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(BE) BHY W 4 % o f M3 LT B (functional dyspepsia, FD) A R E 30 /) 5 Rt B E 4 L4k b4 = B Ty
B, Ak 40 A SD ARMY s v = e d EAN BAH WHH, G410 R, bR a4, EAL4A XA S HETFHEH
#FD ARAMEE MR e EA AR XA T, A ARA AR B NG 21 d, BHAXA LB LHESR 21 d, T
MERE NERBEHZE ANt E FEARTRE T (Fe>) 4 & TJE A LM H K (glutathione, GSH) K & |77 — B
(malondialdehyde, MDA) ¥ £ | 28 i g Jit 3% & % 7k #% (reactive oxygen species, ROS) & & , & Bt H Ik it & . 4 B 4 (glutathione
peroxidase 4, GPX4)mRNA it 2 B /4 2 B K 14 #£32 & & (cystine/glutamate reverse transporter, system Xc—)mRNA GPX4 & & sys-
tem Xc-EH KK, BR Gadm EAAARFHESE NFHEHE GSH K E  GPX4mRNA system Xc-mRNA GPX4 &
B system Xc—& Bk AKFH B, B ELAL Fe o & MDA RJE HHLIE R ROS 4B A E (P<0.05); GH A A A, B4t 4 W
HARFFHZEFE NpHEHER GSH L GPX4mRNA system Xc-mRNA (GPX4 Z 1 system Xc—% B &K AP H I, § £4
A Fer 4 & MDA WRJZ 40 M JE T ROS 4 B4 AR (P<0.05); G AL st A K R FH =& AN % 44 GSH
K JE GPX4mRNA system Xc-mRNA GPX4 & & system Xc-& B kA KTHAE, §EH L Fe & & MDA WRJE 40 8 it ROS
A ERIRP<0.05), MAMAMERE R FAAREHERFE N #ELS §EZUH R Fe &8 MDA KE 40T ROS & &
& IE 4 5% (r=0.50,P<0.05) , 5 GSH,GPX4mRNA system Xc-mRNA GPX4 Z& & system Xc-Z& B 2 i # % (r=—0.51,P<0.05)
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Effect of electroacupuncture on regulating gastrointestinal motility disorder in functional dyspepsia

and iron death related factors in gastric antrum in rats with functional dyspepsia

LI Yuebing', WANG Huanmei®*, SUN Liuging', CHEN Jiayi’, HOU Peimei’, LI Zheng', SHE Yan', PENG Yan'
(1. College of Acupuncture, Massage and Rehabilitation, Hunan University of Chinese Medicine, Changsha, Hunan 410208,
China; 2. Rehabilitation Department of Wuhan Ninth Hospital, Wuhan, Hubet 430010, China)

(Abstract]) Objective To observe the effect of electroacupuncture on regulating gastrointestinal motility disorder and iron
death related factors in gastric antrum in rats with functional dyspepsia (FD). Methods A total of 40 SD rats were randomly
divided into blank group, model group, electroacupuncture group and western medicine group, with 10 rats in each group.

Except for the blank group, the other groups used multifactor intervention to create the rat model of FD. After successful
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modeling, the model group did not use intervention measures. The electroacupuncture group was treated with electroacupuncture
at Zusanli ("ST36") for 21 d, and the western medicine group was treated with domperidone by gavage for 21 d. After the
intervention, the gastric emptying rate, intestinal propulsion rate, ferrous ion (Fe*) content in gastric antrum, reduced glutathione
(GSH) concentration, malondialdehyde (MDA) concentration, cellular lipid reactive oxygen species (ROS) content, glutathione
peroxidase4 (GPX4) mRNA, cystine/glutamate reverse transporter (system Xc—) mRNA, GPX4 protein, system XC protein expression
were observed. Results Compared with the blank group, the gastric emptying rate, intestinal propulsion rate, GSH concentration,
GPX4mRNA, system Xc-mRNA, GPX4 protein, system XC-protein expression levels decreased in the model group, while Fe?*
content, MDA concentration and cellular lipid ROS content increased in the gastric antrum tissue (P<0.05); compared with the
model group, the gastric emptying rate, intestinal propulsion rate, GSH concentration, GPX4mRNA, system Xc-mRNA, GPX4
protein, system Xc—protein expression levels increased in the electroacupuncture group and western medicine group, while Fe?
content, MDA concentration and cellular lipid ROS content decreased in the gastric antrum (P<0.05); compared with the western
medicine group, the gastric emptying rate, intestinal propulsion rate, GSH concentration, GPX4mRNA, system Xc-mRNA,
GPX4 protein, system Xc—protein expression levels in gastric antrum tissue of electroacupuncture group increased, while Fe?*
content, MDA concentration and cellular lipid ROS content in gastric antrum tissue decreased (P<0.05). The results of correlation
analysis showed that the gastric emptying rate and intestinal propulsion rate of rats in each group were positively correlated
with Fe?* content, MDA concentration and cellular lipid ROS content in gastric antrum (r=0.50, P<0.05), and negatively correlated
with GSH, GPX4mRNA, system Xc-mRNA, GPX4 protein and system Xc—protein (=—0.51, P<0.05). Conclusion Electroacupuncture
has a benign regulatory effect on gastrointestinal motility disorder in FD rats, and its mechanism may be achieved by
inhibiting iron death in gastric antrum tissue.

(Keywords] electroacupuncture; functional dyspepsia; gastrointestinal motility disorder; gastric antrum; ferroptosis; gastric

emptying rate; intestinal propulsion rate; MDA concentration; ROS content

IREPEIH AL B (functional dyspepsia, FD) f2&

B K S R R Ry | PRI JTA

AR BV B I, JA TR A A s FD R Ll

N 18%~38% , B IF AR A 19.8%", FD A hi L
BA MR, B I RO & FD KA
FEM AL 22—, AR TR B
FrREA RN FD RIS 3 DI6E, FEIR FD KR
AR, S FD R B HE2S S0 N | fe
g RVE T FD KBS A3l 11 ZhaEs, BRFET 2 —Fh
DLRRAR 1 | 248 A A 5 3% P 48 1 FE (reactive  oxy-
gen species, ROS)FH Z N FFAE 15 AL 40 fL 58 12 )5
o WHE R, BRI T 5 250 8 Wil B & A 5
YISCRY, A MeH Mt LYl 4 (glutathione per-
oxidase 4, GPX4)Z /N INRYEAIL T REEY) i 2 — |
e A BRI & R I W) 5 32 25 H (cystine/glutamate re-
verse transporter, system Xc—)ﬁl i’_‘i: 4% JZ‘, }iﬁ ﬁ! /ﬁ“ Ejll': H
K (glutathione, GSH)#4-& RE R B 2R i iz 2 MY
I, GPX4 7E GSH BN, Kefi i B Ay ,
YoM A A S A PRI, TR AR R SE T 1 R AED
AFFTELA FD KECIAFFEA S R R A FD KRR
=BT s WA XS FD R ELE 3l
T RO BRI T AR OC R 238 B 52 L J2 —
A RRE DG 23 A, IR SE T2 AR 4R 1] fL B 1 5 FD
REE sl s ShReRy Al REALH

SPF I REPEN LN B 40 H HEREAY
RS 200~250 g, e H B 2 KA sl ) S g v
O CRBUITIW 445 . DWDG-202111150005), 47
TR R 20~25 C, 18K 55%~65%,12 h:12 h
IS L A B AT AR S0 28 W g v S 2 240 B
Ze sV A R St , ) S B0 A P BOx S0 3
MIAL AT A B R BHEE O T HE R LR s iE =
PERE LY,
1.2 FERF S5

LWL (10 mgx30 s, {5 FH 2T
H10910003, 74247 £ il 256 BRA 7 ) 5 0.9% A ALK
TSI (250 mL, #t5 . H20033973, 15 Lz BT 7Rl
AN A PRI IR 464 05 (15 . 66115271050,
S BRI S B B I A BR 2 W] ) 5 B8 7 (250 ¢,
it :BR-987975, RIS ARRTHEATR]);
A% HE A & (GSH HL (G i £ MDA He (s
MR E S . E W PE 20162401765 .CB75771065
FS-E9710, I 3 fr A= MR B A BR A D) 5
PG Y Rt PCR A IR & | S il ) & (AL 5
KL14-49500  KL14-49600, VT35 B A= #14H ARA R
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(it 5 . BM5231 Bs—6883 BM1623, =07 f#1-fiA4:
YRHEARTHEATR]) . B Z R il
A (5. A51119500C A51119600C . A51119700C,
iR LA BRI PR TR A ] ) 5 o e sl 25 AL Bk
FoTH R TR (5. TG16W .GNP-9080, i 37125
SR PRATD) AREICE (025 mmx25 mm,
H5 L H ME 20172270152, TR0 B9 7 A BR A
F]) 5 LA R IAIT AL (A5 . HANS100A, 75 JH £ 57
A BRATRD),
1.3 @Rk

40 HSD KA has (dl BRI REre |
PaZh4 B4 10 H, BRas A, Higy 30 R RA%
AR R AR AR, BT VR R R H 2
7,05 H e, rEn R ERE KR E T0£1) C
VOK K 20 min, ZJ5 1 (-422) COKBORIEOR B
JERS, B H 2 Ik, B R4S LIRS 21 d, 7RG
B R KB BUE R AT R 2R g s
Blyir/DARREAR TR 1 A R 2
1.4 THUE
141 ZFHA EFEWESE, EERE,
1.42 FORZ EARRIDE IEH SR, R ERE
1.43 HEH ()R =BSGEMT AT /NRAMI,
AT R AMI S /INK T2 5 mm, (2) HUEFTEES,
FD K EUEBLRE 2, B, R 0.2~0.3 ~F , #H4H e, 3%
HLEFHY, B D% (2 Hz, PR 100 Hz) , 580 B LAET AR
REENEE AR BT 20 min, TREBNINEE 3
RIFURER, BR 1 IR IESHRYTY 21 d,
144 VEZ44 B 2SR R TSR R, T T2
TR A M BE SR 0.27 mg/mL F1%) 223 57 R 9
BT KA 4 CHEIRGE A, HE 35, 2%
SR (10 me/kg) RAEE 452y, 8 H 1 IR, EL4 2
21 d,JRY7 IR A — 20,
1.5 SRR A Ty 2

TELRA 22 R ASHAKREEE 24 h )5, ffE
B LTI, S SO vk Y B
43 B 55 A1, VKA BRER K Rk SRIG A 4% H
fEH 4 CREE 24 h i A&, 1T Ed
FRAGI
151 HWNERERME" JRITERE, SHK
BAEE 24 hJE, A TRAKEE 1 ml/100 ¢ #EH
BB S TRV AR OR T ELT4E RN S o, )
¥ 8 g W4 o, TEN 4 o PR 3 o, ZRIB/KZ 150 mL),
30 min JFALSEBNY), FTHFRE RS , B E O W E KAL)
BT T R (ML) U E RS A ST |

FHABER K VRS N A, FREEE T PR B (M2),
TR B R R, B AR R =(M1-M2)/7 B 5x100% .,
1.5.2  /NHEFERBIE BT RIE S 4 R
FUSE 7k [FIRT, 30 min J5AL5ESHY) , FT TV IE
B eGSR L om 2 ] R 2
BIE R E S TiK & L, Ak, RN
b i B2k, FH B RGN /N 4K (1) DA S T T &
HEA IR BT K B (12) , B e R . /N g
HEVER=(L2/L1 )x100% ,

1.53 HEMHL FerHa e RELL FDK
L S2HZUE 0 (4 °C,3000 r/min, 248 10 em, &
L 10 min) B EJZTH 200 wL A0 A BEBR R AL
F IRA),37 CHFHE 10 min, 7EEFFRY 593 nm Ab0)
TEAAL OD {H, 435 OD {EIE MiE H Fer &,
1.5.4 BHEEAZGSH &g MDA FaillE" B
DJEM) ESER 0.1 mL, & EhRESL MEfL 2 H
FL, BEARIE K 405 nm JRA 1 min, F#E 5 min, /™
& e B0 G B B P A T4 D 4 AL B I
A GSH &,

1.5.5 HFEHLROS St B EHAE
(4 °C,3000 r/min, 4% 10 c¢m, &0 10 min), B
40 wL MR AR N, FEI 50 wL(1:20, ]
DPBS # B¢ ) K3 1E 5 S s , VBRI TE I 2 Ik
(4 °C.30 min), INAE G 2GARICY) , 7853 IR 3%
(4 °C 30 min), MA 1 mL & &R &ARA, K
ARSI ST ROS Fr i,

1.5.6 HEHZ! GPX4mRNA system Xc—mRNA 3
INKEINIST FH RT-PCR AN E 524141 GPX4mRNA
Rk, BARTIET RS 4 B EA 840,
FH Trizol B2 HUAR ML RNA , 224366 RE TG
RNA ¥R KA | IFH RNA 3054 5%k cDNA, 4%
FEREULIH 4T RT-PCR iy, 3155 GPX4mRNA |
system Xc-mRNA FIXT A&,

1.5.7 HFEHLIGPX4 H I system Xce—H [HFKIEKE
el ] Western blot 340 5 5220 20 GPX4 &
FIRACE BT A0 R  BOGE S A7 1 32404,
WS 5 T oK LU 247 172,30 min J5 & TE.OHL FE
L2(4 °C,10 000 r/min,>f:42 15 cm, > 10 min),
Bug i VWS PBS 1R A), H BCA 5 & 8 vk
RS BRI T T R UK R BT RRRE
ARG GPX4 HiK system Xe—Piik 4 CHFE
o TBST JNA HRP 4, fHilk 37 C 44L&
1 h,ECL Ab2- Wb B2  BERC UR R G AT 53T, 3
B HPRE AR AN R A
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1.6 Gtk

Fi A a9 SPSS 22.0 FEATRUE AL, 446
B ARG BRI “xts " R, THE TR S 1IEA
o3 A 2555 A LA S R R O 2508, A
FETE2E S, HE— 2D Z A PR LL AR T LSD H 4%
T ZAFFWBEH] Tamhane’s T2 K55 , Pearson %5 45
TR E] USRI ARSCHE  $ L) P<0.05 =R HA G
PES'S

2 &R

2.1 HAKEE NG R NGRS

S22 FUAUM B AR 2 R BRI 1 P o B R B
FrEm /N kR G A (P<0.05) 5 54578 41 A
Lb, HUETAL PEZ54L A0 T PIBR BRI Mg HEER T
F1(P<0.05) ; SPU A L, B AT 2 /Y P 5% 7S R
R /INGHERER I BT (P<0.05) , R 1,

F1 BAXRBNKBEER NFHEHELE (x5, %)

41 MDA & &R % .GSH &= THE (P<0.05) , T IL

#3,
x3 BAKRBEEALSR GSH MDA 2B (xxs)
Il n MDA/(ng/mL) GSH/(g/mL)
234l 10 178.35£17.27 30.03+1.71
B 10 191.27+18.194 24.94+1.614
Gk 10 181.97+17.75"Y 27.91+1.697Y
PaZ2H 10 185.31+18.05" 26.83+1.677

Mo n B NGk B % /MR
ZHH 10 40.28+13.78 64.11+10.33
REAIZH 10 46.91£13.414 57.69+7.764
Gk 10 42.35+12.84" 62.23+7.437Y
(R 10 43.71+13.437 61.25+7.557

52 A4, 4P<0.05; S YL HLEE, TP<0.05; SPE 254 L
&, VP<0.05,

22 HHKREEHL PR LA

52 (A H B2 K R 1 S 4T Fer ik
JETFR (P<0.05) ; SHEARIA A L, L4l P25 4K
FLUE B2 Fe R JEFRAK (P<0.05) ; SPE 254 AH L,
FLAT 2R BRUAY 1 SE 420 Fe W IR (P<0.05) . 1
L2,

xR2 BAKXRRBEALR Fe S =B (s, pmol/g)

Mo n Fe*
{EE 10 12.510.59
HRIZ 10 14.01£0.614
R 10 13.27+0.6577
[t 10 13.83+0.697

. 52 4L, 4P<0.05; S YL HLEE, TP<0.05; SPH 241t
#,VP<0.05,

23 HEHY GSH MDA &8 b
HEAAM AR AIH K E 4 MDA &
I (GSH & = REAIK (P<0.05) ; SREALZH AR L, H
B2 PG4T R S 524040 MDA & =[5 {I% . GSH
TR (P<0.05) ; 5P 25 40 AR L, HE AT 2 R U 5241

WS HA R, AP<0.05; SR A i, YP<0.05; 57U 244 [
iﬁf, VP<0.05,

24 KK ESEHLS MR ROS & & [

5o MM L AT K B LU i ROS
SR IHE (P<0.05) s SR AR L, AT 2H  PE 2Y
KR EEHLURR ROS & &K (P<0.05) ; 574
AR L, AT AR U E 3241 4UIE I ROS & s FRAIX
(P<0.05), WL 4,

*4 BEARBHALAMIAAER ROS FELR (325,%)

Mo n ROS
U 10 3.01x0.01
R 10 3.9320.074
k| 10 3.11£0.03"Y
[ 10 3.5740.05"

L 5a F L, 2P<0.05; SHRU A L EE, YP<0.05; 5 PH 254 L
% ,VP<0.05,

2.5 KR EFEHH GPX4mRNA system Xe—
mRNA FR K1) LR

a3 HAAM L, A4 KR 324140 GPX4mR-
NA system Xc—-mRNA FIKFHAL(P<0.05) ; SR
AHLE, A2 PE 2520 K B 524141 GPX4mRNA |
system Xc-mRNA k1958 (P<0.05); 5 74 25 41 #H
Ho, AT 2H R E 32 4140 GPX4mRNA | system Xc—
mRNA FRIEHEGE (P<0.05), L S,

K5 BAKRRBEERALR GPX4mRNA (system Xc-mRNA

RIKKTEH LR (7+s)
ATl n GPX4mRNA system Xc-mRNA
ZEHA 10 0.96+0.03 1.05£0.03
HERIZH 10 0.82+0.024 0.83+0.024
Gkl 10 0.89+0.01"Y 0.89+0.037
[EEEE] 10 0.85+0.03 0.85£0.01

5, AP<0.05; SHIR L EE, YP<0.05; 5 PH 254 L
5, YP<0.05,
2.6 K EFELHL GPX4 HE I system Xc—1E
EESLY S

523 F4IA e, AR 2 KRR 1 SE 4140 GPX4
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1 .system Xc—3 FZRIBFEAR (P<0.05) ; 5 K2 AH
Lo, FLEREH  PE 25 4 R LU E SE 402 GPX4 JH I sys-
tem Xc—4 H R A R (P<0.05) ; SPH25 4 AH LG, H
EHeH KRB B S24H 4 GPX4 FEH (system Xc-fEH#
RHER (P<0.05), PRILEE 6,

F6 FBLAHAKRRBEZEAHLA GPX4 FH . system Xc-FEBRIE

45 n GPX4/B-actin system Xc—/B-actin
A 10 1.17£0.09 1.1320.11
A2 10 0.81+0.054 0.85+0.034
AT 2H 10 0.93+0.07" 0.97+0.07"
[k 10 0.88+0.03 0.91+0.05"

5 A, AP<0.05; SHORI A b &, TP<0.05; 5PH 254 L
iﬁ‘f, VP<0.05,

A BN g A
GPXA e — )0 k]

system Xc— e-— — w— 50 g
GAPDH -~ - |2 Do
1 BHEXRBEEHAL GPX4 EH system Xc—

FEEMEXRAER

27 HEKRRENERER NafEiER S H AN
BRIETAH DG PR - AH DGR Y LA

FAKERE NERE RS B 5EHS Fe** MDA,
ROS MIFE A5 (r=0.50,P<0.05) , 5 GSH ,GPX4mR-
NA .system Xc-mRNA GPX4 = system Xc—1K M
B A AH 5C (r=—0.51,P<0.05) 5 £ 21 K B/ i i %
5 EEHLY Fe> MDA ROS W1 AHE (r=—0.49, P<
0.05), 5 GSH.GPX4mRNA system Xc-mRNA GPX4
M system Xe—8 FUBIEM X (r=0.51,P<0.05), ¥
KT,

x7 BAXRBNKBER MR RSERARUILT

X EFHEEMER LR

BT T gk R R AN R
r i Pii r i Pia
Fe?' 0.51 0.00 -0.48 0.00
MDA 0.48 0.00 -0.51 0.00
ROS 0.52 0.00 -0.48 0.00
GSH -0.51 0.00 0.54 0.00
GPX4mRNA -0.49 0.00 0.51 0.00
system Xc—-mRNA -0.51 0.00 0.54 0.00
GPX4 A -0.52 0.00 0.48 0.00
system Xc—2 H -0.50 0.00 0.51 0.00

3 itig

FD J& T H B2 IR G , T B T 45 5
5 KRB AN A N R BUE I K Aitiz | s R OE 7T

MR AR, =B O E S50 FAIC e
@RI AL B, FIRHEAREE N, (R
DU SNVE = “ERA L, ATEAD R =
BT R T P AE =R 5 BN -
BC=HLUT B A0, I/ BH i 2% LA B35 219
HORg S, AR HAR, A5 5 FH 2 R 2R s 1
HUET 2 =BT FD B 3 JKF R A R R, 5
25 LA LE  BERY 2 R B ' N 3R BE R T N i
HERFEAR (P<0.05) , 45 5 B WU 1E B I 1 9 15 7 I
[ 150 A B W i T Ak g B It | 455 K R
TE KBTS, IR E RS, SRR ZH A
Lo, LB V252 FD R B R B SRR
EVER TR (P<0.05) , BEHT LB S DU 25 % FDR BB
W ohae BA RYEWTEN ; 5o 25 AL st
FD JEUE PNER B AR INHEFERTHE (P<0.05) , 1
WY R B 220 S T R R AR FD R ELE s
itig, & mAEHRYT , FD KRB I DifeRers 16 A
TSR o

BRAET R —Fh R i, DX F A i 7= 4
JRIYRBE | 26 1 W3 A PR 2 e R P e T K,
BRI A N BB AR R GSH AR IR BT it 41
b 75 Fe PERITT | 3843 2500 B 1 Pl e sl 4t R
iR AL, oA B AR A A R TR B
P R A A0 40 L 5 R 3 3 i A AE T2, GSH 32
SRR TERR A B EAEN, 5 2R AR e
R s & F AL TTF Yy iR RS 5 sys-
tem Xc—i2 4 15 40 L N Ab GSH P AR A 1Y) 32 2248
F,system Xc—{$ 2SN IR, iz BN 40, Fe 1k
LR T GSH 15 i, [F]IH 4i it P 4 = R e
iz B A0 AL I8 A N b s R K TR B R GSH
AR I I, P system Xce—Rif, 24BN
GSH (45 BUsi/b A HEHERR 175 S A st T2,
GPX4 JZ 5 Bt H kit S AW R R I 0 2 — |, e —
Flve BRI OC R (035 1, RE 8 R Sk I ik 4 R R P
Rt LY, GPX4 7E GSH WITERTT , A5 A5 it &
It SRR AR S e i | 2R F G B A I T 1 I
RERFE T A LR, BFSE R W], GPX4 ST A4
BUIFASC , ISR GPX4 1G22, 5 S AR i 4R
b, FEANLA IR BT ROS HEAR, IR BT ROS J2 i it
AALR ) TR S 5T A A A A S R4
P, AR A B BRVE TR Bk A i R AR
N, SAACLE ) R TN 1 (malondialdehyde, MDA),
MDA 2575 R T IR S5 A 4 Kok 38R A,
HEA AR Fi, JEFTE L4 7Y MDA 7/
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SIS M LRI W B 25 W) B SRR P DG B Tl
P, B AR RN E A0 MR Y 5497 , PRI UMD A
1) 5 T S BRHLAAR B o ok ST e R B )2 S v s 4
JaAs A3 e R

WFFTEE R s . 525 LA L R 2 K R 52
Y12 Fe i MDA WRJE AEAR T ROS & i FHi,
GSH ¢ .GPX4mRNA system Xc-mRNA GPX4 &
1 .system Xc—8 [1FRIAREAL(P<0.05), Fikg5 R %R
BIER S FD KBRS S AN A0 T & AR MR &
SRR LY, AT U254 FD KRR H S 414 Fe™
i MDA HKJE JIEJR ROS & BRI, GSH ¥ |
GPX4mRNA system Xc-mRNA GPX4 £ = .system
Xe—& 1A THE (P<0.05), U6 HL AR £ 3% S B35
REAMH] FD KRS AL EstT - &4 50624
ZHARLL, AT FD KB EASIEEAH S Fe 5 & |
MDA ¥ JEFT ROS & & F#(I%,GSH #kJEE .GPX4mR-
NA system Xc—mRNA GPX4 £ [ .system Xc—%5H
FIRTH i (P<0.05) , it BH H 4145 22 1 7. I 5 10 i
FD KEUE SFEALEIET- 10 & A AT 25 R
TN AR RUE NGRS E S e B i MDAV
& JB ROS & hluEAHE (=0.50 , P<0.05) , 5 GSH,
GPX4mRNA system Xc-mRNA GPX4 % [ .system
Xe—3F F R (r=-0.51, P<0.05) ; & 41 K i/ M
Heik R 5 H AL S5Fe MDA figfit ROS & i
AR (r=-0.49, P<0.05) , 5 GSH ,GPX4mRNA  system
Xc-mRNA  GPX4 £ H system Xc—#5 F A IEAH €
(r=0.51,P<0.05), BiEIET- &4 FD KRB
[ sl 7 i A OC

ZE Lk, B EH S MR T M kS FD
KR B W sl J1BEfig 2 VIR G Aok — 204 /s F
FEATREZE T B FD K RUE SR AE T, RS
MGz FD KBS W sh ) Bk, AR FD R EUE
W sh J1she . AT IAGR FD 45 Tpnsis, i
REFRIGYT FD 4L TR S, N A e i — 25 5%
FHRIGYT FD 424 T2 il ikl

S 3Tk
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