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H E BH RERRFEEA S 0 E (DXQ)#r kN fn i gk St T e E ALK . FTiE BRI SD KR, & A v A 2 KA
PR A BRI E B & BT Efe DXQ, B RN R 2 ML BV2, ¥ a% Ty 5 F T PE X BE ) F 0 RNA (5i-NC) #9 48 L% 2 si-
NC 20, 55 35 3 M a8 2 25 4o 5 e ik ad B AL B 4 (GPX4) ) T RNA (si-GPX4 ) %4 48 BL 4 4 si-GPX4 20 CsA 28.(1 pmol/L 2R 38
% A)#2 DXQ-L .DXQ-M .DXQ-H %1 (5% .7% . 10%DXQ) , % %] vA#8 & 2 ik Ao %k 5t. = i% F 7 Erastin (10 pmol/L) F 1, #4548 h
J& Hrm Bt e EAR B F S AR (GSH) A%, 1 AU(ROS) A LR K1k 1 A8 AALH) 09 F K KT | SRR A5 B 28 b Ak il
M #£3 5L(MPTP) FF 31 9L, GPX4 . % 5% @ D(CypD) mRNA 8 &k oL, AR Sk e =48 % & G [GPX4  #4 & & 4R 1 (TR1) ,
4 &G F4 1(FTHL)] MPTP 48 X & & [ 35 BR 4512 % & (ANT) .20 J2 & & C(CytC) . & Ak 45 3 & 4535 44 (MCU) . CypD] 89 &
BHL, R 5si-NCAAML,si-GPX4 M2 faF &4k & T &% ROS A& Ktk A AZ B ALt £k K-F MPTP FF##2 . CypD %
8 & mRNA WA & TfR1 MCU % & #) & ik 3% B 57 & R L (P<0.01),GSHA & KR ¥ 45  GPX4 % & A 3 mRNA A&
FTHI ,ANT.CytC & & 89 %35 3 2 Z 44K T (P<<0.01); 55 si-GPX4 28486, DXQ-M . DXQ-H 28 2m it b 3% & & 35 435 Lk ik &
(P<<0.01 3% P<0.05), £5i DXQ 7T i it igt & GSH/GPX4 i %4 VA3 1% 2 fo 3 A AL AL 77, 42 TR1 . FTH1 & & A& 2 B4 & T
825, 30 MPTP it B FF A0 A BOE AR T A, B ) N BR dm Bk s =

FEEEIR  FORE B R B4 30 ; GSH/GPX4 18 % 3 4k 70 T 5 N RUR 2e fie,

Mechanism of drug-containing serum of Dianxianqing granules in inhibiting microglial ferroptosis

FAN Guangkun', QI Yue’, WANG Jixian', CHEN Wei’, XIA Chunpeng', WANG Yihang', ZHAO Yue’, AN Yang®
(1. College of Pharmacy, Liaoning University of Traditional Chinese Medicine, Liaoning Dalian 116600, China;
2. Dept. of Pharmaceutical Technology, Xuzhou Medical Higher Vocational School, Jiangsu Xuzhou 221116,
China; 3. Dept. of Traditional Chinese Medicine Pharmacy, Second Affiliated Hospital of Liaoning University of
Traditional Chinese Medicine, Shenyang 110034, China;4. Graduate School, Liaoning University of Traditional
Chinese Medicine, Shenyang 110847, China)

ABSTRACT OBJECTIVE To explore the potential mechanism by which drug-containing serum of Dianxianqing granules
(DXQ) inhibits microglial ferroptosis. METHODS Male SD rats were given normal saline and Dianxianqing granules solution via
intragastric administration to prepare normal serum and DXQ, respectively. Mice microglia BV2 cells were collected and
successfully transfected with a negative control small interfering RNA (si-NC), and then they were included in the si-NC group and
cultured under normal conditions. Cells successfully transfected with small interfering RNA targeting glutathione peroxidase 4
(GPX4) (si-GPX4) were divided into the si-GPX4 group, the CsA group (treated with 1 umol/L cyclosporine A), and the DXQ-
L, DXQ-M and DXQ-H groups (treated with 5%, 7% and 10% DXQ, respectively). These groups were subsequently treated with
their corresponding drug solutions and ferroptosis inducer Erastin (10 wmol/L). The intracellular levels of total iron ions,
glutathione (GSH) , reactive oxygen species (ROS), and the expression of mitochondrial superoxide were determined in each
group after 48 h of treatment. Additionally, mitochondrial membrane potential, the opening degree of mitochondrial permeability
transition pore (MPTP), and mRNA expressions of GPX4 and cyclophilin D (CypD) were detected. Furthermore, the expressions
of ferroptosis-related proteins|[GPX4, transferrin receptor 1
AEETBE FRARRERAT FIE (No.82575043) ;i1 T4 (TfR1) and ferritin heavy chain 1 (FTH1)], as well as MPTP-
TR AR )AL 45T H (No.2025-BS-0702)
* E—EE WL WE A BESC O ) AR 25 P2 . E-mail:
17320070590@163.com
#EIEVEE DIOCH W S0 1, BISCTTI - th 2554 (MCU) and CypD] were assessed. RESULTS Compared with

Wy Rl R E T . E-mail : z.yue2008@163.com si-NC group, the levels of total iron ions and ROS, the

related proteins [adenine nucleotide translocator (ANT) ,

cytochrome C (CytC) , mitochondrial calcium uniporter
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expression level of mitochondrial superoxide, the opening degree of MPTP, protein and its mRNA expressions of CypD as well as

protein expressions of TfR1 and MCU were increased or up-regulated significantly (P<<0.01) ; however, GSH content,

mitochondrial membrane potential, protein and mRNA expressions of GPX4, and protein expressions of FTH1, ANT and CytC
were decreased or down-regulated significantly (P<<0.01). Compared with the si-GPX4 group, the cells in the DXQ-M, DXQ-H
groups showed a general improvement in the above quantitative indicators (P<<0.01 or P<<0.05). CONCLUSIONS DXQ can

enhance antioxidant capacity by activating the GSH/GPX4 pathway, regulate the expressions of TfR1 and FTHI1 protein to correct

iron ion homeostasis, inhibit excessive opening of MPTP to improve mitochondrial function, and ultimately suppress microglial

ferroptosis.

KEYWORDS Dianxianqging granules; mitochondrial permeability transition pore; GSH/GPX4 pathway; ferroptosis; microglia

BRAET 2 — P R e A i st T =X, LA
JiL PR B8 B AR IR A S A S B Y O AR D AR, S
Z R R TR I R AR R R DIAR DG s /NI a4
JRLAE Sy HRX b 28 2R 5 [T AT 1) S e 40 M, ELAT i ) i
FRETT (AR ST, A& MR s 5=
FUUR, X — IR AT & /N A i [ B R sE T, 2
A5 B AR T SRR S 4n i e AR Y
HX 2L, FE T BB AR M X4 i /N I o 4 B ek AE T 28 G T
B, 2RO A 3E 375 P §% 49 L (mitochondrial permeability
transition pore, MPTP ) &4 R A4 P A1 st 2 1] (1) FE 1E 51
B, FEAERRSORLRIE DR P A SR Y. RIEH
Jik (glutathione , GSH)/4 It H Ak ik Ak 9 i3 4 (glutathi-
one peroxidase 4, GPX4) il B SE I HIL T A% M5 =
BB A B R A BE, MPTP i B T il 2 B b A4
R A, 2E 17 5| A GSH A sk 2> | 16 P 4 (reactive
oxygen species, ROS) 7r WA Il . GPX4 ik T i, e 2415
RAMIERAET

G T ORE R 3L 7 R 2 R ff s 2 R B iy
2558 J5 L 25 (L F)'5 Z1L201110069494 ) , Hy 2 #5 il
e 5 A5 (EAT) A BT S AR4A N EESE 10 Rrh
2 R, BT RE AR 380 I K T O | 2 R A
IR, AR S AR SY EE S, % 24 ] 3 i R
/I ST A SR RE TR BE AR FE T ORI s Tk
RIFBEEMSIRTTHEERMIER  H GPX4 2 HWE e/
FHAR 5 2 —, T MPTP 5 GSH/GPX4 i i Y G B,
ARFFFTAR FERAET 175537 Erastin 75 T I B & GPX4 3
PRI BR 2 i /NP Jo A L R AE T4 AL, L MPTP 1) ]
bl 14125 A(cyclosporine A, CsA) A BHPEXT EZY | %
FHA ) e 82 40 1 0K 35 24 13 (TRTAR “DXQ™ ) #E 471
T, 5T 1% 230 10 5 GSH/GPXA 3 J5-41 /N e I 240 ffd
BRAETRTEAEAL , DA R i 1 UKL IR T B T AH G
P22 IRA TR S R B LA A R A

1 #F#
1.1 FE{EE

AHIFE i A 2% 32 240 4% CLM-170B-8-NF A8 i
K5I %6 GHT Ik ESCO A 7] ) .DMI3000B 7 {81 # 2¢ )t i
s (151 Leica /A 7)) Infinite® 200 PRO B FRAX (Bt
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Tecan /A ) ) . 041BR118462 %I 3 P H 1k 18 15 4% 5 R 45
(2% [ Bio-Rad A ) ) . Azure 300 T4k & 6 A% AL
Azure Cielo 6 IS} 29¢ a8 1 B A % 20 v (PCR )AL
(ZE[H Azure Biosystems 2\ ] )% .
12 FEHRBSRF

TR T WORE [HH5 20210310, BiA% Sy A0k 8 o (45 1
g WURLAH 2 A2 5.12 @) | T R 25 K< R 5 —
P B $ 1L 5 CsA XT BB (PR X B 24 | it 5 S2286 , 4l Ji
99.98% ) 1 [ 55 [ Selleck /A ] 5 T 58 -7 ER 175 (Hank’ s
balanced salt solution, HBSS ; #t 5 H1025) ) H b 3 &3k
TR A R A B T (R k) R0 & (it
E1042) ) [ 65038 F) S 56 R 4 AR A BR 2 7 5 GSH (AR
PRI & (5 A006-2-1) 1 [ 1 5t H i A= ) T
WEFT T A R 7] 5 SR S b W 41 0 5 B 4T (Mito-
SOX™ Red) &7 & . Lipofectamine 3000 % ik 7] (L5
435k M36007 . L3000015) 41 [ F2 5k K i R B (v
VA BRA W 5 BRPT GSH B e EHTAR | R4 i 2 C
(cytochrome C, CytC) Byt FEHUIA bt B H D (cy-
clophilin D, CypD) £ e FEHUAR | Sebi Lk (445 i) i ia
& (mitochondrial calcium uniporter, MCU) £ 5@ B L 44 |
HPUFE R EE H 521K 1 (transferrin receptor 1, TfR1) £ 5a
Filk Gk ® (1 #4% 1 (ferritin heavy chain 1,FTHL) %
on B UK L P IR T R 45 12 & [ (adenine nucleotide
translocator, ANT) £ v P4 | BT 8- 8h 5 11 (B-ac-
tin) L 5L PR (L5 53 51 hy 67736-1-1G . 66264-1-1G
12716-1-AP., 26312-1-AP. 10084-2-AP. 11682-1-AP,
30631-1-AP.66009-1-Ig) ¥4 H B =& A PjH ARG R
N BV2 AL IR 73 . DMEM JEREE 5735 (41t 5-4)
Aok CM-0493A \WHBS824K 221 ) #4104 H sy i e 4 fiy
FFH A R T 5 1 56 76 S A 5% e 437 A6 0 3K 59) &5 (JC-
1) \MPTP il 57 & . 5 mUR 26 (FITC) brid i1y
HPPEHT R BREE 11 G (1gG) (H+L) 40 A il
&7 AFS55 ARIC BT Bl 1gG (H+L) —9t] ERKIR —. 2
fig (416543 51k €2003S . C2009S . A0562 . P0O190 . R0021 )
BIg A R R AR AR A A7 B B 5 B Ak
YImEARIC B L 2E T L 2E BT R 1gG (HAL) (GEM4ifb)
TGS ) ZB2301 . ZB2305) #1 { AL B A 4
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B AR R A BRZA 71 5 PCR 514 . GXP4 /T3 RNA (si-
GPX4) Bz H: 99 P % B8 (si-NC) (4t 543 %] 2 B541019
1943183592 ,1941893178) ¥yl A= T A4 T #2 (i) I
By A BRAA ) Al

1.3 £ EhYIFIL4RAR

8 JA % () SPF 2 I P SD KB 20 H, & B 180~220
g, W H LT KA HEARA RA R, A =V Al HiE S oy
SCXK (11)2023-0002, B s #iin g, SE90 77 %
O 38 o 107 v B 24 R B I 5 B B S s Y (e 3
B EAEE (G5 LZY Y250401) .

JN BN AR B 2 BV2 (575 CL-0493A) I [ 57X
kTR A R A,

2 FHik
2.1 DXQHyHI&

PR BR 20 H 3R BEHL 3> 25 1 2RI 175 45
WLl o S IEORE G SCHR™ 00 1 FUREZH R BROE 7 A 1 24
W20 g/kg (LA 2t s IAKCH I, il 2 g/mL 24
W,V B AR R 10 mL/kg) |, 25 ALK BRGHE B A5 IR BUK
BRI ESLTd, RIRGZ) L hE , KRR
EL L6 241 (300 mg/kg) BRI S , >R AR TR S Sk i 5 1A LA
3 000 r/min #.0> 15 min, 15 DXQ FIIE # ML , A K,
F—80 °C M RAF, %5
2.2 HHREEFRAER

¥ BV2 A & FRE 3R, F 37 °C .5%CO.
SRAFFRRFR . YUMIRL G FE IR 90% B TR ACHRAE B
48 WML 11k,

2.3 o4 EBES%RY

TS T B KA R BV2 41, 3% 2 X 10°4>/mL 4
fL 500 pL #ZF0 T 6 fLAR H , T 37 °C .5%CO. 514 T 35
F%, B 48 h4fe il 1 IR, R4 MRl B2 709%~80% I, 4%
8 Lipofectamine 3000 271 15 I 45 7 i #4755 Y (285K
A2 6 1 PCRIEKZIN , #5740l Hf GPX4 mRNA (1) #35
BEIEH I D 2 50% , B si-GPX4 5 YL o™ o
B Dy e Gt si-GPX4 1Y 4 L 73 R si-GPX4 41 . CsA 4 .
DXQ-L 21 .DXQ-M 4 .DXQ-H 41 , ¥ i B’ 4 si-NC (1
40 ff (28 52 9 ) G = PCR &, 40 it b GPX4
mRNA K35 FOE A A5 300 5 40 M oW A2 46) 1R
Hsi-NC4, FAE 3 M fL. Hrh,DXQ-L.DXQ-M,
DXQ-H 4 40 M1 53 B A5 5% . 7% . 109%DXQ ()% FH 84
FRHE (e 2 1] COK-8 SR 25 S ), A4 4
JRETIIA S 10% 15 M35 & R RIL 8595 2 h s, bR
si-NC ZH A0 in A SEIARFR L TR SR 51, FR & 2l 4h A
JIIA T 10 pmol/L Erastin 1Y & F 5 753 K595 24 h )5,
CsA AMIINAE 1 wmol/L CsA WY& FHES FR 5L, A%
ZH AN A SRR L HIBE R

TEZG; 2026 455 37 5 31

24 MR EESEF GSHEERN

UL T3 $ A KR BV2 41, 352,37 30 F J7 vk
Oy4l AbFE, REFE A8 hE  WCAE AN, 44 HERE 1 7 B i
WA 5 R A P B A4 53 31 T 550 . 405 nm SR ALK
452 AN AR A K T (GSH Fr it
2.5 ZHREH ROS R Ai{A b8 | 4L 1 R A4

KR ET A (1) ROS K - Bah 5 5=
KM BV2 4iA, 4% “2.37 T F Jy ik irdl Ab B, K557 48
hF, WF R SR 5L B LA 10 pmol/L 27,7 - 5 4,
FeNE Z ZBRERIAH] 200 wL, T 37 °C R H 20 min; %
Fr I, A0S 5 1003 () DMEM 15 32 35 0k 31K,
IMASTH G K S 70 ), S5O0 B
WREEIFHAIE . fili FH Tmage T A4 41 40 9 ROS FH
PEFIR (R0 P90, AR R 41 ROS
AIZRIR Ko (2) ki b AL M < LA T3 E8UE
KR BV2 40, #4237 T F ik /2l AbBE . KiFE 48
h G, W85 3538, B LI A MitoSOX™ Red T-AE# 500
pL, T 37 °C'F I E 30 min; 4L FH HBSS Pl 31K, INA
PUAIER I S 5, B TR B SO DM T g
FEFARE . A Tmage J 3315345 240 A0 2 1 Pl 4
AL BAME s X (R 2T ) A P35O0, LR
Yl f SR A R E AR ) 2R IR KT
2.6 ZARBLE KRR F AL R MPTP FF IS A& T

(1) ZRRLAAR R FR A7 G < BBCAE %ot A K 30T 1) BV2
YA, 4% 2,370 F 5kl Kb B, R5FR 48 hm a5y
FRAE 20 P B AR EL 22 v (PBS ) Wik 1R, BEFLINA %
FHREFREEAIC-1 Je 8 TAEW A 500 pL,1825), 737 °C'F
A 20 min; W BV, AR IC-1 e 8.2 nPif R 14 2
WML R FRIE 2 mL 5, B T8 & 2¢O W iss I
FEIHM . (i Image J AT L0 N IC-1 R &
Py (1) K JC-1 BAPR (R4 (0) -6, IR
71N A0 AR AR S R A7 (2T 0 ik, 2 I 2ok AR i
PLTH G 5 SR A TG i, 3R LR A S L A AR ) o (2)
MPTP 1 50 A < A F X6 A K T BV2 4l i,
F 2. 37T F kAl b B, KRR A8 hE WAL,
YA PBS U4 2 UK, A B4 R 2R AR SE TR e (0 7
250 wL,{R2), F 37 °C N RS E 30 min; W57 L (A,
JIA 37 °CHY % IR IR 4, IR T 37 °CF #EGF & 30
min; W 7 55 5535, 40 PBS PRI 3 WK, i ARSI 2% i
WE BT E PO B TSI, ] Image J
BT 4% L 40 P MPTP BHPE 38 (AR 44 (0) 1924
DGR, F DL 27 40 il N MPTP JF U1 5 (P 3 A%
K)o
2.7 A GPX4 .CypD mRNA ik 4l

SR FHSC I 5 a2 B PCREARI . B F X 0k K
W BV2 4l 42423700 F ik ordl AbFE . 155548 h
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J&  WCAE A, FH PBS 134 3 UK, Il Trizol a5 #2 B 40
JLrb B RNA G B A U Lok B2 2432 5, o H i e s oy
cDNA ; LAt cDNA iR , #17 PCRY 1S . PCR A
ZAUHE : cDNAFH 2 WL, 10 wmol/L fY1F | K2 [ 514 ( 5
3 e 1 P K B UL 2% 1) 45 0.4 wL, SYBR Mix it
10 pL, 2R — 4 MR/K 7.2 pLo PCR W 25 1F K
94 °C #il 48 #£ 30 min; 94 °CAE Pk 30 s, 55 °Cil %k 30 s,
72 °CHEfH 45 s, 3 40 NMEH . LA B-actin NS, K
27443 GPX4 . CypD mRNA 57K, 55 57 L si-
NC 4 HZ Wit 70— b b2,
%1 PCR3|¥MFFIRTE=YKE

HEER ElLiliz]] K Elop

GPX4 TFJi]:5'-GCCAAAGTCCTAGGAAACGC-' 20
J[i:5'-CCGGGTTGAAAGGTTCAGGA-3'

CypD TEli):5'-GGAGGTCCATCTACGGAAGC-' 20
J2I:5'-ATGCTTGCCATCTAGCCAGTC-3'

Bractin iFJi]:5'-GATATCGCTGCGCTGGTCG-3' 19

J2[i:5'-CATTCCCACCATACCCT:'

2.8 AR IET- MPTPBXE B RIEWEN

K FH 50 958 96 Y615 K6 I GPX4 |, CypD 45 H i 26 35 1%
B o B F X K8 BV2 40, 4 <2.37 T F Jr vk
el AhER, B3R 48 hE SR FRIL, 40 PBS YTk
LR, T LA 4% 22 38 F I 81 52 20 min, fil A G528 56 63 4]
TR B A 10 min AR A JERR 2RSS G5 40 BIIA
GPX4.CypD —4t (#i B LA 7331 24 1:500,1: 1 000) , F*
4 °CF W LA INAAH R S —Ht (R B Lu i3 4y 1
500), T2 NG F 1 hs LA DAPLYLME, T2 G4
¥ 5 min; LA PBS YEZ AL 3 U, BTG G K E ik
i, BT EE SO R NS, Im-
age JFETT 4 A 40 h GPX4 |, CypD 2K [ PH: %k
(3oL g f0) )P Y% B LR R & H IR
IR,

K FH Western blot 2 4 I 2k 58 T~ 40 ¢ & H (GPX4
TfR1. FTH1) . MPTP #H ¢ & F (ANT. CytC. MCU,
CypD)#E IR R IBIENL . b T XA K BV2 241
M, $% 2. 370N Iy ks b B, BEFE A8 hE AR AN
J, SR IR AN M SR L S R AT AR R AL B, AR
PRI O i, R HL UK A B B, DA P T30 3
P41 20 min; YT , i GPX4  TfR1 . FTH1 ., ANT.CytC,
CypD .MCU .B-actin —4t (i B LA 73571 2 1:1 000, 1
1000,1:2000,1:1500,1:1000.1:1000,1:6000,1:
30 000), T4 °CTFWE L4 Ve , In AR R, 4t (7
FELEAI4 8 1:3 000) , T2 T % F 2 h; L TBST PR
10 min X 3 WK, % i ECL & G M6 % o i F Image
VA5, LA B B 5 NS 1 (B-actin) 5571 1Y K BE
H I EZ R 2 H B E A 1 FRIEKF.
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2.9 HFitFEFHE

K JH SPSS 27.0 1 GraphPad Prism 10 £ % i
800 THETORIL X £ s 2R, 2241 10] He SR FH 8
72250, HE—25 I 4L R) P P LR ] LSD-1 K565
K5 K E =0.05,
3 H#HR
3.1 DXQX#pEH Sk EF .GSHRER T

5 si-NCZHAH L, si-GPX4 H Ao B T om i
F T (P<0.01),GSH & & B FFEAK (P<<0.01) 5 5 si-
GPX4 HAIH , CsA 4 . DXQ-H 21 . DXQ-M £H 41 ifd rh &
RT3 2 PRI (P<<0.05 8% P<<0.01) ,GSH & &
P (P<<0.01), Z5HRILE 1,

o
1

150 = _
- -
2 <8
£ 100 B E
= X 6=
i <
N ER
% 50 =
- ]
pic} $T 2
T
| 2
0 o0-1E5 2
I o m v Vv MV I o m v VvV MV

B. GSH

I :si-NC4H; 11 :si-GPX44H ; Il : CsA4L; IV : DXQ-H4 ; V : DXQ-
M4 ; VI:DXQ-L4;a: 5si-NCAIAH, P<<0.01;b: 5si-GPX441 A L,
P<0.01;c: 5si-GPX44H M It , P<<0.05,

Bl SAMBMFLREET GSHEERRK (x+s,n=3)
3.2 DXQ3XIZHREH ROS R &k 8 R RIEH
A1)

5 §i-NC ZHAH [, si-GPX4 2H 41 g 5 &8s i 4 2168,
PG, AL H ROS 8 AL W 1) 3K 7K1 24 (i 35 Ty
(P<<0.01) ; 55 si-GPX4 41 fH Lt , CsA 41 . DXQ-H 41 .
DXQ-M 4 4fi it \£1 25 S HH i 55 , 40 i v ROS (iR
AL FRIBIKOT- 4 1 2 AR (P<<0.01) o 25 SR ILIA] 2
(BRF R R, D IR 2 50 AH G I S [ AT 49 i A SC i it
AR AE R R AR B 1)

200 200 -
i
i a % s
3= 150 o #2150 =
£ 100 4 5 100
I b ®
® #
£ 5 E 5
jung - —
i b b %
@} =
&~ izt
0= B oo

vV V

I nrm v v Vv I I

m w
A.ROS B. ALY
I :Si—Ncgﬂ; H :Si—GPX4§'E; ]]I :CSAZE 5 N :DXQ—H?E.; V :DXQ—
M41; VI:DXQ-L4];a: 5si-NCAIAH H, P<<0.01;b: 5si-GPX441AH L,
P<0.01,

B2 HHMMF ROS LAERERUEYFRIEKTFEL
B(x+s,n=3)
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3.3 DXQXt4paZEnRAREB AR MPTP FF 2 BRI

55 5i-NC AR L, si-GPX4 41 41 i 28 A 1A st i 437 8 255
MR (P<<0.01) ; 5 si-GPX4 4 AH L, CsA 2H . DXQ-H 4 .
DXQ-M ZH 4l Jif £ b A4 5% i 457 1 i 25 55 (P<<0.01)
5 si-NC 41 A Lt , si-GPXA4 ZH 41 its MPTP FF il 2 2tk 25 388
75 (P<<0.01) ; 5 si-GPX4 4 Al kb, CsA 41 . DXQ-H 41 .
DXQ-M 41 41 s MPTP JF R B 45 i 2 R AR (P<<0.01)
SEIL L3R 2 (BT ma , SR AR RS f A7 S MPTP i R i
AF X A Vel T S S AR SR DT 4R A A G
Ji A R BT 2) o

FT2 BAYHRE LRI R ALK MPTP 7 5§ 72 & Lb 4%
(x+s,n=3)

i) ICLER JC-1 ik MPTPFFHE
§NCHl 129284208 12424209 2443404
§-GPX44] 32194300 107484250 7583302

CsA4l 111.60+2.52° 17714321 197.78+361°
DXQ-H4I 107.82£2.08" 18194265 171714252
DXQ-M4! 49.69+2.64° 4914208 12440%550°
DXQ-LA 34034379 104.52+3.06 76.114,04

a: 5si-NCAIAM LK, P<<0.01;b: 5si-GPX441#H [k, P<0.01,

3.4 DXQXJZHAEIH GPX4.CypD mRNA Fi% #8501
5 si-NCAHH , si-GPX4 ZH i it tF GPX4 mRNA
Fk W TR (P<0.01),CypD mRNA Ay A % i
(P<<0.01) ; 5 si-GPX4 41 #H L., CsA 4l . DXQ-H £ 4l i
i GPX4 mRNA [ ik ¥ i 2 14 (P<<0.01) , CypD
mRNA A 2 T (P<0.01), 453 ILE3,

15m 2.0 =
b 5 104 %
z ¢ %
B 7
= 2 5 %
3 i %
I m v Vv v I . m v Vv v
A. GPX4 mRNA B. GypD mRNA

I :si-NC#H; 1T :si-GPX42H; I : CsAZH ; IV : DXQ-HZH ; V : DXQ-MZH
VI:DXQ-L4H ;a: Hsi-NCAIAHLL, P<0.01;b: 5si-GPX44HAH L, P<0.01,
El3 &44H 5 GPX4,CypD mRNA Fi%k 7k F tb

3.5 DXQIAAERERIET MPTP % EHRiZAI N

B9 NI S5 R |, CypD 32 B4 A A LR
o, BRSO GPXA B RN, SR AT 5
. 5 si-NC M, si-GPX4 4 41 fits  CypD & 135
BF M (P<0.01),GPX4 FHEHFEIL R E FiH(P<
0.01), 5si-GPX4 4 #H L, CsA 41 .DXQ-H 41 .DXQ-M
ZH A e CypD 5 1335 1 i 2 I (P<<0.01) , GPX4
BRI BE FIH(P<0.01), 4558 0E3(RTh
R, SR PE Y S5 I AT R A SO T i A R
SRR AR BRI 3)

Western blot 52 56 25 I g /R, 5 si-NC 4141 L | si-
GPX4 4 40 i) GPX4 . FTH1 . ANT . CytC 4K [ %352 i
FTFM(P<0.01),TfR1 . MCU.CypD % 1365 3% |
JE(P<<0.01) ;5 si-GPX4 44 [t , CsA 41 .DXQ-H . DXQ-
M 2H 48 g GPX4 (DXQ-M 41 [4:4h ) .FTHIL ,ANT ., CytC
M DXQ-L 440 g vh CytC I KA B % Fil
(P<<0.01) , CsA 4 . DXQ-H.DXQ-M #4141l /ity " TfR1,
MCU (DXQ-M 4[5 4h) . CypD (DXQ-M 4H 4 41 ) & 11 5
A R (P<<0.01 8, P<<0.05), 4R WE3 K4,
4 iFig

TG TR UKL Y 10 B FH Hh 25 2 B, JHE v 2t 2
] BB T AN SEORS 25 8 , AT 25 (AT ) AT FR IR L, 550
AT, FIRE AT I 3RS K AR 4 A B IR A2 AR
ZIAE KU FHORS 1255 T, TEANE AR 04 [R] B AT 4%
ML, BIRS K R 510, B 25 B A9 R, B0
BB B AP R PUEACRIER, O Th AR 4 i 3 P Ry
LI AN A LR T AT 2 (AT ) H R AT
A 3 A A ) A AR B T A B g A P R A
SR T (8 R0 R SR T G ELAT DU AU 2 S A D R
T3 S Z2 UL TR I 5 S8 b i S 2 A n] i
1 A 25/ P R B/ M5 VA e A R
Tl AR 2R T WO 3% 2 A P A R A T 1
Yyl

BRICTAE N — R e JE M T i sE TR K
SIRFCHER T AT K B WA A AR M A AT T AR

(x+s,n=3) FAERT 227" DB SRR, PRAE T 40 i 12 Bt
R3 JBAMEPHKRIET MPTPHEXEBRIAKFLEE (xts,n=3)

5 otk Western blot :

(GPX4 CypD GPX4/B-actin TiR1/B-actin FTHI/B-actin MCUB-actin ANT/B-actin CypDB-actin CytCl-actin
S-NCAL 59.10+1.53 6512149 1591007 0.05+0.01 151007 0.27+0.01 1324006 0.1820.01 1.14£0.05
s-GPX44 14012153 5219+ 131° 0.83 +0.04° 1122005 0.65 +0.03° 1.23£0.06° 0.03+0.01° 0.97+0.05° 0.15+0.01°
CsA4l 39.96+2.00° 1794+132° 1.28+0.05° 031£001° 161 £0.07° 0.64£0.03 1.06+0.05° 0.78£0.04 095004
DXQ-HAL 40.76+2.08° 17.84+1.40° 1.32£0.06° 0.57+0.02° 1562007 0.68+0.03° 1.16£0.05° 0.72£0.03° 1.08£0.05°
DXQ-M4 32451209 26641143 0.92+0.03 085004 093004 1.16£0.05 032£001° 0.93+0.01 045002
DXQ-LA 1521£2.08 5186+ 1.10 0.88+0.02 1.07£0.02 0.72+0.02 1211007 0.06+0.01 0.94+0.02 0.26+0.01°

a: 5si-NCAIA L, P<<0.01;b: 5si-GPXAZH A L, P<<0.01;¢: 5si-GPXA4HA [t , P<<0.05,
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GPX”*Q- R ew e |EERDa
TfR1| o ~— o= G -|38kDa

o | G . R S w0

- G G e G 0

I I I \} v Vi
A BRIET R E A

MCUl.- CEED c— > G -|35kDa
ANTl- - - |33kDa
CpD [ w— —— — | 5 D

Cth|! - ! ‘ - - |12kDa

B-actinl— D GEe E=S o —|42kDa

p-actin

1 I 1 N v i
B. MPTP HIKHEH

1 :si-NC4; II :si-GPX44H ; I : CsA4H ; IV : DXQ-H4H ; V : DXQ-
M2 ; VI: DXQ-LZH .

4 FHAMAAPERIET MPTPHXERARIZHEBIKE

R IR BEAE UL (2 e i i BT RS 24 ), 5 DA RS 36
ARG Ry R 0 8 1 40 R Bt AT L 5 AR AR BILTR 2
T A, BRAE T 36 B 0 BB 7 a0 AR S s o e 4
0, [FIEE, AR L R IE RSO T , AR -
2R SRS ) ROS 4 & 55 L GSH/GPX4 3 % R #% 0> B9 BT
FALRGAE T S AT APIRAS AT AR 20 MO R0 AE iR )
oA 5 T A4 b R g ml SE 459 BRI ], 3X A i
B ISP P REDEF TR , 1E T B AN & AR ke T F
FE46 th , GPXAFERRAE T A b HA SRR, Koo
RESE R AR T AL e Ab o T FE (9 B BT e , DA T 410 1 i
J it A S Ee T ST R W], GPX4 AT 3E A T B 2
HL P I SR AR AR AN A R T AR AE T s GPXA4 sk
S RE G 2 B A ML N i AR R AR A
T2 WAh VR B AL 2R G0 0 G B2 8 43 , GSH/GPX4
T PEAEB I RR U E AN SR EIE T A R R X
o GPX4 ATAE S A R TR QB T A, BT
GPXA4 TEGFET - iy Fi A S HAE 22 R A Bl 21
i AR RIS AR, AR TR AL R /N T3 RNA % ek
BRI T 21 A H N B A B R PE TR | 25
YR, 5 si-NC ZHAH L, si-GPX4 2H 41 ifd H GPX4 mRNA
KR AR B 2 N, [FIRF 4 h GSH & & [R5
K%, H ROS Eik/KF- B E T &, &b ek DXQ T
J& , A GPX4 mRNA K 2 FH (Western blot 32 5 H (1)
DXQ-M 414N iy ik 4 B 3 1A, GSH & = i & 7t
5, ROS 3k K- b 25 BEAR , 4 75 W0 1 UKL AT B0
GSH/GPX4 i # , Tl ZFEPT AL EH

FERRA IR 7 T, 4 0 P Bk B8 1 i R R
FET L EERT 4 s 3 AR B 5 A E W 4 k-
W AV R PR A A Rt , 1 T 30 o S0t e g
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#EROS AL it K IR it B fb & 4= o TIR1 L se A 4o
BRESF N, FLFEA T S 1 T e Ay 4k 47 s FTHL D)
TR B R B IV AR T D RIS TS 3
T BB R R N ; AR ER (A Bk T A S |
R M R A, IS R AT, ARG AR
7, 5 si-NC 4 AH H , si-GPX4 41 40 i v gk s 7 1
SRR N A 1 2R KT 34 B 2 T TRl B TR
FEHFRAEE LWL FTHL E A RA B E P40 5
W HE DXQ T 1l , 4 s Ak s 1 i S kiR
FAL R AR L E BN, TIRIEE A RIB B E T
VA FTHL 2R (A #2358 3 LA, S 0000 1 10k BE 8 0 14
BRI R AR AR VAR RR T L R A0 AR PN Ak 1
o , A0 40 AR BT

ViR A a0 B A s , Gk AR at T
HA R BRIET- S SRR IRIES R0 =R
JRAT A R D SR A RS R A AR AR R R i 4R
AN 45— R B A5, MPTP 2R BRI I fE 2k AT
TR () DB 2 AL, ELAT P R R (0 B (S R
B g AE A 1E T 5 24 GPX4 3Rk IR EUR A4 4
AR, MPTP 2330 BE P, BLH S BB AR RS Ha 1 i
B IR \ROS Az i, 2 T A PR 240 it Pk
TR, S/ IR T AN & A RFE T, Ak, MPTP /Y
Pt CypD . ANT .MCU ,CytC %535 i Pp R P82 . H:
1 CypD J& MPTP 1) JCEE T [+, Ho R G8 LiM fe if
MPTP JT7%™ ; ANT 42 MPTP R4S A% O, HiZeak Rl &3
Il 55 2R A4 MPTP JF B §E 1™ MCU 1 54y
F5 S E AZRRR, R BRI S SR RS 2,
[ #2330 MPTP™!; CytC ) B 5 MPTP 1 H il 2% YT A
5, H ik R vk 5 MPTP JFHCRE BE FRAR™ . ARFSY
ZER B R, 5 si-NC 4UM H , si-GPX4 41 401 fifd MPTP JT i
R 2 T ——CypD 1 S H mRNA \MCU 4 [ &
IRBIE FH, ANT (CytC 2 33 i 3 N, Sobifk
FEEERL A7 i SN s 28 P R R DXQ T , 4 il MPTP
TFIRL I 2% . ——CypD & H M H: mRNA \MCU &
FI IR IH, ANT .CytC 8 1 (1% DXQ-L 41 ) ik
SR 8 NS A LN R VAT E 25 A = W o € /WA T ik U
A AT 3E A i) MPTP FFHOCRA /N BT A B A R FE T o

g L Frik , DXQ A3 i i 7G GSH/GPX4 i i L) 3%
SN MIHTSAALRE 7, VR TAR 1 FTH 88 (13235 L& 1E 2k
B RS, 0 MPTP 3 B T LA B35 2o Rk Dk fie
LN AN BARIET . {H DXQ MY ELAAIE M 1 o
HoTEkFEEE , DL J GPX4 45 MPTP {5 5 7 51 Bk &
BT IR SRR AR R o
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