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rRE N R A A R R B SR AN BE TP FR BE B, LU T TE X 2 2 28 5, 100853

[(FE] BH R4 BEFaBid 7 e fmeER AT . ik K48 X C57/BL6 ) AR ALY A =
a4 (127) fedda (36 %), &AM REL 1 AR ES1-FA-4-FKK-123,69 &% (MPTP)
30 mg/ (kgd) #& L EMPDDRAER, FEB R 36 R DR BRI, B ANEE B, k5T
THpRI AL, B 128, ANFELBEAL TARTERBEGR3 g (ke-d) ER, TR A AT T
Fp4) A Liproxstatin-1 7% 10 mg/ (kg+d) AR EH, £OBFRA ML T EMKI0ml (kg-d) EF, ¥4
Blxk, £428, 2HELERENE2RENY Y EBfF BT AR D RATAFNRK, FsEmEi
Bl 2R R B (TH) PRk, Anlim 2R 4Ske ik (GSH) ., 4-FBAFTHe: (4-HNE), 45T
(Fe’*) 4 % £, Western-blot ## RT-qPCR 4 0 fi Z R L = A X B FHE R B AKR K #HE T R A 11
(SLCTA11) . Bk AL hBE4 (GPX4). BRAAHES A & B K4t F ik ) 4 (ACSL4) % & Z mRNA #9
Rk, R Hraank, #AADREV Y EETEHERELELE, FHRANZHEIC, HobatE 2
R, FASHEBRPFEEK, TR, FATFERK, mEZMRTH AL, GSHAF & SLCTALL,
GPX4 mRNA & & & & ik 4Kk, 4-HNE, Fe*4 % . ACSL4 mRNA A% 9 k7% (P<0.01), HSAR 201k
B, AANRF B REH SRR YR EIG M, Fber A g%, Fm . FREMm, FETFER

AN IRE T TH M £L . GSH A2 % SLC7ALL. GPX4 mRNA 2% & £k 9%, 4-HNE. Fe*4-% . ACSI4
mRNA B & & kA Bk (P<0.053k P<<0.01); &R A AEZh ERARLK . T3k F¥gm, F K
Fe, fEEZJFTH MM £k . GSHA 2 A SLCTALL, GPX4 mRNA &% & £ 7%, 4-HNE. Fe*4 % . ACSI4

mRNA % & & F35 B1% (P<0.05 3% P<0.01), 43634 745 48 5% e Bk A4, GPX4mRNA £i4
& (P<0.01), AREMAFLZFH AL FEL (P>0.05). HFi AN & LHMAE T b4 R THEAL
B EBEIE L O IRAZE AR T, REANLEE, AmEEEFHEEN.

[41A] wsfom; AMEE B, BER; KT T, SREK

P4 7%% (Parkinson’s disease, PD) 2—F4F FKAF T fl & AR AR i AE TS . PD rR R R
W HCHME | R MR AT ISR, £ (DA) B AR T | A8 E Kk S S 1
il 2 775 M B T L0 BB TR~ IR A B B A AR RIE T IR AR I T A PR Y A B
AR R Y -2 % B 11 (amsyn) TERIZIE I TEBFFEUER , 4h B30 il U238 77 PD A7 3
SR B, S S R B L BRBE TR WURL, 5 HAEPE259R) AR LE AT I 2 g 3k
AR K (GSH) WA RAZRIEIR, JER PR JE, TGRSR TR R
TR BT, f5e 2 IR TR ok ey R SR LA AN I ILBURE XS PD /I BUDA #2870 R AE
TR, TR O i IS0 % PD /N B
BEE&WHE P AR B G AA T4 WK P R (R 24P AT REVE FHLA] . ARG T8 i 4 1 e

B R B 2GR SR 5T AA TR (3 TA) Wi H ) )
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1 MREAZE
1.1 %z

fdt FE 1 P SPF 9% C57/BL6 /)N 48 H, 8 JE i,
WF (18.0+2.0) g, WA o E A R 46 =
BeSegushyy ey, SRS . SYXK (%)
2017-0019. AEFFAEE . WAL 21~23 °C, 12 30%~
60%, TRFF12h ARG R, HORME R 21k,
1.2 %

B LT AR 2 A 5 e o R S 2R o 4
fit5 . KL L2016002, FiA%: F4810g), 4n: W
MAE1S g, BN 15 g, HAT10g, PEB15g, A E
W10 o K AN B I I URL I TS 2R AR K AT R
E, RELYRUIENO0. 3 gml, HEFEIANHRE T
Wi, 4 CREAFE& M o BRFET- I 7 Liproxstatin-1
¥R (APExBIO A, #t%5: 950455-15-9, #iAs:
50 mg), S0mg Zj¥¥% T 2. 5ml DMSO  (HF i ¥ Ji
20mg/ml) , HF 2. Sml BEAK KN A 15ml PEG300,
5ml Tween80. 27.5ml ddH,0, E2) ¥ )5 W E H
Img/ml,

1.3 ZZXA5MNE

1-F e 4- K % -1,2,3,6 DU A L e (MPTP,
APExBIO AT, #it5: 23007-85-4); DMSO(#t5 .
0231) . G E 24 (5 : B0O500), Tween80
(HfIt5 . STS0204-1L), Sigma /A #l; PEG300 (it
Y51 S6740), Selleck 24 Fl; MR (PH6.0) $ili
BEw (5. 61202), HHAEDRHEABRA A ;
BCA i # & (45 . PC0020) . TBST (it .
T1081) , Solarbio 23 H] ; 4% Z R W (#t 5 .
G1212) . DAB &0l & (5. G1212-200T) .
HARERW (5. G1004-100ML), Servicebio 24
Al; GSHIAFI & (5. SG2799) . 4-BIEEFTH
[ (4-HNE) K& (5 : SG9191), SG Green
qPCR Mix (#t5: Q1001L), JbaifFiti4 kYRt
HARAF; Feilila (LR AR A R
ova], it R22186); MREMRFEILES (TH) —3t
(#it*7 . 25859-1-AP) . ¥ B2 AR 0% 7 W 51 11
(SLCTAL1) —Fi (5. 26864-1-AP) , A H Ik
HEAYIEE4 (GPX4) —Hi (5. 14432-1-AP),
Proteintech A A 5 BESEHH N A A Rl 1 5% 5% B8
4 (ACSL4) —4i (MEH1EAY TRARAHE, it
5. A04372-2); Trizol (#it*5: R1001) . RNA #2
Bkl (5. R1002) . kA& (.
Q1010) . RIPA 2@yl (L5 : W1001), 1 [ Sino-

Gene 23 H] ; ECL & G (Engreen 23 Al , it :29050) 5
B-actin (Abclonal 24 &, #t5 : AC028) ; HRP 4 e
IgG —HT (it 5 : SA00001-2) \HRP 47T fl TeG ¥t
(#it5: SA00001-1), FEEPTGCAH .,

UKL (LS. JY-300C) . 564l (5. JY-
ZY6) . BERHUGE FR S (Al JY04S-3C), dbmih
AT UK A R A B OR300 IR 8
(HAJEHEAA], #IS . Eclipse Ci-L); EEAY (3£
EMAR A H A5 :680) 5 R ERESOHL (SIGMA 2
Al Bl 3K15); 4006t (Eppendorf 24 7],
#1%5: BiophotometerD30) .

1.4 Zhihmn, EERLH

H4 48 H C57/BL6 /)N B4 R B AL AL 7 R 1 40 0
212 AR 36 H, 4] T 3 mg/ml
MPTP %5 30 mg/ (kg-d) J& H& 1 5 il 45 W2 24 PD
ANERABERY 7 28 (AL VE ST 0. 9% AL AN W 10 ml/
(kged), BH1K, L1, &E)5NRHHE
RAMRSL . B, ST R S R ED R A
7 B AR I ) 36 /DN R e I Bl LA 7 vk
G ONBERYA | AN ORI ZH . BRBE TR R 4
R 12 Ho Fe BRSNS 800 i R EGETH
B RN I AURLZE TN I I 259 3 of (kg d)
WY, gt MR Liproxstatin-1 W10 mg/
(kg-d) FEMEFES, 25 FHAURBIRILL T 2818 7K 10 ml/
(kg-d) HEH, 4 H 1K, #2224,

1.5 MEIARA T &

/N PGSR B SR 2 REFT AT M2l A7
RS R, SR 1% S 2485 (0. 5 ml/100 g)
R SRR /N B, B I 0 IR T 0. 9% S Ak
BRI, VORI E SR ISV, RIS
i s SR, E R A Y IE P RS T mm Ak A
AWASTIR, W0 7 2Z [ iy e 1 g 28 2 B B8 5 e 78
FDITAL,  JFAR R A 7 A o Ao L i o R Jo %) AR
B, HErIeus, —#45-80 ChF, HT
Elisa. Western-blot, RT-PCR B ; 55 —343 ]
4% 22 R WE [ 58, FH TS Ak 0 A T
1.5.1 47434 W55, SCRErk /N BUk
A AL B 4 B G Y 10 min, 55 N 45
JEATHW G528 i R 50, WA/DNRBS S, REE
S B PR 2, I AR ESL SRR S min, I8 2R
SAAT/NEY B Bhis Tk, 1S3/ RIE 3 SR
PR EE . EER IR A SR bR, BT /N BB IE 3
e

AT o AR TERE T, A
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90 cmx4. 5 emx10 em AYFHIE , JF7ERRIE 4 H AN
FEEERY AR, MHARREE /N BT I R PR 21 55
K, A L D — ity 0 1) ) — v s R ) R R R R
B, BEEE3NIEMTELLAIED, RN EdE:
$i (a) =HSBAGMIPIENEL N E R, 2K
(b) =ATHYIE B R AL, e=[RIMIAH S W A ED i F
PR, d=ARAB A A M P I ED -2 B S, P
HBAEFHB=0. 5-d/c

1.5.2  Segatebm i 2 R 4a 4 TH T30k % B AR
AE WUEE T 4% Z R W h ik B BT 24, i
TEMEY R, &R ORI BIIK 5 min, H Bk R
(PH6.0) i J7 & & W B i m#A4b 3 ) |-, DAB
A FE T A RO 15 min, 75K K & Y4 2 min,
B RK wpPEfe SRR R B, R, A
BERRAEENE, IR THE B (1I0D) A% X
R (Area), B TH -GS RE(E.

1.5.3 Elisa &40 i 2 4042 GSH., 4-HNE., Fe™
822 FRIC10 mg MR BT 2L, 7800 2L 1
H, BCABEAGINGR FIWREE, AR ) G20 R B
7E GSH. 4-HNE. FeMyMOGRE, Jf4& Mk 5%
R Z B P RIS GSH, 4-HNE, Fe™ &
AR,

1.5.4 RT-PCR # # | s 2 J 20 2% SLCTAILL,
GPX4., ACSL4 mRNA & ik iz i Trizol iR 50 M N 22
FrHZUP SR ICRNA, U GE RNA Ve B2 K4l g, JF ™
K 4 TR S U0 DR L0 5% 5% ¢ DNA, AT )
F12xSG Green qPCR Mix, #1815 pl (9 Fe 2 iR
%, WEAT40 P HEAE R (95 °C 10 min, 95 °C20s,
90 C30s), SIYMALEEIEEEYARA FA L,
B-actin: I Jif GCCAACAAAGTGCTGTCTGG, Fiif
GAGTACTTGCGCTCAGGAGGAG, K J¥ 131 bp;
SLC7A11: i TGGCACTCTCCTGGCTTACT, Fijf
CTAGCTCCTCGGTGGTTCTG, K 110 bp; GPX4:
| % ACTGCAACAGCTCCGAGTTC, F ii# CGAT-
GTCCTTGGCTGAGAAT, K J# 93 bp; ACSL4: I ijf
ACCGTCCCCTCAGACACACC, T ¥ TGTTCCAG-
CACCACATGATT, KJ# 94 bp., H45 5K Ciil R

FH 2t A 43T, I HUA T IR B AR ek o
1.5.5 Western-blot & # | fix 2 Fr 28 22 SLC7A11.
GPX4, ACSIA4%& & & ik FREC10 mg i B4 4,
RIPA Z&fift W TV 10 /INR 2K 50 40 0 5 284 i, B0
B, BCAEIME & A&, AR A
marker 7309 FAEJG, #3647 SDS-PAGE 3B &EH, £
IRE M, (S rTk . HERR AL UG AR IR £ 4 5
Je 2, B AXT R B marker 575 2 PVDF I |, Jf#
THEWTIEE L h)E, 25 A—$TACSL4 (1:
1000) . GPX4 (1: 1000) ., SLC7A11 (1 : 1000)
4 Cit &, TBSTHEE 3K, BIK10 min, —HT (1:
3000) #FE 1 h, TBSTPEH 3K, £ 10 min. i
INECLZGH, XA BEGER, Image ] 6. 05K
P AT IR BE 53T -
1.6 %it¥Fk

K HI SPSS 23. 0 Ge it A AT Budla o b, it
TRF A LS UYE R EE (3+s) Fon, 4l
)22 5 R R R Ry 200, dlin 28 2255
B >R FH LSD K56, 7 2 AN550F 2K Games-Howell K6
55, P<0.05 HZESFAGIFE L.
2 HER

2.1 R Ry YRR

F 1w, BIRAL/NREE A 4L/ Rz Bl R i A
g, P EBLREAR, bR EER (P<0.01).
SRR A, DB I U 22 Bl R B R K
Y EEREIN, w kR4 (P<<0.05 5 P<
0.01); FRFET-AMHIFI4L/N oz oh B R e K |
Pk FERE N (P<<0.05), #f1kia] 22 R I0 g+
B (P>0.05) . BRICT I 6 550 415 40 5 % 1 4
PR, FHEmERH LGRS (P>
0.05).
2.2 ZBWRF SR ILEKR

K2R, SEHAE, BAIAH/NRD T
K, BREUN, PEERREL (P<0.01)., 5
BRI P, #0020 /) BR 2D 5 Il 4
A K AR RN (P<0. 05 5F P<

F1 HUH/NEY G R LR (x+s)
215 U 12 8 B R em SA4 P fem s ™! 1B ] /s
E{EE 12 3579.28+823. 45 11.93+2.75 54.70+11. 51
BEAIZH 12 2234, 44+557. 81" 7.45+1. 86" 77.19+11. 60"
AN I M ASURE 2 12 2909. 99+361. 11 9.71=1. 217 67.73+7. 55"
BRIE TR 2H 12 2718.23+377. 42" 9.061. 26" 70.03+9. 18

H:oa) SEAYIHE, P<0.01; b) SHEELE, P<0.05; ¢) S, P<0.01,
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0.01) ; ZRIET-AHIFI A KB B K (P<0.05),
L5 BB ERFRERLGIFE X (P>0.05),
BRAET 300 2 5 B I Ok 4 e A, AR bR
TGt EE L (P>0.05),

2 AL, R A (%£s)

211 531) BB i lem HK/lem R RR
S 12 2.7420.21 7.63+0.28  0.12+0.01
A2 12 3.39+0.24" 5.50+0.24" 0. 160. 03"

A IMBURZL 12 3.19+0.23" 6.31+0.457 0. 14+0. 02"
BRIET-HMHIFIZL 12 3.28+0.21  5.84+0.33" 0. 15+0. 02

TE: a) HS=EAHILE, P<0.01; b) SHEIHILE, P<
0.05; ¢) SBIHILIILE:, P<<0.01,
2.3 Aw o E RS TH-F ¥k % E L k&

Bl 1R CEEE A SC e 38000, 251
2 PR 5T B8 R TH BHPE 20 B e A e B i e, HES1 2
SJEUR . BUBSZH TH I PER 2 oo LR g /)N, RS i
Bii o 0BT I0LASORE 2 TH PH A 40 i A 45 a2, HE
HIESE, TH MM ZooE S8 TR . St
HilFIZH TH B AR E S 58 %, AT . R37R,
SIE R A AL, BRI /N BUTH -2 0% 25 B2 (e sl b
(P<<0.01); SHIRIA AL, MBI MATRIZH | Bk
FETMHNR /N U TH P B A B3 2 (P
<0.05 5 P<<0.01); ERACT 57 21 -5 b 5 135 1fi
PR B, BHEBY LRI E XL (P>
0.05),

FT3 HUUNEERT TH - EDEREME LA (s)

215 B TH V- BC%
2 HAH 12 0. 383+0. 03
I ZH 12 0. 314+0. 03*
AN M ASURL 2 12 0. 362+0. 04
BRAE TR 2H 12 0. 346+0. 03"

W TH, BRERALEE.

a) SAPALE, P<0.01; b) SHEMAHE, P<0.05;
c) HEAA LA, P<0.01,
2.4 B RMEE AL GSH, 4-HNE., Fe*4 %
2et:sd

R4, SEAHRE, BN GSH & &

L FERIZH

BB FEME, 4-HNE. Fe R ETHE (P<0.01),
SRR Hds, AN I A 2 AR BT T 5 21
/N R TSN GSH & & T, 4-HNE, Fe™' &
HFEL (P<0.058P<<0.01). ERAET 7245
BTG BUR L LR, SRR E R R E
X (P>0.05),

K4 HH/NRIKNEFHL GSH, 4-HNE, Fe* & L4

(x+s)

20 51 % GSH/ng'ml" 4-HNE/ng-ml™" Fe*/umol-g’'

23 4 12 12.00+2. 12 265.13+21.93 8. 97+2. 66
FRAIZH 12 6.48+0.59” 355.51+36. 51" 18.96+5. 17*

ANEIGMBURIZE 12 8.3621.29° 316.45+18. 197 12. 05+4. 44
BRAETMRIFIZE 12 9.20+0. 33 319. 14222, 617 15. 12+4. 51"
. GSH, AT IK; 4-HNE,4-238 3 TR Fe BB T
a) a4 HE, P<0.01; b) SRR HE, P<0.05;
o) SR LEE, P<<0.01,

2.5 BRI Z AR SLCTALL, GPX4, ACSLA4
mRNA #8353k & ik

K5, HAEAALE, BAZH/NRSLCTALL,
GPX4 mRNA Kk W] AL, ACSL4 mRNA Kk
WAE (P<0.01). SHEAIA R, #ME G il
AL TR FE T 00 590 28 /) BRUBR 8 BT ZH 41 SLCTALL
GPX4 mRNA iAW i 5, ACSL4mRNA 33k W]
BFEE (P<<0.058P<<0.01). SEkFET 4720
FeA, MBI 50k 2H GPX4 mRNA FhRE(% (P<
0.01), HpKIERHLGIT#EL (P>0.05),

K5 HU/DNRKBFEALISLCTALL, GPX4, ACSL4

mRNA FXF ik it iR (2744 )
45 BE  SLC7ALl GPX4 ACSL4
25 4L 12 1.0120.21 1.010.17 1. 00+0. 26
REAIL 12 0.67+0. 13" 0.15+0.05"  5.90+4.33"

ANEEMPURIZE 12 0.9420. 28" 0. 64+0.07° % 1. 69+0. 48"
BRAET-MHIRIZE 12 101120, 139 0.87+0.08° 2. 06+0. 43"
e SLCTALL, WRAARZE 7 LG 11; GPX4, &M H it
FALYITG 4, ACSLA, BRAEHERG A & R BRI 5 4.
a) 545 H41HE, P<0.015 b) S HH, P<0.05;5 c)
SR LR, P<0.01; d) SERFET-IMHI L LER, P<0. 01,

BRALT -l 77 4

B L ATORE 2
B 1 A4/ B R TS 2R Ak (TH) BIdEppa T d b e ass R (x200)
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2.6 BRI LAAELSLCTAIL, GPX4, ACSL4
E G AR kiR iR

Foon, SO, BRI /MR SLCTALL,
GPX4 1 A XS RIA AR, ACSLA 2K AR 5k
wIA R AR (P<0.01). SR, #NETE
ISR, 2 AR FE T H0 i 550 2 /N B SLC7A11, GPX4
AN PR T, ACSLA 2 RN 2 ik I ik
M (P<<0.058{ P<<0.01) ). ZRFET-#HIFIA S
MBI ORI ZE LU R, SRR TR R E L (P
>0.05) o 5% 41/ BB it 4 21 SLC7A11, GPX4,

ACSLAHE FHHLTKEI WA 2,
R6 SH/NRINBAELISLCTALL, GPX4, ACSI4 HEH
AR Rk T B AR (x+s)
ZH 3] B SLC7All GPX4 ACSL4
IEE 12 1.00£0.05 1.00£0.13  1.00+0. 10
FRIZ 12 0.59+0. 14" 0.33+0.23* 1.8620.25*
AR IMBRIZE 12 0.99+0.297 1.17+0.32° 1.57+0.22"
BRAET- MR 12 1.1720. 16 1.46+0.24° 1.44+0.15°

e SLCTALL, W FAARKIE T 11; GPX4, AWt ikt
AALYIBG4; ACSLA, PESERHESF A A OB EE 5 A 4.

a) @Ak, P<0.01; b) SHEA L, P<0.05;
c) SEIMA L, P<0.01.

SLC7A11
— N w— — 7O

arxs S —-— - - 17KD

ACSLA [REE s S Wae  790

AU B RN AL BRBET M A2

W SLCTALL, #RFE T AH OGN 7 4 i 2R K% 7 1 0L 11
GPX4, SMEH KL E b YIEE4; ACSLA, BEILAHET A & UK AER
BG4,

B2 A4/NERREHLSLCTALL, GPX4,

ACSL4 R AT ik & i

3 iFig

M4 AR A4 R B, T BEAERRZ O B
WE”, HARAE AL R B R s o B i DR ik AH
i, 5 OBET EUIHDC, JRFMIRERR . 125 YrhE
GRS B Y, Bk PD AR K LU RS
AR ELE R, A, TGS, TREUNBE
AT, MIKANTE, 4k & oNEGE, RS LU E
T 0B 2F a2 o N T S0 LA RN B IEORS 45 ik
W I AR SE A KD, e KRR L L R R
B AR IEAE, A2y FEE L RATE AR, hE

2y PG AR TSR, gy, 152
AR ERG, AN E TR M2 R, AN IR
R E B I B AE 803 PD SRR Im K 48 AR S5 O A
R AR A S vt R E S T 58 A £ R PD /)
BT, R 2F a-syn A, TR S0
SET7 I DA M Z TR BRI ER] e ARBFITE
ok W3 S A AR 25 00 B 52 56 55 22 A B B9 AT Ol T
fli, Bos T PD R/ Bz sh AT o B b
FiIEBTAIE S, DL A SR L e R A
PR T ANE I 190K A Liproxstatin-1 15, B g
B35 PD /N B RIS SR G IR AL AT R, R
PD/NERPRA BE 7 A A G sh i, HoANE I
B A Liproxstatin-1 RORAE Y

TH 17 M B DA 2 il PD R & 5 1 8 22
FEIE, TH B IAZKF- AT DL EHRZ M0 DA 15 i,
S S PD ™ AR Y EE SRR T o AR 4
RN, PDBIEUNGR TH 2K, £ DA M2
JUR P E . ANEF IS MBS0 AT Liproxstatin-1 1 HiJ5
A4 TH KA, R DA W&oz, DL R4S
KW, MPTP i #5500 o AR/ )s BRUIG 2R 5T TH PR
ik, 51T PD W MALZE SE R . T AN B I I 0R
F Liproxstatin-1 #J 0] DLiE i $& 7+ TH B9 583k, B om
DA M Z LI AL, FBE— 2 BE DA BER &I 3L
e T iz Sl A

REAEAFST W s, PD KRR SEFE T
FEEDIRAOC, BRAET AR R A0 T 1 —Fh G B
AT, BMAIT R R EZERE ., MPTP
SEVE S 2E PD/NERBY B I ZG W 2, R R IR
FET I PD sh WA & 28 MPTP i 1) . BRFET
TR Liproxstatin-1 B8 78 AR v 22 Vi 1] 41 i) 2k 5
T2, REIE AT I 5k, T H A 28 2 R0 % 240 Jif A
T-G T4, PR A 5255 3% H Liproxstatin-1 41 ]
BRIET-HEATAISE o GSH BY-A W32 AR5 A BRAE T 11
KHERTY, Fe BYRAE T LBEVEGIL T L E AL
&y, IR A AL 0 ik ) 4-HNE BE R IR 25
FR A B AET P, GPX4 i $2 LR J5 i B
il (LOH), dhefe 1 kad 28 5 7E 5 B Ak )
HE B BR B, BT R P BR AE T AR Y
SLCTA11 52 e MR/ AR B ) e am Ak rp 4 3¢
YOn IR EE AL, I SR e 5 R
2 T AE GSH #Y& ih & 8 AR T ™0 ACSLA4
SRR AR IR, SRR AZE S, IR HEAAE
A VIR AN F IR, 5 BEARE £ I e LR i 1Y)
SUN:- =K LA N (1175273 A
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AR AR BN, BB N RS IE A

o, MR GSHKF-FEAS, H4-HNE, Fe* /K F-T)

B, SRR GPX4 . SLCTA11 2 [l mRNA k7K

B R R, ACSL4 8 A mRNA &35 B, i

Liproxstatin-1 T f5 Al B i %% FiRek s, UiB] PD

/N BRI i SR A A Bk i AL R OE Tk AE T

&, DAMREITHY ZR PRIET IS o b BT 109

BEHUR, SERE TSR AR 22 = A Gy

B, VEUITESN I DA fi oA T 05 1, T IA )

5 Liproxstatin-1 % [R] 55 T PR o MBI I 90k: 21

/N GSHK W T, 4-HNE, Fe™ [T 2 5

ik, GPX4, SLCTA11 & 1 FI mRNA ik W] 2 &

THARIZE, ACSLAZE I mRNA AW 0 R, 3

AN 3 ILORL A e 22 R4 BILRD T RE S s A

K S B e i E AR, BRosE R o Y 2% B BR

5, T 4 s D RN Y o B 4R Ak, e 2 BHIB Bk

FET-IRARAT K o

g b, DB i B0RL AT ) 2 M PD AL

BRI AR R AT T, B A K-, AT A % Ao

SR RIVERT, R ANE TR M BORLIG T PD SR ML TS

Bt o AHARSZEG 70 20 ARV AN [R50 B X 25 ) Tk

R, R OK AT — 25 WA ] 3 B 1) T PSR

TN K — A7 e A FATL AR

Sk
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Effect of Bushen Huoxue Granule (#5351 %i%:) on Ferroptosis of Dopamine Neurons in Substantia Nigra
of Subacute Parkinson's Disease Model Mice
LI Chen, WANG Peng, WANG Liang, WANG Xuelin, LI Shaodan, YANG Minghui
Department of Traditional Chinese Medicine, The Sixth Medical Center of Chinese PLA General Hospital, Beijing, 100853
ABSTRACT Objective To investigate the effects of Bushen Huoxue Granule (%5 3% M Wik , BSHXG) on
Parkinson’s disease (PD) and the possible mechanism. Methods Thirty-six successful modeling subacute PD
mice prepared by 7-day continuous intraperitoneal injection of 30 mg/(kg-d) 1-Methyl-4-phenyl-1,2, 3, 6tetrahydro-
pyridine (MPTP) were randomly divided into model group, BSHXG group, Liproxstatin-1 (Lip-1) group with 12
mice in each group, and another 12 C57/BL6 mice were taken as blank group. The BSHXR group was given 3 g/
(kg=d) BSHXG solution by gavage, while the Lip-1 group was administered with intraperitoneal injection of 10 mg/
(kg-d) Lip-1 solution, and the blank and model group were given 10 ml/(kg-d) distilled water by gavage, once daily
for two weeks. The behavioral performance of mice was detected by open field experiment and gait analysis, and the
positive expression of tyrosine hydroxylase (TH) in substantia nigra was observed by immunohistochemistry. The con-
tents of glutathione (GSH) , 4-hydroxyisononenal (4-HNE) and ferric ion (Fe™) in substantia nigra were assessed,
and the protein and mRNA expressions of ferroptosis related factors solute including carrier family 7 member 11
(SLC7A11), glutathione peroxidase 4 (GPX4) and acyl-CoA synthase long-chain family member 4 (ACSL4) were de-
tected by Western-blot and RT -qPCR. Results Compared to those in the blank group, the total distance and ave-
rage speed of mice in the model group decreased, and the resting time increased in the open field experiment; the gait
analysis showed the step width in the model group increased, while the step length decreased, and the gait variation
rate increased ; the TH expression, the GSH content and the expression of SLC7A11 and GPX4 mRNA and protein
decreased, while the contents of 4-HNE and Fe™ and expression of ACSI4 mRNA and protein increased (P<<0.01).
Compared to those in the model group, the total distance and average speed of mice in BSHXG group increased, while
the resting time decreased significantly; the step width was shortened, while the step length increased, and the gait
variation rate decreased; the TH positive expression, the GSH content and the mRNA and protein expression of
SLC7A11 and GPX4 increased, while 4-HNE and Fe™ contents and ACSI4 mRNA and protein expression decreased
(P<<0.05 or P<<0.01). Compared to the model group, the Lip-1 group increased the total distance, average speed
and step length, increased the TH positive expression, GSH content and the SLC7A11 and GPX4 mRNA and protein
expression, and decreased 4-HNE and Fe™ contents and ACSI4 mRNA and protein expression (P<<0.05 or P<<
0.01). Compared to that in the BSHXG group, the expression of GPX4 mRNA in Lip-1 group increased (P<<0.01),
while there were no statistical significant differences in other outcomes between groups (P>>0.05). Conclusion
BSHXG in the treatment of PD may improve athletic ability by inhibiting ferroptosis of dopamine neurons and improv-
ing oxidative stress.
Keywords parkinson's disease; Bushen Huoxue Granule (b1 I 5% ) ; substantia nigra; ferroptosis; behaviour
performance; glutathione
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