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[(HZE] BT TG0 7 800 1A B IR 0 fk Wl 4(SLCTALL/GPX4) {5 5 38 [ R 5% 1Y b A 38 5 410 il 4k 5
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TR T AR AN (100 mg-kg™) 8 11 i 5 I0E A U 5 IEE 4 (500 mg- kg™ ) M B Ab B0 4 7 HUA KRB . 21 d 5, 4% 40 24 21 0 5 A
NEF 2590, Fer-1 20 1 I 1 53 Fer-1, 1% 241 AL 45 T S PR BUE SR K HE o BUOM R, AR AR A 0 1 7 IR 2 (SUA)  WLEF
(Cr) JRZ A (BUN) KT K T[] i 24 2200 2k 25 7 (Fe™ ) 38 JR AL A3 Bk H K (GSH) (75 [ (MDA) & it I 4 1k ) 33 Ak il
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H8E EN 76V (Western blot) 46 I [1] iz 41 21 GPX4 Bk 1 H A% 1 (FTHL) kL4l B A & B 4 53 % i 61 4(ACSL4) .SLCT7A1L,
SRR R AT (ATP) 45 & & %18 8 1 G2(ABCG2) i AR K KT, J2 I 216 5 1k 5 Tl % 2 2 7 (Real-time PCR) K 5] 7 41 21
GPX4.FTH1.ACSL4.SLC7A11 . ABCG2 mRNA ik, SR : 5IFEH A AT KB SUA . Cr & BUN K3 5 2 T} & (P<
0.01), MUAAL 21 MDA J% Fe* &% 7 1 25 715 , GSH % & & SOD i P i FFE MK (P<0.01) ; HE Y (o 25 1 Wom |, WA 40 & I f K
TR , BB EE IR (HEFI 2L, J5 S 4 225 M S 52 4 5 38 ) i BE WL % 1T D0 B b A I AR 4 /0y (Ui sl /0 L ZR T 2, 2 AR FE T M
S A B 4 R AR AE 5 43 T K R Bt i Ak 45 R %A, GPX4  FTHI . SLC7A11 J2 ABCG2 #E H K mRNA £ ik &2 2 Fi# , ifi
ACSL4 % 1 S mRNA F3i5H 8 L (P<0.05,P<0.01), SHITA AL, PO AL T 15 , 4 7 i 20 K BRI % UA . Cr Je BUN JKF
B 2 B IR (P<0.05,P<0.01) , [al i 41 21 h MDA K Fe* & it i # AL (P<0.01) , GSH & & & SOD {if 14 & & 7t &5 (P<0.01) ; HE %
LR EoR, A9 E R B TE B B Gk B S5 s A HEF R TR JR R A 24 0 B 3 o O P B UL AR T Lk R
AT LR R R TR 4 /N B G 003, SR TR U A3 WK 5 5 431 AT R 0 B 928 20 Ak 235 SR 1 0 b St ) 2 ) e 40 1 1 b 1 9
GPX4 .FTH1.SLC7A11 & ABCG2 %35, F il ACSL4 % ik (P<0.05, P<0.01) , H: rp i 57 F 4 45 38 b e 3% 1 B AT S5 312 38 30, K
20 FTH1 mRNA SLC7A11 mRNA } ABCG2 2 AU ILECGE #4518 - PU#b AL n] R i 98 4% SLCTA11/GPX4 5 i i 417
i 151 i bz i AU T, R IR BR B s E H ABCG2 3k, Wi fiE 1k i i JR BR HE i , 9k 3% HUA
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[ Abstract] Objective: To investigate the mechanism by which Simiao Wan improve intestinal uric acid excretion in
hyperuricemic (HUA) rats by inhibiting ferroptosis via the solute carrier family 7 member 11/glutathione peroxidase 4 (SLC7A11/
GPX4) signaling pathway. Methods: Forty-eight male SD rats were randomly assigned to a normal group, a model group, a low-
dose Simiao Wan group (282.6 mg-kg"'), a high-dose Simiao Wan group (565.2 mg-kg"'), an etoricoxib group (5.4 mg-kg'),
and a ferroptosis inhibitor (Fer-1) group (2 mg-kg"'). Except for the normal group, rats in all other groups were intraperitoneally
injected with potassium oxonate (100 mg-kg') combined with intragastric administration of hypoxanthine (500 mg-kg"') to
establish the HUA rat model. After 21 days, rats in each administration group received the corresponding dose of drug by gavage,
rats in the Fer-1 group received intraperitoneal injection of Fer-1, and rats in the normal and model groups were given an equal
volume of normal saline by gavage. After sampling, serum levels of uric acid (SUA), creatinine (Cr), and blood urea nitrogen
(BUN) were measured using biochemical assays. The content of ferrous ion (Fe®™ ) , reduced glutathione (GSH) , and
malondialdehyde (MDA ), as well as superoxide dismutase (SOD) activity in ileal tissues were determined. Hematoxylin and eosin
(HE) staining was performed to observe the histopathological changes in the ileum, and transmission electron microscopy was used
to observe mitochondrial alterations in the ileal tissue. Immunohistochemistry (IHC) and Western blot were used to detect the
protein expression levels of GPX4, ferritin heavy chain 1 (FTH1), acyl-CoA synthetase long-chain family member 4 (ACSL4) ,
SLC7A11, and ATP-binding cassette transporter G2 (ABCG2) in ileal tissue. Real-time quantitative polymerase chain reaction
(Real-time PCR) was used to determine the mRNA expression of GPX4, FTH1, ACSL4, SLC7A1l, and ABCG?2 in the ileal
tissue. Results: Compared with the normal group, the model group exhibited significantly elevated serum UA, Cr, and BUN
levels (P<0.01), significantly increased content of MDA and Fe*’ in ileal tissue, and significantly decreased GSH content and SOD
activity (P<0.01). HE staining showed extensive shedding of the ileal villous epithelium, disrupted and disorganized villous
structure, and incomplete local tissue architecture. Transmission electron microscopy revealed reduced mitochondrial volume,
decreased or even vanished cristae, indicating ultrastructural features characteristic of ferroptosis. Molecular and
immunohistochemical results demonstrated that the protein and mRNA expression levels of GPX4, FTH1, SLC7A11, and ABCG2
were significantly downregulated, whereas those of ACSL4 were significantly upregulated (P<0.05, P<0.01). Compared with the
model group, after intervention with Simiao Wan, the serum UA, Cr, and BUN levels significantly decreased in all dose groups
(P<0.05,P<0.01), the MDA and Fe*" content in ileal tissues were significantly reduced (P<0.01), and the GSH content and SOD
activity significantly increased (P<0.01). HE staining showed that the shedding of ileal villous epithelium was markedly alleviated,
the villous structure became relatively intact and regularly arranged, and local tissue damage was obviously improved. Transmission
electron microscopy showed attenuated mitochondrial damage, improvement in mitochondrial shrinkage, and partial restoration of
mitochondrial cristae. Molecular and immunohistochemical results showed that Simiao Wan upregulated GPX4, FTH1, SLC7A11,
and ABCG2, and downregulated ACSL4 in a dose-dependent manner. In the high-dose group, all indices improved significantly
(P<0.05, P<0.01) , whereas in the low-dose group, only improving trends were observed for FTHI mRNA, SLC7A11 mRNA,
and ABCG2 protein. Conclusion: Simiao Wan may inhibit ferroptosis of ileal epithelial cells by regulating the SLC7A11/GPX4
signaling pathway, and upregulate the expression of the uric acid transporter ABCG2, thereby promoting intestinal uric acid
excretion and improving HUA.

[Keywords] Simiao Wan; hyperuricemia; intestinal uric acid excretion; solute carrier family 7 member 11/glutathione

peroxidase 4 (SLC7A11/GPX4) signaling pathway; ferroptosis; adenosine triphosphate-binding cassette transporter G2 (ABCG2)
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A5 e H K2 2 A6 ) i 4 (SLCTA11/GPX4) Bt & Ak B
A3 B SR R DA OCT . BFS R RSB T TE R
1% FH G 2 BB 05 b R P AR . AR IR R A AL Tl
w B (UOX™) ey BR R /N BB 2 v, 21 20 4 R T
RSN BE i S Ak 3 i % GPX4 Fl SLCTA L ik
T B S RRBE TR 5 N TR BE T 1 57 (Fer-1) 7T 42
FVRE NE B R AE R A AL T
Rt A 5 2ot APk AN kit K ARSI g
B2 240 A% B8 T AT 1 3R 3 B 45 4 5 T Bk i3 i
P& ¥ SLCTA11/GPX4 il #% 41 il £k 56 - 47 B F ok %
P E R . 3 T b a5 SR B BT T ] BB AE =
PR 19 AR G 48U Ak R 5 W G DR R HE Tt ) B B S
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HUA 7 B H &8 T W 447 W il " J %, %0 9%
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3 31 1 18 i 38 DR R 7% 32 B 1 ABCG2 3k {2 i#F JR iR
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IR K 33% ,-20 °C UKAA A 45 1 o

AEIREP K KNS Fer-1( 15 2 v MRAE (LR
He ety A BR A A 585 43 0 P831461 . H811076 .
F864515) K4t H R (FFE MG ARA A 185
H20193272) , 7 K E - 21 (HE) e (iR 7] & . sh )
RNA 2B 7 & (B0 ) Western 5 P & ( i
B REWHARAWRAF, 555 5] H C0105S.
R0026,P0023B) , il it i J5i 74 2% e H K (GSH) il &
) & A ) B A (SOD) M e iR & (R st
B TR, 555 4052 A006-2-1,A001-
3-2) , N [ (MDA) & &t I R & (db st R 3=
FHE AR 7, 585 BC0025) , W2k 25 7 (Fe* ) b £,
200 B (R DUPP 3 B 5 AR W BB B A BR A ]
%% 5 E-BC-K773-M) , PrimeScript™ RT reagent Kit
(Perfect Real Time) i 1 & | & %8 5 1 qPCR i 7
TB Green” Premix Ex Tag™ I id5f & € H EA Y #
A AL 5 ) AR A A, 5845 4 51 o8 RRO3TA,
RR820A |, GPX4 Hi v FEHT 1A  SLCTALL B o B B {4
[ AR 25 B ( B ) A IR AW, 585 2000k
T56959S . T57046S ] ,B-NL 3 H (B-actin) Kk H H
B 1(FTH1) 2 e REHUAR Bt 40 il A & iU K BE K
WLt 4(ACSL4) £ 5 LR \ABCG2 £ v BT iR
(R =8 AW HAR A BRA ], 585 43524 20536-1-
AP . 11682-1-AP . 22401-1-AP ,27286-1-AP) , jit 5t %
JE T UE ¥ (RIPA ) 24 i L 25 11 I 00 o) 700 VR 5 VR L 0%
1% Tt 410 161 390 Y8 45 W . Omni-Easy ™ HJ} J #8081 o 1 v
(BCA 25 1 2 5 307 & L A e 2R VO 04 T i ¢ e Pl Dk
(PAGE) #E Jfit Mo 1 il £ 3 7 & L AR o 4401k 1) i
(HRP) A1 i (9 111 3 $t 48 f 3k 8 H1 (Ig) G Omni-
ECL ™3 5 A1 fk 2% % 6K I 351 & (11 Ak il A2
Bz 2 R A R A W 8585 43 51 2 PC101 . GRF101
GRF102.ZJ102 .PG123 .LF102.SQ101),
1.3 zh¥)  SDHEME KL 48 H R (190£10) g,
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W s B RS A W R A R ST A A B IR
5 SCXK (7)2023-0009, 1 F& F 1 ifg = 245 K 2%
B2 L IR 22~25 °C, 1B JE 40%~70% , PR35
FIOCWIE 2 12 h, H H i ROK .
1.4 ¥ SYLBRHFEZ LGP EZRFLR
EIRE 7/ (ol B A ;T < S | AR (S G (2l B S
PZSHUTCM2501070004) .
2 HE
2.1 Yo ER LGS K48 HUfEME SD K B
BLo A IE #4040 b AL | 77 o 4 (28216
565.2 mg-kg'-d") , K& % & 4 (5.4 mg-kg'-d'),
Fer-141(2 mg-kg'-d"), 21 8 H. PRIEF A4S, Hax
F WS SR 21 T AR R TR AP (100 mg-kg'+d™")
JE s T LR B I A (500 mge kg d) HEE AL B, B
221 d, 55 21 R B4s R 2 h 5 47 HR P Al R o ) 52
SUA /K-, 5 K55 R Bl SUA /K- i 3588 3 1E % 41 K
L SUA JK 3 Bl 1A g 3 57 HUA KRB . T 5
22 RIFMR 4 25T UG IT , 7% RS AL AT 90 9% S
A A5 P iR R AR L A R A
AH R 7 4 259 , Fer-1 20 K BRUME B 13 3 Fer-1, 1R 41
FERVLH 45 T 5 R B BRER K VE |, R 25 IR B R KT
B R M Fer-1 B LI A AR K Bl L E SR 45 24 28 d.o
2.2 WEERB— MM IRIE WAL R BT K
ALK IR S VR ROK B AA TT EA AR HE T
0L, I LSBT A B 0L -
2.3 & H I EA ST AR SUA K- B T fig 48
B 5521 RATHR BE B M , 2% 49 K 4525 T il 4 h J5 4b
B8 K BRAT HE 3 Bk B . BT BUIM BE 4 °C PR AF
3500 r-min”' ( B .04 9.5 cm, T [A]) &0 10 min,
I3 T4 A sh A AR AR SUA  WLEF (Cr) R
A(BUN),
2.4 HEREKENKREGBEHEALES WG
AT BVE T 4% 2 3 B R W [ E 24 he [
SERUGE CHHLUE TG T, WK e 1 h KIR
2 70% .80% .85% .90% .95% L BE 1 95% L EE 1L |
TR CWE T Je TooK B K, A5 30 min; fifi 5 &
FoHET THEW, 4% 30min, ZJEHHHET
56~62 °CRE LA I P W 2 0, B 1 h, FE AT T
P H R B, K BT B 4 pm Y L IR OK IR A
J& W BT 388 H, 75 °C % A 30 min,

HE Qe o ik, U1 /5 e F W 26 1 L I it i 4%
10 min, FF 2 K QB T V0 KB B L BEHE K, %%
5 min, WK WEE . BE S LLIR K YL {4 3~5 min, Hi K
RS DA 1% R R K V8 W o3 A ERD , T K b gk O 64 7

. 4 .

R, FLI L e & G 30 s~1 min, G058 liJn ,
2895% LTE R TR CBERK, AR T (&, h
PERS I Fr, T2 o N IR A EA
2.5 BHTHRBME A R AL KRR L AR
BT 2.5% I s L [ 24 h, IR B 9 vl
(PBS) Mk 5 LA 1% SR [ 72 2 ho B G &80 B2 £ B
JIR 7K P TR A S R AT A AL B L 37 °C B 60 °CHEFE
Ao AL R A AL £ 60~80 nm i)
F el 45 3o YT 2 T TR UL 46l R A A TR A XL
Ji | SR FH 25 S5) F A5 XL 55 44T L 25 e B 245 4 0 R 4 R
2.6 IR &R E] i 41 21 MDA (Fe \GSH & it
SOD &Pk B & K LIl iz 21 21, 4 i 45 5 & i
WY 45 225K AR Rz £ B B AR B ER K AT S
WWE O B WA . B i B Al B A5
P8, 43 31 & [0 i 20 21+ MDA (Fe . GSH 7 & &
SOD ¥ 14 , I {ff FH i b A3 I 7 82 O 3L, R 40 A
(SRR R T iE Al =] AT
2.7 AR S B v (Western blot) 6 [0 iz 2H 21
GPX4 FTH1 .ACSL4 ABCG2#E ik PRI &
R ERU IR i AL 40, B w4 T i A R A T A SR RN B
Fif 400 1 7] 11 RIPA 20 W iHE AT 24/ , in A BIF B2 5 2R s
i 1T 20 2RI S AL 70 3 WF S 2 4 5 S 3ROIRES B S
T ok b2 f# 30 min, REEE R, 7E4 CHMT
14 000 r-min" & .0> 10 min, Y 5 [ 75 W H T 5 2252
5o He M BCA R M i 0 & vl B A5 454 I 1
TR VR BE I LR 92 wIR &) I Ak AR PR 4
o M E B & 515 KN, 405Kk 7.5% A
12.5% (1% + — B¢ 3 5 1R 1 (SDS ) -PAGE #E 47 L ¥k 73
B HUK S S R B R M L% (PVDF) I, =
H A 2 he BEJEIA —4T GPX4(1:1 000) ,ACSL4
(1:10 000) .\FTH1(1:4 000) ,ABCG2(1:2 000) .
B-actin(1:5 000) ,4 °CH# & 1 % , )k H TBST ¥ %
39K, % 10 min, —37 HRP L £ 404 1gG(1:5 000)
FIRMFE 1 h, TBST ¥R 4% 31K, £ YK 10 min, 1 58
27 0tk (BECL) A2 e i3] & 156 W 5 e 1 b £
WL AH A 22 RO U R 8 5%, 1 Image J R 7F
G3 AT 2Rkl IR BEAH
2.8 RELL AL AT Rl i 20 21 SLCTALL 2R 1 R ik
AT R 2 —HWZE T (I 45 15 min B8 5 4K
WATKEET I .85% LW K 75% 2, %45 5 min
Aib B ZE 4R K 5 BE S BT pH 6.0 (1 F7 A5 R B A&
B b i TR B R, AR A S T PBS
(pH7.4) Y% 3, 5K 5 min, G BV H & T 3%
o Sk U TR R R S I 25 min LA BH T Y R
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P i S AL W B L PBS WE ¥R S 3% A 1L L H ®1 55
(BSA) % i 5 141 30 min. 95 %5 b PR AN A 4 Table] Primersequences
SLCTA11(1:200) , # T & 19 4 °CHF & 3 72 ; % H gk A3 /o
GPX4 [ lif TGATAAGAACGGCTGCGTGGT 107

PBS ¥t % J5 il A HRP Fric —#t, iR P F 50 min,
2 PBS Uk ¥ J5 A B fif T Ry g R O Bk
(DAB) {4 W #E A7 i € SO, b sl B T 448 ahl S I B
], ZE AR K PPk 2 0k JO g o B S FH 90 K 282 4% 40 i
%) 3 min, £ 504k R 5 KOK PRAR RIS KK 28 75%
BE 85% LB TR CEE T (I K Z H R K&
B e Ja Db A R B, O OISR A R . R
JH Image J 4R 43 A7 PR e G T R L .

2.9 SEMFHEOGSE it (Real-time) PCR G I ] iz 41 41
GPX4 .FTH1 .ACSL4.SLC7A11 . ABCG2 mRNA %
ko KRG 4l 2, 4% B RN Aeasy 314 RNA il
a7 (RO A 20 U6 W 43 48 B4 218 RNA L IR
& RNA MR JE . B 5 4§ PrimeScript RT reagent Kit
1 7 5 Ud W R AT RO S OB, G B cDNA . Fi¢ iR
TB Green” Premix Ex Taq 1138 5 & U B B JE 47 97
BN R Y R 95 °C il AEPE 305,95 °CAEME S s,
60 °C iR ‘k 30 s, 40 /> & ¥ . PCR [ Jif 7£ Light
Cycler/LightCycler480 % 4t I 5¢ A , LA H i 5 -3- 1%
1% i S0 (GAPDH) 2 N 2 R A 2“3k 1 B A X 3%
KK Bl HR B R AR A R A F
(BioTNT) B G 1, 51 P9 Wk 1.

210 Giib2#or At A SPSS 27.0 B4R X 5L 56 £k
Wi 9L AT 4831 43 M7, K J GraphPad Prism 10.0 4%
il ETE o TR SR B 25 SR DL x + s RO o X B
HEAT IEASPE RO 255 MR 0 & 45 B e A A By

x2 HPAMNEARRGREKFHIRME (Xs,n=8)

Tiif GCAGGGGCACACACTTGTAGG
FTH1 | AAGAAACCTGACCGTGATGAC 107
Fi# GCCAGTTTGTGAAGTTCCAGT

ACSL4 |3 TCACGCATTGAATACAAGGTC 102
Fiif GATGAAAAGTCAGAGGGCAGT

SLC7A1l L GGCTTCCTTATCACCTTGACT 87
T iif TGACAATCGTCTGAACCACTT

ABCG2 |- CCTAGCAGCAAGGAAAGACCCAC 82
Tiif GCATTTGAAATTGGCAGGTTGAG

GAPDH  |Jif CATCAAGAAGGTGGTGAAGCA 87

T AAGTCACAGGAGACAACCTGGTC

25 5%, Z A L BCR FT IR R 7 22 43 B, AL ] L
R LSD-t Ki 5 5 45 AN FF A IE & 40 A5, Wk A
Kruskal-Wallis £ fl1 #; 46 . P<0.05 £/ 2% H A5
ES-9'8

3 &R

3.0 SARB—BEMARAE 5250 44K R
— A AR AR AT R LR AR . 5O K R R,
LY 20 K BB R G BE AR RS OIS X AT i
BB B OK R R R R T K R
SRR . YT UG 45 4 25 KR — etk
A R R A 35 A O () R A, RN B R IREE K
R AR D0 T W S KB KON D00 AT T
RS B A HEHE OB T OER . Wk 2.

Table 2 Effect of Simiao Wan on body weight in rats of each group (x+s,n=8) g
21 5 i mg- ke Wil d w21 d BT 28d
EHA 254.01+8.34 366.69+16.14 471.38+29.04
LRI 20 252.39+8.73 319.79+15.65” 401.04+21.90”
DU b AUARG 1) i 4 282.6 252.50+4.35 326.19+22.00 414.24+34.66
DU b AL e 1) ik 4 565.2 255.63+£11.23 331.43+10.82% 417.39+18.98
WA 5.4 248.55+8.83 322.89+15.43% 409.38+38.53
Fer-141 2 258.94+7.66 330.21+13.80% 430.93+30.55

TE S5 %4 A Y P<0.05,2 P<0.01; 54 A Y P<0.05,% P<0.01 5 5 DU &6 HLAR 7 4 41 45 Y P<0.05,9 P<0.01 (K 3-% 9 [A])

3.2 PO L% HUA B8 K Bl SUA . Cr.BUN /K °F-
MsZm R 21 dJE, 5 IEH 4 HUA B K
Bl SUA /K F L 2 755 (P<0.01) , #2 /8 HUA #5570 8
L. BT 28 dUn, SRR AL g, U AL
& H 2 MKFE 4 Fer-1 41 K Bl SUA K-35 it
EFEAR(P<0.01) , H VUi L4 45 25 41 SUA FE AR J&2

AR . A 21 d)E S IE R Al R,

HUA #58 K B3 Cr &% BUN K P2 8 3% T+ 5 (P<

0.01). 5% T i 28 dJi7 , S RLZ LA, DU AL 45

41 K Fer-1 41K BUIMLYE Cr /K ¥ 5 3 B AR (P<

0.01) , VU b 4L 2% 7] 4 2H K KR il i BUN 7K ~F- 34 B &b

FEAG, 22 547 Go 243 L (P<0.05,P<0.01) ,Fer-14]
. 5 .
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KEIMLIE BUNKFEZF G T8 L IRIEHE H A
KM Cr 2 BUN K2R g 24 L. I
#3.%£4,

#®3 MYAITEHKRSUAKFEHFEN (x+s,n=8)
Table 3 Effect of Simiao Wan on SUA in rats of each group (x=s,

n=8) pwmol-L™!
415 Fik/me-kg'  wERE21d iHI7 28 d

IEHH 90.85+4.97 89.30+5.39

70 2 528.17+36.337  440.72+50.04”

I b ARG 9] 2 4 282.6 526.58+50.46% 107.38+5.68"
U W= B 565.2
KFEHEH A 5.4

Fer-141 2

538.67+25.72%  95.12+14.21%
491.85+32.54%  362.28+42.80*%

518.73+34.22%  138.45+18.33%

3.3 VUL HUA A5 A K B 1R] i 4 208 285 1Y 52
HE 4 {6 285 5 7R | 1F 8 41K BT i 4 20 45 4 3
W, 90 B I R e R 2, G B HE S ST R 2 R A
P oE sk . 5 IE R T, A 2 K R [l i 40 20 3
PO &, R OE R b R KRB L G0 B A5 A
W HESN AL, R S5 AR e 3 $ R AR AL 4
[l Jij A AE W] 4 05 . SR A LA, DO A U AR
bl M 7 o SO S TR = R SIS e e SR |
T VR el 2 AELATS AT UL 4 b Bz Ot v K 45 # AN 5
B DU AL L] 4L 22 A B kL R E
B B VERG R S5 A B e R HES T R 5
PP BE 0 3 R o ARAE 5 A [l i 4 2 B A
AL WY G O E 25 R AT A TR O (R R R ROR
Fer-1 20 [l [y 2H 2451 15 15 0 B 155 B A0 W) (0 2 i, 48 &
ik oe v, B E A . WK 1,
3.4 OB AU HUA B8 K B [l g 20 R AR 28
B SZ 3 S UL ZE A5 R R E R 2 K R IRT
ZH 2V i P R AR TR 25 25 A 57 B, XL R4S A T
Wb, £ R 1A U HE 51 R T, R UL Y TR S R
55 1E 8 21 b, TR 2 K BRIl i A 2 A e R R
BTN R R R R I WS R TR LN N TN

x4 MOPAXNEZHXRNE RZRKFHZNE (3xs5,2=8)

N

TE: ALIE 2 B R C U b UGG 4k 2 5 D. DU b L e 570
415 EARICH E 4L F.Fer-1 240 (B 2-[& 5 1A )
B1 mgax&BAXREBARREFZHLTHIE (HE,<200)
Fig. 1 Effect of Simiao Wan on histopathological changes in ileal
tissue of rats in each group (HE,x200)

7 AR Uit BH ek 2D B AR A SO AR S R T G R O
FEN R E R G RN L TR WY PSS R TR N
TE A 2R . SRR A R AR AT % 4L B u i L
) ek 21 2 A Tl 45 A A 40 A A BT A L ks
WIS B R 54 W 25K 3 4 K 5 5 Fer-1 41 K DU 18
Ui 7R 2 A B, R AR A R U 5 A ik
ARG IEH B e ak . WIE 2,

3.5 DB AL HUA B8 K B [ 41 41 MDA (Fe™" |
GSH & & J¢ SOD IFYERY 52 5 1 4 4 e, B Al
AR i 41 20 b GSH % 4 Al SOD i M i 3 B fI%
(P<0.01), 1lii Fe* fil MDA & & I % T+ (P<0.01) ,
P B A AL B A B8 055 L R B o AR Ak 3 i A R
Ay . SHERA R, WAL T HE LRy
0 (P<0.01) , s 7 o 4 el 3 17 o B 4,
P — 5 W) R . Fer-1 20 W) RE W] L35 00 % |
ik S A2 A (P<0.01) o ARATE B A X MDA AT 3%
FEARVE ], 22 5 A Ge it 3 L (P<0.01) , % GSH
SOD {2 Tt #a$h , %t Fe* ol & R, 2 R 41t
FEX, WES,

Table 4 Effect of Simiao Wan on serum creatinine and blood urea nitrogen in rats of each group (x+s,7=8)

M VA
a5 — 21 d HIr28d
Cr/pmol-L" BUN/mmol-L" Cr/pmol-L"' BUN/mmol-L"
EH 4 23.89+1.6 4.76+0.41 27.33+1.93 5.02+0.48
FERIZH 31.29+4.62% 7.58+1.69% 34.10+£3.91% 5.97+0.65"
DU AR 77 ik 4 282.6 31.2142.37% 7.87+1.13% 26.73+2.15 5.20+0.62%
I 4 i 7 a2 A 565.2 30.54+1.80% 7.43+0.68% 24.40+1.86% 4.9240.29"
S| 5.4 30.36+2.39% 7.04+0.89% 33.02+3.22% 6.63+0.929
Fer-141 2 33.64+5.52% 7.09:+1.02% 26.83+2.08" 5.35+0.87
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E2 MEANSEAXRREBAREZNEBHMEMTANEZm (FE
S ELBE, x500)

Fig. 2 Effect of Simiao Wan on mitochondrial ultrastructural

changes in ileal tissue of rats in each group (TEM, x500)

3.6 b ALXS HUA KB Tl 4 21 GPX4 . FTHI .
ACSL4.SLCTAll EH H R IX W 5 IEW H I
A BBV R B i 4 U SLCTALL B A £k B 3%
FEAR(P<0.01), SRV LA, DU Ib ALAR L R 7] i 4
Fl Fer-1 241 SLC7TA11 % H & ik W & F+ & (P<0.01) ,
WAL % F 4 SLCTALL %R 1 K3k i 22 R B 432
B, W3 e,

5IE R 4 e BSR4 KRR Il g 4l 4 GPX4 .
FTH1 & 11 3% i5 W & B {% (P<0.05, P<0.01) , 1fii
ACSL4 £ ik 2 % THE (P<0.01) . SRR 1L
A, D0 ILAR L 5 R R 41 RN Fer-1 4 GPX4 . FTH1 &
M 2 ik B B T+ 5 (P<0.05,P<0.01) , ACSL4 % 1 5%
ik EREAR (P<0.01) , Horp s ) i 4 Bk AR L T Oy
WY, 50— B 0 RO R . R AT 4 GPX4,
FTHI M F L 2R LG4 L ,ACSL4EH &
KFEMR(P<0.05). W4 £,
3.7 ALY HUA KB Il i 40 41 GPX4 . FTHI .

B3 MpAMEHAREFALRSLCIAN EEHRERZHZM
(BeAe Ak, x500)
Fig. 3 Effect of Simiao Wan on expression of SLC7A11 protein

in ileal tissue of rats in each group (IHC,*500)

ACSL4 . SLC7A1l mRNA £k m  5IE#H 4
¢, HUA £ 78 20 KRR [l i 41 20 GPX 4 SLCT7AT1L
M FTHI mRNA 3% ik /K °F & % B ik (P<0.01) ,
ACSL4 mRNA ik /K ¥ & T+ (P<0.01) . 54
AU LA, DO AL T ), 45 7 0 2R Bl i 41 41
' GPX4 mRNA £ ik & % b # (P<0.01), ACSL4
mRNA ik 8 2 T (P<0.01) , i 7 & 44 K B
ZH4Urh FTHI K SLC7A11 mRNA %35 B, 2 %K
et B2 S, ) a4 OR R Il i 41 2 b FTHL &
SLC7A11 mRNA %3k 3 I (P<0.01), 43R 97 4l
r R R e 2 R SR T D W N S R K
#5iPk ; Fer-1 2 GPX4 .SLC7A11 2 FTH1 mRNA 33k
3 TF i, ACSL4 mRNA 2 ik i 35 K (P<0.01) ;
W FE % B 41 GPX4, FTHI, ACSL4 J% SLC7AIlIl
mRNA KRR 55 AL, 22 % TS i+ &
X WS,

£5 MYPAXMEAKXREBELR GSH.Fe'* MDA K SOD 7K FHIF M (x+s,n=8)
Table 5 Effect of Simiao Wan on GSH.Fe>* ,MDA and SOD levels in ileal tissue of rats in each group (¥+s,n=8)

20 5 il /mg- kg GSH/pmol- g Fe*'/umol- kg MDA/wmol- g SOD/U+*mg”’
EH 4 3.58+0.30 528.96+78.96 5.12+0.94 23.30+1.05
R 41 1.23+0.27% 1 138.58+110.66 11.47+1.95% 16.54+1.05%
09 4b AR R 2 282.6 2.44+0.427 721.09+174.827 3.80+1.23% 20.11+0.63"
DU b AL g ) 4 565.2 3.2240.314% 423.64+157.474° 1.50+0.4%9 23.10+1.15%¢
WRHACH 1 4 5.4 1.58+0.54% 1 123.02+83.76" 5.15+1.36" 18.83+1.86
Fer-141 2 2.95+0.28%% 783.62+166.89" 2.78+0.49" 21.83+0.71%

3.8 U HLX HUA K LI i 2H 20 ABCG2 | H )
mRNA FIE WM 5 I1EH 4 K, HUA BRI 2] K
Bl 2 21 b ABCG2 45 1 M2 mRNA K3k KP4 2
EREAL(P<0.01) . SH R, WL T s

ABCG2 Rk Bk 2 Liias A EHEAREA

Tt ERTEI B X, @il e E A #KA

F T E (P<0.01) ; % 7 4 ABCG2 mRNA %A

3 T (P<0.01) , e Hh i 7 o 20 T v o ol B 3L
. 7 .
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F6 NPAMNESHAREBHARASLCTANEZEAHAERAEER L
LRI (X+5,n=8)
Table 6 Effect of Simiao Wan on percentage of SLC7A11-positive

staining area in ileal tissue of rats in each group (x+s,n=8)

2190 4 /mg - kg SLC7A11/%
EH A 7.63+0.64
AL 2 1.50+0.54”
U b AUATG 5] 4 282.6 4.85+0.99"
DU b AL e 1) i 4L 565.2 7.28+2.384
WHAEH 15 4 5.4 1.08+0.209
Fer-141 2 3.30+1.27+Y
GPX4 e a— W 17 kDa

FTHI e e o S o e, 21 KDa

ACSL4 --— —— a— —_ 79 kDa

[-aCtin um— — --- e 12 kDa
A B C D E F

4 M FL 3 & E K R E B HLR GPX4.FTHIACSL4 E A RiE
7K T 19
Fig. 4
GPX4.FTH1 and ACSL4 in ileal tissue of rats in each group
F7 MESFIEHEKXREDRHLR GPX4.FTHI.ACSL4 E B R iX
KFERIFM (F+s,n=8)
Table 7 Effect of Simiao Wan on protein expression levels of GPX4,

Effect of Simiao Wan on protein expression levels of

FTH1 and ACSL4 in ileal tissue of rats in each group (x+s,n=8)

151 R GPX4 FTHI ACSL4
ZH.J;

’ /mg-kg'  /B-actin /B-actin /B-actin
1EH 4 1.8540.17  1.1540.15  0.75+0.08
R 4] 0.77£0.53”  0.47£0.09" 1.47+0.22%

PO LR R 20 282.6  1.69+0.17%  1.08+0.40% 0.76+0.09*
Wb LRl Edl  565.2
KFEHEHa 5.4

Fer-141 2
W— & B ) B K R PR Fer-1 4 ABCG2 & 11 &

mRNA Z AR B Fi#(P<0.05,P<0.01) ;iK4E %
20 ABCG2 #5 H M mRNA 55 ik 55 45 B 2 14 G 0 i A8

2.50+£0.19*% 1.81£0.47*% 0.66+0.14"

1.15£0.06°  0.64+0.15  1.09+0.25>

1.71£0.08"  1.11£0.44 0.76£0.01%

b, 25 Hge it . WIKS R 9.
ABcG2 R S e B &8 BB 2 0:

ﬁ-actin —_— — _ _-—- 42 kDa

A B C D E F
Bs5 BAKXRREFAEALRABCG2EARIERK
Fig. 5 Electrophoresis of protein expression levels of ABCG2 in

ileal tissue of rats in each group

4 iTit

HUA (94 0 95 38 Bilt > PR R 2B B HE T 2K A
b DA BR TR HE TS JE B o R WL T AR R BF 5 R
W, 7 38 1E o 5 A0 DR IR HE i %) B R AR R 4EFF R
MR AR S P RO D, AR h BE 2 41 5 HUA 1Y
RAERREDAEY A5 &, HUA RS T [0
Jr b e A PRk BT T RS T P A AL AT S i 45
SLC7A11/GPX4 {5 5 8 B M il 2k FE 1, IF L i R g
%12 8 1 ABCG2 W335 , AN iF i 18 R 12 HE it
RE SUA K- B IR AR H 52— 77 B O % , Herp
FOR AR O B . BRSO ) R B
T M7 18 e iz 7 Bl AT R 2 DU Wb L T i HUA 1Y 8 284
FAALE Z —

REAERF 5T R B, i IRERCRAS T I I e 40 5 &
A AR R KT R IR T A R T T A
JEE A, AR T 51 i JB S AR A R 2R A4 D) RE R A
BRI b R 20 B 45 4 O B2 W PR B T g . Bk
38 5 AR 58 T HUA KBRS R J9AH G 48 b 19 48
s —%, AP — L WEER]  HUA KR [
LG B 2 400, OF PF A ok IR AR TR 45 /N Aok
AU U/ 2 3 O SE IR A R R, IR TE A A
fiE 5 2R 58 T 1Y MY R AR Y, S 75 BRIE T2 ] e A
S E RO EEALE . W TS, BiRd
SN A SR A B s, BRI AR A
PG ERACT M) Fer-1 AL, 275 30 4k € T 7T fig
JE VU Wb FUAE R i T8 25 4 52 BENE R 9% i B AR 37 1
LR 7

#8 M HITEHKRMEPFELR GPX4.FTHI ACSL4.SLCTA1l mRNA K FEF# M (X+s,n=8)
Table 8 Effect of Simiao Wan on GPX4,FTH1,ACSL4 and SLC7A11 mRNA levels in ileal tissue of rats in each group (x+s,n=8)

ZH 5 Fl it /mg- kg GPX4 FTH1 ACSL4 SLC7AIll
IF % 40 1.07+0.09 1.07£0.05 0.95+0.08 1.050.15
HERIZH 0.48+0.31” 0.51+0.10 1.41+0.14” 0.60+0.07%
DY 4 LA 4 282.6 1.27+0.319 0.73+0.14 0.92+0.09" 0.89+0.17
I 4 g 9] L 565.2 1.39+0.25% 1.05+0.16%% 0.63+0.19" 1.31%0.15
KFEH A 5.4 0.87+0.24 0.66+0.15 1.23+0.18 0.57+0.03
Fer-14i 2 1.15+0.24" 0.82+0.07" 0.88+0.21" 0.79+0.05%
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£9 NYAMNESHKREFHE ABCG2EH K mRNA RiXKF
QR (x+s,n=8)
Table 9 Effect of Simiao Wan on ABCG2 protein and mRNA

expression levels in ileal tissue of rats in each group (x+s,n=8)

2190 #H/mg-kg' ABCG2/B-actin ABCG2 mRNA
ERA 0.61%0.09 1.65+0.20
H AR 21 0.3120.07”  0.57+0.08”
DU b AU ) 4 282.6 0.44+0.07 0.97+0.09"
DU b AL e ) ik 4 565.2 0.59+0.12% 1.63+0.27%%
RACH 15 4 5.4 0.38+0.08 0.62+0.16
Fer-141 2 0.50+0.09 1.29+0.20"

BRHE T 2 — Bl bl Bk AR 1 Mg o o 4L 3R 3 i
PP Pl M AE T8 X, R A 5 AR S R Al i
Ak By A0 3 B S 5 KR T Ak A Ak Tl D) A e
SLC7A11/GPX4 {5 5 1l 10 1 8 4% 4% ok H K & il B
W B o 2ok 4804, A 400 R P T R v ke O R A
o Hr, GPX4 06 P FEAR A S 2 RSB T K A 1
SCHHEIRT T SLCTA L 28 I 2 2 I 2 1 1% L 4
A I N O 8 W G (= E 8 B S B S N
F 5% % B, HUA ] 35 5 [0 i 20 2L 0 S8 AL B A R G2 %
AR S ZE AL, I SLCTAT1/GPX4 Bl 2% 1 I
ACSLA A3 19 i o ok 4 AL o, 32 /R R BT T2 78 i 1
PO R EREZEEH . WAL THE, o8 ERE
%7 A R T RE B0 e 0 Ak BRI 4 I kR
AR A, HS B0 T A R AR 1 156 ] T B
i 3 AP A — R R S — IR T A AR 4 )
2 ARSI R AE T HERE . AL Z R L ARIEH X
AR 3 B e A A PR B R LT e b R
VB #8240, 1 D9 b AUAE B A Ak B gk BE T R 45 7
AT % B B O A ) T B #

JY 18 DR TR HE MO/ T3 iz A IE W Rk S
Uifg. Hrd, ABCG2 2 7 I Bz 20 M TR G B 1 Ik i
HhHERG 3z B 1, AR GRS 1A O i 1 DR R I 1 ) e 52
B E T FHLEN . ST R A A R
JiT ask Ak 7K ST T R BT S e i G A Y R Gk IR e
7, 3 T BB S AR BT T 52 i ABCG2 3 3k 1) V& £ AL il
Z =D ORI R 45 B R  HUA KRl 41 40
ABCG2 # 1} mRNA ik ¥ BE AL, U &0 JL T B s
HRB BAKE I 52— 07 & R &R
AR AT O 0 3, i AR R A T A R —
o, [AE, BRAE T4 5] Fer-1 [W 4% 7] 13 ABCG2
Fik PR PIE T LRV BES 5 W 1A IR R 5 42 T g
HIURE o S5 A LRGSR HUA S 10 g I
2 i 2k A6 T NI A GE K 1 b Rz 45 A O B IR

ik i 32 B 1 236, 1E T 52 W g 3 R R HE it T gE . g
b AL 3 P8 45 SLCTA11/GPX4 il B4 8 76 T, 2k
il bR S5 5 T RE, R 1 ABCG2 ik, 4
S 1 Bz 2 B DR TR A0 HE RE 1, DT AR F i 3 DR 2 HE
Il I B AR SUA 7KF- .

MAH B 2 B A B A A HUA 3 & T 7
RRLTAL TN 2 7N LS S ST AT s e LTS 2%
ZIE WORSBHAS . U AL H AL R AR
A C AR B, 3 25 5 FH 2L 28 0 RN B il 4 2
R, 5 HUA BAZCHR LGS BE 3G . SR 25 B o %
W, O v 45 25 HLA B4 Y SR I i R Bl £k
LR T8 A5 VR, G B R RT3 BR A e &R e
B AR AR KA R T B AR Ak N IR S s
TR R AR AT R O T P AR ) R B 23 AT g E
PREEHEHE S ABIE 98 45 L o, DO i AL AT 3 ek 9 )
BRFET ot SR N BOIR S IF I ABCG2 &6, A
1M A2 i i T8 PR R R . FRAE S b & 2
(4 25 B ASON B AT — PR B s U Wb AL S 22 8
22 VAT O R 5 AR T VR, Sl R S T TR X
() BRSP4 T 5L I AR

AR GEATIAEAE — 22 SRy BR A « 8 5, A 5% AN UE 3K
DU &b FL AT [ B B AR S T O L ABCG2 ik, fH
2 A AR S R M AN, SLCTA11/GPX4 i
P AE o (8 SC A AT R 3 — 2 R s LR AR
ST s BRI 1 i = 40 B AKSF 5 BIL R 6 IE , X
F HUA ST S H X ABCG2 3k 1) B #:H 15
AR FER AR GY ; B AL, U AL 45 SLCTA 1L/
GPX4 i [ & ABCG2 ik i M Lo i R o . J5
SEAIF 58 AT 245 A RSN L B A0 B AR Ay K- i —
A M ERFE TS 5 ABCG2 ik Z [ Y #5 6 & , JFH4E
P SLCTA11/GPX4 i s A6 Horp /e . TR, v] 5@
1o 0 2 25 B 2 55 S 5 00 IE A 5 A 1 D T O R S
PE R, S LI PR FH B 2k & B R 4R o

Zi b AW 9 R W VO b U] aE i) 45 SLCTA L/
GPX4 {5 53l 6l HUA K B 1] i b s 40 it 2k 46
17, 9F B VH IR R 5% 12 8 11 ABCG2 35, MM 2435 i i
SEK 5 T RE A TE DR R 28 1 T8 HE T T FEAIK SUA K,
PR DU Wb AU T 838 B R PE T — M 18 e 35 7 AH S HL
KAFAEF, Ry b B 2550 1) i 38 T U HUA 424 7 5056
WA, IR R AR s R IR R 25 ) it 5 2%

[(FIzEMzR] AXRALAEATH A .

(&% k]
(1] BRI A £ o SR 5 0 KL
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