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ERG A EREIERKRMEZNEMKILE TR

wRat, o W/, xEXR, MA@, #HWE, MmE,  #met F AT
(1. JHEPEG RS, 7 8T 530001; 2. 7 AF#EREER, & N 510735; 3. THFEY
KFEE—MBEEKR, T AN 450046; 4. J WHEAAFE —WEEK, W BT 530023)

WE. BN TSR0 B REI SR (CSM) KRMWADIREMEIET- W m, FiE  Hl& CSM KB, B
HLAT ABTIE | Fer-1 40 (2 g/kg Ferrostatin-1, MEEVES) MEBEGR, . &iEA (9.7, 19.4, 38.8 g/kg, W
H), BREFARA, H4l6 R, 4254 FJE, id2 K BBB WAy, BRI IES LITEAS s 2 Tk, HE Je
Niss] b (6 F1 86815 Yo (043 B AR R BUS IR 2O B AR (b . J I/IMAE BB F TR, G 58). RT-qPCR 1 Western
blot BEAGIN K A 86240 Nef2 . SLC7A11, GPX4, HO-1, TFRC, Cox2 mRNA, B FEk, &R ST AA L,
BRI RBRASS 1A, 2 A, 4 Jd BBB W4 FIRHR LI/ AL (P<0.05) , EHEA UL I a5 | 4l i K ik B i
R BRI, ABE414 Nif2, SLC7A11, GPX4, HO-1 mRNA, 2 FEFEME (P<0.05), TFRC, Cox2 mRNA . #&
FFETE (P<0.05); SHRIAIHE:, B804 B4A Fer-1 HRRARG 1 A, 2 . 4 & BBB T4 AIAMR L6
Tt (P<0.05), BREALA 2SI 4 I S OE gk R TR, B BB ZH Nif2, SLC7A1l, GPX4, HO-1
mRNA | FEHFETHE (P<0.05), TFRC, Cox2 mRNA, HHAFRIKRML (P<0.05), it HHEU vl fgd@ T8y
Nrf2/SLCTA11/GPX4 5 5l B AR SC BRI BRFE T, I/ B SR ZUP SR ORIITR, AAITTIEE CSM R A& RE
KR, BREG T B BERISIHERS ; Nif2/SLCTA11/GPX4 {5558 1% Yatrs; P& uhse
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ABSTRACT: AIM To investigate the effects of Jisuishang Formula on neurological function and ferroptosis in a
rat model of cervical spondylotic myelopathy (CSM). METHODS The CSM rat models were established and
randomly assigned to the model group, the Fer-1 group (2 g/kg Ferrostatin-1 via intraperitoneal injection) , the
low-dose (9.7 g/kg, intragastrically) , medium-dose (19.4 ¢/kg, intragastrically) and high-dose (38.8 g/kg,
intragastrically) Jisuishang Formula groups, and the sham operation group, with 6 rats in each group. Following 4
weeks of treatment administration, BBB locomotor scores and oblique plate test result were recorded to assess their
neurological function in rats. Histopathological evaluation utilized HE staining for spinal cord tissue pathology, Nissl
staining for Nissl body visualization, and Prussian blue staining for iron ion deposition analysis. Protein expressions

of Nrf2, SLC7A11, GPX4, HO-1, TFRC and Cox2 in spinal cord tissues was detected by immunofluorescence and
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Western blot, while mRNA expressions were quantified using RT-qPCR. RESULTS  Compared to the sham
group, the CSM model group exhibited significantly reduced BBB locomotor scores and inclined plane test
performance at 1, 2 and 4 weeks post-operation (P<0.05) ; obvious tissue cavitation, cellular edema and Prussian
blue positive iron deposition in spinal cord tissues; downregulated protein and mRNA expressions of Nrf2,
SLC7A11, GPX4, HO-1 (P<0.05); and upregulated protein and mRNA expressions of TFRC and Cox2 ( P<
0.05). Compared to the model group, the Jisuishang Formula and Fer-1 intervention groups showed significantly
improved BBB scores and inclined plane test result at 1, 2 and 4 weeks post-operation ( P<0. 05) ; reduced tissue
cavitation, attenuated cellular edema and decreased Prussian blue positive iron deposition in spinal cord tissues;
upregulated protein and mRNA expression of Nrf2, SLC7A11, GPX4 and HO-1 in spinal cord tissues ( P<0.05) ;
and downregulated protein and mRNA expressions of TFRC and Cox2 ( P<0.05). CONCLUSION Targeting the
Nrf2/SLC7A11/GPX4 signaling pathway, Jisuishang Formula potentially suppresses ferroptosis and alleviates iron
accumulation in spinal cord neurons, thereby improving neurological recovery in CSM rats.

KEY WORDS: Jisuishang Formula; cervical spondylotic myelopathy; Nrf2/SLC7A11/GPX4 signaling pathway ;

ferroptosis; neurological function

BHERISIMER  (cervical spondylotic myelopathy,
CSM) J&H FHMERA R EHEZ 5, T Ep
Z I RER AT B — Fhois DLIR AT PE s, I B
PURIE R AR . AN RAEONY . PR
SR, TR AT R HAT, CSM
AT L FAR 3, (R T 15 72 2
MAF S, RGMEHEEMRE AR, Wik,
WERAMN YR IT Ik, JCHEE X CSM £
PP T TR RS AR LN 2 ARk, Pt
TAE R — PR A P i A AR e e PE T =X, FE
Z RGBT E &2 0, el iR i Ak
FAALR % S B SET, 5 CSM #Z Je i i bl
IR X, Nief2/SLCTA11/GPX4 {5 5 1 P& 2 1
FERRAET I G s B, Horp Nef2 2 S A Hi A1k
Bk, A0S T UE b A AL KR B SLCTATL AN
GPX4, ¥ A BEH K (GSH) K-, Ml
BRBUE A L AL T SR, H AT SE TRk E TS
FE CSM H 1 B AL 6 AN B

H 2P 22 RGPS IR T T B R R R Y

SRR RS, i w0y & —Fh DL s <
ML, 345 1A RN ], EA G IR
W AR ARE IR VE D) AR B TR R A
BEL 7 7E CSM B K B i VR, S SO o L2
338 3845 Nef2/SLC7A11/GPX4 15 538 B30 i 4%
FET, MR 2 DI RE R A
1 &
1.1 24 36 H.SD KR, #F5#200~250 g, 1
B rE B SR R s A BRA R [ shY
A PHVFRNIE S SCXK () 2019-0004 ], RI3%T°)
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PO B2 K2 gy S g e [ 3250 sh il HVr ]
WS SYXK () 2024-0004 ], 8596 JF (22 +
2)°C, FHXFREE 50% ~60% , SCEGHTHEFT 1 A
(3 N PR R, AR B A A Bk, Ak Sk
PIfF G B R sh bk, AR P EZR
SERRESIE L S AR B2 B St iE (/R BRI
5 DW20231016-226) , JIr A 55 4 ¥ AF ™ 4 6 2
PISCESAR RIS, A6 PR S A ) ) TR B e R PR
WD IR

1.2 %4y HHOITHEK 30 g, HIHE 10 g,
B 10 g, RAT15 g, NI 10 g, BE(C12 g, 214K
10g, M¥6g, FF=15g, 415, K15 g,
KHE 6 g AL, YW A VE B 25 R F 5 —
BTz, ETRASHRGE (154 ¢/50
kg) ZEARFmEABGE, HEKEME, b mFl=
I 9.7, 19.4, 38.8 g/kg, MG 2 AR S
IR, B0, npkkgs, BREML, P, SRR
W, TR 0.49, 0.97, 1.94 ¢/mL,

1.3 A HAR-PL (HE) Y@, g
By (525 BL700A . BL999A, &AL & AEYIRH:
AH B A #l ) Nef2, SLC7A11, GPX4, HO-1,
Cox2, GAPDH #i /& (1% %5 ab62352, ab307601,
ab125066 . ab68477. ab179800. ab8245, I
Abcam /A H]) ; TFRC Hifk (9345 381603, JLARIE
REAEMBARABRTAL AW ) 5 IR 1gG (H+L)
HRP —#i ($%'9 50001, VLIRERVEMBIGE h.O4
FRAF]) ; =i g8 [ Marker, Jo 8K [P 3f 4]
W (555 WI103, PS108P, |-G HEGE A= MR H A
FRZN ®); PVDF i (5% 5 ISEQ00010, f& [H
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Millipore OS] BRAE TIN5 Ferrostatin-1 ( Fer-
1, 525 HY-100579, Z£[E MedChemExpress 23 A ) ;

TPESCE R, PR H B (515 P0O260
P0096, LI = KAEYH AR A RAF) .

1.4 ME FEHHEIKFRES (FEHE Bio-Rad AH]);
Multiskan MK3 4= K bR R4 (3€ E Thermo
Fisher Scientific 2 @) ; UC90 {12 &4 ( H A&
Olympus A H]) .

2 7k

2.1 CSM A Mz ZMOCHK [6] i, KE
R R A L L 28 (40 mg/ke) RIS, R EMSZ
g, ARICHIBIHEE, WHE PRI IFEIK (2
2~3 cm), BEPEIEIAIENLA 28R C3-C5 HEf (LA
T2 HEPRGE L), AUV BR & By, THER B A
1.5 mmX0. 7 mmx0.3 mm WKMHEIKA B (R
I N 0 TOE I S IR OK BE RS ) 3 3 IR
BRI, HARBRAERIERIA . RJ5 R
BRI, 22800, SREMERR IR
BB, IR IR, AR, BRAT
2 Y i EE R B HE R 22 A E DI REIK R

2.2 B KRB ARTARE, A
41, Fer-1 AAIHFHEMIITAR, T, wR R, MH
6 H, % “2.17 WURJyikiEit, BT AR 4 A
AR HEE R B K, Fer-1 4 4 K 8 I 1 5
2 mg/kg MM, FHEGITIAR, T ElR AN

KHEEH 9.7, 19.4, 38.8 g/kg MW 25 W, 4
4 1,
2.3 Bt KRERIRZZ 24 h 52828k, EKE

4T 40 mg/kg I EL LG22 B RR Eu%@&ﬁ%
i}iiwkiﬁl:ﬁx&%iﬁﬁﬁ (BETEFRTIRE) ,
B HA, S BRAE A FH 4% Z R [E 2, Western
Mmﬁﬁ?WKtm%%%MBLSw&§VwL
-80 CEHARAT

2.4 BBBi#Fa K BBB iR RS ALITAE K
UG Bossh o e e, D BIEARGH 1, 2
4 AR KRR BAERM, w1 (1) FEEE
PhEbE; (2) . B BRCTIRshE; (3) 2
JEEH LS SHRAEL, LR 0~21 43, 04
FORIGRESE BTGB B, 21 4y Fonis s Y RE Ik
BEIEHIKF,

2.5 #mERFS BRRE L, BTEAR
EREH W TR A TG (B KSR 7
1), VMERE 1 °/s BEmmif, iﬁ‘%ﬁﬁf&%ﬁﬁ%%
=5 s WimAMAE (BIE 1°), #23 K,

WG 5 min, BCOEBME, B K 3200 3G K e,
PERIARNLT 7 55 # 22 L IR DRl P ke

2.6 HE # & _ Nissl %@&Lﬁﬂ: e T
4% Z2 T WY o [ 78 B BE AL 2L, BR BETNRE B OK

THIORE W AL, Eﬂ%@ﬁ, B, YIRS pm,
E65 CTHLE 1 h s geta, hHRIRE A, 76k
22 W AE TSI RER A,

2.7 R KFEIMEK N2, SLCTA1l, GPX4,
HO-1 &a ki WEBALY F, SERERE
SR FH A5 2ok A it BEL BT 750 BEL B A 2
PEZEEPiik 15 min, 0. 1% Triton X-100 i 175 7] 1 155
b BE ¢ G B B P 15 min, i — T
Nrf2 . SLC7A11, GPX4, HO-1 Hiifk, 7E 4 °C T
B, PBS VeV 3K, =40, ERBFEF 1 h,
DAPI #4445 5 min, HHERARE R, T2OLEIE D
s ™ BT

2.8 RT-qPCR % #m A #2022 Nrf2, SLCTALL,

GPX4. HO-1, TFRC. Cox2 mRNA % & X
TRIzol 7 BUA BE2H 21 24 RNA, NanoDrop &4y
D66 BE TN g Huk BE, BRUEC RNA 1 pg, SR
PrimeScript RT IR G 4% 5%, RN 45142 C 2
min, 50 °C 15 min, 85 C 5 s, 4 C 1 fF, 1F
QuantStudio R4t b #4175 AT 98 2 f#& PCR 471,
KH SYBR Green WIRHHAZR , SNV R H95 C T
APE 10 ming 95 CARPE 15 s, 60 CIB k/TEfHi 45 s,

40 MR, LA GAPDH W2, st 27k H
FOFE] mRNA FHXF ek HE %I% H FEBR KRB
(P ARAFRGH, FPAIRE 1,

10 min,

10 min,

*1 319F%
Tab.1 Primer sequences
HEH ST E(5'—3")
Nrf2 1E[ CCACATTCTGGCCCTTGACC

Jz2 15 CGCTCCTTAGGTAGGTCATC
1EM AGGGCATACTCCAGAACACG
1] GGGACCAAAGACCTCCAGAA

SLCTA11

GPX4 1EA CCGAGAGTCTTAATCGCGG
S 18] CATCGTAGCAAACGCGCTC
HO-1 1E [ AACTTTCAGGGCCAGGT
J 15 CTGGGCTCTCCTTGTTGC
TFRC 1E 5] TGGCAGTTCAGAATGATGGA
S AGGCTGAACCGGGTATATGA
Cox2 1E [ TGAAACCCACTCCAAACACA

JZ [f] TGAAACCCACTCCAAACACA
IE[# GCCTCCTCCAATTCAACCCT
JZ 18] CTCGTGGTTCACACCCATCA

GAPDH
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2.9 Western blot 4 A#E 2822 N2, SLC7A11,
GPX4, HO-1, TFRC. Cox2 & & k ik HHisH 4
INZR T BE M 4 °C . 12 000 r/min &> 15
min, EXJ:{%, Eﬂéﬂéﬂﬁﬁ, K H BCA 3200 & vk
JE R PR, §l#S PAGE BERE, #F1THLIKST
B, IPBEASENE PVDF | L, PVDF B4 0
PR 5 DA VR P AR B, i —4T Nef2 . SLC7AILL
GPX4, HO-1, TFRC. Cox2 Fifk, 4 CIHHITK,
TBST PE¥ 3 W, =40, =W EF., RHHHEH
ECL W #4785, L) GAPDH AN, il
Image J #PE53 0T B AR AN Rk it

2.10 %itF o4 it SPSS 18. 0 #fFi#k 47 4b

B, OBIELL (ves) Fon, ZHMBEECRASRNE
T 200, 2 HIE BRI ¢ #a %, DL P<0.05 K
ZRARGIERE L,

3 #£R

3.1 A#i45 7 xF CSM X S BBB #F & F= 41 41 52 5
e Hon RAT, 4541 BBB W4 FIAMR S50 T
IR FEZES (P>0.05), K1, 2, 44, Sk
FARA A, BRI KR BBB W5 AR S50 DF
SRR (P<0.05), $E/REREZ R, SHEIRA L
B, Fer-1 4, H#l 5257 &4 KB BBB -3l
BRI PEYTHE (P<0.05) , HAA8E10 07 )
HHBGHEIE TR, malEd, WA 1~2,

. ST ARAE, * P<0.05; SHBIZH ¥ P<0. 05,
E1 &HAKXEBBBESLLE (x5, n=6)

Fig. 1 Comparison of rat BBB score in each group (x+s, n=6)

. SEBTFARAE, * P<0.05; SHERIZ 4, *P<0. 05,
B2 fBAKXRFEILIETSILE (¥xs, n=6)

Fig.2 Comparison of rat inclined plane test score in each group (x+s, n=6)
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3.2 AR A CSM K A A MR R LMY
A0

3.2.1 HE 38 (BT ARAHBEH LG 0,
MEITTIEAIESR, JoH SRR, B A HEd
ZUGSHZEREL . PR B WD, JH A R
JUIRFE K 25 ik 7 3 Fer-1 20 OB B 15 07 45 77 k41
P A R A e B AN )RR B (R L U MR .,
JOEAUGE, KA ERE R E R T
fiX, M, AAgmEnTR, Maopsit
APREIEF, AHIRFEH g, UWE 3,

AP AN SR/ VAN IS o8| Y L EZDT & e i EA R b U 15X o
3 BAKXKREMWAL HE £8 (x200)
Fig.3 HE staining of rat spinal cord tissues in each group
(%200)

3.2.2 Nissl 20 BFARAMLITIEETEE, B
[/ IMAR S A ¥ 5 H YL 5 M7, R UL b g B AR 4k
BRI i 22 BRI D, e /IMAB B . ik
R, BRI EM LB RAE; Fer-1 41
KA BE 745 70 1 2 i 28 03 A AN [R) R B A el st
MATCIE G EIRE , Je [/ MBS in H 4 3%
g, Ho B E i AR AR TR &
WA, METTEEN N, JE IR/IMARZEFSIE T, Y
BEREBRTARL, R\LEMSEE MYk E
T EA BEH, WK 4,

3.3 At af CSM K AR B TR
B BFARAEREALH LT RIS U,
HRGER I ; BRI BELH L A] W i (A Bk
YRk, BN T IR, BERAETE B R
BT UL 5 Fer-1 4 SR RE45 I &
A BB PR B U B R AL, i
YR s, AAGmETIRE , HhEeE
By Rl A R SCRE TR SR, s+
DO kb YR AR, B4R
1B, FB AR D S AN PRV HE 4 8B 52 D7 T

TE: EFEE R e R/ME
4 HBHAXREHAR Nissl £ (x200)
Fig.4 Nissl staining of rat spinal cord tissues in each

group (x200)
BABSIrR, WK S,

FERREANCEN: P =7 S L/ e R 2
ES5 SAXREBARLELTELEE (x400)
Fig. 5 Prussian blue staining of rat spinal cord tissues

in each group (x400)

3.4 H #4572 CSM K R A 84 20 4% Nif2,
SLC7A11, GPX4, HO-1 ®aRtxiLehHn H
BF A4 g, AR 2 K BROE S 41 40 Nief2,
SLC7ALl, GPX4, HO-1 K 4 9¢ )6 36 ik i JF [ 1K
(P<0.05); SHERIALES, Fer-141, BB %5
FlE 4K BB B4 b N2, SLC7ALL, GPX4,
HO-1EE A2 R B ME T & (P<0.05), W
Kl 6~7,
3.5 A # A4 CSM K R A # 4R N2,
SLCTA11, GPX4. HO-1, TFRC. Cox2 mRNA % ik
M¥ra HERFARAE, BAIA KA AL
Nrf2. SLCTA11, GPX4, HO-1 mRNA % ik [ %
(P<0.05), TFRC, Cox2 mRNA EikFtm (P<
0.05); SHIBIA LH, Fer-1 0. B HEM 7% 7
KR BUSBEH 2L N2 . SLCTALL, GPX4, HO-1
mRNA £k THH (P<0.05), TFRC, Cox2 mRNA
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F. SEFPRANLE, " P<0.05; SHEMYAHE,*P<0.05,
E6 KRAKBREFEHSA N2, SLCTAIl EEKEHFRIEZLLE (%400, x+s5, n=6)
Fig. 6 Comparison of protein immunofluorescence expressions of Nrf2 and SLC7A11 in rat spinal cord

tissues in each group (%400, x+s, n=6)

T SEFARALE, © P<0.05; SHEMLIE,*P<0. 05,
B7 SAXBREWHMEAL HO-1, GPX4 EEWHRFRIELLE (%400, xt5, n=6)
Fig.7 Comparison of protein immunofluorescence expressions of HO-1 and GPX4 in rat spinal cord
tissues in each group (%400, x+s, n=6)
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KIKFEML (P<0.05), HAH it Jr s 4ixt U
IR A B AR R TR, AR, W

K8,

T SETRANKE, " P<0.05; SHIHA L, *P<0.05,
B8 HAKXRETEHSR Nrf2, SLCIA1l, GPX4, HO-1, TFRC, Cox2 mRNA RiAtbL# (xX+s, n=6)
Fig.8 Comparison of mRNA expressions of Nrf2, SLC7A11, GPX4, HO-1, TFRC and Cox2 in rat spinal cord

tissues in each group (x*s, n=6)

3.6 A H A CSM K R A 848 Nif2,
SLC7A11, GPX4, HO-1. TFRC. Cox2 & & % i&
BFn HERTFARAE, BRI KA
Nif2 . SLC7A11, GPX4, HO-1 FE I EKILEM (P<
0.05), TFRC, Cox2 FHHEIETH (P<0.05);
RIS, Fer-1 41, B0 &7 HA KR
Nif2 . SLC7AIl, GPX4, HO-1 £k Tt E (P<
0.05), TFRC, Cox2 FikFEML (P<0.05), Hrp
HHEG 7 R IR ER SRR R E LT
ik, Mg, WK o9,
4 it

CSM 2 SMEIR 17 M 05 28 5 | /e 1) 18 P R A7 M
BEIRIE, 2 A A R 2 2R G0 ) R B ) E
JRRZ —, BRI, Rl AR R | RAER
I S5 R 2R A O 8 i, R kAR B ) R B
i R TR R 25 W36 T T R, H
KREFEBHE ML REM R A RS Ak, Bt
TR R B4 M FE TR 2UAE CSM (4 FH & i A2
FRE, BE-FHTHRMAEELLSEMESR

(ROS) BLBRMARMT-MAET ", H L HRAE
A P i i A SR HERRY ks Ak
Wi ROS VEFH T2 ARG I BR A= 1, A AR 4 &
AHIE R, PR R IR A0 M AR SS F Fn i RE, 51 & 40 ik
SET | FEARA AL Fe THET, ROS HZ . GSH
FEu S A e H Ik AL W B 4 (GPX4) I M

TR
TE CSM it Bt v, 10 52 Hs 350 38 il 1t s
TG AEAL BB R, BRI T AR SR T 254,
TGRS AT P BRI R L, AR ERR S R
X, Hid Fenton [ WAL ROS A= ., #F i fe g
Brid Ak s GSH KF F R GPX4 5% P8 5 ,
G B EALYE R IR, SRS 5 R 4 e
T R, BT S SN Ae AR, BT
IR BRI e M BRI A 55 2 A R & R LR
U BORE A RE R — R AR T A R S
7S R BRAIL . TERRSE TR 2 rh A%
T E2 MG F 2 (Nef2) AR OCHE b S A s
K7, BEIEGE Z M T T S AL BE R R AL T
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. 5EFRALLE, * P<0.05;

SRR A, #P<0. 05,

B9 KAKRELEAL Nrf2, SLC7A11, GPX4, HO-1, TFRC, Cox2 EARIALLE (x5, n=6)
Fig.9 Comparison of protein expressions of Nrf2, SLC7A11, GPX4, HO-1, TFRC and Cox2 in rat spinal

cord tissues in each group (x+s, n=6)

A el A YU EAL N JCE (ARE) P
HAREEN RIS, B 5T AWM %8 1 SLCTALL
F AR Bt AL YDA S5 Y GPX4.,
SLC7A1l 2R A BN 5% 15 R 48 Xe I EZH
B, 5 Nef2 BUIAHOC, TR M AN b 2 R A A
M R e R AN Y GSH A ™ L PR
PR 2 GSH & ) S HERTIA, I GSH J& GPX4 & P
FRATE RS I SLCTALL FEERFE T Hile iF
PAEH, 75 CSM AHOCERFET 1 f2rf, SLC7A1L )
RERERG AT B0 GSH A, HI 55 GPX4 I B IR it %/
ﬂ:B’J fEJ1, 1M GPX4 R g BT A Ak ik J5 oA
TR AR HR RS2 GSH K FEEE, AR &
W, SERIA A, FHE0 AR CSM K B
Nrf2 2635, $27 SLC7AL1l, GPX4 EHFEik, Uil
3240

ﬁﬁﬁﬁm_uﬁlf" Nrf2 1)1 il %WEE%EAI%HF%IJJ
fig; HE Je {0 Nissl Je o T & i agi R T
/N, CSM KREVHEREM 1B &, }EEE/J NS EAEC
BT ORI, ARG AR IR R 2T RE I B

3
AN, HO-1 2 Nief2 fU e i RN 22—, g
3 VA A R RA S (S GPX4 ThREY . HO-

1AL I 21 28 70 A, T8 k8 1l g I A7 AR
W, ARG RE S AT RE S| A Bk BORES A Hy E AR

B ORSEYIET- L SIS, TFRC 2401452k
MICEE R, B RA S NIFE YOKF, &

BUlR Ui A SR A R, R B B T AL
Cox2 fENERIET R ARAE RN P EEN T, 25
RIEN TR ABEFE KB, A B0 3
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s Nef2 K HR i HO-1, AR Rk A 259015 I s b
H AR Nef2 7] 38 i s BT A AL B Rk, ]
$E N TFRC F Cox2, I/ B IS RAER N, M
M HIZRFE T2/ & 42 ; HO-1 5 TFRC 7E8AC b
BN, Gl R N2 e HGE A7 BT 4R R

FEPy

JIAPTARN

Zi bRk, A HE1i T AE

IR AT XA SR 281405
Ak CSM A B

ZI6e, HHLE ] §E 5 5 Nef2/SLC7A11/GPX4
IR ERIE T A OG, I Hoazor v EiRbT AR E

ik, WERPUEALRE

, W R AR 22T

ibi.
SEH
(1] UM T b SO, % B O M

[3]

[6]

[ £ U B A R B B[], R R JR AR B 2Rk, 2023,
31(11): 974-979.

S, EER, W, 55 B AR TR R S0 A
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