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(FE] BA  FUTREEMT X R EEE TS 00 S B 05 (AKD) K BRI B BRI B Al SV pE T i i
HIsEm . Ak K 30 R SD K BURBEHLEESRE 0 M IRTF AL (Sham 41). B4 EFLAR (CLP) Uik
SERRIZH (CLP £, KM T4 (CLP+LIR 2H), 440 10 2. CLP+LIR 0 FHIBLET 2 h 45T 100 mg/kg IR
S 0.2 mL HE S ; Sham 21 CLP 4145 T 25U BIER K E S o RS 24 h MREESH B , R HTR AR K -
(HE) G 52 ' 20 2L BRAE AY, 5 SR DR G328 W Bt 8 (ELISA) A 40 i 83 SR FE I F - (TNF-a ),
A2 (TL-18 | TL-6) 8¢ ARAE H T 7K, [FIRHI A A0 M UL (Cr) PR 2 (UREA) 585 DI REFaAn S B 4141
N (MDA ) FllEe 57 (Fe™') &t 3 R & 1 B S e FI it 36 (Western blotting ) K& B £ 21 Fp A2 (R -7 2 4
K F 2 (Nef2), A B H KIS E AL G 4 (GPX4) AL 2 N5 1 (HO-1) 33K 5 SR 16S rDNA (3 1l
FERM B AL, R 5 Sham 20 HAE, CLP 20K U /INERPRERES A, B () S /K Ji B (g, 2 2 554 3
L, 96 BT 8 35 71 5 AME I TNF- o | TL-1B . IL-6., Cr F1 UREA & 4% & B MEZH H MDA | Fe** 7K1 8 7
5 BT N2 GPX4 il HO-1 Y8R I ERE 038 N ; il s R b = B 0 S B, BEAR B s | AP iR
FrEJE AT EE | e B AR 8 BRSBTS S50 1 AR o o B S, TR
FE . FoREREE K E U R E | SUBAT B R B BB s A5 25 R A AR B S K. 5 CLP
A EE, CLP-+LIR 21 AT LI 35 O U U 2H 200 B 407 , 8 BT 00 B 35 AR (49 < 1.80£0.84 HE 4.20 £ 1.30,
P<0.05) ; BB TR AL, BEASASTEAF TR | e TR A TR | R B TR i - SRAE AT VAT A0 3R 1 T S5 35005 1T (4 A
ST I A BT 8 | OBUEE AT B ANes T BREE JE AR T B 5 S RRAANE I TNF- o« (IL-1B . 116,
Cr Fl UREA &4 J2 B 4419 MDA | Fe™ ZKF( il TNF-a (ng/L): 191.31 +7.23 H. 254.90 +47.89 , Ifil IL-1B (ng/L):
11.15+4.04 I 23.06+1.67, il 1L-6(ng/L) : 163.20+17.83 [t 267.69+20.92, Ifil Cr(pmol/L): 24.14+4.25 I,
41.17+5.43, 1. UREA (mmol/L) : 4.59+0.90 [ 8.01+1.07, ¥ MDA (umol/g) : 9.67+0.46 It 16.05+0.88, ¥
Fe’ (mg/g):0.71+0.07 [£.0.93 +0.04, ¥ P<0.05 ), 4 i 4121 Nef2 , GPX4 Al HO-1 (92K (4 22 15 (Nif2/GAPDH ;
1.21+0.01 [ 0.39+0.01, GPX4/GAPDH : 0.74 +0.04 £ 0.48+0.04, HO-1/GAPDH : 0.91+0.01 ¢ 0.41+0.02,
Y1 P<0.05), £51  REEEREX MEFIE AT EOR B AKL oA B B A AR 1R, o FHALE T R b K845 i i
B S B RS Nef2/HO-1/GPX4 {553, UL ikl gt
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[Abstract] Objective To investigate the effects of liriodendrin on the intestinal flora and the ferroptosis
signaling pathway in renal tissue of rats with sepsis-induced acute kidney injury (AKI). Methods Thirty male
Sprague-Dawley (SD) rats were randomly divided into sham operation group (Sham group), sepsis model induced by
cecal ligation and puncture group (CLP group), and liriodendrin intervention group (CLP+LIR group), with 10 rats
in each group. The CLP+LIR group was given 0.2 mL of 100 mg/kg liriodendrin by gavage 2 hours before modeling;
Sham group and CLP group were given the same volume of normal saline by gavage. The samples were collected after
anesthesia 24 hours after modeling. The pathological changes of renal tissue were observed by hematoxylin-eosin
(HE) staining. The levels of inflammatory factors such as tumor necrosis factor-a (TNF-a), interleukins (IL-183, IL-6)
were detected by enzyme linked immunosorbent assay (ELISA). The levels of renal function indicators such as creatinine
(Cr), and urea nitrogen (UREA) in peripheral blood, and the content of malondialdehyde (MDA) and Fe*" in renal
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tissue were detected. Western blotting was used to detect the expressions of nuclear factor E2-related factor 2 (Nrf2),
glutathione peroxidase 4 (GPX4) and heme oxygenase-1 (HO-1) in renal tissues. The changes of intestinal flora were
detected by 16S rDNA high-throughput sequencing. Results Compared with the Sham group, the CLP group showed
significantly enlarged glomeruli, noticeable renal interstitial edema, disorganized kidney tissue, and significantly
increased pathological scores. The contents of TNF-a , IL-13, IL-6, Cr, and UREA in peripheral blood and the levels
of MDA and Fe™ in renal tissue were significantly increased. The protein expressions of Nrf2, GPX4, and HO-1 in renal
tissue were significantly down-regulated. The species richness of intestinal flora decreased significantly, and the relative
abundances of pathogenic bacteria such as Morganella, Citrobacter, Proteus, Klebsiella, Shigella, Aggregatibacter,
and Enterococcus increased significantly, while the relative abundances of beneficial bacteria such as Butyricimonas,
Veillonella, Prevotella, Lactobacillus, Bifidobacterium, and Ruminococcus decreased significantly. Compared with the
CLP group, CLP+LIR group could significantly reduce the pathological damage of renal tissue, the pathological score
significantly decreased (1.80 +0.84 vs. 4.20+ 1.30, P < 0.05), and improve the composition of intestinal flora, reduce the
relative abundances of pathogenic bacteria such as Proteus, Klebsiella, Shigella, Aggregatibacter, and Enterococcus, and
significantly increase the relative abundances of Lactobacillus, Bifidobacterium, and Ruminococcus, significantly reduce
the contents of TNF- o, IL-1, IL-6, Cr, and UREA in peripheral blood and the levels of MDA and Fe in renal tissue
[blood TNF-« (ng/L): 191.31£7.23 vs. 254.90 £47.89, blood IL-1B (ng/L): 11.15£4.04 vs. 23.06 = 1.67, blood I1.-6
(ng/L): 163.20+17.83 vs. 267.69 £20.92, blood Cr (umol/L): 24.144+4.25 vs. 41.17 £5.43, blood UREA (mmol/L):
4.59+0.90 vs. 8.01+1.07, renal MDA (umol/g): 9.67+0.46 vs. 16.05+0.88, renal Fe’* (mg/g): 0.71%0.07 vs.
0.9340.04, all P < 0.05], and increase the protein expressions of Nrf2, GPX4, and HO-1 (Nrf2/GAPDH: 1.21 £0.01
vs. 0.39+0.01, GPX4/GAPDH: 0.74 +0.04 vs. 0.48 +0.04, HO-1/GAPDH: 0.91 +0.01 vs. 0.41 £0.02, all P < 0.05).
Conclusions Liriodendrin has an obvious protective effect on sepsis-induced AKI. The mechanism may involve
regulating the intestinal flora, increasing the activation of the Nrf2/HO-1/GPX4 signaling pathway in renal tissue, and
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reducing ferroptosis.
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VR T RE A B G 5 S 1 A T 5 v 2K I T B0 e
R Az i ) i B 2 RE R A, R o B 5 (acute
kidney injury, AKD) J2& JR¥ERE 50 UL H ™ & 1Y I &
gL MR DG AKIL B0 % R Rk 47.9%, 28 d
WISERA 32.7% 1. ITAERE, B X A I SE T L
WFFERTIRA BRIE TAE S —FioB B i FE 08 T 4
FETIE B A AR AKL 19 A pIL I v K 4 E A
FNS L BT R — IRk A 4 k4T BB T
%, HARE AN Fe' BLR AR Bt E b K
FEAE T I R T S R, RE A AR
T EEAE S A AKT . BIFSE W, Wit o A e AE
YA RS A A R TR A L
PERIEYY . W AE BT B 18 A ZE RLAE AKT Hh &
PRI R R, 2R
T3 R b 243 P 13 R 5 i 1 R DR AP R B 5
I AKT L AR RIS & B, UL 1
A LGEE A NOD #5218 1 3(NOD-like receptor
protein 3, NLRP3) {5553 i (1) 1% £k, 0 il B | Kz 41
BAETS, RP IR T 00 AKT DY RSB it
L 1077 08 FEEEE VRS, v LA A5 s H 7 —«B
(nuclear factor-xB, NF-xB) {5 5 i i, I ¥ i 5 4
PSRRI AHIEST e i U Rk
P e B AE 175 19 AKTL R B 38 TR A S

K721k B IRE  BRAE T AZ K B2 AHOCHH F 2
(nuclear factor E2-related factor 2, Nrf2 )/ il 21 R NN4A
fif 1 (heme oxygenase-1, HO-1)/ #* Bt H kit 52 ALy
fiff 4 ( glutathione peroxidase 4, GPX4) (5538 K 1Y 5%
M) , RIS HRE AKT A8 AP 8 F LA, kg 368 2 A0
TRTTMEBEAE 151 AKT AL 50 SRR AR 5 .
1 #MREFE

L1 SEEsh Yy, 259 S 322U 30 HLSPF 4,
6 ~ 8 JAS AT 220 ~ 250 ¢ FOETE SD K BRI E
Wriw A (b0 A= WA BRA |, s A= 77 1 v]
TE4 : SCXK (5T) 2024-0001 , 75 /™ 4% ) SPF ¥ 35 Hh
TN PERR R 1 KRG t R T e T B 24
Y s SE i, BT 4 CUKFRORAE . 3- Wl H il
fii & B (glyceraldehyde-3-phosphate dehydrogenase,
GAPDH). Nrf2, GPX4 il HO-1 T 14 Iy [ Hi MM 4E
LY ARAT PR ] 5 40 3 (interleukins,
IL-6., IL-1B ). Ji s IR BB F - o (tumor necrosis
factor-ou, TNF-ou ) IR A0 02 W FFHA 56 (enzyme linked
immunosorbent assay, ELISA) i | & W4 H & 15 4
PR AT BR 2 7 5 JJUAT (creatinine, Cr), JRER (urea
nitrogen, UREA)., N _Jif (malondialdehyde , MDA) 1l
Fe’' it G A st d A BRAH

1.2 3o dH R B 7 i« SR R 2 )
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Y53 AR F- AR (Sham ). B 45 LA (cecal
ligation and puncture, CLP) Z{ ¢ 5 iF B2 B 41 | 18 2
P T 4L (CLP+LIR 41)3 4, &40 10 X, RH
CLP il £ e 35 i K FRUBEHY 5 Sham 41 H #4718 &b
Fi, CLP+LIR 41 FHIHLHT 2 h 45T 100 mg/kg £S5
W 0.2 mL #E ' 5 Sham 201 CLP 2125 T S5 R R
AEHER K .

A SR SE T RAT B SR B bR, &
KT e T B B sh 4 16 B 25 61 2 ki (L5
NKYY-DWLL-2023-181).

1.3 KpiFE AR ik« Hl S 24 b 5 R4 At
R, BB LS VRN PN ) B 288 2 A

1.3.1 G ARZE - (hematoxylin-eosin, HE) Y45, .
P EHL ST 4% Z R PR E 24 h, 5850 10K
Ja At YR ()& 4 um), HE L0 )5 % T8
BN S B A 2L 2 AR AL AR A A L A
S5K L SAEAN LIRS O | A AR AU AR S [ s
T SUR BTy, DL S L 0 4
(). 143 (<25%). 2 53 (25% ~ <50%), 3 5
(50% ~ <75%), 4 53 ( =75%). 45k A B 10 4~
EAT LR , ZR VTN B/ IV R I, L R 2
TR AW AR | LR AR T | SRR L S
TR B /INEY ik S A IR IE A

1.3.2  ELISA il &1 & 1 8 5 R 77K SF- - BUE £ 30
ik it & JC BB L AT 3 000 t/min (B0 4%
20 em) B0 15 min, Y FIE R, 72 8 ELISA 35
S UL BERE IR IR E VR IR
FRRIRE VRS2 R, e A RY) &6,
FASCI 7 4 FLAE R R IO B (A) {8, MR
PRI T340 I S8 0E [ TNF-ou, IL-18 Fil
1L-6 F7KF-o

1.3.3  AME ML Cr 1 UREA &2 4600  BOHh & i, ™
A ARSI 7] 5 A B A5 20 R, 43 SAE X I 1
B ORI AGE 5 1S FEA SRR, IR
B, MR N T8 58 B ROV A B T 37 °C 1 T Ivg
BAETTFREE A TR R T T
TE A A E, R b v i £ 154 H AR R I e A0
UREA & &

1.3.4 B2 MDA Fil Fe™ S A« BUE 20 216
B 10% HZR 415, 3 000 t/min (B5.02F 48 20 em) 55
L 10 min BT W, #2050 S Ul B B A6 3R, 20 BilTE
AR 2 A 28 PGS b R IRR TR AR A,
B 45 e A e A8 2 K T E A, 22

PRUERT I B2 MDA Fl Fe® 1.

1.3.5 &5 F 5 G 22 Bl i 55 (Western blotting) £
DU R 20 2 b 2 1 3R A - 5 A W R T R A 1 il
T30 B0 B B R TR 43 S0 K B BV TEVKIR A%
1 24 4% 30 min, BEFF 5 min B IRG 1K, b5
4 °CF 12000 r/min (B.02E42 10 em) B0 15 min,
WA b RIS PR IO . fEIRE T E
B 40 pg 35 I IR A 28 -1 e SR R 44 - SR 9 M Tk
JHiz Bt it H PK (sodium dodecyl sulfate polyacrylamide
gel electropheresis, SDS-PAGE ), 2% H W8 % 1 78 18 3
ZAF R R B 2 3R A 9 & M (polyvinylidene
fluoride, PVDF) f& I+, = il T H 5% Wi fg L & 1]
1.5 h, AU/ ARRR 28 G s B IR S R e — it
(Nrf2, GPX4, GAPDH Fl HO-1) # i 1 : 1000 191k
BRI  AEFRIR b 4 CWFE R I H S ki)
Tris- 2% thER AW ( Tris-buffered saline Tween, TBST)
FUER)S iR T 5 AR E LY (horseradish
peroxidase, HRP) &5 & 0 —HiF & 2 h, In AL fb2%
BT EOW, B R R 558 . (R , T3k
WOE M Y A 1 SRl R B Tmage J ARPEXS R
S UEAT IR BE ST, LA GAPDH A8 NS %) H A &
HFE T2 B

1.3.6  JA it B #E 168 rDNA T « 48 U4 41 i 2%
{50 DNA, FB SR 36O it e 7, 1.2% 3
IR B JS H U I B 6 5 AR RF AR DG 91 SR A2,
FICASEITE 1Y, ] Plu SR E DNA KA HEHT TR
& W45 [2 W (polymerase chain reaction, PCR) #71% ,
BB IR, FA 90 SRR ACRY s e mi Bk alifk ]
W 3% 7= 91, F PicoGreen 556 Je BHAH # BioTek
FLx800 ZERERR U E i J5 {RAF 5 1 Mlumina I ¥ 3C
JEAE IR G 22 22 20 W 4 U SO, Bk i S A%
JE B BERR RS | AR 4 A X 1 ) AL
VAR RN e TR IR 6N U R 2 NN ST S )
ZREPE S RN 2% S R 4 | Tl A Cis i RE

14 GEih2# 5Bt I SPSS 20.0 4t 2% #1443 #r
B PE, GraphPad Prism (v7.0) #AAE R . Xt o %k
Pt AT IE SRS, AT S IR0, AR + 45
HE2E (x+s) RoR, Z 4] FOBCR HI R R 7 2247
BT (one-way ANOVA), P ¥ Lt % R F LSD-¢ K3 55
FRRKHE o (LIRS 0.05,

2 & R

2.1 AEREEHL AR S B2 (B 1):
HE % 8 7%, 5 Sham 4141 [X, CLP 41 4141
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PR 2 A BEAS Ak, R B 2 0 4 8 3 TR (D)
3.20+0.40 It 0, P<0.05), £ CLP S B #AE K
FUBFZHZ 455, CLP+LIR 20 B 418U B 0% CLP
ZH W I 0 e B0 43 B R R AIR (4 : 1.80+0.60
It 3.20+0.40, P<0.05),

W, O

2

1 e MR AIR RV VR A TR (Sham
) BHLIEEIER ; B LS HL AR BURFRERTIZ (CLP 41)
B /INBRRRE K, 343 B /NER P AT D R 0 i i N
iz 206 P S5 e G, BB PN T LS o AR B T JK P I 2 [T
B, B EE R ZEAL 5 RE MY T T2H (CLP+LIR 4H) ' i 2
FRELEDOE S CLP A BB SRR E - 40 (HE) ke
PN

22 FARBAMNAMARERFRKFE(ED: 5
Sham #1 tb #, CLP 41 4b J& 1 TNF-« | IL-18
1L-6 /K- i 2 T (33 P<0.05), 5 CLP 4] H#x,
CLP+LIR 21 B0 i 25 Rk 2L 58 0E K 7K, 25 57
Ayt E L ($) P<0.05),

F1 HAKXRIMEMAREREFKFLLER (ng/L,x +5)

20 51 ng”f?,?‘ TNF- o IL-18 IL-6
N
Sham #H 10 151.60+18.97 11.75+1.65 107.23+2.56

CLP 4 10 254.90+47.89° 23.06+1.67 267.69+20.92°
CLP+LIR 4l 10 191.31+7.23" 11.15+4.04" 163.20+17.83

1 : Sham 4 IR TR, CLP 4 N H W45 5 FLAR S AR
HUZH , CLP+LIR 20 NREEMAT T4 ; TNF-o MIEIRIEIH T -,
IL-1B N4 Z-1B, IL-6 Jg A4/ % -6 5 15 Sham 4H 104X,
aP<0.05; 5 CLP 411k#%, PP<0.05
23 HHKESNEI Cr A1 UREA K- (F£2): 5
Sham 41 Fb#¢, CLP 21K ERAME L H Cr Fi1 UREA 1Y
SEYEEAE I P<005). 5CLP 4L,
CLP+LIR 4l fEf% i & R IX Cr Il UREA /K-, 22
SAGEE X (3 P<0.05),

<2 RAKARINEM Cr F1 UREA KELLE (x +5)

20 51 AL (H) Cr(pmol/L) UREA (mmol/L)
Sham #H 10 23.47+2.82 2.67+0.36
CLP 4 10 41.17+543° 8.01+1.07°
CLP+LIR 41 10 24.14+425" 4.59+0.90"

7 ¢ Sham 4 MR TF-ARH, CLP 40 B H 45 5 FLAR SR AR e
HIZH, CLP+LIR 40 08 Mk T 104 5 Cr I LEF, UREA MK ;
55 Sham 41 1K4E, 2P<0.05 ; 15 CLP 41 4, PP<0.05

24 B4 K EUHE 44 MDA il Fe™ & (£ 3) .
Y5 Sham 41 b4, CLP 41K R 414174 MDA il Fe?*
)& 44 | TR (3 P<0.05). 5 CLP 4 e #%,
CLP+LIR 41 GEW% 3 %Ik MDA Il Fe™* B i, 22
SAGIEE X (# P<0.05),

*3 BAKXRZSHLAH MDA 1 Fe* S2EHE (x +5)

215 () MDA (umol/g) Fe* (mg/g)
Sham 41 10 536+0.15 0.31+0.07
CLP 41 10 16.05+0.88 2 0.93+0.04°
CLP+LIR 41 10 9.67+0.46" 0.71+0.07"

VE : Sham I N T ARLL, CLP 414 B 25 4L 5 FLAR SUMe Rt
B2, CLP+LIR 49 RS AT T4 ; MDA A ¥ ; 5 Sham 41
H#, *P<0.05 ; 5 CLP 414z, PP<0.05
25 BHAKEEHL N2, GPX4 Fl HO-1 195 1
ik (F 2; % 4) . 5 Sham 4 H &L, CLP 4K RUE
2 40 Nef2 . GPX4 1 HO-1 4 25 11 32 ik 2 B L %
i (¥ P<0.05), 5 CLP 41 t%:, CLP+LIR 41 fEf%
B THE Nef2 . GPX4 Fl HO-1 BYE 360k, 22 71
AYit2E X ($) P<0.05),

fobi  Shamsl  CLPAL cLp+LIRa HHZ

1 : Sham 241 EF AR, CLP 4R H 4L FLAR R
JEFFAEAR AL, CLP+LIR 41 NS MAT T4 5 Nef2 Ky
KR B2 MK T 2, GPX4 At B ki S L Wit 4,

HO-1 WML ZEIN4A R -1, GAPDH >y 3- BT H- s I 20 i

2 BHRAEEITRE (Western blotting) #5:3
FURBFHLR H Nef2, GPX4 F1 HO-1 BHRIE

T4 BVAKXRBHEZE Nrf2, GPX4

FAHO-1 EBRIELEB (x +5)

25 ngq?‘%[ Nrf2/GAPDH GPX4/GAPDH HO-1/GAPDH
N

Sham £ 5 1.434+0.05 0.90£0.02 1.32+0.01

CLP#H 5 0.39+£0.01% 048+0.04* 041£0.02°

CLP+LIR4 5 121+001> 074+0.04>  091+0.01"
7« Sham 4T AR, CLP 400 B Ip a5 Lo FLAR BUMe e
TULH, CLP+LIR £ 0 RE MR T 1140 s Nef2 A% IR F B2 AN+ 2,
GPX4 2B H IS E AL 4, HO-1 AL N4 EE -1, GAPDH
Ry 3- WA HIM B R S ; 15 Sham 4 HLER, P <<0.05; 5 CLP 4 Lb 4,
bp<0.05
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2.6 SAKRBIBIERENEZHEE T EATR
(principal co-ordinates analysis, PCoA) H#f B £ FE
PE R (] 3), 8 21K B 18 T R 20 A A 1 25 22
o o ZFEMESIT R (3R 5), 55 Sham 4 L%,
CLP 20 JH TAG T T8 BRE Y D = B A K- 1Y
Chaol $5§%% . Shannon 8§ %% . Pielou_e 5 %% | Faith_pd
T BOFUL I 4 Fh 14 B 3R B (B P<0.05), 5
CLP 4 HL#E, CLP+LIR £H % Se45 804 g 25 [0l 7 (1
P<0.05), FHAREFMTT XS RBEAE 55 Y 1 18 T R
R EAT —ERIBEEEH]

40
Sham

CLPH

CLP+LIR4L
20 |

T 52 [8.5%]

—-20 F

—40 1 1 1 )
=50 =25 0 25 50

Fpsr1 [12.0%)

1 : Sham 4R ETFARLH, CLP A 2L FLAREL
TSR , CLP+LIR 20 R 5 Ak T il 2e

3 AR EAKRIGEER B SR
2.7 AR U I A A 3 AT - AR5 3 A

% W i (linear discriminant analysis effect quantity,
LEfSe) 7R (8] 4), % 240 BA7 i 3 22 S U E P2k
HF, b, Sham 20 W) 25 22 5 00U W DRI P2 SRR ERRT )
T B KR . BIRRAL . T IREKE ; CLP i % 2%
S E YRR R E R e B e 4 |
LR R PEMIET] L y- BN ARERT] B
TR TR H L REFT RS ; CLP+LIR 4112
&S YRR R AR AR FLAT
WE  RARIE . B-LIBEA AR/ R R H A
FRAT TR | FRRAT R

TEJ@E7KF b RS 3 AU E I RIAER 2=,
P22l gl R A A R (] 5), 25
7R, 5 Sham ZAAH L, CLP 4 EERL TR R | A7 iR T

x5 BREAXRBEEE o

Sham#H{ CLP#H CLP+LIR#

JERER
968 ER R
BT
THEER R

FUFF B

P RORREEL]

FAF R

WAHIE
(RIS ET]
R ERERE
AT B )
BLRAT IR
e AR
e H
PG GEL

e}
IR B
I
RIHEIR 1 1 1 1 L )
0 1 2 3 4 5 6

LDAPE5> (logl0)

1 : Sham 4 R BF AL, CLP 410 B M 25 L 25 A LRSS A A2 |
CLP+LIR 2 AW RESEM T 4] ; LDA ALtk 50 04

B4 BARRGHERFLMHBIM T8N R (LESe)

g IEAT RS | e AR L B RA R L R
PR I B3R AT A5 S5O0 TR AR R R R, T
R PR TR | T3 R KT S IR s L FLAP S
SUBCFT A1 1R B KA 45 i DA A ARG = B B 2
M. 5 CLP 41AH L, CLP+LIR 417 LA 35 038
TE R, BRI TEAT B S | e s A a2 A
J& | SRAEFT TR R0 BR R A S0 T AR X
JF 0 RS M FLAT 3 . BUBAT T & A 1 Bk e & 1Y
AEXTFERE . FRBARG ZE AT AT AR o el Me s i 1
HAFZEL,
3 3 it

MerERE 25 | & AKI AR5 R, HAG 2 i &9
BLHIES e JRAE XER" | Geie R R A S 18 DA i 25 L
a5 G MR H R A D ARSI R CLP 3
R B A DG AKT K BUBEAY | AT IR B 5 | &
) 4 B B, R ARAE IR SN, 1T S 0 B D g
A A G AT T R X B R 343
YAE FZ N | AL B BRBET 38 [ A T TR A )
M), 45 S, RGBT E Aod 22 R0 SR AL AT i
& G MEEERE B B0, TR R R el 4%
XTI 90 5, IR RES Nef2/GPX4/HO-1 HiLA b

IS4
w

SHMEELLR (x +5)

ZH 5 S () Chaol 454 Shannon 8% Pielou_e 851 Faith_pd $5%% RUNIEZRE RS
Sham #H 5 828.35+76.12 7314025 0.76+0.02 58.95+ 14.24 791.32 +99.08
CLP 4 5 648.65 + 142.94° 5.80+0.86 % 0.63+0.06° 43.44+6.30° 588.06+152.38 2
CLP+LIR 41 5 1181.53+195.58 " 7.79+0.43> 0.77+0.02> 69.14+9.08 " 1008.12+179.72P

1+ Sham AT AR, CLP 48 B A a5 L LR BUR SRR I
A, PP<0.05

CLP+LIR 2 AR MBTT T4 ; 5 Sham 4HILES, *P<0.05; 5 CLP
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