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(FHE] A& HITSEHEFETh R LA B (FD) K R Kelch B R SN BEAR S HE 11 1 (KEAP L) /B AR H I BRAE (L A 5
(PGAMS)/ZRAR I T-175 5 1 1 (ATFM 1) 38 fi J B0 T RS2 M0, SRR HIAR YT FD T REALH . & & SD R EBENL S R IE &
41 RERUAY  SEH i AT AL 5 AR (ROS) A 70 4 K St s AT+ ROS DRI I 2, AL 8 Ho S RISk M FD K RS, 45
TR T T, 2F AR TR A I 25 21 R BT HE A 3R B/ N T 3R 5 TR ARG - AT (HE ) Y (0 U AR B 52 20 U BRARE 5 B 5 il 7
5% (TEM) VA% 5 I Cajal [0 5T 41 i (ICC) MR A5 44 5 A 2F 2 TA Kl 2Bk ROS (N B (MDA ) | # AU fk b AL i (SOD)
S S EEE E A EA I KEAPT 5 PGAMS 3535 ; Western blot 146 1 40 FE T~ 18 & AH 5285 11 KEAP1 . PGAMS5  AIFM 1 . 2
16 ATFM1 (p-ATFM1) K 4% K F E2 MG K 7 2(NRF2) U635 . # 8 SIEW A i, BRI 4] B Hias 5 5 /) e it 3 0 g A1
(P<0.05,P<0.01) ; 2K {A ROS MDA 7 & i 3 THE (P<0.01) ,SOD & i ZEFEA% (P<0.01) ; KEAP1 5 PGAMS 5 {7 63k i 3
[k (P<0.01) ; KEAP1 ,AIFM1.PGAMS5 5 (A 3% ik 3 i 3 T 15 (P<0.05, P<0.01) , NRF2  p-AIFM1 45 H 2 35 B 2 F& A (P<0.01) .
SRR 2 AT, S e T A B S B T+ ROS il 70 21 1 HE 25 230 K/ N g i i 3 4 25 4 /=i (P<0.05, P<0.01) s Bk ROS
MDA & & b Z A% (P<0.05, P<0.01) , SOD 7 & b 2 F15 (P<0.05) ; KEAP1 5 PGAMS 2E22 {37 534 i 325 T 5 (P<0.05, P<0.01) ;
KEAP1 ,PGAMS  AIFM1 #& [ #3534 3 [ A% (P<0.05, P<0.01) , NRF2 . p-AIFM 1 £ [ %35 8 3% 7 (P<0.05, P<0.01) . # %
SEHA BT g 1 P MK ROS ZKSF-4Mi il KEAP1/PGAMS/ATFM 1 45 TCC AR A0 T, e K B B W sl 71, NIfiiyA Y7 FD.
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Exploration of mechanism of Chaihu Shugan Powder in treatment of functional dyspepsia in rats

based on KEAP1/PGAMS/AIFM1-mediated oxeiptosis pathway
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Abstract: Objective To explore the effects of Chaihu Shugan Powder on the KEAP1/PGAMS/AIFMI signal pathway and oxeiptosis in a functional
dyspepsia (FD) rat model, and to discover its potential therapeutic mechanism in treating FD. Methods SD rats were randomly divided into five
groups: normal control group, model group, Chaihu Shugan Powder group, reactive oxygen species (ROS) inhibitor group, and a combination of
Chaihu Shugan Powder + ROS inhibitor group, with 8 rats in each group. The FD rat model was established using the tail-clamping stress method. The
corresponding intervention was given. Gastric emptying and small intestinal transit rates of rats in each group were assessed using the semi-solid paste
method. Histopathological changes in the gastric antrum were evaluated via hematoxylin-eosin (HE) staining, while the ultrastructure of
gastrointestinal Cajal interstitial cells (ICC) was observed through transmission electron microscopy (TEM). Mitochondrial ROS, malondialdehyde
(MDA), and superoxide dismutase (SOD) contents were measured by chemical fluorescence method. Immunofluorescence co-localization was used to
determine the expressions of KEAP1 and PGAMS5. Western blot was performed to analyze the protein expressions related to the oxeiptosis pathway

[KEAP1, PGAMS5, AIFM1, phosphorylated AIFM1 (p-AIFM1) and

. e . nuclear factor erythroid 2-related factor 2 (NRF2) ]. Results
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Compared with the normal control group, the model group exhibited
significantly reduced gastric emptying and small intestinal transit
rates (P<0.05, P<0.01), along with elevated mitochondrial ROS and
MDA contents (P<0.01) , and decreased SOD content ( P<
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0.01 ) ; KEAP1 and PGAMS co-localization was significantly reduced (P<0.01) ; KEAP1, AIFM1, and PGAMS protein expressions were
significantly increased (P<0.05, P<0.01), and NRF2 and p-AIFM1 expression were significantly decreased (P<0.01). Compared with the model

group, the gastric emptying rate and intestinal propulsive rate were significantly increased in the Chaihu Shugan Powder group and the Chaihu Shugan
Powder+ROS inhibitor group (P<0.05, P<0.01) ; The contents of mitochondrial ROS and MDA were significantly decreased (P<0.05, P<0.01), and
the content of SOD was significantly increased (P<0.05). The co-localization of KEAP1 and PGAMS5 was significantly increased (P<0.05, P<0.01).
The protein expressions of KEAP1, PGAMS5, and AIFM1 were significantly decreased (P<0.05, P<0.01), while the protein expressions of NRF2 and

p-AIFM1 were significantly increased (P<0.05, P<0.01). Conclusions

Chaihu Shugan Powder may inhibit KEAP1/PGAMS/AIFM1-mediated

mitochondrial oxeiptosis in ICC by reducing ROS level, and promote gastrointestinal motility in rats, thus treating FD.

Keywords: functional dyspepsia; Chaihu Shugan Powder; classic famous formula; oxeiptosis; reactive oxygen species; rat model

DIREVE AL A K (functional dyspepsia, FD) S IIfi K
UL — AP T AR A e, B AR R HE
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FD 2R, e 26 LT & 95 7 e e
Wi, (5 FE I )it 8 W AN L B IR T . R 7
Qi iEAg pE B ) th 8 ks Z 5, B AR 2
P, F WL A A W SR AR R A
A3 I SO, SR EL AL, PR RS
BT E K b M AR S RE IR, T LA FD YR YT LA B A
S RN E W IR . FD B AR AL R 2%, 5 E sl
TR A KRS A O B A A5 AH DG H TN FD AT6RYT
BELIRHRETRYT A 3, B AN AR 3l 01 25 R 25 55
SRS 2y 2 AR s H s ARG . Sy iy
SEEH R 36 AR, B B AR AT SRR 2
sk, o 1 e R AN K A B S CEAE R, R AR FD
HIT I RN A

M W Cajal [8] 53 41 HE (1CC) w] LAV 15 i i F- 1 L
AR BFSE R 1CC SRR & A AR B
2R ICCHRI /D, & S8 il is sh Bt , 35 A
(ROS) ik i 2B B2 S A N O i IR 4K,
ROS %S M EALTVE A — o i AR AR p g L sE Ty
3L K Kelch FEAR AT BEA G [ 1 (KEAPT) /B R
I R A2 L B 5 (PGAMS)/Z R AR P 128 S I F 1
(AIFM1) 5 KEAP1/#% [H -F E2 M1 5 [H -F 2(NRF2) & £
AR T g AR SR I R S Uk B ROS i B
PTG 9 KEAP1 3 1 PGAMS £ 8 R 1k ATFM1 25 116 13
W22 RAIRAEIE, B R MRS ESET AL

ARSI BATT AR 5T > 7 2 SR B, S i R
R FD R EUE 3 7, bl 5 4% ICC &I ¢,
1145 8 2 AR 1CC 2R AR ROS 7K i 5% 4 ki A 8 Ak
WA . ASBIFFE PN ST FD R BB 4535 S 5 i T
RO 75 38 3 P IR ROS ZKF-, #1717 9 9% KEAP1/PGAMS5/
ATFM 1 {5538 B0 1CC SRR A0 T, i | 1 id 5l
FIBERG , IF 48R H T BERYIA YT AE AL

1 MEl5h%®
1.1 M
1.1.1 34 40 2 SPF 2% SD MM KL, 6~8 B , 745
1R (200£20) g, 1 [ TR Sie s 52 50 s WA PR A .
A PRV RTIE S : SCXK (7)) 2022-0004 . B4 FH
AIIES : SYXK(7)2020-0009, KEMEFHET FgpEzy
K2F S Wy v, A X IR 53%~57%, i 22~
24 °C, HLIEHG 12 h/12 h Al B % A2 5 R 100, o ok ok
B LR RS Ll h B R L R s Yo 2
B2 ((EFIE 5 . PZSHUTCM2307240006) .
112 a5 SRR Sed 12 ¢, AT
9. )19 g, B5E9 g, B 12 g, FIO g, S HE 3 g2
B TR R B0k [T R B 2 R B TR R O R B v
25 By L A5 4 51 20230807 . 20230803 . 20230809
20230804, 20230809 , 20230806, 20230811, 1 K Al #
HI, Z5R12 F 2818 7K 30 min, R &3 15 min, F5 /N KT
HI 30 min, RUZ U8 M 3 98 3 Z KB 30 min J5 , & 124
W KIS 45 2 0.48 ofmL, I T 4 ‘CLAF .
SRR G & (LS : SM0020) , b RS E R
B BRAS 7] 5 FAKE - 21 (HE) G 357 &, il oo %
DUVETL (RIPA ) 85 158 AL, ol 1 Jt 1 71 590 (L2553 531)
A C0105S . P0013B . P1081) , 1138 2 KA Wy R H A7 R
o) 5 2 A B ) ROS 0 ) N- 20 Bk DA R
(NAC) (3543 51 HY-K0010 \HY-B0215) , 26 [l MCE
O A 5 b ke LB R 4 (SDS) - 38 T 4 Ik e 958 M F ik
(PAGE) I & (5 : PG004) , i AERGAE Py 155 25 RL 47
A BRZA F] 5 RO b 2 & % (ECL) 3 51 (Fik 5 - SB-
WB004) , b 25 /K AW A IR 2 |] 5 NRF2, PGAMS5 .
KEAP1 AIFM1 #7044 (41E45- 43 51124 80593 .68116.60027 .
67791) , I = J8 A= Wy H AR A PR W) 5 B 1R b AIFM 1
(p-AIFM 1) Bk (415 : AP5501) , £ [H ECM 2 7] 5 -l
8 #5 H (B-actin) (It 5 : 4090T) , 3¢ [F Cell Signaling
Technology 2 Al .
113 FEZEMNE 2B (A5 : Fluor Chem) , 3
[ ProteinSimple 23 A 5 306G 5 AR W 5lss DI 4L
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(H45- 351N Leica SP8.705902) , [ Leica 23 1 ; 4 H
SR (B . ELX-800) , 35 [ BioTek 23 7] 5 HL ik A
(A5 :164-5050) , & [H Bio-Rad 23 7] ; JR 4% 1l (11 5 .
TanonEPS600) , [ KAERHE A BRAF .

1.2 Az #EH 40 HSD KRRV R IE R4 .
BEAY 2] ROS 9 il 77 21 . 4 A wi T 155 4 Fn 4 0 o 1T
BC+ROS #7448 Ho BRIE® 4l4h, HAx 44
R ERR Bk R A e R vk #g e FD ASE RN 3 3 1
T 2 e B2 e R B 1/3 b BB BV, 1 DR-AS 38 B Bk
WAt , DAL 3 & KB A s 28 IF e il L 5 Rl 2R 8 A
EE, BERCRFSE 30 min, 2 K/d, FF2E 4 J8 o LAY
PR S 52 A1 SR SR 3 AT ] 20 S5 A 174 ) s 1
Rt A TE I

1.3 FFE BREMRERGEHTES KBNS
Sl AR R AR5 B 0 SR ASGR B AT T IR AL
B A2 B ROS 1l 57 2 45 7 0.9% S A6 40 7% W S
[10 mL/(kg-d) |, 56 B 57 RSB IH+ ROS A
FILHAF IR TSR ITHEL (4.8 o/kg) FEE 22 UUA) , Lk
48 o ROS I 1) 20 Ko 550 it JH-F+ ROS 41 i 7] 28 7 265
21~28 KEZ5T 140 mg/(kg+d) NAC LI 135612

1.4 M IIRE Iy ik

141 AR MBI E  EBI6E, WA 4H K
RIS G AT IR R B SRR
142 FEEMERNEHZE 5 NHHFE  BHR
i AR ORI g R 5 o, AR U5k
8 g, TEM 4 g, i 4 o) WEH 30 min Ji5 &b FH A BT B 4
BRI ERE e s 2 E U R AR T, I
FH B R 3 5300 00 8 /0N g ) K E LA B B s AR 0 114 K
o BRI RE AR B =1 (2B iR-
25 W R 2K AR R 1x100%. /N HESE R 1118
O3 /N HE R =R AR U BN B X
100% .,

143 BEALREFLON WEARRMESEA
U, 4% 22 PR [ 2, 28 T B IR /K 5 A 0 i1
il & I 29 4 wm A9 U0 1, LS IS O €8, 35 1 05 DG
Tl 45 41K U B S BUE S ME Tl 8.

144 BEHALICCHMEMN P MWESHARRDY

S SUREAR AR FR 0 8 2.5% 1N W 58 I, AN TR ik
JE CEERK IF Y] R, 3 5 LT B AUBE (TEM) W%
1CC LRI ARTE 25 K A MIAZ AR F0 5%

145 FEARRERLEELL2N KBEABEA
LY JEAT B A B, SR FH A R 2% i RGHEA T B IR
&5 It R B4 80 10% 4 103 26 (A, in A — Bt
(KEAP1 5 PGAMS5,1:800) 3 F 4 C TR AR E , %k
THURRE R 1:200, BEE FRBEE 1 b, PO G B
e, PR SR A A AT KEAPT 5 PGAMS (4L 5 i 3
K IESRIOUAE T R BE I R R R 5K

146 HFERALFSHNE ZE A L % KK ROS.MDA |
SOD 4 & HUE ST LILRLIAR BB 50, Fie iR & il
BH 5 #4E R AL 24 5 675 7 ROS MDA . SOD % i,
WA TR sgii T i .

1.4.7  Western blot 3% 4 Ml & % 4 41 % kr K NRF2,
AIFM1.PGAMS5 } KEAP1 & & % fEHUAHA KR Y
FE IR R 8 XU IR 75 (BCA) T %2 28 1 &
B ARSI, R SDS-PAGE 43 B 3 G 1,
] J5 in A —$t (ATFM1 , p-AIFM1 f2 NRF2 i B L 45
1:1 000; PGAM5 & B -actin 4 1:5 000 ; KEAP1 &
1:500),4 CHEIRIER, K H I E X —Hr(1:2 000),
K H Image] FAF537

15 it Fod A5 R GraphPad Prism 10 Hl
SPSS 26.0 F A AT 73 A S 2 Bl . TR BERL D s
oo Z AR LGS IR 2R 5 225891 (One-way
ANOVA), PhP<0.05FRRZFHAGIEE XL,

2 #R

2.1 FDXA—HEL EHHAKFRERL, FZHN
BRI B A MR AR |, ShERHE , Bk B (e, 2
EHARIES o 5 EF AUA B, B 2 R R AR |
Ko thZ=BE 0 TR, #0033k MR iR |
PR FLAK 3 22 % A A URR 55 21 R AR5
HHR B (P<0.05,P<0.01) . ROS #7120 K LR 2
[ A 8 2 1b 55 JC W W 22 S (P>0.05) , S8 5 1T 4l %
SEEH B HC+ROS 91 3510 21 K B 1E 3 41 He 38 B
225 (P>0.05) , S AH FL S 21 Kk {4 5 o 384 4 1
BHEIN(P<0.01), WLF1,

R BAREMRZHR(n=8,5+s,g)

20 531 HTR ERPDS ERIPS 28K
EHA 241.68+7.21 275.68+8.40 308.91£3.50 339.28+2.29
AR ZH 239.80+6.78 269.63+3.97 300.54+4.89" 319.71+4.83™
S CZH 237.75+2.76 276.13+6.05 314.09+5.63" 351.1129.00"
TP (ROS) il 77 41 238.00%2.53 257.75+3.73 301.69+6.00 321.53+5.82
LW G HFHE+HROS #0461 751 21 235.19+4.22 274.31+9.86 312.86+8.17% 357.93%7.70™

0 S IEW 4 AL, #P<0.05, *#P<0.01 ; S EIRIZH L4, ##P<0.01,
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22 FDARFHERLS P mipst ks SIEW
ZH R L, AT 2 R BRI g A o 3 R HE S T R (P<
0.05,P<0.01) . SRR K ERAH LL , S0 B e S 5
L B30+ ROS 410 1 550 4 /8 i e 2 32 0 5 HE 2 R 35 T
=5 (P<0.05, P<0.01) , ROS # i 7] 20 7o B & 22 5% (P>
0.05), W32,

23 FDXRAFEALBENR KHARREEHA
P52 U G B, R AAHEZ R0 B 5, 15 B im 1
W AR WS B A BE 2 Bt 55 e B O Y B
L 1,

24 MFDXRFEALICCARMEMY Y EH
20K BR ICC 40 i 25 25 40 2 DL S5 5, 2o 1k P R e Ui 45
4 43 B 5 B A0 20 K B LC.C D) A A it 4k A B
UK 235 R BB IR S R T/ MRS 2R R T i IR 42 5 SRR 2

Fx2 BFAXKGFHEEL D HIEdF L
(n=8,x+s,%)

2151 B N7 s
IEH 4 65.22+10.42 60.61%+4.69
FEHYZH 38.03+13.08" 49.35+3.85"
SEHE A 59.85+8.74" 64.73+5.50™
TR (ROS) I 41 54.21%9.53 48.74+3.90
SEW BT FRI-ROS I 370 4 56.54+5.28" 56.04+3.62"

T HIER A, *P<0.05, #4P<0.01; 5B FLEL, #P<0.05, ##P<
0.01,

LA, ROS $10 il 700 20 | 45 5 st JFF 10 20 B 25 50 it JHF i+
ROS i 2 ICC 20 AZ TP 285t 3 0h3s | obr AR i ik
[ I SO N R R A e SR i N A N 7 N
LK 2,

N\ &N
N f:rx"‘ u

VE A WIE R 2, B WHIRAL, C M e SBFAZL , D 35 (ROS) IR AL L B o 5681 A+ ROS H0 K131 4.
E1 BAKREEHELRELTAHFARE-FLLEE,%x200)

T ANIER A, BRI, COSENTBIT R , D IR P (ROS) IR ZH , E W SES BT ROS TR . % FoR I T2/IMA

B2 Z4X R B W Cajal 18] Fi da A2

25 3FFD KR H £402% KEAP1 5 PGAMS5 % % & &
1E Rk e ®em 5IEHE 4 A BRI R S

M (B4 F B 447, X6 000)

KEAP1 5 PGAMS 5 {7 # 3k 1 E B (P<0.01) 5 54
HULH Fe , ROS I 20 | S i T ai2i M S0 mi s+
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ROS # il 571 2H K B B 52 41 41 KEAP1 5 PGAMS 33 £
38 5T E (P<0.01,P<0.05), 132 3 & 3.

K3 EVMHEFEFFDRAAR £4HLKEAP1 S
PGAMS5 %% %2 & 15 & ik 69 %78 (n=8)

iRl B IR AL b 2E
IEHH 0.41 0.06
HEAIZH -0.19" 0.25
P e e 0.39% 0.22
ROS #1526 0.30* 0.03
Se b PR OS A 77 22 0.30* 0.07

H HIEE A L, #+P<0.01 ; S T2 LA, #P<0.05, ##P<0.01

2.6 *FD XA E 4L 54K ROS. MDA .SOD 4%
a9 HIEHE A R R A K RS S A g kA
ROS . MDA & & i E 1 (P<0.01) , i SOD & i % F

DAPI

KEAP1

PGAMS

Merge

¢

B (P<0.01) ; S AU ZH LA, ROS 404 570 41 | S g A
A B S T HC-ROS 90 751 21K Bl 18 52 21 ki

12!: ROS MDA & & ¥4 H i B Ik (P<0.05, P<0.01) , SOD
B TR (P<0.05), W35 4,
2.7 XFD KRB ELREEIKNRF2 AIFM1 ,PGAM5

B KEAP1 &G &k ed % SIEH AL, ALK
5L 24 2L ki A ATFM1 . PGAMS5 Fl1 KEAP1 5 3%
KK - #5832 TF B (P<0.01, P<0.05) , NRF2., p-AIFM1
FIRIKF I EBEAR (P<0.01) s SHIRI4LAH EL , S50 5 AT
FCZH \ROS #1570 25 B2 52950 i -+ R OS 1 il 570 28 K B
B EH LR AR KEAPL PGAM5 . AIFM1 ik 7K 01 i
T F% (P<0.05, P<0.01) , NRF2., p-AIFM1 3 ik 7K V- B &
T (P<0.05,P<0.01), WLE 4. %5,

H:DAPLR 47, 6- R FE-2- R BEm | KEAP1 2 Kelch FE IR SN BE A C B 1 1, PGAMS S B R H RS (il 5, Merge N A 1. A NIEHR 41, B A Ay

2, C A BB, D 9 iE P (ROS) IR ZH , E o S5 A BB+ ROS Mk 5 2H .

B3 ZBAKAEFEMLKEAPL 5 PGAMS 3¢ 3k A5 o & (%, 9% 3¢ o 4 &,,%200)

T4 BUARKRAH EZMLRLEFIRKROS. MDA .SOD 42 b4 (n=8,x+s)

415 SOD/(U/mg) MDA/(nmol/mg) ROS/(RFU/mg)
EH 4 70.70+4.19 24.12+1.21 10 632.501245.40
ik 30.55+3.75" 38.38+3.03" 17 062.80£914.10"
SE B AL 58.57+2.48" 27.22+1.47" 12 163+713.08"
ROS #5120 62.58+5.69" 27.68+3.81% 10 894£1175.50*

SERH BRI E-ROS 3 77 26 61.94+4.59"

29.42+2.15" 11 266+317.50*

1 :SOD N#B A AL AL , MDA A — 8%, ROS i tE R . 515 4 L+ +P<0.01; SR HL A, #P<0.05, ##P<0.01,

3 ifig
FD [ 7 32 28 B I, (05 0 I 56 R 00 4%
Do B EmM, I8 L, A B TR stk Dhe s I
sl Rk A e A 4 B, O B AT, I,
H OB Ry IE W R AR B AT IR AR . o,
CHLUEIE ) BTk AR Z 0 T, B XA T , 28T
ARZAVAGMZ KA 548 ; BEIFZ 38 BHA T, WA

BB K AT, 5 i rp i 28, AT XEAR” o S8 o 5]
B TR 24, B TF AR, i LA B )1 25 0 5 it T
i, AR5E R BB, FAT H R SR, 3522 g T
B AT Z ). ARBFTEA R R, A AR RS 24

BTt B A , B8 R 20 /N i e it R 8 HE s R I A
BEAIG, TESE FD R BRI EE G . 28 SR AT R 7
J& L FD K SR /N i 4t 2t 2 68 K 18 HE2S DI RE 2 & =TT,
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NRF2

KEAPI

-.---GTkDa

AIFMI

S S S W — | 42 kD2

B-actin

PGAMS

G D S W W | 32 KDa

1 : PGAMS R H it B2 78 13 [ 5, KEAP1 4 Kelch BE RS S A b A
KR, ATFM 1 RZRARR I T35 5 7 1, NRF2 M F E2 HSEH 7 2,
p-AIFM1 J R 1L ATFM1, B-actin 4 B-LENE 1. A IEHR 41, B Jyfk
4, C SR ITHLAL, D 3% P (ROS) I UL, E Sy S8 1 5 T 1+
ROS il 72 .

B4 BAKRT EMLREEIRKEAPL PCGAMS,
AIFM1 .p-AIFM1 & NRF2 % & % A &, 5k B

PR SE A B O FD K B W 8h ) Bt MGEE R .

SAIET I B ROS AT (1 e K 2R 1l (caspase ) JEAK
HPE PR T AR AE TS AR T IRSE T BT
A st T g5 BT, ABE T B ] A S I 1
KRITEEMBE L MENS 5 2P A Rk B R Y
CHER 2, ROS AR 1T BEAE 22 Pl 1 & Jie 1t R v 473 i
HE @ R AT ROS P AEANE bR Z
[ A7 VA PR AL o AS [R)RR R 1 S A R 3 mT LA
TR 25 T A R IV 25 B N, A SR A L R A 1 1 1
S MR ShZRiR R R A g AR, DU AL S
B SORLA RN A0 L 1) T B, AT PR 47 AH 408 20 s 1R i 4 i
2. NACAE A ROS 57 , BEAZ 1 ROS &
BT ISR AL A N B 0 o AR SE 5 R
R, FD K BUE 54 8U4 kK ROS . MDA &% s34 i,
SOD ¥ PE R AL 5 5280w JH- 1 & ROS 41 il 5504 )5
ROS MDA & 3 /b, SOD 16 P 38 58 , 2 B S8 5 5 T 150
Al P FD R RS SR R AR A N . RIS, 3

H, I G0 i s A AR 2 R B TC.C 4 A A% 4 L 2k
LA SORRIE R IR, I B T/ IMA SR
T-RY LG, 4R R AR 20 ROS TH i o] g/ S 1CC 40 g Y
SEAR R 25 K AR SR T A S A0 T Bl AR, S5 i
FTROS #1457 1l 5 FD K B ICC 4 A S 2% H
R ILPAT/IMA, F B S50 i S AT 41 i) FD K RRUE 354
AUICCHMT

i 58 KW, ROS By o B T 55 J2 filh & ¥ X KEAP1/
PGAMS/ATFM1 {5 55l (1) S A0 T2 3R A2 1 G B R 381
A0 ) ROS 5 Bl it KEAP1/NRF2/ARE i # 1 %t
B i, AT 68 5 H 05 KEAP1, U1 fik & KEAP1/
PGAMS5/ATFM1 38 [ 5 | (62 25 B 55 I3 240 i (28 0 40 i
LA B A ) B0 T SR I B B O REGR > . HETR
F KEAP1/PGAMS/AIFM1 %8 5E 1= 18 #% AF 7% #1846 v 78
i g8 e i RE 0 o i, NS A Rb1 BB I A
JHHEE HepG2 4 MU i 38 58 B8 5 8 V% 2 i Be 77 , HLmT g
5 KEAP1/PGAMS/AIFM1 i [ 4§ 1 AL T- 43 =05
F PN H T 0] i ROS/KKEAP1/PGAMS i 1 1l A
A 7 S R PR A 2 T e R R B I RS R
I A S s i D R Ak R 8 Tk T g I
KEAP1/PGAMS/AIFM1 413 () 58 A0 T AH DG 38 1, FEAIK =5
JIg HILE I UM I et 4R Ak A -, a2 T e 3 ot g S 1 L
TR U NRF2 78 S04k 1 380 45 ol 32 24
HH, Z AR H KEAPT BRI N IR ROS. 7EIE# 4=
FRBL T, KEAPL {7 T4 i, 7] 5 NRF2 Je PGAM5
454 U NRF2-KEAP1-PGAM5 =Bk E &4 18
FEHLIR AR L 24 ROS(AH 0.1 ~ 0.5 mmol/L # K #¢ BE ROS
T ) ml H A PR 2K T, KEAP 28 (2K e & iR ik
By R A SEARE I IT R A R 0  NRF2 B R LI 5
KEAP1 fif 55 , U7 25 19 NRF2 576057 2 40 A% vp , DA 77
A PR3 4 T I L P A X — 1 R RE IS KT 4
ARSI JE BT b A AL B R ) 3R, R HEDUAR
FEAEFS . BB (>0.5 mmol/L) ROS i75 5 AU Ak I 35 #i
15, PGAM5 5 KEAP1 73 &5 I D\ Z ki 4 &1 B8 | i 7% -
PGAMS IR #1 T 370 ATFM1 2 59845 850 T, Hoas ik 4k
R P BB R T e A S 2 TR 1 40 HEARORLIA, OF:
5 ATFM1 &AM HAE S, PGAMS B 1L ATFM1 25

x5 ZUAXRAF EALRLFEIKRKEAPT PGAM5 AIFM1 NRF2,p-AIFM1/AIFM1 %& & & ik K -F b2 (n=8, x+s)

20 31 PGAMS5/B-actin KEAP1/B-actin AIFM1/B-actin NRF2/B-actin p-AIFM1/AIFM1
B 0.27+0.06 0.97+0.24 0.92+0.06 1.22+0.21 0.84+0.16
e 1.17+0.13" 1.80£0.227" 1.31+0.17" 0.45+0.12" 0.31+0.08"
SENA B 0.71x0.07* 0.83+0.15" 0.82+0.07* 0.87£0.06" 1.06+0.10"
ROS il 77 20 1.00£0.28 1.35+0.21 1.04£0.07 0.89+0.10" 0.68+0.03*
SERH R ELROS J 1 77 21 0.58+0.16" 0.59+0.28" 1.21+0.23 0.730.11 0.54+0.10

1 : PGAMS Ay il i H I B2 72 (V[ 5, KEAPL - Kelch #f FR & S BEAH G HR 11 1, AIFML S 20 R0 P8 1215 5 [ 1 1, NRF2 R B 1 E2 #H G 7 2,
p-ATEM 1 R AL ATFM 1, B-actin 4 B-LBIE A . SIEH A HEE, *P<0.05, ##P<0.01; SHIRIA H#E , #P<0.05, ##P<0.01
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TS 116 22 R RIR I & A KRR fb s > . i H.,
XA 8 1Y 22 Z R HAT 5 BE RS E 24 R A AR B
SFECAIFML B RS , HEmT75 40 i & A A e T
AW ISR B R, FD KB E % 41 21 KEAP1 5
PGAMS5 3t 7 i Jz /R b & B % AR, KEAP1, PGAM5 .
ATFM 1 85 #3803 A0, p-ATFM1 NRF2 85 1 434 i
Fi /b, 2 KEAP1/PGAMS/AIFMA {55 5 18 P& 05 LT
PGAMS5 5 KEAP1 fiff 25 56 % LR N IR, A 40 2ehr
KA RE & 2B AIFM1 L8R 1L, S8 FD KRB 52414
1CCE AR H IS T 5 AH Y, 5050 B3 JHF 18 22 ROS 1)
IR T , KEAP1 5 PGAMS 58 {37 fz /R b R %% i 2%
Th &, R R ROS. MDA & & F [, SOD {if 4 34 5% |
KEAP1.PGAMS5 ., AIFM1 £ 1 K ik 3 />, H p-AIFM1,
NRF2 2 (13235 i 00, 3= B S0 B anT LA d 250
D FD R BB B LUICC R A ST, I, 48
B AT BE 3 o [ I ROS 7K 43 KEAP1/PGAMS/
AIFM1 S AE T30 B 3005 , 18 SOD 7K F-, i MDA
pI S O Rl N (OO 2 % R % 7 K I WAk = W 2 N (17,72
IR E 3h 1800 -

25 b, S m T AT B AT AR ROS 7K ST 417 il
KEAP1/PGAMS/AIFM 1 {5538 BRI , 18/ B 24l 2
ICCERI AR SEFET  $m B M ah 1, T R 3697 FD (1)
YEH o AR WAFFE —E A, Bk KEAP1/PGAMS/
AIFM 18 40 1ICC B EFE T ] gl 6 M HoAth 8%
BILTR] , S 0 IR 75 3680 o At 3 % 410 7 240 B S T
T R W) FD A R AT 5 2 — 25 IR A SE . A5
AR ROS W B 20 #EAT R 1) 35k, 4 78 5 Je i — 20
RIS AH ML, LA B 4 T b 1] 8¢ 25 I 07
FD i ER .
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