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St
H E HM KT AFfTad RS TRARLES LR G G o E R IEAM X (BEAE) D RO B EER . ik #5307
Mk C5TBL/6 N R AL A 41 ARV AL B A F 20, 4010 2, BEA A Fof R F 4] RAA R E S 5B A B A2 MOG35-55
HFRILANEF A B EAEBA . A FMR A RIESH T RIS RS A E 24H% (50 mg/kg) , E5 AA KA 280 S
BEAMFRARAERELK FRIRERFESF I8 K, REREMD RV R IFo, AR FULEE YA LELE
o RV UL AR L 2R K It 2 iR VA A R BL R UL, AR i 4 R BBl 4k UK & A Western blot ik A 4G L #4k& & 24k 1
(TFR1) AZ 2 AR FE B -F 4(NCOA4) | B4k 4532 45 8 %% & (Heph ) mRNA o ok 2082 - 5 2B R 6] #5323 4R (XxCT) 5Bt H kL A db )
B 4(GPx4) B G e koL, R 5 EFabE AR R Rt 253285 2275 (P<0.01), AHA L A X Emin
FIAA BRI E Y, AKX T 2 F A FH(P<0.01), M #4022 F TFR1 .NCOA4 mRNA #9 % iA ¥ £ % L9, Heph mRNA #»
xCT.GPx4 % & #) % ik ¥ B % T A (P<0.05 % P<0.01), HAEAZAb4x B A F 40 R ERIEHRH B F R E(P<0.05 K P<
0.01), #ig FAEMEAE D RA — o BCEER , X AA4E A 7T 48 598 3 4k st P a9 SRl 24287 xCT/GPx4 i 38 7 %
KR EAEFIM A S IR K SR PR -5 R R 1) 3 A/ 5 H ARG B AL A B 4 38565 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

2 KM AL IE (multiple sclerosis, MS) & —F L
AESTE [F5 [ RRF 4% B H (No.31870334) ; 4 FX A1 25 22 55 (central nervous system , CNS ) i & #5725 Sy
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] R RHER OO W H (No.222102310346) N .
T YR IRBE L [ e fi 24 L
Bl BLBSE . SO IGIREE 25505 B, )AL IRAE R RO AT R P

Ixy2936@163.com 7 2, ST R AR I I R 7 M SRR R A 40 i Py
# EAEEE EATLI, G S0 W, By kg AHGRIERE, i S BAIAE T CARTT R, Bk
Gy 5 g2 B, E-mail : zhulin66zhulin@163.com FET-RENS AT MS 2 5 Ji Jo 240 i Jt i o, LA e AR 25

EZGE 2023475 34 B5 10 China Pharmacy 2023 Vol. 34 No. 10+ 1177 -



HLAIE R R -7 2R 2 W) %35 1K (system Xe,xCT)/A bt
H KT & AL P 4 (glutathione peroxidase 4, GPx4 ) i 1%
RPEGREFET- RGN R, IEFARET
R B 1 1 %% 2 5 M 32 1K 1 (transferrin receptor 1,
TFR1) A48k [ 0 A 4% 32 AR 238005 IR F- 4 (nuclear re-
ceptor coactivator 4, NCOA4) FfiE i 2k 25+ FhHE A i ek
35 5 B 7 H (hephaestin, Heph ) 3 [7] 4k 43 7 /0 %8 it 5
0 Y R AR S 5 10 2 MS R AR BRRR S M T BV B
L AN TG P S R 7 A, DA T 3 B A R AT, I
ZAF PR BIERE . A ISR Y, xCT F1 GPx4 PR 4
FH K 20 B e S R B i 28 A PN DA B 80 4 e
H K (glutathione, GSH) , J& # A i5 B Bg B il 4844 , 11
HERAET- AW A B, 75 MS BB 35 Rk AT SE 56
H 5 o 95 M ik A 6 & (experimental autoimmune en-
cephalomyelitis, EAE ) ##4 (IZ #5141 5 MS (i URFIE IR
HARRL, R B s R ) /N R RE A 20T, GPx4
mRNA FIE I8 HE AT B R

i 2 3 e N RHE Y 2 M BT R U R Y
— R NE S R, EAA PR PUAR L AREI A E
FH o 25 BN 1 A 5T i AU Ak s g v g2 S 350
R I o A4 A S O A 1 D PRI, AR R g M A o B
T2 ZO D 5 I A B R VR A, e A i FLE A P
A JFRTREAIREAE /NEL CNS rh i 48 SRR VR BE , Ak I i vk
FEA B0 xCT MANEIVE T, BT, At Ul ok
— RIS K B A o R AR S R % xCT/GPx4
I8 ok B XT EAE /N SGEE R , B 768 MS Il IR
BITHRAES %
1
L1 EFEUHF

AW FE T 2 BAL AR CMaxPlus BYEE AR (32 [H
Molecular Devices 23 7] ) , ND-ONE-AY i fif 15 43 66 B
1. QuantStudio 5™ BRI 5\t 5 et 2R 45 Ml 6% S5 v (PCR)AY
(3¢ Thermo Fisher Scientific /A 7] ) , Amersham Imager
600 %1 R Z I RE R R 58 (£ GEAH]) ,BX53 8
D¢ e ( H S Olympus 23 #] ) , Eclipse C1 % 1F & i
85 ( H 7S Nikon 23 ) ) 45 .
12 FE#HmSEF

WS E RS (5 1902012A1, HiA% 2 mL: 0.2 g)
Wy S M e e i 24 A7 BR A W] 5 o8 4 R IR ) (it
F5881) 4 H 52 [E] Sigma 2\ 1l 5 B #2058 Jist o 240 o b B 11
Fi Bt MOG35-55 (4l 98.19% ) h g 5 4 307 3 A= W ) 5
A BRA FIA B KIE G AT I (L5 231141) 1 H 38
[ BD /A A5 1 H %8¢ 2 (155 LIST181) Ity H £ [F LTST
Labs 2 Al 3 9 AKE - 2T (HE ) 42 a5 & B se e %
(Luxol fast blue, LFB) i 4 4 1 (L= 73394 G1120
G3240) ¥ A At T R ERMAT IR 7l 5 7 sl &
(#1t5 RRO47A) Iy [ H 4% Takara 23 7] ; SYBR %¢ 6 /E
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PCR% 7 & (5 11202ES08) Wy [ 2 X A= R ( |
) Wy A BR 2\ 5 8 i ECL & 6 ik & (it 5
WBKLS0100) 1 4 5 [ Millipore 23 ] ; BCA & i it
& (5 PAL01-01) W [ Ak 5t 1 R B ARG BR A
A 3 S U xCT Pk (415 ab175186) W [ 2 [E] Abcam 2
Al 5 U GPx4 B ve PR | BUE B-WLsh & H (B-actin) L
vaREGTAAR (L5553 R 67763-1-1g .66009-1-1g) ¥ F 2
G AEYH A A B AR YRR i E D ek
HE I G(IgG) 9 AV EIC /N 1gG —Hr (it
535 GB23303 . GB23301) #4181 ZE 4k IR A= Wy
BHEABRA T,
1.3 LIz

SPF 2% M 1 C57BL/6 /)N B, 8~10 J& #% , 1A i &
(20 £2) g, W [ FR M K27 5296 sh Wy v, sh W A 7= V8 al
WES 7 SCXK () 2020-0008,, A /N B4 35 T4 M
KEESLR ) 0 SPER S B N . Zh SE e fe Iy 28
RN K 2 S 05 B ) SR P 2% D3 2 W A I v, it oS
4 2019-KY-142,,
2 FHik
2.1 /INRAOYAE BEESEY

# 30 HUEPE C5TBL/6 /)N BB AL 73y 1F H 4H AR A
H WS EA B 10 H o B RIE G5B 100 mg
BT oE A AR 10 mL v, RF 58 2V e FH SRR
2 mg/mL MOG35-55 ¥ W WK F T, il B i A K Bt 2L 7
BRIEE A0, AR AN T 3 AR T i 45T
R KSR 200 WL FEATGRBE , HAE S E S KA
5 2 RIE 5 A H %82 200 ng, LA il EAE £ A1
(S50 A [B] /N B 22 D BB 241150 =1 43 B SR B 78 52 1)
I o WS AN NI IE S T R I UG R s TS
TS RESR 50 mg/ke™, R VIR ERIZEIFH 18 K 1E
LRSS AR 20 /)N B s 3 S SR R A R K, R 1R
BRPEIEH 18K,
2.2 INRHZRINEEFEIES

SIS (G Y R BRI 18 K) , TR 244
S N A A BE XU JEU DL 5 43 PE4332 5% /N Rtk A T i e 3y
RESVEo , BARBRUEAN S : BHTC T 12 1435 Je e g,
102405 Ja TORESR , i 3 435 DU BORERR , 1 4 47 s WAL T AL
72,9850, e 4/ R B D se AT 4 (R
/N H WA D) BE2E 1T B A .
2.3 Bl

RGN, 045 2/ RS 2 SR AT 1 A AR
KGRI B . UMY A B R4 2L, 1T 4% 25
P V5 T (51 5 48 h, 5 B S A 3L 5 U0 R (JEEBE 5 wm)
FHFHEU2E0PAN s T B RS SR BRA I, A TR A4S
HH TR R I BT — 80 °CUKH AT, FH TAH ST 4n
{ioalll8
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24 INRERALESFENE

B2, 37100 [ 2 A B BEZH 21, R F HE Y2 (0 3k ¢
JAE AN MBI I DL, FA2 0B AR AEIEAT IR0 - oA L AR
YA, 100 435 R/ REBUE RAELEML, 0 143 s R BLK =
NE A M SR AR 10 243 KAk i R AR, 1]
353, RALFB YL vk Wi i e 1 00 , 4 dn
WEVEATPEA)  JCBERS S 12 040 s T UL BESS , 12 1405
/i AR 1 2 43 RTE BUBLAERS , 12 3 2. AR/
B3N] A TSy O 34{A .

2.5 INRBEBALA KT EWIREY mRNA Kikk
A&

SR FH S 300 2 Si R Wl SV (qRT-PCR) ¥ 1647
R, BB 2.37 3N VR AR A R 2H 20 &, A Trizol ik
1 mL, FE0 0515 SR U RNA FE E Hok . BUs,
RNA 1 pg, ¥ % 54 1 cDNA, 98 J5 LI cDNA JyH4R
HEAT PCRY 1S . S AR & (20 wL) GL4E : cDNA £ A 2
pL, 10 pmol/L i3 14145 0.5 pL, SYBR Green izt
10 pL, @ 4lEK 7 wLo S 2544 40K : 95 °C i 28 4 2
min; 95 °C7ZE M 6 s, 60 °CiH k/FEf 34 s, TLAFFR 457K .
DLH I -3- B R i 2L (GAPDH) S N2, UIE H 4
FRfE , K 27 “%51H 8 TFR1 .NCOA4 . Heph mRNA £
A ek E . S AE TAY TR R BOA R
RIS IEA B, 5 19 S i S8 =K B WLk 1

x1 S|MFIIRYEFEYKE

HiFiA A5 —3) THFIKEbp
GAPDH FiE:GGTTGTCTCCTGCGACTTCA 100
Fii#: TGGTCCAGGGTTTCTTACTCC
TFRI . TAGGCCGCGGGTTCGAG 118
Tii: TGCTACAAGGGAGTACCCCGA
NCOA4 FiE: AACACTGCCGACTGGGTTTT 103
Fii#: AGCTGCATACAGGCAAAGAGA
Heph 4. GCTGAGGGTCCTAAGGAATGGATA 103

i GCCCACAGTACTTTGAGAAACAGG

2.6 IINREFEALAHxCT GPx4 BB RIAK TR

K FH Western blot VAE#EA TR . HL“2.37 50 F VRAFHY
B RELALSUE i, A RIPA 24k 250 WL, BB, T4 °C
F LA 13 000 r/min &0 5 min, 84 3 U, B, K
BCA W0 8 FIVREE . SRSl i i 1 ARG v
BT, T4 m s A&k 10 min 281k ; BUS M (38 &, oF
A7 ot TR IR - 2R T T e R G P UK, TR L) 5%
JERE Wik £ 1.5 h, il A xCT . GPx4 B-actin —47¢ (i B¢
BEAY 1k 1:5 000,1:5000,1:10 000) , F 4 °CHEE 2117 ;
JHTBST B 7 min X 3 ¥, LA R 4t (B B 22 121
1:5000), %55 1 h; ] ECL & GH B EBG , 148
BEE AR R AR . R Image J 4K 43 47 25 (1 44417 K
FEAH , UL H B 15 NS 11 (B-actin) 2545 K FEE Y 1L
HER H IR RIBAKF
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2.7 FitEFIE

{4 1 GraphPad Prism 9.0 K 4 ¥ 17 %45 73 #7 H-1E
Bl B Dl x + s Fom , 240 00) HL R o 2R 2243
BT, 2HL () WIS SR ) LSD-¢ s . A8 7K 7 2 =0.05
3 HR
3.1 ESEWNRHEINEEFITH KRN

5 1E R4 A, AR A /N BRLUSIE56 0 [ 1) B H A 26T
RESATE 2 LTS BT M & T2 A 1 o i T
(P<<0.01) ; SEIRIA AL, 35 S KA/ B H P21
REAVT I A BT RRAIG , FL B2 P 2 D RE 24140 3 R AR
(P<<0.01), Z5HILKE 1,

5.0 .
- 1A

4.5
Ryo] = woma R 20
SECE R =
ﬁao L
25 = b
£20 1o
& 15 =
= 1.0 X5
e =
0.5 B
0 0
0 2 4 6 8 10 12 14 16 18 20 IER4L BB WS RA

s KA
A MET R4
a: FIER AL, P<0.01;b: SHIRL 1AL, P<0.01

Bl JREANRWENEFITFSEE (xLs,n=10)

BB 4>

32 EEEWNMNRERALAESFENZIE

TE 5 20 /0N BB A B 2H 40 50 AN B I, B A o8
e R/ B BEAL 20 nT DK 8 A 4 i IR i e
FE I BG4 M V= FIE  10 JC 1F A ¥ 35 E 41
BETHE (P<0.01) ;753 Z 4/ BV BEA1 28U T ad i
DRI OH S D38 | A A0 0 I T0E) R A 5 2 17 34 S A
2 RN (P<0.01), Z5R L2 K2,
R2 BEANMREBAARSFREXITNLE (xt5,

n=10)
ik TEREME T2 TR
el 0 0
g 3311046 344£050°
wEEA 1254038 1.28£037

a: SIEFA L, P<0.01;b: SHRL AL, P<0.01
3.3 ESEXNREBAR DRI TIREY mRNA &K
e : b

5 IE W 41 He e, AR R 2 N U B 4 400 TFRI
NCOA4 mRNA A X} 215 53 i 2 7+ , Heph mRNA
R e Ik R i R (P<<0.05 B P<<0.01) ; AR AIZH
L, S Z /N BB #4141 TFR1 ,NCOA4 mRNA
(X 3k ) 5 PR A1, Heph mRNA [ AR 22 34 ik
EFE (P<0.055 P<<0.01), ZEHILFES,

34 ESEXNPMRERAL T xCT.GPx4 EBRIEH
A1)

5 IEH A e, BRI /N BRUE 4 21 xCT .GPx4
AR FRIBKOF B E PR (P<0.05) s SHRIRIL L,
WS RN A REA LR IR A AR K 3
T (P<<0.05), Z5FILIE 3. %4,
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HEJsfn

LFB (s

AIEE
SRR  SOAE AN RIS ; LD Sk < BRI G

B. BRI

C.wZHRU

2 HBHENRBTEHLS HE FILFB & BHIE (x200)

x3 BANREFEALHTFRI NCOA4 Heph mRNA
X RIEELE (x+5,n=10)

i) TFRI mRNA NCOA4 mRNA Heph mRNA
F#d 1.00£0.08 1.01£0.13 1.00£0.06

fiAla] 2184005 218015 035005
wEEA 1142008 1.52£009° 081£0.07°

a: SIEW AR, P<0.01;b: SIEF A HLE, P<0.05;c: SHAIZ
HAE, P<<0.01;d: SHRA HA, P<<0.05

xCT 55 kDa

GPx4 21 kDa

J-actin 42 kDa

s Hmg
3 BHENBREWELH xCT.GPX4EHFRIEZHWE
ik

LE il

F4 BANREHEAAP xCT.GPx4EARILKTLL
B(x+s,n=10)

Eikil xCT GPxd

%4 1124015 096:+0.08

| 057007 036%0.09°

WS 0.94£0.03° 0814016
a: SIEHH L, P<0.05;b: SHEEIZE [LAE, P<0.05

4 g

EAE B BAIL i 3= 222 G5 40 i 5 56 80 I R
4 S AE A 1~ 25 ik L i o B 2 A CNS, 8 4 S R S
O, T S R OV R R R P R B ARG T
WS RAEMT EAE BHE AT ST 32 2 AR vh 7 S i 40 i S
W 5 R ) JRAE SV LI A 14 S8 A A PR 444
ST Y, T BEAE AR R 2%, BORBRTERT ST
REMS UL W] 7 2 38 BA e S2 A0 A R A8 S M BB - 10
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YR AR SCT 5 R BE RS 32 100 0 BB i RIS . AR
FIZLTE B8 SCHR P LA [, DA MS (1% JLRL 5 B RS B
J R 0 &, DABRARS A 1 Big ot ot S Ak ol ST R B, B
S RACHEI AL BOVE T, #0120 3 T 38 o 410 1 B
TR BN EAE /NI MGEVE R
BRAET i i 2 A R A RO P g ot SR A 3
P, B8l 2RS4  xCT/GPx4 i % 5 3 T 8, [ml st
7 LAt B 1) S [R) AR R I T A R AR AR
BRAGAT AN R AW . Foh AR Y TFR1 2 4RE
TR B T, AT Fe' #E 1z 2 40 A% N 4 b s Fe™
TEAZ A AT 0 — 2538 T Fe™ |, aid 2 1Y) Fe™ A%
PR M5 PN ) AR it |, 38 ) Fenton Ji2 1 7=
v S PR ¥R PR 3, B 2 Ab AR T T AR Ak
TEL R CNS P, TFR1 S 3 THE S gkia s, &
g T P A HE RN | A o O Bk A R
I NCOA4 /1324 21 il PR K 2 11 i 1) ) Wiy A o e
it IR Ui B R LAABE AL F ¥ 2 B, #F 22 b CNS 56
I T, NCOA4 Y 328 B T TG T3 0k 2 11 %) o ik O sk
BRAET", Heph j&— R 2R APl , 7R AR SE 4R |
YEF5 P TR AS (R i AR rp R HE T B L T2 B
T P 1R Bl A 23 52 Wi R A0 T 9T 5 200 2 e 5 40 Lk
O RAFFE A SR BR 5 IE R A A B R AL /N R
BEZH A1 TFR1 .NCOA4 mRNA HAHXT 335 5 14 i &
15, Heph mRNA [/ A X e 18 i i F FRAIC, B EAE /MR
RNAAAE BRI R ELE R M BRIE TG T 48 T 5
Fi, LIRFRbR I B SR S RN EAE /DR
AR FH AT BES 12 o X BRI R AR TR 1 A O
BRIET B 55 — A~ EE B RRAE R B = A8 7K AT
635 GSH, LABIAS B K i) V8 B A 75 19 i o oot 804k ™
GSH B9 & Mg 2 & 2> K4y 1, B xCT f GPx4.
Horp xCT e —ME IR iz A, vl A S Al s
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O 2 R R D P A 2 2 o 40 L o R A S, B s
ot 2 I i 2o — ZR 9 Y O S I i S A~ e 2R L H
T MBUEAR GSH™ . GPx4 220 ML A i) —Fh &k
YA ALmE, FoLL GSH AR , al e S Vs A W b 1
i S AR N A DR R N RIS b A R o i
AW & 2 OCE 2 b, GPxATEM & T At T bk
KEAEN, gk 2 SEBIET" . AH5eds i, Ll
xCT GPx4 fRIK BN ot A A SO 5 1 , xCTRHL
W) P A 25 i e 2 B B, 5 B M sk = T S AL B
FEGIUEZRAET" ™, AL, xCT 5 GPx4 W [FIVEH , 7T 38
i AERFT AR GSH YA ROK - Tt/ 40 i 4 1) i Jo
A, AW BN, 5 IR AL, BRI R
B REALLUH xCT  GPx4 8 YR IK K14 B EFEAR, 42
ANASERLZE /N B A AT S AR A TR AE T Y B
LM T WS RG /DNBHEHL D FIREARE
K-8 R 2 TR, R S X0 EAE /N B R 1 FH AT
AE 553 2 T 7 xCT/GPx4 38 R 4 2 HLIR T A AL K-
AKo
25 TR, W 2 20 EAE /DRI BGEEVEHTTT g 51
TRBET P PR AR A xCT/GPx4 8 AT G, LAk
FET A HE B 25 W T K AT RE AR MS AH S F 5 Y BT
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