W2 F AR A B eI B2 /N BRSO 1 FH A pL R
SHEERE.IHE.D R EEE A HINAZE-WEERSZH AN 150052)

hESES RI65 XkFRERS A XEHS  1001-0408(2023)10-1177-05
DOI  10.6039/j.issn.1001-0408.2023.10.05

BRI
H E HW KitEAFATET ARG TRBRAENFTRME F 2R BEAM X (EAR) R EER ., ik #3027
ek C5TBL/6 /) R AL A 40 MR B A FHM, H210 R, R Fe R R F M) RS RE %M 5 H AT 72 MOG35-55
B IR ILA EF E A EAERA . FAFMA R 8 RIE H T RIFE B E 5% A F 2415 (50 mg/kg) , 5 A K0 A 28 R
FEEFERBRAELER  BRIRELEIGEFH 18R, WESMDANWABARETIFY , AFAM-FLLE P ML E
%4 R YLER AR A0 2R KR 2 R A A B S B KM UL, VAR 1 4 R A B4k R ik = Western blot k4 B A L #5R & 24K 1
(TFR1) # 2 A E8E H T 4(NCOA4) |4k %12 4 8h &% & (Heph ) mRNA 7o bt 282 - 6~ B2 B8 #5324 (xCT) BBt H AR T A4y
B 4(GPx4) B G e Rkt oL, BB 5 EFabsk AW R0 Rt 29k ik 5 R E 73 (P<0.01), AH AR A X % w i
B BB A IS R, AR RS 3 BE I (P<0.01), A5 #5420 4% F TFR1 .NCOA4 mRNA 4 % 3% 34 2 % L, Heph mRNA #=
xCT.GPx4 % & 0 % ik ¥ 22 T A (P<0.05 % P<<0.01), HAEA a4  FAF4 0 R ERIERY 2 FHE(P<0.05 K P<
0.01), £t FAZMEAE D RA — B EAR , LA A 7T 38 598 3 450 T P 69 4Rl ik 125 xCT/GPx4 i 3 % o
KEIR AL FM A S LI K SR PR ARER -5 R R 2 AR/ 5 H KT BAL A B 4 38855 N R

Improvement effect and mechanism of matrine on experimental autoimmune encephalomyelitis mice
LI Xinyu, CHU Yaojuan, DOU Mengmeng, MA Rui, LI Silu, ZHU Lin(Dept. of Pharmacy, the First Affiliated
Hospital of Zhengzhou University, Zhengzhou 450052, China)

ABSTRACT OBJECTIVE To investigate whether matrine exerts improvement effect on experimental autoimmune encephalomyelitis
(EAE) mice by regulating ferroptosis pathway. METHODS Totally 30 female C57BL/6 mice were randomly assigned into normal
group, model group and matrine group, with 10 mice in each group. Model group and matrine group were given antigen emulsion
containing inactivated Mycobacterium tuberculosis and MOG35-55 to induce EAE model. Matrine group was injected with Matrine
injection (50 mg/kg) intraperitoneally since the 7th day after immunization; normal group and model group were given constant
volume of normal saline intraperitoneally, once a day, since 18th day after immunization. The neurofunctional score of mice was
recorded, and hematoxylin and eosin staining and Luxol fast blue staining were used to observe inflammatory cell infiltration and
demyelination in spinal cord tissue. The quantitative reverse transcription PCR and Western blot assay were performed to determine
the mRNA expressions of transferrin receptor 1 (TFR1), nuclear receptor coactivator 4 (NCOA4) and hephaestin (Heph), and the
protein expressions of system Xc¢~ (xCT) and glutathione peroxidase 4 (GPx4). RESULTS Compared with normal group,
accumulative neurofunctional score was significantly increased in model group (P<<0.01) ; inflammatory cell infiltration and
demyelination were obvious in spinal cord tissue, and related scores were increased significantly (P<C0.01). The mRNA
expressions of TFR1 and NCOA4 in myelin tissue were up-regulated significantly, while the mRNA expression of Heph and the
protein expressions of xCT and GPx4 were down-regulated significantly (P<<0.05 or P<<0.01). Compared with model group, above
indexes of matrine group were all improved significantly (P<<0.05 or P<<0.01). CONCLUSIONS Matrine can improve EAE mice,
the mechanism of which may be associated with regulating iron metabolism pathway and xCT/GPx4 pathway in ferroptosis.

KEYWORDS matrine; experimental autoimmune encephalomyelitis; iron metabolism; xCT/GPx4 pathway; mice
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HLAN B R R -1 &R S W) %38 1K (system Xe ™, xCT)/A b
H K AL W 4 (glutathione peroxidase 4, GPx4 ) i 1%
RVZGDRIET R OCH N RS, IEHAEHEMRET 1%
BUER B 1 1Y %% 8 85 1 32 1K 1 (transferrin receptor 1,
TFR1) A8k W A% 32 AR 005 X F- 4 (nuclear re-
ceptor coactivator 4, NCOA4) FIE B4k B 7 MY ik
$:32 % Bh 75 11 (hephaestin , Heph ) 34 [A] 4k 45 7 /% Jist i
S LA BRAR S T > MS KA I, R AR A R A R Bk &
AN Y[ YT R 2N e SN (Tt ) | L A 1
2 ISR . A BFSEEE T, xCT # GPx4 P [AIE
FH K 205 bk 2R iz iz 28 AR P DA e S 4 e
ik (glutathione, GSH) , J& & AJ 1& B iR BT ik 8464 , 410
FIRRAET - ST A BFIT R B, 76 MS H8 A RS a6 o
M B f 7 P ik A B %8 (experimental autoimmune en-
cephalomyelitis, EAE ) #8 (IZ 74 5 MS 1455 BRAF AR E
FARL, & L B S A ) /N BRUE RE AR 22T, GPx4
mRNA I A3k w3440 i FRES
T 2 o N SR v 2 Ry L R S IR R 1Y
— PR E 2 AR MR, BA BT PR A T SR
Fo 25 IS BRI 1) B T 3k 401k 5 g 7 g 2 80
2R ¢ 5T 241 LA 0 P D R A B2 RIS A
2RI AN MR GRAPVE R, RE A 2E H At
IR IR EAE /B CNS P 48 S IR UG B M o e ok
JEA 2 W xF xCT sl /E I BT, ARGl i
— ARV S 2 AR Al o 4E R AR A A xCT/GPx4
I PR R AR EAE /NI BGEVE T, B A2 MS 1Y Il R
RITIRES%

1 ##
1.1 EEUEE

AHEFE T 32 EAL 2847 CMaxPlus B i b % (35 [
Molecular Devices 23 7l ) , ND-ONE- Y #8 1k & 79 Y6 6 &
11 . QuantStudio 5™ %1% a1t B A Wl % [ v (PCR) 1Y
(2& [ Thermo Fisher Scientific /A 7] ) , Amersham Imager
600 AU R Z e iR R 5 (36 E GE/AF]) ,BX53 5
¢ B e ( H AR Olympus A 7] ) , Eclipse C1 % 1F & I
ke ( H 28 Nikon ) )&%

12 FEHRBSRAF

Wi B Z S (415 1902012A1, #iA% 2 mL:0.2 g)
W R s e i 24 A R A W] 5 o8 4 B IR 3R (it 5
F5881) M [ I [ Sigma 2wl 5 il /05 JC J5 41 M 2 14
Bt MOG35-55 (4l 98.19% ) i 7 5% 4 i Fi A= W Bl H
FBRA EIA B KIE G5 BRI (L5 23114 1) 1 [ 35
BD /A A H%HE R (LS LIST181) Il H 3 [® LTST
Labs 2\ 1) ; JR A -FHAT (HE) Y i 77 & i s o
(Luxol fast blue, LFB) % i 44 (3% (4154371 G1120
G3240) 34904 A Jb st 2 E R A BRA 7 5 i 5t &
(#£5 RRO47A) g [ H A Takara 23 7] ; SYBR 99 G 5E
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PCR 5 & (41t 5 11202ES08) 4 [ 8 % A4 MR (1
) By A BR 2 F] s A BECL & e ik & (5
WBKLS0100) 1 F 3¢ [ Millipore 23 ) ; BCA 4 4 & i
& (it PA101-01) 1 [ b 5t 10 7 35 PR B AR A R
) s B xCT HiR (415 ab175186) Wy [ J% [E Abcam 2>
Al BUE GPx4 g BT | B B-WL3 & 11 (B-actin) L
TR (L 54091k 67763-1-1g . 66009-1-Ig ) Y1 [ 5%,
=LY ARAT IR B AE YRR IC i E e e e 3k
HHGIgG) Zht AV RARCH TN 1gG ZHi (it
53 W2 GB23303.GB23301) ¥ [ 5N FE4E IR A= )
PHEABRA ],
1.3 KN

SPF 2% M 4 C57BL/6 /N BR, 8~10 J& #% , 1K it &
(20 £2)g, Wy B FBMN K2 5286 s W, s A 7= 1V ml
UE5 A SCXK (#:)2020-0008, FIF A7 /N B X4 1) 2% T4 M
KSR S0 SPE RS s N . sh LB Ay 4
KBRS 27 S5 Wy PRI FH 22 B 25 o A it ofe , 4tk =
1 2019-KY-142,
2 FHik
2.1 MROH BERSHLY

HF 30 Ui C5TBL/6 /N BB AIL 73 4y 1 5 4 A 7R
H S ERA, B 10 H o B RIEEE 5B 100 mg
BT o AR 10 mL H , F5 58 2V e FH SRR
2 mg/mL MOG35-55 ¥ W W F T, il B i K Bt 2L 71
BRIE R AN , AR /NI T 3NN [EFR AL B T 15
R ALK PR 200 WL A THRE , IFAE G e 24 KA
552 RIE I 5 E H %8 % 200 ng, LA il EAE #5711
(S5 W R /N R 22 D e 22T 4 =1 43 B R A 52 1
IR S VN W R IEE NN ) Y Ra )
WS RS 50 mg/kg™, BR 1 IR B P54 18 K5 1E
LRV /N FRUVE I TR S SRR R A 3K, B R 1R
BRIESFHE 18K,
2.2 INRHEINEEEIES

SR (G Y R B E S 18 K) TR 244
SR N B A B XU JEU L) 5 4304335 /N R T i 3
RESAIT 53, BARBRUEAN S : BHTC T, 10 1435 Ja e g,
10245 5 Ja ORESE , 1 3 435 DU BORESR , 1 4 43 ; WAL B At
T2, 540", e A/NR I BT & Dy Re 0153 (H)
41/ H A DI RE2E T4 B AD o
2.3 Bl

RIRGE LI, 45 20 /N RSt 2 AR AT I W v A= R
KTV B BUEHER KA B2 2, H 4% 258
FH V5 T 1 52 48 h, 5 A S A3 5 ) R (BB 5 wm)
FHF A S0P 5 B AT BE L SR BRI, AR A4S
T 2R ARG BT — 80 CCUKAE FH AR, FH TAH A8 4R
Fariny
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24 IMREBRALRESENRE

B2, 37100 [ 5E B BE2H 2, SR HE Y2 (0 3k i
RAE MR M DL, I8 a0 B bRt T PR - R WLAAE
YA, 12 0 45 B/ BUE RAE LML, 2 143 s R IK i
JORE A B A A AR 10 240 s R A AR 22 L il
343", SRHILFB Y a0 WA BEHH I I 00, T Hctn M b
WEVEATPE4) : JOBER S, 12 040 s UL BB , 12 1435
At AR L 10 2 4 RV FERERE 10 30 /R
B3N] A TSy, BOT-34{A .
25 INREHBELPEE T EWIREY mRNA RikK
e

SR FH Atk 396 7 S) 3R G Bl )1V (qRT-PCR) 2 iE 47
R HR“2.37 3T URAF A A R4 2008 i, A Trizol i
1 mL, 7850020 J5 FE B RNA I 5 Hae B o BURL
RNA 1 pg, i % 5% 4 i cDNA, 8 )5 DLt cDNA R 54k
HEATPCR Y 1S . MR R (20 wL) £ 4 : cDNA #5147 2
pL, 10 pmol/L [ Fi#5[#)4 0.5 pL,SYBR Green iz ffl
10 wL, BaiK 7 wLo KN 540 - 95 °C Fl 48 14 2
min; 95 °CAEYE 6 s, 60 °Cil K/AEf 34 s, FLAFIA 45 K o
PLH s -3- R i U (GAPDH) N2, LUIEH 41N
FRE, R ] 2711144 TFR1 .NCOA4 . Heph mRNA
A A . S A T A TR () ey A BR A
RV IEG B, 51T 9 K 3 - K Wk 1,

x1 S|MFIIRYHEFEYKE

HfrH S9N -3") B S)
GAPDH [4#:GGTTGTCTCCTGCGACTTCA 100
Fii#: TGGTCCAGGGTTTCTTACTCC
TFRI . TAGGCCGCGGGTTCGAG 118
T TGCTACAAGGGAGTACCCCGA
NCOA 4 AACACTGCCGACTGGGTTTT 105
Fii#: AGCTGCATACAGGCAAAGAGA
Heph 3. GCTGAGGGTCCTAAGGAATGGATA 103

Ti#:GCCCACAGTACTTTGAGAAACAGG

2.6 INREFEALAHxCT . GPx4 BB RIAKFR

K Western blot SE#EA 4G . HL“2.37 0 N AT
A REL] 24U i, A RIPA 243 250 WL, iS4 °C
T L 13 000 r/min &0 5 min, #5423 ¢, BT, 2R
BCA B8 WL . R 480 58 1 B ARG i i
FG, T4 m s h A&k 10 min 281k ; BUS M (138 &, F
AT e T TR 14 - SR VN s Tk g 5 e HL Uk, B, LA 5%
RS WA 1A 1.5 h, A xCT . GPx4 . B-actin —47¢ (Fii B
BE4R 27 1:5 000,1:5 000,1:10 000), T4 °CHFF 1174 ;
FHTBST B8 7 min X 34, LA R 4 (R B 2 151
1:5000), &5 1 h; H ECL &G BBt , 8 H
B AR R GRS o K FH Image J #5347 286 11 25 K
FEAE, VA H &R H 5 NS E 1 (B-actin) 4545 K BEE T L
HFR H IR RIBAKF
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2.7 FItEFZE
fifi i GraphPad Prism 9.0 K} i 17 £ 40 53 B 1
Bl o B UL x +s 3R, 240 HBCR B 207 2547
Mr , £H (I P EEA R F LSD-e A6 56 . K6 56 /K E 0 =0.05
3 HF#HR
3.1 ESEIDNRMEINEEEITS BN
5 IE R4 LA, AR A /N RS 6 0T (9 2R H A 222
ResF o 2 I H Rt 2 D RE 0 B E T
(P<<0.01) ; HEIRIA LA, v S R AN R H 223
BE2A VT 2 TR, R T pi 2 Dy RE 217 b 2 R AIG
(P<<0.01), Z5RILE L,

5.0 25 a
P &
Kyo] - mua K20
R35] = wsx4 o
=30 s
3[&’25 I b
g9 2 =
E20 =10
B g
«w L5 =
2 1.0 5
= - =
05 B
0 0
0 2 4 6 8 10 12 14 16 18 20 WA BRA WS HEA

FREREd
AMPZIIRE TS
a: GIEHALILEL, P<0.01;b: SHIAILL AL, P<0.01
Bl HHENREZINEEFTIER (x+5,n=10)

B. R IRe A

32 ESEWNREBAAHSFENEIG

TE 5 21 /0N BB A6 B8 2 40 S0 4N B IR |, BB Y o
A% AR L /N R A BB AL 20 AT DL K 4 i 40 3 i e
FEIR IS B | 9 R 4N 0 1510 FBE 7 B 2 174 340 558 1 5 441
WEFE (P<0.01) ;3% S R4/ EUE fE41 210 iR gE
RSO 58 B | 9% i 40 P 3 T R B A9 0 2 B 34y i A A
2H B EFER(P<<0.01), ZERWFE2 K2,
x2 BANMREHBAARSEFRX TSR (xts,

n=10)
ik THRIEDHRIHT 7 TR AT
i 0 0
i 3311046 344050°
HEEU 1252038 1284037

a: SIER A L, P<0.01;b: SR FL#, P<0.01

3.3 ESEMNREBARADIKIETIREY mRNA K
KR

5IE % A s, A2 /N BB R 40 40 TFR1,
NCOA4 mRNA [ AH %235 i34 B 2 7+ , Heph mRNA
AR e ik i SRR (P<<0.05 5 P<<0.01) ; 5140
Hoag, H2 KA/ BB BE4] 21 P TFR1.,NCOA4 mRNA
B AF G 2k HE 44 S 35 R AIG , Heph mRNA (1) 4H X 28 35 1
T (P<0.053% P<<0.01), 4559 W33,
34 ESEXNNRERALAHCT .GP4EBHRIEN
=10

SR s, B2 /N RS BB 41 21 xCT . GPx4
AR RIA A1 B PR (P<0.05) s SHEEAIA Th#k,
WS RA/NREBEHS P LR E AR F R KE ) B
T (P<0.05) ., S5FULEI3 4.
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LFBJ¢ff,

AOEEH
ST SRR AU RIS ; £ Sk« BERI B

B. BRI

C.ESHRA

2 &HHENFRETEHLS HE FILFB & BHIE (x200)

£3 HANREFEALH TFR1.NCOA4 Heph mRNA
X RIEELE (x+5,n=10)

Fibl TFRI mRNA NCOA4 mRNA Heph mRNA
&S 1.00£0.08 1.01£0.13 1.00£0.06
A 2182005 218015 035£0.05°
WHEH 1144008 1.5240.09¢ 081+0.07°

a: SIEHALLE, P<0.01;b: SIEH 4 L, P<0.05;c: S
LAz, P<0.01;d: S0 1A, P<0.05

xCT 55 kDa

GPx4 21 kDa

J-actin 42 kDa

IEHH b S e WBEA
E3 ®RAEANREFHEAEL S xCT.GPx4 EARIEME

kB
R4 BHNEEFEHLADR xCT.GPx4EARILKTEL
B(x+ts,n=10)

ik xCT GPxd

w4 1.12£0.15 096+0.08

fiAlg] 057+007° 036009

WS 094£0.03 081£0.16"
a: SIEH 414, P<<0.05;b: 5EERIZ b4, P<<0.05

4 g

EAE ()55 B i = 2 S 03 40 i S 4 300 ) R
4 S AE A7~ 25 ik LG 5 Bt A CNS, 178 2 R A BBk S
JOF , RIS R O A B R = 3 5 AT SR T
WS FEAEMT EAE BH ST IT 32 24R vh 7 S 2 240 i S
WA 5 R ) R AE IO LA 5 e 14 S B P A R A4
ST T EAE B Ao i A Ak BARRRAEAFE
REAE U 2 38 BAT (8 2 52 400 28 18 S AN 4 1)
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YERT AR5 [ RERS 52 P A EARDLH v AT A, AR
LA E A SCHR A SEAE -, A MS fry S 7605 B AR 45
JBE Rt A, ARSI 1) B o o S Ak A o7 J i, B 5
SR AEBERE AL VR, 30012 543 T RE 38 2 91 il 2 5
T3k L AERT EAE /NI EGEEAE ]

BRACT f5 Wb 35 O REAE Ry R AL A g ot st e Ay
L, 23 AR #R  xCT/GPx4 18 % 55 I 8, [a] it
0,57 A e % ry e [ R T R AR T A R R I
BRAEAE EROME Bk A, b SRR TFR1 28RS
TR T B A 1, AT Fe' e iz 28 4R A% N 44 P s Fe™
TEAZ PR AT gt — 2538 UK Fe™, i i 1Y) Fe™ A N
PR R BT N AR E Bt b, 38 4 Fenton SO r=
i SN FR 3 PR e 2 Ab A s T AR
TEZF CNS B, TFR1 38 FHE SRS, 5
SO T AR R AR I 5 | A TR Bk A R
1 NCOA4 /1325 20 B PR K 2 11 s 1) ) s Bl A o ke
Ff TR Ui B K DAL P A 1 A, FE 2 CNS 2
I3 Y, NCOAA A4 3 B2 00 7T 38 ik 2 1 1) [ At A1 ok
BRFET-"™, Heph f&—Fi R E ALY , 7202 F 2R A
Aerp LTS B b R R E SR sl S
T M B S 2R 25 5 R A O T B0 2 I T AN ik B
T, ARBFIEZ5 R Bon , 5 IEH 4l b, SR AN B
BEAL 21 TFR1 .NCOA4 mRNA F{AE %23k 534 I 2 T
15 , Heph mRNA [ X 18 5 35 FAIG, W EAE /N
RN BRI AL R ERIE T I T 45 T 5
R, DRIEbRI A R 5 HR 1S Z X EAE /MR
PEAE R AT BB S92 ST R IHA R B TR A

BRBET 1Y 5 — A~ H SRR R R = 5 7K 1T
L GSH, VABUA fig S B35 B A 58 19 g B ad Ak 9
GSH A BE 724 7 2 4 e 3+, B xCT Fi GPx4,
Horp xCT J& — M 28 1R [ ia B A, AT A S A ah i
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Bl 2 R0 D P A 2 R 2 o 240 L o R A 7 S, B s

ot A e i — 2R 51 A Pl AR B G i A~ e 2d e L

FAATEAR GSH™ ', GPx4 S22 it N i) —Fh &5 i

PUAALEE , FLL GSH AR , Al ke S Vs A W b 1Y

i S ACBEAR L U AR B2 XN A B AR i Sl A

e ity i 28 G 2 A, GPx4 TERR 2 JUERAE T H i

KHAEM, B R 2 SEIET" . A5ds i, Ll

xCT GPx4 1Y IKREI AL i ot i S AL S B 5 A, xCT R

W3R T A A5 A o e S A J , S B M e = B S AL B 1

IFIRGIET" . AL, xCT 5 GPx4 WrAlVE T, vl i

i AERFTT AR GSH AT ROKF- sk 48 e Y #) i Jo

A, ARFFEAIR IR, 5 IR 2 R, IR /N R

HREH AU xCT . GPx4 5 H MR KF I35 A, 32

NSRS ZE /N BRI A AT AR A 2 T BB A T 1 B

ZMAE T WS RE,/DNRBHEHLD EIRER &R

IR 2 TR, R BT S RN EAE /N DR 4 T T

il 5 38 2o T 7 xCT/GPx4 3 #% > $2 = LR Bt S fb 7K F-

AKX

ZE F R W55 20 EAE /N BN SGEVE I T RE 5 1A

TRFET T A R AR AR N xCT/GPx4 3 A 56, LA

FE TR B R 25 W) W 2 AT RE AR MS AR S BT

e
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