No. 1

Effect of Yishen Zhuyu Tongluo Decoction on chondrocyte pyroptosis and
ferroptosis in rats with knee osteoarthritis

WANG Jingya"”, YAN Kang’, LI Jian', WANG Meng'*" , YANG Yuyang"”, YU Yueyue"’
(1. College of Traditional Chinese Medicine, North China University of Science and Technology,
Tangshan 063210, China. 2. Key Laboratory of Integrated Traditional Chinese and Western
Medicine, Hebei Province, Tangshan 063210. 3. College of Traditional Chinese Medicine,
Hebei University, Baoding 071000)

[ Abstract ] Objective  To investigate the effects of Yishen Zhuyu Tongluo Decoction on chondrocyte
pyroptosis and ferroptosis in rats with knee osteoarthritis (KOA). Methods Forty SD were divided randomly into a
sham operation group (n=10) and a modeling group (n=30). A KOA model was established in the modeling group
by anterior cruciate ligament transection of the right hind limb knee joint. The drawer test was used to confirm the
successful establishment of the model. Post-surgery, the rats were subjected to 30 min of forced activity daily to
induce KOA. Lameness and hopping movements were observed after 4 weeks, and hematoxylin and eosin staining
confirmed cartilage surface damage, deformation, and inflammatory cell infiltration, indicating successful modeling.
The model rats were then assigned randomly to a model group (n=8), celecoxib group (n=8), and Yishen Zhuyu
Tongluo Decoction group (n=8). The sham operation and model groups received 10 mL/kg of saline by gavage, the
celecoxib group received 12 mg/kg of celecoxib solution, and the Yishen Zhuyu Tongluo Decoction group received 5. 4
g/kg of the herbal decoction, once daily for 8 weeks. After the interventions, the rats were anesthetized, blood was
collected from the abdominal aorta and serum was separated, and the knee joints were isolated. Three samples were
fixed in paraformaldehyde, while the remaining cartilage tissue was reserved. Pathological changes in joint cartilage
were observed by hematoxylin and eosin and Safranin O-Fast Green staining. Bone microstructure was analyzed using
micro-computed tomography. Serum interleukin (IL)-1B and TL-18 protein levels were detected by enzyme-linked
immunosorbent assay. Relative mRNA expression levels of NLRP3, ASC, Caspase-1, GSDMD, IL-18, IL-18, ACSL-
4, FTH-1, GPX-4, and cyclooxygenase ( COX)-2 were detected by reverse transcription quantitative real-time PCR,
and protein expression of NLRP3, Caspase-1, and COX-2 were detected by immunohistochemistry. Results
Compared with the sham operation group, model rats showed surface damage and deformation of cartilage tissue,
disordered cell arrangement in all layers, significant loss of Safranin O-Fast Green staining, and sparse and irregular
trabecular bone distribution. Serum levels of the inflammatory factors IL-13 and IL-18 were elevated ( P<0.01).
mRNA expression levels of NLRP3, ASC, Caspase-1, GSDMD, IL-18, IL-18, ACSL-4, and COX-2 were also
significantly increased (all P<0.01), while FTH-1 and GPX-4 mRNA expression levels were decreased ( P<0.01).
Compared with the model group, rats in the celecoxib and Yishen Zhuyu Tongluo Decoction groups showed smoother
and more intact cartilage surfaces, significantly increased cell counts, less loss of Safranin O-Fast Green staining,
denser trabecular bone, and thicker cortical bone, with improved bone microstructure. Serum IL-13 and IL-18 levels
were reduced (P<0.01), NLRP3 (P<0.01, P<0.05), ASC, Capase-1, GSDMD, IL-13, IL-18, ACSL-4, and
COX-2 mRNA levels were decreased (all P<0.01), and relative expression levels of FTH-1 and GPX-4 mRNA were
significantly increased (P<0.01). Conclusions Yishen Zhuyu Tongluo Decoction can treat KOA by inhibiting
chondroptosis and ferroptosis in chondrocytes, reducing serum IL-18 and IL-18 levels, and improving bone
microstructure.

[ Keywords] Zhuyu Tongluo Decoction; osteoarthritis; cell pyroptosis; ferroptosis
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5T B PESE T 28 (knee osteoarthritis, KOA )
SE—FP LT B IR R T e AL A oy
o5 EHLZE TR () — b ST BCRHB AT HERR AR . KOA
SRR R B R A R, R E 8. 1% A
BEAA KOA SR . KOA I PR UL 565 950
DA K3 352 B 7 T 5 M BB ) B 7K S B AR
Btk B B IEARA BB X R R
2 AR L R A 7 T ST HL LUK O TR B A
fiE B Z T T e p v RS
A2 5 BRSSO R A R
I BEL A 285 U0 AH O, DRIk ) 2 22 19 125 4D AT 3% 1.
IR fh o 25 B B 45 17 B R 2 N R
FEACHR B T MR 2 TR, W TG T FikE
R TR R ST e AR | DG TY 4% SR
I R 3

MiMET R —Fhan i st T o, &
IR Ay 40 6 A 2 4 e B 24 o 400 it PN R 1 5
SN AR ER AN, F R — R R MR
WP BRBE T T A B K — b R R I 4
e, e ek J IR S H IR B A
LA YIAED . BARHIESE & B, KOA A5 i 72
R AETE T IR s A s T R TR 4
5 B TS 45 1 1 S B I PR N 5 R Bh 5K
B4 R G KOA BIFEFR™  (H AR ML 1 o
L, R ASHESE B AR I S S 56 L 35 R
W 25 P KOA IR BR DG 80CR 4 M £ T Ak ot
TR, E— R AT KOA BV IALE

1 #MHFTTE

1.1 SEIEzh#

40 H SPF It SD KB, 6 JEi% , /5 200
~230 g, W [ A6 5t A B R AR MR A A R
[ SCXK(5%)2020-0004 ] , K ERAEARILHE T K%
SIS DT 7 d B R PE R SR [ SYXK (3E)
2020-0007 ] , 1A FRFREEAT G E %R i (GB 14925
2023) ., SHISER T S AL EE T K4 sh 16 #
Z: oWt A (2021-SY-0070) . SEg st
L 55 o 8 3% 4 982D (reduction ) | B AR
(replacement ) FIAL ( refinement ) A 3R J5 0]
1.2 FERXFISUE

5 B BSE  m 17 e 2 Hoh
HWE30 g 12 g M6 g FEHH3 ¢ HH9 ¢,

B0 g 21489 g JIIE 6 g il BE2 6 o Al S o
FTiE3 g6 g EHE6 g FEM6 g 2051
g JRIA 1 g JEF 1 g, AR I T IL BBk 24
WA PR, 25K BUS e 4i 251 2 0.6 g/mL,
4 CRRAF . B4 M & - 1B (Interleukin-1B,
IL-18) ELISA #5070 & [ g st il A9 T 7
WF5¢ B, 8% 5. A0172; 1 40 i A K - 18
(Interleukin-18 , IL-18 ) £ il X 551 £ W) FI 7 5t (L AF
YRS A IR A T, 585 BY-ER330204; 1% 1 2
SE SERA A B Z IR E H 3 JE I (NOD-like
receptor family pyrin domain containing 3, NLRP3) |
] T2 FH 2 UKL 4 25 1 58 Bl ((apoptosis-associated
speck-like protein containing a CARD,ASC) . 7% 2
ot 2 R 1 K 4 24 R 2R 1 K ik it 35 A (cysteinyl
aspartate
Gasdermin-D( GSDMD ) | IL-1B  IL-18 1 %% ik 3L 4
fiff A A B 4 JE [ (long-chain acyl-coenzyme A
synthase 4 ,ACSL-4)  F5 8 & 1 FE [H (ferritin heavy
chain 1, FTH-1) 4 Mt H Ik i & b ¥ B 4
( glutathione peroxidase 4, GPX4) Fl 3 & 1k -2
(eyclooxygenase-2, COX-2) BI51¥F 5 (L3 1)

specific ~ proteinase,  Caspase-1 ) |

xz1 519F5
Table 1 Primer Sequence
Ea JFHI(5°-3")
Name Sequence(5’=3")
CAPDH F. é(f[iGCAACJiGGGTGGTGG]{XE
R: TTTGAGGGTGCAGCGAACTT
NLRP3 F. CTGCTGAAGTGGATCGAAGTG
R: TGCAAAAGGAAGAAACCACGT
ASC F: TCATTGCCAGGGTCACAAAAG
R: CAAGTTCTTGCAGGTCAGGTT
F. AACTGAACAAAGAAGGTGGCG
Caspase-1
R: GCAGATAATGAGGGCAAGACG
L1 F.CCTGTGTGATGAAAGACGGC
1B R:TATGTCCCGACCATTGCTGT
18 F:GGAATCAGACCACTTTGGCAGA
) R:CACAGATAGGGTCACAGCCAGT
F.ACCAGAACCGGAGTGTTTTG
GSDMD
R:TGAGTCACACGCAGCATACA
ACSIA F:AAATGCAGCCAAATGGAAAG
R:CACAGAAAATGGCAATGGTG
FTHL F.ATGATGTGGCCCTGAAGAAC
R:GCACACTCCATTGCATTCAG
F.CCGGCTACAATGTCAGGTTT
GPX4
R:ACGCAGCCGTTCTTATCAAT
F.ACTACGCCTGAGTTTCTGACA
COX-2

R:GGTGGGCTGTCAATCAAATGT




52 [ AR EE 4 2025 48 1 A5535 %45 1] Chin J Comp Med, January 2025,Vol. 35,No. 1

M REF WA RA A S, EDTA 1 A 165t
KRR R, 575 : CE4971 ; NLRP3 —471 1
HAEZ Ay, 575 . ET1610-93; Caspase-1 —$T 14
H Proteintech /A ], 55 :22915-1-AP ; COX-2 —
Pl H Proteintech 23], 585 :66351 -1-Ig,

AEYHARE RO A R R A A
BN W] L JK-TBP-3A; U F HLIW A 72 [F Leica
N RS TP1020 5 21 & AR Wy 3B ) ) 22 v
1t SO A AT BR A 7], 85 AE2000 ; FlexStation 3
Z ) fE B An {4 H Molecular Devices, %I 5.
Flexstation 3 ; 41 2 /K HL  AL3RAIL PSS Fr HLIS I
DR A A R 855 JT-12)  JB-16
JK-6,
1.3 EHWHE
1.3.1 Jpd] GERBmLRZy

I FH BE AL 32 208 R BB AL 70 R TR
H(n=10) MERH (n=30) , BRI T RH, Hih
R A M 5 J5 4 52 Wi A2 S0 B BT R (anterior
cruciate ligament-transection, ACLT) , i £ KOA &
B RRBE SRR R U ML [ THRE G L iR B
WGATH 0 U) E AT IR 5 i, Jit it R B O
N3 B B, 2% B i 52 ST, B W Bl I (R
BB il 0 R 50 i LA R 1 5
i, THER3 d, 0 R, WK KRR 6
sl , A HAE KE S A0 F 30 min, 522 3 8], DU
P KOA A WK B IR B AT Bk ER B 1, 7
KRR -DHL(HE) et SR 2 2 Bl 22
SR AR T U e B RE AT T 1 IR ARA KR
A5 IF JRyF8 B Bk J5 BRgE G B H G 3y =X T Bl
IHC S HAMH AR, &8 4 F S, @B iy K
BB AR (n=8) (FERE A4 (n=8)
WEZRPSEL A (n=8) ., KREEZ Y11,
T ARH AL KA E 10 mL/ (kg - d) 192E
PRERIK s & 2 2 2H R BT AR B 1Y 3. 15 18 (IR
FliR) 452, FEk B A R IR 12 mg/ (kg + d)
THE T 1 FE R AT K VAW 5 2 P 0 45 0 R B
M 5.4 o/ (kg - d) KA, 25 T8 A,
1.3.2 HE Je8 LSRG

KRBT BiAS ik es ¥ Yl HE
Jeta, S U] S 2K S 3 T OR R R Y
MBHELYL (K Bt R 5 B8 T WS KOG 19 3 4
MRS, TLLIE e e O A7 M5 U0 1 i 5 2K s 70

SHEAT sk e AR T L e ta, —HRGEN], B A
JE B T B E HLUE A,
1.3.3  ELISA Kl IfiL i 1L-18 | IL-18 ARk

IS ELISA 32 & A I 1M v TL-1B \1L-18 Ay
IR, SEBARAE T3 AR & U W BT
1.3.4 micro-CT 43#7

I 49% 22 5 WP R B T DG 74 T I ik
2 TS NREBEIETT micro-CT H4, WL
KU B A1
1.3.5 W% 5% E & PCR (reverse transcription
quantitative real-time PCR, RT-qPCR ) £ {lll mRNA
ERIA

FH TRIzol 1277 M A 1R O 19 1 v 42 BB
RNA , 05 5 i cDNA |, i IS B PCR A I
NLRP3 (ASC . Caspase-1, GSDMD | IL-18 ., IL-18 |
ACSL-4 FTH-1,GPX-4 1 COX-2 )RR KF-,
1.3.6 A A ALK I AR 1) 3R56

Fie IR e e A AR & B B AT A, A
BT RS K AL S AT BT RS 52 I AN PR i
AALYIBEN IR, —30 4 Cid, A —Ht,37 C
WEF,DAB B0, WESCTTHCE T NLRP3 (ASC,
Caspase-1 fll COX-2 BY3Rik
1.4 ZitFEFE

I SPSS 22. 0 B ) B il AT Ak B 4G
SRR B bR e 2 (25 ) 327N, L] FL B
One-Way ANOVA, H )5 i 7 2255t F Bonferroni
Ko, 5 A5 H Tamhane T2 £:% ., DL P<0. 05
NESFHAGIFE L,

2 R

2.1 @mEBRREBEZINRBAARSENIZNT

HE Je (0 32 2] T WA HCE AR 5 A 17
LS N )0 R R G N DTE A R 1 S
NIRRTl R iE i Hog R, &)= 4l
JRLFHEZ HE 55 5 1 A R 2 5 T B R = AR AR Y
RERASJZ AN HE S ZR L 5 280 A A M 48 1 208
A 265 U AL AR 2 A e B ELF I A RO
Wz,

EANEES Y St S IR DU S RrE /6 -
N HREE R, Tl B @ e
O, Bk, NE 2 R, TR R
B RTINS SR EN TR 5 i ik S AN L SRR
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PR 2] 1 2 40 561 T 25 R O, 2 T KL RS |
gL R YL a0 FEok B AT 4 RN 43 B BRI 25
R R AL 5 Y T 45 A W A 3 T O
e AN e S e R R
2.2 #HEFRRELRINBEREHHZIE
micro-CT KGN 25 S ULIE 3, B0d T i —4Emk
GHR, SIFARA i, BRI /N RS
B A EE L, R AR SRR L g, FE Ok
B AT AL 25 B 58 45 0 A /N RO R
FE , Bilgsrm s
2.3 B RBRIEL 3 ME R EEFRF
SRFARL ek, BRI 4K UL 40 i A 1
IL-18 A1 IL-18 B3 T+ (P<0.01) , A 7E B 1Y
PAE LN 5 545 2 B A, JE oK A 41 RN 25 R

T R O Sk Ol RIZ BT s SOk PR A A

SIE L5 A1 44 2 R T R A I AR AE R T
FiK(P<0.01) , #ER = HE B HGHREM, W
#2,
2.4 HEZRPIELKZI B EBET BT
H5ERFARH LR, LR H KR KB AR
NLRP3  ASC . Caspase-1, GSDMD . IL-18 F1 IL-18
mRNA FH X} 2% 3k 1 34 18 3 7+ 5 (P<0.01) , KOA
BRI R A 20 2 b A A 58 E T2 M £ T 4H ¢
SR LIk T SRR b, JE R E AR 41 2%
B B 4517 2H K BV 4 2 NLRP3 (P<0. 01,
P<0.05) \ASC , Caspase-1 ,GSDMD . IL-13 F1 IL-18
(¥] P<0.01) mRNA ik & F B, 5 5 & 51 4%
RS W E AR R ST R Rk, I
#*3,K4,

B1 HE HE 6

Note. Blue arrow, Surface layer of cartilage was defective and deformed. Yellow arrow, Chondrocyte proliferation.

Figure 1 HE staining of cartilage

T Ok B RBBVRIE ATk e EEk,

B2 HoEEimEsie

Note. Blue arrow, Surface layer of cartilage was defective and deformed. Yellow arrow, Staining deficiency.

Figure 2 cartilage safranin and solid green staining

B3 HeE 2D g KGR
Figure 3 2D imaging image of subchondral bone
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2.5 mERRBELANREARGTETHE OB KOA W EA G, SRIAIY i, %
e HH A 4 A 25 B B 4 AR R 4

S5RTPARALE, BAH KR BEHAL ACSL-4 F1 COX-2 mRNA £k B E FRE(P<
ACSL-4 Fll COX-2 mRNA ik & B E T E (P< 0.01),FTH-1 1 GPX-4 mRNA £k & B &S
0.01) ,FTH-1 Fl GPX-4 mRNA EEHBFE T (P<0.01) 45 B ZHCE L RN 03 FEIREst T
(P<0.01) ,KOA BAUR R E HLUhFAERR MDCHEIRY R IR S s AR S T & ML AH JC L
FET-AHOCHE R FRIA M W E 0 Ak X AT R 5 an myRik, Wk 4 85,

®2 4 EBRGEL R RIE R TR (n=6)
Table 2 Effect of Yishen Zhuyu Tongluo Decoction on serum inflammatory factors(n==06)

265 HA & -1/ (pg/mL) HAMER-18/(ng/L)
Group IL-1B 1L-18
1 - Q
1&?7[.(,ﬁ 56.21+3. 00 9.11+1.49
Sham operation group
Ty
B 106.43+3.99 32.76+0.99
Model group
T sk A4
AR A 66.73£4.90%" 18.51+1.63%%
Celecoxib group
i B G 2 A

AN VN
Yishen Zhuyu Tongluo Decoction group 59.50+3.73 27.30=1.04

T SET AR, ™ P<0.01; SHEBIZALL, “°P<0.01,
Note. Compared with sham operation group, ** P<0.01. Compared with model group, “* P<0. 01.

R3 HFBRELE TS M NLRP3 ASC  Caspase-1 .GSDMD IL-1B F IL-18 mRNA HY54IH (n=13)

Table 3 Effects of Yishen Zhuyu Tongluo Decoction on NLRP3 ASC Caspase-1 ,GSDMD IL-13 and IL-18
mRNA in chondrocytes(n=3)

415
Groups
RFAL
Sham operation group
e
Model group
FEREATH
Celecoxib group
Tl BRI 4 7 2R
Yishen Zhuyu Tongluo Decoction group
T ST ARGAMLL, © P<0. 01 SERLAML, “P<0.05, “°P<0.01,
Note. Compared with sham operation group, ™ P<0.01. Compared with model group, “P<0.05, ““P<0.0l.

NLRP3 ASC Caspase-1 GSDMD IL-1B IL-18

4.16£0.08™  3.53x0.20™  4.59+0.17"  3.95:£0.05™  3.47+0.20™ 3.19+0.43™
1.10£0.01%%  1.04+0.02%% 1.30+0.08%% 1.25£0.07%* 1.22£0.19%* 1.32+0.21°*

2.51£0.25%  2.66+0.22%% 2.01x0.18%% 2.43x0.17°% 2.23+0.24%% 1.91x0.27%%

B4 HEAKRBRBERTEE AL NLRP3 Caspase-1 5 H# ik

Figure 4 Expression of NLRP3 and Caspase-1 proteins in knee joint cartilage tissue of rats in each group
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R4 HHEBPEEA I AN ACSL-4 ,COX-2 [FTH-1 ,GPX-4 mRNA W50 (n=3)
Table 4 Effects of Yishen Zhuyu Tongluo Decoction on ACSL-4, COX-2, FTH-1, and GPX-4 mRNA in chondrocytes (n=3)

a5

ACSL-4
Groups

COX-2 FTH-1 GPX-4

fRTFARL
Sham operation group
FRRIZH
Model group
FERF A 4
Celecoxib group
i B TR 45 T 4

Yishen Zhuyu Tongluo Decoction group

1

3.77+0.48 ™

1.02+0.08**

1.96+0. 102

1 1 1

2.53+0.07™ 0.26+0.03™ 0.20+0.03 ™

1.31£0. 1344 0.89+0. 08" 0. 88+0.06°*

1.41£0. 1322 0.67+0.03%% 0. 60+0. 0744

SR TAREMIL, = P<0.01; 58HIHML, 24 P<0.01,

Note. Compared with sham operation group, ** P<0.01. Compared with model group, “* P<0. 01.

B 5 KREBELTHEHS COX-2 #Kik

Figure 5 COX-2 expression in rat knee joint cartilage tissue

3 itig
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SR TR R R i R R
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T 465 1 v B R B 0 P 25 45 TR IR N B B R
EE N Ui N A I R o S AT S (Y W i
1B 0B ~ 3 ) [ = oo W O 1 N 22
AMIFE AT 5 Al BRI | 228 B 28 A, 1l
77 BA fn T T MR s R 2 2, A
BHEEN KOA B HE 7 1 45 KA 17 1Y 3 A< g
Blo ATl PR 5 T30 97 % MR L PR AN 7S
i R PN A FB TR B AR

AMAR T BRE TR DO TR SR A LR T
SRBER [ Wt 14 0 Aol i 20 4 A Py PR AR T, B A
[ A W2 REAE % KOA i BE AR S B A%
YERT, J2& 51 S R 0 B0 B H 2 TR R X [ I
L2 KOA ML BEL | RS A 58 30 B 2k 2R A B AR
PR, ZEREAT AR MAREBTR 2, Rl RGBT
KOA Fy 5 HL 259, A iy 38 2o 410 o) 26 48 4L 7l - 2

(COX-2) KM AT HI MR ZR A1, AT LA 2D Jmy R 21
ZUR K AR o PRI A S D ZE 8 50 A1 Ky B
X RRZY

ULAR R AT STIE B AN AR T2 0T BE 5 KOA
(B B R A 6 AUk 3, NLRP3 (NOD
FEZIREE 1 3) RAE/MAFILE 7T LT Caspase-
1, Al L1 1 IL-18 AR AN T 2807 , 237k 20
AT BRI R BFSE R IL-1B AE
KOA 1 o o i oo Ei VR P B 455 3 5635
HRIR SRR 2T AL AE T TL-18 T i
TNF-o F1 IL-1@ (R RETI, 32 M0 B I 412 1 5 5 4
5 F ¥ ( matrix metalloproteinases , MMPs ) A= i, , 1
o i T1 AL 5 Jert o R P SRR, B DR 2 i s
FiRaAs" L, W% NLRP3 & PE A AR
Caspase-1 FUZI AR T2 A KOA 1) 4 AE 1475 1)
HEJTE, ASLIEER R SR T ARH e, B
H2H R Rl 4H 4 NLRP3 . ASC, Caspase-1
GSDMD IL-1B Fl IL-18 KA HE ) W & ThiE, S5k
RUZH LU 8, 4 B 3 08 38 45 1 A K RRAKCE 41 81
NLRP3 ASC ., Caspase-1,GSDMD IL-13 F11 IL-18 7=
AR, B KOA K R 40 Hh B NLRP3
ST /IMATE A I A T, T 25 B A 4% ]
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DI R AR T, JRYT KOA

BRIET- B A IS KOA By kA4 K& A & %1
ERR BIET - SIES M A AE Ty 2R A
TR Tk B S | 4 P s
PESEE B 5 R i 10 - 4 2 I8 T 5 | RS 1Y) 4N i A
TP BAETHAT LR A A WAk 2R AR, A4 b
HRRFEIE LA K GPX4 g3, {5 75 240 i ) 305 P 4
W LT AN Fe™ K FETHE , [RIRHA 2 H Bk
A B L7 B T B | e A RRE N A R, O T
PEHEE ST R KA, BT RBHE R
BRI VAR B B S TR B, AN, ST A R
HEREAF G RIEMAX, ACSI4 ZEZ A1
FIHE W TR ( polyunsaturated fatty acid, PUFAs ) {C i
) FE T [R) T, DR A2 A0 M AR BT T B AR
COX-2 SRR N AA A L HTSI IR R (PG) 2P 3R
Hh ) B G, 2 MR BT A AR R R BE T 1 A
P11, GPX4 B AR —ZERE NS I i 4R
AR JE R B () T, T LA sk 20 240 i v A i o ot
AR R B O HE Bh 40 A7 35 , GPX4 3
KA LR e o R A, BRE A
(ferritin) 1 B 4% (ferritin heavy chain, FTH) %%
%t (ferritin light chain, FTL) ¥RV 344 U BR 72 25
LR e 20 I DN e R B AR R A, 4R AN
WA, Ik /D Fenton 2 1 5 8 S AL N 3, 34
P AR B A, 2 AR ferritin B A 55 5 A
FOEHERRIET -, AR R ST AL i,
FERIA K FR AR 2040 ACSL-4 Fil COX-2 ikl
BETHE, FTH-1 F1 GPX-4 ik 514 5 3% T,
SRR P, g B 2 3 4% 1 2R VR CE 414
ACSL-4 Fll COX-2 ik T [%, FTH-1 Fl GPX-4
Fiku T, YRR A TSN, KOA KK
e BRI T B 4R T 4 ' 9 58 3 4% 37 1T LA
il R R IET

KOA /22— RSN , X 5 248 N2k
W BT M B SO ARSI BE Y, 28
KIHBH B VARG . BERG 5 HE , A 2R U T B
B LU BEAT BIRG 1052 5% , 20 it Hh B0 A% o 5 K
T, AL AR T BRIET- 45 BRI LT , 28 BkERH,
ARG OB 4180 PR E S, AT 5T 2% W
T B B 4517 W T 45 05 B AT I I AR A
SRR, IR YT KOA WA 207 A1, HAE LS AT
AE-S 3 KOA K BUACE I AT MAIET:, FEA%

I3 TL-1B TL-18 7KV, B0 A A A 5%
B % 3k
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