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[HE] BB H5058E B3 m 475 B 27 % (knee osteoarthritis, KOA ) K U 40 M 45 1~ R SE
TSR, 735% 40 FSD KEBEHLA M T AR (10 B AL (30 F) 5 #g R B o i 56 15 4%
FHETAZ LB 85 Wi R (anterior cruciate ligament-transection, ACLT) fil/E KOA A5 il i 3646 10 2 75 2467, 1
MEERVE IS, BIGEE K FREE R TG 31 30 min LIS T KOA #6570 i85 4 J8 S K RO BB A T BRBR B0 1, HLAR R &K -
PR (HE ) Yo R BLARCHE 32 2 BAb 28 T R 96 41 32 T 1 DA s A B oy, s B i 2, K BRUBEAIL 40 A AR A 4 (=
8) B (n=8) Fis BB HMAKAM (n=8) . FHKRBLTAEBMIKSLYES T3, Hobh TR
YRR K U 10 mL/kg PZEBRER K, SERH A 20 K FRUE B 12 me/kg 19 ZER A K VT, 35 B 2 9% 38
KO KTHES 5.4 o/kg WP ZPKANR, 8K 1 IR 3ELE 8 JH, TS UG, BRI K B, 18 32 sh kR if 43 &9 1
I8, BT BRI 3 (O  [EE T 2 RHRE oMl A B OCT BCE ZU F, EH HE  FR 2L [ 4 e (40
SRR T T B AU AE 5 miero-CT 047 B 1 485 440 5 ELISA AG 0 I 375 11 40 4 & (interleukin, IL) 18\ 1L-18
B8R Rk i W F5 5R F i PCR (reverse transcription quantitative real-time PCR, RT-qPCR ) K 41 g £5 1= 14k
TET-H LK NLRP3 ASC . Caspase-1,GSDMD IL-18 . IL-18 . ACSL-4 . FTH-1,GPX-4 Fil COX-2 ) mRNA #H X} £
KK, 2 ALKT I NLRP3  Caspase-1,COX-2 & I RIAEN . BR  HHRTARL A BAIA K RCEH
LURIZHAVEIE AR 2 A HRS R AL, LB GG 6 R R 2 B/ NI B 3 A 22 6L 5 100 2 AE ¥ 1L-
1B 1 IL-18 T15 (P<0. 01) ; 4B 4148 NLRP3 ASC . Caspase-1.GSDMD IL-18 IL-18 ACSL-4 Fl COX-2 mRNA %
IKETHE (38 P<0.01) , FTH-1 Fl GPX-4 mRNA £iA Y R (P<0.01) , SHAL F i, 2608 A 25
BRGE LA K R R BV A g 5 2 TR a0 g e (0, R BD  /INR SO T
PR B M S O I R MR T IL-18 i IL-18 ik FFE (P<0.01) ; 7B 4141 NLRP3 ( P<0.01,P<
0.05) \ASC .Caspase-1 .GSDMD IL-1B FI IL-18 ACSL-4 F1 COX-2 mRNA (] P<0.01) mRNA ik F %, FTH-1
Fl GPX-4 mRNA X FRIE 8 W ETHE (P<0.01) . 58 45 ' 205 4537 L i) KOA K BRUAR B 40 i 45
THAVRIET ., IR TL-18 IL-18 AY/KF-, MO 145 H ,1A7T7 KOA,
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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 IL-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-18 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-18, 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-1B and IL-18 levels, and improving bone
microstructure.

[ Keywords] Zhuyu Tongluo Decoction; osteoarthritis; cell pyroptosis; ferroptosis
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RS TT B PE ST 22 (knee osteoarthritis, KOA )
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1.1 WY

40 HL SPF Atk SD KB, 6 JE#E , R 200
~230 g, Wy 3 b 5t A BLERE A YR B A R 2 W)
[ SCXK( 51)2020-0004] , KEAEFILH TR
SIS R AT 7 d Al PR R [ SYXK (3E)
2020-0007 ] , AR AT A E bR ifE (GB 14925-
2023) ., ZhWSEn Uy 8 M ARAL B TR 2= S Y e B
Ze UL i (2021-SY-0070) , S2E6 Sh ) 1) 37
NS 5 oF #2396 9k 2> (reduction ) | B AL
(replacement ) FIfLAL ( refinement ) B 3R JE I
1.2 FERAFENHE

i BB 4 O A 17 iR g by
W30 g 12 g P16 g FTL3 . HH9 ¢,

A= 9 g LI4E9 g )15 6 g 1% 2 6 g FFMFS g
T3 6 g AHHE6 g FEH6 ¢ 205 1
g RN 1 g FEF 1 g, HENIR I T IL B Bk 24
WA BRA A, 258K RUS W4 25 2 0.6 g/mL,
4 CRRAF# M. B4 % - 1B (Interleukin-1p,
1L-18) ELISA A7) £ [ RE st sl A= 9 142
BF 95 T, % 5. AO172; K440 M A E - 18
(Interleukin-18,TL-18 ) £ il X 51 55 W) I e ot fi bt
PR PR 7], 525 BY-ER330204 ; # 1 R
L5 RAG AL Z AR 1 3 B IH (NOD-like
receptor family pyrin domain containing 3, NLRP3) |
P8 T AH 5 JURL A 28 [ 2 K] ((apoptosis-associated
speck-like protein containing a CARD,ASC) . 72
Joe 2 R 1Y K 4 2 R A 1 K A I B DY (eysteinyl
aspartate
Gasdermin-D ( GSDMD) | IL-1B . IL-18 . K B Mk F& 4l
i A & B 4 FE ) (long-chain acyl-coenzyme A
synthase 4, ACSL-4) T8 8 [ & [H (ferritin heavy
chain 1, FTH-1) . 4 Bt H Bk o A 1L 9 B 4
( glutathione peroxidase 4, GPX4) Fl 3 & 1k ff-2
(eyclooxygenase-2, COX-2) BI51 975 (WL 1)

specific ~ proteinase,  Caspase-1 ) |

x1 5YFsl
Table 1 Primer Sequence
AR JFF(5°-3")
Name Sequence(5’=3")

F:ACAGCAACAGGGTGGTGGAC

CAPDH R: TTTGAGGGTGCAGCGAACTT
NLRP3 F. CTGCTGAAGTGGATCGAAGTG
R: TGCAAAAGGAAGAAACCACGT
F. TCATTGCCAGGGTCACAAAAG
Ase R: CAAGTTCTTGCAGGTCAGGTT
Capase-1 F. AACTGAACAAAGAAGGTGGCG
R: GCAGATAATGAGGGCAAGACG
F.CCTGTGTGATGAAAGACGGC
f1-18 R:TATGTCCCGACCATTGCTGT
s F.GGAATCAGACCACTTTGGCAGA
R:CACAGATAGGGTCACAGCCAGT
- F.:ACCAGAACCGGAGTGTTTTG
R:TGAGTCACACGCAGCATACA
B F:AAATGCAGCCAAATGGAAAG
Acsta R:CACAGAAAATGGCAATGGTG
F:ATGATGTGGCCCTGAAGAAC
FrHt R:GCACACTCCATTGCATTCAG
oy F.CCGGCTACAATGTCAGGTTT
R:ACGCAGCCGTTCTTATCAAT
Coxa F:ACTACGCCTGAGTTTCTGACA

R:GGTGGGCTGTCAATCAAATGT
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M K& F YA BR A 7l A ., EDTA 18 H bt
KR A A, 585 . CE4971 ;NLRP3 —H1 1l
HAEZ 1), 525 . ET1610-93 ; Caspase-1 — L 114
H Proteintech /3 #], 525 : 22915-1-AP ; COX-2 —
Yl H Proteintech A #] , 525 :66351-1-Ig,

Gty AR IV NS ey Ty N X 6
MRS T, BS . JK-TBP-3A ; Y F WL H £4 [ Leica
o8] S TP1020 3 {58 B AR 9 Sl i 1 22 e
S A BR 2 7] LS AE2000 ; FlexStation 3
Z ) fiE B tx AL W H Molecular Devices, %! 5.
Flexstation 3 ; 12U /K L AL AL Bk H HLI I
AR AR FARAHE, B, JT-12] JB-L6
JK-6,

1.3 XIWHZE
1.3.1 7 EHBGZY

I FH Bl LR 7 2 v K BB AL 2 0 R R
H(n=10) MERH (n=30), BRIFRAH, HAh
KA I I i 42 32 11T 38 SUFIAHF B W R (anterior
cruciate ligament-transection, ACLT) , iZi il KOA X
R R R B EMS B2 FEYE S s
PIZRATHN YT T FT I G971, Jes il R U oG,
A B 1, % 8 T 38 L), S W S R
KL R ZEE G a6 G 56 1 AR A R A B
i, THEZRS3 A, FHDEAE, IKE KBS
68, A ARG T 30 min, FF2E 3 ], LU
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KRE-LL (HE) Y B3R )2 Bt A8
R IR U R I AR O TR R R
AL B FF 5B B Bk 5 BV 8& 4, B H 36 8h 7 =X T 3
I S H A AR, A 4 F8 S, BT i K
SUSEHL O WA I (n=8) ZER A (n=8)
' ERRE g (n=8) . KERIEZEY T 7,
R FARHFIERIH KA E 10 mL/ (kg - d) B4k
PHERIK s R 25 2l K R AR &1 3,15 A5 (IR
i) 4524, R B A H R AR IR 12 mg/ (kg - d)
HEE R B A K IR ; 2 B B 0 4% 1 2K R
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IR SEBARAE T AR R & U BT
1.3.4  micro-CT 73¥7

I 4% Z2 5 F T D Bl A TR O 71 [ 7 Ji ik
Z FEH SN AR BEBEHEST micro-CT 14, M4
KBRS B A
1.3.5 i % 5% %€ & PCR ( reverse transcription
quantitative real-time PCR, RT-qPCR) £ Jlll mRNA
SN

FH TRIzol 1277 M A B 5G9 B0 v 42 BB
RNA , i 5% 5 h cDNA |, fiff FSEH 3 2 PCR A 5
NLRP3 [ ASC  Caspase-1, GSDMD | IL-13 ., IL-18 |
ACSL-4 FTH-1 ,GPX-4 Fl COX-2 [k KF-,
1.3.6 Al AR I 2 R0k

T IRy AR & R B kT . A
WU R RS K AL S AT U EAE 52, I A N IR i
SAALPIEHM G, —PT 4 CiE R, A 4,37 C
WH, DAB (0, WLEEOCT HOR T NLRP3,ASC,
Caspase-1 Fll COX-2 BY5RIX
1.4 FitFEHE

IS H] SPSS 22. 0 B X Bl b A7 b B, A5
SER RIS (xes ) 2R, 4L1R] FLE I
One-Way ANOVA , FiJ5 He# )7 2255 B FH Bonferroni
W56, 77 25 R 5% ] Tamhane T2 #5358, LA P<0. 05
hEFHAGFE L,

2 R

21 HEEREL AR AR EE0HM

HE 3 3% L T OB NG A0t
B HrP AL 6, AT P 1
7 BT ARG G R IDEH H5e e, 4 240
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TR R B LT, B %
.
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RN 2 A 2 4 56V T 45 R IR, R T LR, B
o1 [ 2 e e 2% 5 ZE R B AT 4RN 25 B 3B 5 3E 45 1
AR AL BN T 445 4 ) Sl 3, % T S RO
iR AN ES SR R
2.2 #ERRBELHTEMEEI T
micro-CT KriZE SR ILE 3, s a4l
B, S FARM L, SR /N AR
B SR AL, B R AR SRR A A, ROk
HATA S 25 BB RE 4 A AL N B B R
FIE TR I
2.3 @ ERPRIELEF I ME R GEEFRI 0
BT AR e A, B 2 K R L T 40 e PR T
IL-1B8 I IL-18 &3 T (P<0.01) , f7 75 B Y

RAE SN 5 5BV LA, FEH 5 A 20 1 4 i
EFERE B

Sham operation group Model group

P sy e P A i

T B OHTk O RZ SR s Sk R A A

I 25 A 5 B 3T A T R I R AE R
FKIK(P<0.01) 3R —HBWEHABRIMEH, W
%2,
2.4 HEFFELK AR BEBET B
HERFARA LK, BRI K R EHH
NLRP3  ASC . Caspase-1, GSDMD | IL-18 F IL-18
mRNA X F ik 53 B E T+ & (P<0.01) ,KOA
TR R B 20 40 A7 AE A RE 40 JifL A T2 A G
FEHF A L E; SR A g, 280k B A 4L 2
B B 4517 2H K VR 2 NLRP3 (P<0. 01,
P<0.05) .ASC , Caspase-1,GSDMD . IL-13 F1 IL-18
(] P<0.01) mRNA Rk i T [%, 5 B 2550 4
RS B E RN R T ST SR Rk, I
#*3,K4,

FER A AT 2H

Celecoxib group

i BB RA LR 7
Yishen Zhuyu Tongluo Decoction group

200 pum

1 E HE 328,

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

Figure 1 HE staining of cartilage

fEFARA FORZH
Model group

Sham operation group

FEAAH AT

Celecoxib group

i B BRI 4% % 2
Yishen Zhuyu Tongluo Decoction group

I Ok A RZ VR , i sk L ashk,

2 HERLAESY O

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

Figure 2 cartilage safranin and solid green staining

BFEARA R
Sham operation group Model group

£.200 im = 20041

FEA AT AT

Celecoxib group

o= pES i STHECSTIEEN
Yishen Zhuyu Tongluo Decoction group

2001 Lm 200 jum

3 E TR 2D R EIE
Figure 3 2D imaging image of subchondral bone
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mEERRERANREHERKE TR

SRFARA e, BRI KRR R
ACSL-4 Hl COX-2 mRNA £k B ET & (P<
0.01) ,FTH-1 #1 GPX-4 mRNA ik & 03 T
(P<0.01) , KOA B AR B 40 E 42U AR R4k
FETAHOCIE R 3k 19 o 3 A8 4k, X W] BE 5 0 4l

M5 KOA 1 A 56 ; SRR ok, 28
KA 2R 25 B A 2 v AR R AR A 2L
ACSL-4 1 COX-2 mRNA #ik & B % F % (P<
0.01),FTH-1 #1 GPX-4 mRNA k& % 3% 7
(P<0.01) , 35 B B8 245 7 RE 5 i 35 [ IRk At T
AHOCHE R ) 638, $2 3 R AR S AT AL A S 3L
ik, Wk 4K 5,

2 A PERGEA AT L SR TN (n=6)

Table 2 Effect of Yishen Zhuyu Tongluo Decoction on serum inflammatory factors(n=6)

20 51 A E-1p/(pg/mL) HAr%-18/(ng/L)
Group IL-1B IL-18
i N4
1[—}(%37&,ﬂ 56.21+3.00 9.11+1.49
Sham operation group
Y " .
A 106.43+3.99 ™ 32.76+0.99
Model group
FENE AL
i%ﬁﬁﬁ 66. 73+4. 90 18.51+1.63%%
Celecoxib group
1 B BAIE 2% 4

59.50+3. 7344 27.30+1. 0444

Yishen Zhuyu Tongluo Decoction group

T SETF ARG, ™ P<0.01; SHBAM L, 4 P<0.01,
Note. Compared with sham operation group, ** P<0.01. Compared with model group, “* P<0.0l.

R3 5 EBHGELE DX RE AN NLRP3 ASC , Caspase-1,GSDMD IL-1p il IL-18 mRNA AN (n=3)
Table 3 Effects of Yishen Zhuyu Tongluo Decoction on NLRP3 ASC ,Caspase-1 ,GSDMD \IL-13 and [L-18
mRNA in chondrocytes(n=3)

5
L) NLRP3 ASC Caspase-1 GSDMD 1L-1B 1L-18
Groups
=) al Q
e FA A 1 1 1 1 1 1
Sham operation group
SR . . .
S 4.16+0.08 ™ 3.53+0.20™ 4.59+0.17™ 3.95+0.05™ 3.47£0.20™ 3.19+0.43™
Model group
T sf H Ay
%%E‘[%ﬁ/ﬂ 1.10+£0.01%%  1.04£0.02%% 1.30+0.08%% 1.25+0.07°% 1.22+0.19%% 1.32+0.21%%
Celecoxib group
5 A G
. i A ﬂ. 2.51+0.25%  2.66+0.22°% 2.01+0.18%" 2.43+0.17%" 2.23+0.24%" 1.91+0.27°%
Yishen Zhuyu Tongluo Decoction group
T SRFARMEMIL, ™ P<0.01; SHEBIHMLIL, ©P<0.05, 22 P<0.01,
Note. Compared with sham operation group, ** P<0.01. Compared with model group, “P<0.05, ““P<0.01.
BFARA A ZH FER AL i 1 IR P I8 4% 7 2H
Sham operation group Model group Celecoxib group Yishen Zhuyu Tongluo Decoction group
B R R TET B - AR BT :
...,ﬂ{f“‘ f}“m :q < B -‘,':, 5 ‘5 6;’% il N
L\t St iR
S -y ~ .
P
RO
g ¢
2
&

4 FARBIEETHEHLH NLRP3  Caspase-1 T H KIS

Figure 4 Expression of NLRP3 and Caspase-1 proteins in knee joint cartilage tissue of rats in each group
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R4 IHEBRPGEL GRS M ACSL-4 . COX-2 FTH-1 ,GPX-4 mRNA fJ540 (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)

215
ACSL-4 COX-2 FTH-1 GPX-4
Groups
RTFARA | | | |
Sham operation group
FERIZH .
3.77+0.48™ 2.53+0.07™ 0.26+0.03 ™ 0.20+£0.03™
Model group
FERE Y
;'éE.l%ﬁﬂ 1.02£0. 084 1.310. 1324 0.89+0. 08" 0. 88+0. 06"
Celecoxib group
BB 5
i A A 1.96+0.10°% 1.41£0.13%% 0.67+0.03%" 0.60+0.07°*

Yishen Zhuyu Tongluo Decoction group

0 ST AREMIL, * P<0.01; SHEEIHAM L, 22 P<0.01,

Note. Compared with sham operation group, ** P<0.01. Compared with model group, “* P<0.0l.

BFARL BRI

Sham operation group Model group

FER AT

Celecoxib group

i B RE R A
Yishen Zhuyu Tongluo Decoction group
U YR R K
Y PR
e I *: 7(}.
& jj;}"ﬁ‘.(v' -h(r’?
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20 um

5 REBECATHE AL COX-2 Kik

Figure 5 COX-2 expression in rat knee joint cartilage tissue
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AR T BT R XK T G A T
IRFEFN F W A PR ol B A0 i R PP R AE T, BT A
) 4 A W " AR A, X KOA SR BE it 2 BAT 45
YERT, J2& 5 R 8RB U2 B H 2 R X [m)
L KOA R BHL B AS AS 5E 0l B 2k SR A HAR
TR, JEREAT AR ARG R 25, 2 KR
KOA fy % B 25 9y, A fh 3 3 40 o) 26 A0 AL 1 - 2

(COX-2) il Hir 1 A 2 A= 1, mT Lhvsi /b Jey i 4
SRR FIE IR . PRI, A S0 DL ZE K 1 4 R FH
PEXTRRZG

VAR R ZT UE A 40 i A2 72 ] g5 KOA
R B IR A 5 ARk 6, NLRP3 (NOD
FEZ IR 3) RAE/IMARY LG 7T LA 5 Caspase-
1, fRfd IL-18 A1 1L-18 BRI T 24 , e 7 4
BT BRI SE Y g B R W TL-18 7E
KOA (1) % it i v b B 2R Y, A 406 o 3k 56 1 4K
IR, A U 3R R AL AT TL-18 AT fil
TNF-o F1 IL-18 B, o 10 B 8 412 1 255 T 4
5 FI ¥ ( matrix metalloproteinases , MMPs ) 4= i, , 7
o A A 11 7608 D A B 1 SR, IR 0 i O
Fia s S PR, 4 NLRP3 4 MR A S AR i
Caspase-1 A AET I H KOA 199 AE #5019
HEJ R, R EE R RS BT AR i, B
A4 KRR OBCE 4l 21 NLRP3 ., ASC . Caspase-1.,
GSDMD IL-1B H1 IL-18 ik w3 B & T, S8
UH B, 25 B 2 N 4% 1 R R L A
NLRP3 ASC  Caspase-1 ,GSDMD IL-18 #11 IL-18 x=
R TR, UL KOA K FRUACHE 41 i B NLRP3
ST/ IMATE LR I A T, T 25 B 2 4 v ]
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DA B AR T, 1777 KOA

BRAET-HR IS KOA )RR A 45 %)
MEER . PIET- S G man st 2R,
HF R W T 1 0y 1 & o | S 40 i N R B
PR A W 5 Mg 1 1 A % 8 T 5 1 S 1 4 B A
T2 RBET AT AL R WA RRAE A b
HRRFEYE LA B GPX4 R A ], {5 75 248 L 1 37 4
WREE LT AL Fe® AT, [RIRHA 23 i Bk
R ZN S VA N N S e A A N S i ]
PEFFE O R R AP BT REFHE R
R B B T TR RN AN DG A R
S RE A TR R IEAAE, ACSLA 22 A
FIHE T ( polyunsaturated fatty acid, PUFAs) X8}
(1% 7 2L [v) T, e S AN A B T 1 R
COX-2 ZHEALIAR N AA & TS IR 2 (PG) 3R
PR BRI, 2 AR I o AR A R R A8 T 9 A R
Y112 GPX4 R S AR P — S RE IS i it 4R
AR I S R B ) it P LA sk 20 240 i v 4 g B ok
ALY AR 20T LAY B 40 ML AE 05, GPX4 R %
R AT DR SRS T R AR B
(ferritin) A B 4% (ferritin heavy chain, FTH) fl%%
% (ferritin light chain, FTL) T IV e 4 R BR 5 25
JEE S A 2 A M N B E AR AR 1, dE R A
WEARA, 182D Fenton S v 5 B9 S AL N 3, 3k
FNCRAP AU B B, i AR ferritin B A% 55 1o 72
AL IERIET- P AR & S BT ARG A,
BERIA]R B 4141 ACSL-4 Fl COX-2 ik i
B TFE, FTH-1 il GPX-4 F2i6 81 B & F 1%,
SRR LU, i B B 2% 1 2H K BB AR
ACSL-4 Fl COX-2 ik T [%, FTH-1 1 GPX-4
Fika T, BRI AR T4, KOA K EUVAKE
L PR AL T B4, T 2 ' B 45 1 T LA
HlACEBRIET

KOA J2—MuBATHEgm , X 5 844 NE 1K
oL BN TR AR AR S R I B, 28
KRR A UIAH DG , BHE 5 1, i i 2 2R I OG5 4k
HHLUNBRIT BRI 2R 7 , 40 M 13 9045 b S 5
T, AnZm ML AR T BRAET AR, R PELE | 22 KRR,
AR T BB LU BLARAE S, A5 R ]
fit B B 28 17 B PT  AC E SOA] T IR SR | i
FETR 29T KOA 1A 20770, HAE FHALE Ar
AE-S 1 KOA K BUACHE AU T- ARt T, BEAIR
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AP I3 477 ( traumatic brain injury , TBI) j& S EREE K5 B AT E B R A L R A
FESS AW B, S ATE EHF IR T A R TR T RIS R 8 it 2 D g 1R (B AT Te i e
IAAUXEEPN . WEFE I, LA IRPE 228 3R I 1 AR I & R 2278 TR RS M RAE AR A 12 i
i i B A M 28 TG AR I CAZ D RE R DGR PR 3K 28 IR 7E 22 il B 28 S RE RN 32 P 28 12 Ty
HAREHEETEH, WA, LT M (neural stem cell , NSCs ) 18 i< [ A F) A 28 48 477 F1 G0 558 8 15 4
PE MEE TR BB N IRE NSCs OB DL AR5 51 = e e 5 (AR 2, B
PRI 7T S SCOE7E W B, RIS A i UM i 2278 7% TR F (brain-derived neurotrophic factor, BDNF) il NSCs,
i EA T e e 8 2 ABGEE QI 5t 2o /A D7 T Bl ) kb AR EAE it X R ik, FoA L E s
P E SR RAERN R 5 e i b 28 A A AR S A 2 T RERIBILT] , R TR T &M B R RAEQ0
PERGH O BERIBIE T h B STEIRY TR JFIESE T EAT TS NSCs WAHEAER], XU TAE BTENMAE R RIE
B PE RS 7 B ARG YT R AR A O (LAY LS | I S5 Bk 83 559 727 i k20

WS R R R TS A R 5 5255 B 2 (92 30) ) WA ) ( Animal Models and Experimental Medicine,
2024, 7(1) :12-23. doi: 10. 1002/ame2. 12363) ,



