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WEE® BRAET, R, RRA, ', FTHE’
L PR EZY RS —WE R, | PR AR X T R 55 89-95, 530023; 2. J PHHhEEZy K

[(FE] HH MR A B TANE LI 877 ace&ksm (PD) 9 -TaAEAALE . Ak 70 2 SD K S K
My Hy st e, A BHEFREFE24XE-F2 (Nf2) #phAla, SeLBparisFbsmsik, ¥ &
FEM, HE10R, RABA), ARAZBRXI RN ZOBETHET LT EHRHEZLPDKREE, #825F
J& , Nrf2 36 5 41 K R T ML385 s & F 144 50 mg/kg A= 24T, FaB 1k, %23k, E4AKAKA TR
] 52 ml/kg £ 22 ORI ES, 4R G, AAR TSR, T SAZAL L T AN LI BN B
#1.0. 1.5, 2.0ml/ (100g-d) #EF, SELBAN T S ELPA 200 mg/ (100g-d) H#EF, R, HA
20 Nef2 4P FIA KR A AR HARE2.0ml/ (100g-d) #EF., SAKREFTIRAGE, RARNAREE, A
F I ATAT A F AN, AP PD K R 6953 P Ak AT R4S R A qRT-PCR 40 m K R B 2R Nif2 mRNA &
ik, Western Blot 34 Nef2 . R BARE 4% T RN (SLCTALL), SpeH kit 8484 (GPX4) & é@K-F,
ELISA &4 m 5 st H Ak (GSH). A =8 (MDA) 4. B4 & T (Fe). GPX44F, KA FHE
# (ROS) KR-F., R LHamarks, BRAAXAMBALESHHRA . AR HIE 0, FnZHK
GSH. GPX4 4 &4k, Fe'. MDA 427t &, Nrf2, SLCTALl., GPX4 %& & KR-F ¥ HA&, ROSK-FI5,
Nif2 mRNA £ X T (P<0.05); Nef2 3 20 ik S feir 5B A M TS HAF, BRERBEA LS B
%, HREAM . HBAKRKEFHALITFEL (P<0.05)., HHERMLE, $E LN LI FIK,
P BHEFBTEEIAFHKE (P<0.05), HANFILH 5 7 T4 § O L PHA & 35473 AN F L 317 4K
PHEBUKEEARZE (P<0.05); AMFLSG SA A S CLBAREFALZFHLATFEL (P>
0.05), ZEit ANE AL T Ak @At 0E PR 2 T Nif2 &3k, 4% SLCTA11/GSH/GPX4 4% 5 i@ 9%, A 47 %)
B it Bt Andk st o, £ F)GFPDA B,

[R$ER] MehR; geT; AMF LI ; BALAN; BHZRTE2HAXET2; BERBATET RN ;
BPRHRK s BB AR AL B 4

P4 7595 (Parkinson’s disease, PD) S&4kF/R
PRME BRI Z S5 BRI EB TN . BT
I IR e H FH ) 2 % (dopamine, DA) B ARYT 2
HRREUGE P RIS SR, AR BERH IR PD 1Y
HERE . BRIVE R AL IIEOK T T AR B Al
PR 2 PD o A B2 1) g S ARAE 2, SR R

HEEWB: WK ARP 54 (82360909) 5 715 [ kBl 5k 4
(2023GXNSFAA026152) ; [ 52 I 2545 B i i /K1 Hp 5 24 6 2
REEE T H (ZYYZDXK-2023166) ;) 75 H 2 25 5 5 2 AL el % i H
(GZXK-Z-20~13)
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WA B T Ao S 7 P AS W B SR T 5 1 K 1) 24 ik A
To, BE OHERAET . (S T E A IR IR YT
ATBEAR PD B IR P R 4k 5 1 AT 22 10 PD iz 2
FER O BRAET 2 2RI R RIA G S, AR
WH T B (SLCTALL) /AR H K (GSH) /45 Bt
HIKIEAL YR 4 (GPX4) 55l e FH AL
T RS, X T il A S A B 2R ae 1
EXREEY, BEFANFE2MEHETF2 (Nf2) 2
PO A L ) SRR 7, R TR A2 1E 40 Y
AALE R i R AR . B T R,
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Nrf2 7] 38 35 S35 Nef2/SLCTA11/GPX4 15 5 18 B 45
BRIET- AR 20405 . SLCTAT1/GSH/GPX4 3 [
A h 20 M P A Ak Y E B B, AT LAY AU 2F GSH
B R, JETEESE (ROS) FLEAMGI AT ¥,
A AT L, Nef2 3845 SLCTA11/GSH/GPX4 {5 518 %
FERRIET S R R T EEAEH

A A BRI T PD AT 5 B4 B AR AL, Y
il TANE IR B . O A RN L SSRGS
AAFRIN . BATE L AR XUE B DAL w AT
58 IR, % TR PD AREE R AR, 41
R E SR, X ERE RS shE R AR B e
RIE W ks . LI sE Y R, AMNE IR
5 52 SR AR b 2 PD K RRUAT R 24 R B Kt 20T
ZWIEOL, BAMASRER. Hitk, AR5
Nrf2 5 #55 SLC7A11/GSH/GPX4 18 [ F1 4% 46 T~ 4
PRIT AN B IR B 1697 PD A AT AEVE FHALHI,
I R R FH 3R AR B . ASBIF ST Bl TP P EE 2SR
LI B YR AME I SR A A (I
DW20230909-01)
1 #R5H®
1.1 &4

SPF 4 HEPE SD KL 70 H, 3~4 Ay, K&
(250+50) g, P KEIW A BIEA KR EA4:
WHARARAF L84 7= VF kS . SCXK
() 2019-0014 ], K EEFE TP R 25 K556
— ot = e S 56 s v O AR HE AL Sh W By, AR
JE 50%~70%, T 23~25 °C, KRB 12 h iy
IR, KBS TR EmER, A hRikok.
1.2 %4

IR AR 10, FIRE10g (FF
1k), 5 20g, %S 15¢, ML F30g, FHAI30g,
A EE 25 o, KBR115g, X 15g, K HH 64,
BEH 15 g, AHRFE30g, KFR1S5g, #Ri10g, 19
W 10g, #4730 go SFNURL VLB RTT L5 A FRA
AR, BRI A 25 2. 574 gml BUE TR, #HES .
1206003, Z M2zt (E 2545 SH10930198, 4t
S YT2725, HiM&250 mg/ ), HHFS GHIZEA R,
1.3 EZZRXAAALE

B SI K F (PSI, ApexBio/A ], L5
A190011337769) ; ML385 (Selleck 2 &, It .
S8790) ; K& M (R Rt —,
T ky-my); 4%ZRWEE {5 1P9020). GAPDH
—¥r (L5 : BLOO6B) . ECLALZ:ALIEY (it
= . BL520A), Biosharp N Fl s Nrf2, SLC7A11.

GPX4 itk (Affinity 22 H], #5400 AF0639.
DF12509. DF6701); GPX4 ELISA K& (#i Il
PR YRHE A BR A F, LS RA 21465); N
[ (MDA) ELISA LG & (5 : BC0025). GSH
ELISA X & (#%5: BC1175) . WEE F& &K
ML & (5. BC5415) . BCA & A JE I E i
A (5 PC0020) . & RNA 2BGAH (it .
R1100), dtIRFEERARAF; HEIROS K
M & (AR AR A A, #it5 . BB-
470357); HRPHRICILFEHI (Servicebio A ], it
. GB23303).

AR o M A (PR AE YR A R A W], HBS-
1096A K1) ; e EREEFRY (Perkin Elmer 2], VICTOR
Nivo )5 & HEAKIR A S (Servicebio 23 A,
KZ-M-F#Y); fRIEE.OHL (Eppendorf /A F], 5418R
B HEEAFEA IR (Bio-Rad 22 7], Mini Trans-
Blot Cell ) ; HykiX (Bio-Rad/A#], PowerPac Basic
) Z I e B s X (TECAN 28 &, INFINITE
200PRO A1) ; 2% E 7 PCRAL (ABIZA ], 7500 %)
AL BE (MOTIC A A], Stellar 1 Pro-B%Y);
PUEIRE (R BEST AN F], M-N-0209 #Y)
1.4 a5 5%

70 HK B A% AR AL B - 3R 1 43 6 R
BRI | Nef2 IR . 22 B 22 JifR 2 Rk Lk T
i, . BFEA, F4l10 5. BRxFmash, H
AR R PSLEZ T e 7 PD K RUBERL
KRB T 5 PSTIS W 75 wl/100 g, B JE— |
= RS, #ELRAbEE B RS R BE B
R, NIRMEE . BARRESE PD AR, [FIA
FE L . TCAFSEER P4 B THUIA Sk PD K R 7Y il
iy T e R, A R BB T el A
P HIAEDL, R AR, TR B DA R] b K B
HEATAMNFE T HORTE AR, RRE AL 5 PR L A S
6 o X6 HEZH K BRI B[] 5 358 B2 R T 40 2 ml/kg A=
K, FRgi2 [

1.5 %%k

A2 JE 5, Nef2 041 5 2 K BT ML385 /Ny
TAEW 50 me/kg IETES, TR—. JH=. A
FaF, 3G HAAK A KR T R 347 2 ml/kg
A FRER K R I 5, RS S U WS 1 i 4
JJg, HAEKER S AR E ks ", NS 1R
I, L R A TN L B R
1.0, 1.5, 2.0ml/(100 g-d), Hmsla Mk R
ot Z 22N T2 22 200 mg/(100 g+d)
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FEW ; XPRRL . BERIZH | Nef2 5 4R BRI LA
PRER K 2 ml/ (100 g-d) #EH . A KRB EL:
HHE3E.

1.6 MEIGAFE T ik

1.6.1 KA—HKREBAT AP S I A 4
H X454 K R AT A R T i il %, Bk
FERTERA . IBAARTR BN B0 . 3 7 R R AR B RO
&, WEE 3 JHJE A5 LR BRI T IS 52 56 K TEHT 52 56
WAZ B PR RE ST "o PO SEEE I il A9 K 60 em
FE40 cm, BEAN/IMEFL 1 e 48 MK —H, T
ELHB AR o KUK A 4R BR MBI ST Rl B T4
JE IS e, R U BT A% 5 4R 0 S R R
H A P AR B rp — B R AR TG sh e st 1], RISy
ZRBEMFR G RE . KEAE 10 min [FH#17TF —
ALy, RHEEM IR, KRB R
7N R R A AR B R, AT 5256 4K 50 em L
122 em BARFF 5 52100 2 45° [ 2, ¥ K BUICE FT
T, SKRAARFFIGHS, 105 BN AT T0 2 35 5 1fi 1) B
], EE3W, BOEYME, BREZAARE 1 min,
KEGRE R PEFE . a0 RCFE 3

fNZE 8 K E PDSEIR N
1.6.2 ELISA:E#m din 2R R 24k 5 F (Fe¥).

GSH. GPX4, MDA &% A KMIHFITHRE—K
JEFFS256 )5 2 h, 400 ma/kg KA G IE s T 0, 15
KA 76 a0 0 PP B 1R, BRI R
TS, BORBRbRAS, A 5 i (] G 5 o i 28 A
b R AT SE AL B W, e S v
FERL R T, U S R R R R A 4, ik
SRR PR X ALWEA, R HRRZ3K15 100 mg
Tl SR A 2, RRAR F AL i 6 HR R
PR BT ZH 40, ) ELISA i3 & & 8 5E Fe™
GSH. GPX4 J¢ MDA & &, #AEY ™% S I ELISA
R E U T,

1.6.3 Western Blot % # M P s 2 i X Nrf2,
SLC7A11, GPX4, GSH & & K-F A4 K FHREAL
B KRB I e HR B I B R4 21 2920 mg, 55 &
EPE, &), B4 10 em, 12000 r/min, 4 ‘CE
5 min, B AR O R B S R SRR EE, A
5% 4 _FFE buffer, 100 C7ZZ 4% 10 min, 90 VH &
HLUK 2920 min, 702G, M 120 VIE K H K
1.0~1.5h, 300 mA fHFEME . B, HidB A0k
— 4 GAPDH. Nrf2, SLC7A11. GPX4 %1 : 3000
Fo R B, BB 4 CIEE 12 h, W E 1RAESS

5, B T 1 0 4000 AR B —hih, TR

37 CHAMFTME 1 h; SEMUEERBEER, R
ECL b2 &t i A8 70 % Ep b B EA 7 Ab 3, ol % H Y
EESIEREGW R RN o 1 5k 0 S Fo e
o, PR BRI R RGN, 8 I Y
BOCSEOEEGBCRE, R E HERSNS
BEAKWEIEAR, Himage ] (1.52 fRA) 5k
P53 BT AR B 04 35 1 55l IR AR
1.6.4 qRT-PCR &4  fii Z i X Nrf2 mRNA &
KRR I BEALEC T3 6 IR RS v ik B 5T 2
A20 mg, FFAHLEY /N, SR 3 mm /N R
BES, A0 1 ml & 7R, #RE15s, EiR
FHE 2 min, HLO0.5 ml BVEMCART 1.5 ml EP &
B, A0, 5 ml SN EEFRIR B0, PUBE. HCL pl
RNAMEA, HZ iR b0 RNA ¥ Bl 2 Jf:
B3 5E A260/280, A260/280 % 2% RNA ) 4fi Ji
(HLAEAE 1. 8~2. 0 Z [H] Ul U B RNA FEAR Sl B30 ) o
F B A HEEX Y (PCR) ¥ B4, ¥4, i
AEPE9S °C 30 s; PCRIGIS (40 ) . AEHE95 °C
10 s; B AHIZEM . 60 °C 30 s; 10 5% B REAS i X}
N BE R CUE, £ FEAS B % 58 BRI A X 263k 12k
20, Bl e T W E YRR A FRA F A
%, NRF2: F i GGTTGCCCACATTCCCAAAC, R ijif
TCAGGGGTGGTGAAGACTGA, K J# 168 bp; GAPDH:
¥ TCTCTGCTCCTCCCTGTTCT, T i ATCCGTT-
CACACCGACCTTC, £JF95bp.
1.6.5 %R ARAUEA& M b i 2 R X 2982 R ROS
K FEALEER 6 HOR IR T2 40 mg, fILA
G TSRS, B 10 em, 4 °CL 1500 1/min
B3 min, FUE, B, E96FLATTIIA 190 wl
A1 FISW . 10 wl DCFHDA #5841, FIRS A AT,
iz RS . 37 CHEIEMFE 30 min, & T AR
{3, Tk K 488 nm . & BT 530 nm AG5E
JEEREE ., EHERE: W50 wl EIEAISW, FH PBS
AFRE304%, HU100 wl, 4% BCA B 1 vk i 3 )
UL, ECHIE PR, BRI E 3
FAL, HTEAE R, D2 r i Oyt E RN
HAUH AR
1.7 %itZrk

K SPSS 26. 0 48 i 43 M 85 A 47 %54 Ak 2
THEPORHYFT & IES /i I ERE R (xes) 3R
N, ZALE SR R 2R 7 2500, AL1E)
e, 7RI LSD AL, J7 2 AR
Dunnett’s T #5565 . BOWA a=0. 05 R K565 K #E . DA
P<0.05 W ZERAGIFE L,
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2 HR
2.1 BARRK—AEIBAT A F LR
X BEZH R SRAT R it sl S B e o A4 KRR,

BT IR N R AL B8R . BARARNE . UK
SRR, BEE ERR,  FaR R
. SRR, #MNEEET A5 R LR 2 2
JOE R 2K BB B AT 35 N IR FR it AU [
RIS B, RN A 32 B A3 5 i
FEAK, A ETEsife 4T, MR RERREZ R
T g, Hrp DA B R R R 2
BRHBCGER M . £ 1, SXPREA iy, Haex
K B AR SC 0 BRI | TCAT S 6 e ] 3
i (P<<0.05); SAAIZE g, N2 0 0] 26 4%
SCES AL SV AR . TCHT S B S [R]BE in, Z2 1 22
. AN IR B AR A S SE GRS S AR L e
FFEHEIA /> (P<0.05); M1k B i ) 4
2 [0 22 JYF A A S B RS Sl v AR DT L AT R[] i/ ¢

Rl ASHREIRE ST SR | AT S0 1] LA
Table 1 Comparison of movement latency in grid test and pole-
climbing time among rats in each group (s, ¥+s)
PRpr—
4151 U mf;ﬁfm NS o]
Xof B2 10 2.80+0. 86 10. 05+2. 17
A2 10 10.53+1. 35" 30. 60+3. 04"
Nrf2 il 5 21 10 14.53+2.66"™  34.26+1.22""
AWE ISR FIRA 10 7.73+1.09°" 19, 53+3. 397"
B RAIRA 10 7.40+1 12" 16. 80+1. 657
WE IS EAEA 10 6.2621. 57 14,5042, 649
Z 22 i 10 5.26+1.22°" 14, 80+2. 07
e Nef2, A% E2 G ¥ 2,
a) XA, P<0.05; b) SHAA KE, P<0.05;

¢) SHMNE U LR, P<<0.05; d) SAME IEET
YR, P<0.05,

K2 AFAREA N RTX Fe™ |

Table 2 Comparison of Fe**, GPX4, GSH and MDA contents in substantia nigra among rats in each group

EIEE L, hRIEAE MR E (P<0.05);
AN IR By R A o B 2 R R 2 S S i
Y (P>0.05),
2.2 ZAXRAPHEZRRKXF ., GSH., GPX4,

MDA 4= b

RN, SN, HASH KR R
FiIX GSH. GPX4 &K, Fe*. MDA %4
SR He A, Nef2 410 55 41

e (P<<0.05);
Fe* . MDA &7+, GPX4. GSH &
Z O P AN I EEAC, L

(P<<0.05),

R AR

4 Fe™ . MDA & & 3JRK, GSH, GPX4 & &

WHE (P<0.05);

SR = 10 (SN e =R
P, 21022 Pk dl e b 1k BT R

ZH Fe™ .

MDA &8 ¥ F[%, GSH., GPX4 & & T (P<

0.03);

Z 0 22 Y2 5N B IR B R R R A AR AR

e 2z 7 g it L (P>0.05),

2.3 ZaRA TR ZRENf2, SLCTALL,

G KT

GPX4

KR, SRR, A 4R L i

JBIX Nrf2, SLC7A11.
R SLE N
GPX4 K FEHRRAL, M2 E i

0.05) ;
SLC7A11,

GPX4 IR RS (P<
Nrf2 #1 i

7 46 Nrf2 |

FANE BTG, F . EARE AL N2, SLCTALL,

GPX4 HH/K T (P<0.05);
ANEF L B 7 i 0 A 4H Nef2 . SLC7A11,

Z B2
GPX4 &

KA T AN EE TR R Rl E A (P<

0.05);
SLC7A11,

Z E 22 R4 5 AN B LE B ) 4 Nef2
GPX4 HEHKFEZR TG ITFE XL (P>

0.05) o 4% 41 K B A ik 2B T X Nef2, SLC7A11,
GPX4 25 FHL K E LT 1,
2.4 ZBX AP E R EROSKTF A Nrf2 mRNA

Fok A

RAR, SAIRA R, HARS AR B ik R

GPX4. GSH. MDA & &t

(x+s)

21 AL Fe®/pmol - g™ GPX4/ng-ml™ GSH/pg-ml™ MDA/nmol - mg prot™
Xif HE 2 6 0.112+0. 014 33.49+4.26 161. 10£22. 14 1. 3420. 15
AL 6 0.275+0. 031* 17. 84+2. 07 93, 48+11. 93" 2. 4620. 31"
Nef2 41 51 20 6 0. 3200. 034" " 14. 20+1. 80+ * 71.33+8.21% ¥ 2. 88+0. 28
EAN = A1y (i e 6 0. 237+0. 023" " 21.50+2. 714 ¥ 113. 48£13. 359 1.9620. 19
ADEF B ) 2 6 0.214=0. 023" » 22.05+3. 14 117.52£13. 219 Y 1.96+0. 18" "
AN 1R B R 2 6 0.166+0. 018" > < ¥ 26.39+2. 864 ¥ 138. 48+15.90% < ¥ 1.65+0.197 " @
LM 2k 6 0. 157+0. 016" ” < ¥ 28.5143, 27V @ 141. 81+17. 09" » 2 @ 1.61£0. 197 V<@
e Fe¥, WEET; GPX4, SMtH M ELWA4; GSH, #MEH; MDA, HEE; Nef2, BT E2HIEHF2,

a) SR AL,
P<0.05,

P<<0.05;

b) SEHIE, P<0.05; ¢) SAME IREOT (K] &2 AL,

P<0.05; d) SN BT H R IER,
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R3SUUREUTAEX N2, SLCTALL, GPX4 & /KT IRENE
Table 3 Comparison of gray values of Nif2, SLC7A11 and GPX4 protein levels in substantia nigra among rats in each group (x+s)

2051 R Nrf2 SLC7A11 GPX4
X 4 6 1. 12:0. 14 0.97+0. 11 0. 94x0. 10
siE] 6 0. 67+0. 08" 0. 54+0. 08" 0. 47+0. 05"
Nef2 4l 121 6 0.5420. 07" " 0.43+0. 05" " 0. 3420. 04" "
AN LB ) 4 6 0. 820. 10" 0. 65+0. 07" " 0. 63+0. 08" "
ANE LB R A 6 0. 83+0. 09" 0. 67+0. 08" " 0. 68+0. 07*
AP L B3 7R 2L 6 0.96x0. 10" " ¥ 0.79+0. 08" " 0.78+0.08" " ¥
Z 2 6 0.98+0. 117" ¥ 0.82+0. 09" " ¢ 0.86+0.09" " '
TE: Nef2, BT E2MEHE T 2; SLCTALL, WBTEMAREKIE T MO 115 GPX4, BB kil SALpms 4.
a) SXTMALLE:, P<0.05; b) SEAILE:, P<0.05; ) SAMFILEIOMRAEA L, P<0.05; d) S LB dhfl 41 e,

P<0.05,

NIf2 (D s s Swee Seee Gue S 65 KDa
SLOTAL] D e e Swmy Gume Gmume @ 55 (D)o

GPX4 D s w— am— e o 00 KDa

GAPDH WD G GHNS GHES SHNS Smme e K)o
A B C D E F G

i Nif2, BHFE2HACHF2; SLCTALL, W EHA
FIETHA 115 GPX4, AMEH kit ALz 4; A, X
415 B, Nel2JWHIFILA; ¢, B4, D, AME IR
HA; B, ANFIRSOT A P, ANE B A
G, M.

Bl AHKRA BT N2, SLCTALL,

GPX4 25 1 HL Uk 8]

Figure 1  Protein electrophoresis of Nrf2, SLC7A11

and GPX4 in substantia nigra among rats in each group

R4 BEKRFETTX ROS KT K Nif2 mRNA ik LU
Table 4 Comparison of ROS level and Nrf2 mRNA expression

in substantia nigra among rats in each group (x+s)

2 5] A ROS Nrf2 mRNA
o B 20 6  1.00+0.12 1.01+0. 13
AL 6  1.45+0. 16" 0. 53+0. 07
Nrf2 #0157 2H 6  1.67+0.22°"  0.43+0.06""
WEIEEORAIEA 6 1.2620.187  0.65+0. 08"
WEIEETT RS 6 1.2420.157Y  0.67+0. 07"
WIS EAEA 6 10420, 12779 0, 8420, 09
Z M2 6 1.030. 14" 0, 89+0. 10"

. ROS, WS N2, BT E2MEH T2,

a) SxFMALLE, P<0.05; b) HEIAI AL, P<0.05;;
¢) HHNE BT R A A, P<<0.05; d) SEMNE IR
A, P<0.05.

[ ROS K F-HI 715, Nif2 mRNA A TR (P<
0.05); SEAIZH H#, Nef2 10150 41 ROS /KK T+
&, Nrf2 mRNA FRIBREAR, 20 LU 22 IR 20 FRb 1 E B
&, . EFIEZ ROSAKCEY R F% . Nif2 mRNA

FR¥TE (P<0.05); S#MEIEEK,
AR, 22 . NSRBIy S 4 ROS
AR Nif2 mRNA Kb TR (P<<0.05); £
22 S AN IO SR R A R, 2R IEsI
=X (P>0.05),
3 iFig

VER—Fh A 2= (A 2B AT YRS , PD &0
HEIC TR B A OC Y GRS R B, PD AR
RGBS kB AR, R e
MLRECETR Y, fEREPD B, SRR Fer B A
AL JF T B AR H 1) S % 5 /K (Clioquinol, CQ)
TG, i S5 Ak A BRI T Ao S B 0
A IR IE T Y & A T LA RO PD 4T
YU 7 . BRAE T AR WS B 0T i LA R Fe™ (1)
LS, I Fe™ 8 2% nl DLl i S5 1 /2 7 A B ROS,
ROS W3 M8 ik k™4 MDA, e840
FRERFET ", MDA J2 i o ik 480 Ak 2 I 1Y) 32 22 7™
Y, brEE AN AR B, Rl e VR kAT
PR . GPX4 & —Fh XA bt &Ll , 7F GSH
Z 5T, A ERNIE ALY RN ToE 1 AR
JREE, WEERANME A ROS, RILAEAEE L ROS
SRR B S b =, DTG ZRIE T &
A SiARESE Y R, 7E PD i IA AR, SE
if 8N Nef2 &2 GPX4 335, RefE#F GSH Y& Ak,
W ROSA N, . Fe YRR RN MM 0] PD #f 22 08k 5E
To. SLCTAIJ2—FhE B EUBE I, 7EBH AN
POMERSE T h B AR P SLCTATL 2 A
PR /A B R0 (8] 38 R G R W 3, , ST &
kR S AN, TEANRE NFE AL R R, e H]
T GSH o Mk &R/ 4y 2 R 3 17 55 12 R G pk
G AMEIET, GSHA BMAZFH, B GPX4 AfgH]
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FH GSH AR ALk, 51 &8I0 . GPX4
I GSHEPEERIET- () N IRPERD 7], SLCTA11/GSH/
GPX4 5 5l A M A T- 10 B E iz —,
RAET EEMBUEAAER 7,

Nef2 5 R AR ML SR A R L Y 2T R, 2
5 40 MBS AL AT R S g o 3 S 1 ] Nef2 ) 35
AT AR et SR AR K S ROSTE A, 2 a2 40 At 2k
FET P, fRE Nef2 (30 BE W 2 GPX4 4R TE
B 4k, 182> MDA FIAR T ROS AR i . A
g8 PR PTG Nef2 B 2R T DA RS 1-H 340K
Fo1,2,3,6-TUEMME (MPTP) 553/ PD KR £ T
et 22 o0 B R Fis gk b, HIA BT, B
I, ARWFSER B N2 PP ZE, DA B g 9] 45
Nif2 6355 PD R AT N2 SAFRAET H AR L

RN, PDIEHEE2: “EE” JuWE, £
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Effects of Bushen Zhichan Formula (¥M%1-%i)7) on Ferroptosis of Dopaminergic Neurons and Nrf2-Regulated
SLC7A11/GSH/GPX4 Signaling Pathway in Parkinson's Disease Model Rats
HU Yuying', CHEN Weiying’, SONG Xi', LI Xiaodong', LIU Shanshan', LUO Zhihui’
1. The First Affiliated Hospital of Guangxi University of Chinese Medicine, Nanning, 530023; 2. Guangxi University of Chinese
Medicine
ABSTRACT Objective To explore the potential mechanism of Bushen Zhichan Formula (%M 18177 ) in treating
Parkinson’s disease (PD) from the perspective of ferroptosis. Methods A total of 70 SD rats were randomly divided
into 7 groups with 10 rats in each group, control group, model group, Nrf2 inhibitor group, levodopa-benserazide
group, and low-, medium-, and high-dose Bushen Zhichan Decoction groups. PD models were established by subcuta-
neous injection of proteasome inhibitor in rats except for the control group. Two weeks after modeling, rats in the Nrf2
inhibitor group were intraperitoneally injected with ML.385 small molecule compound at 50 mg/kg once every other
day for 3 times, while rats in other groups were intraperitoneally injected with normal saline at 2 ml/kg at the same
time points. Four weeks after modeling, rats in the low-, medium-, and high-dose Bushen Zhichan Formula groups were
intragastrically administered with Bushen Zhichan Formula granule solution at 1.0, 1.5 and 2.0 ml/( 100 g-d ),
respectively ; rats in the levodopa-benserazide group were intragastrically administered with levodopa-benserazide
tablets at 200 mg/( 100 g+d) ; rats in the control group, model group and Nrf2 inhibitor group were intragastrically
administered with normal saline at 2 ml/( 100 g+ d). After 3 weeks of intragastric administration , behavioral tests
including grid test and pole-climbing test were performed to evaluate the motor function of PD rats. qRT-PCR was
used to detect the mRNA expression of nuclear factor E2-related factor 2 ( Nif2) in the substantia nigra of rats ;
Western Blot was employed to determine the protein levels of Nrf2, solute carrier family 7 member 11 (SLC7A11) and
glutathione peroxidase 4 (GPX4); ELISA was adopted to measure the contents of glutathione (GSH) , malondialdehyde
(MDA), ferrous ion (Fe**) and GPX4; and a fluorescence microplate reader was used to detect the level of reactive
oxygen species (ROS). Results Compared with the control group, the movement latency in grid test and pole-
climbing time prolonged, the contents of GSH and GPX4 in the substantia nigra decreased, the contents of Fe* and
MDA increased, the protein levels of Nrf2, SLC7A11 and GPX4 reduced, the ROS level elevated, and the Nrf2
mRNA expression down-regulated in the model group (P<<0.05). The above indicators in the Nrf2 inhibitor group
showed the same changing trend as the model group with more significant degrees, and the differences were statistically
significant compared with both the model group and control group (P<<0.05). Compared with the model group , all
indicators were improved in the levodopa-benserazide group and low-, medium-, high-dose Bushen Zhichan Formula
groups (P<<0.05) ; moreover, the improvements of all indicators in the high-dose Bushen Zhichan Formula group
and levodopa-benserazide group were more significant than those in the low- and medium-dose groups (P<<0.05).
There was no statistically significant difference in improvement between the high-dose Bushen Zhichan Formula group
and levodopa-benserazide group (P>0.05). Conclusions Bushen Zhichan Formula may exert a therapeutic effect
on PD by activating the expression of Nrf2 in the substantia nigra, and regulating the SLC7A11/GSH/GPX4 signaling
pathway, thereby inhibiting lipid peroxidation and ferroptosis.
Keywords Parkinson’s disease; ferroptosis; Bushen Zhichan Formula (%' 1E%i75 ) ; lipid peroxidation; nuclear
factor E2-related factor 2; solute carrier family 7 member 11 glutathione; glutathione peroxidase 4
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