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ACSLA R IR 3R () P<0.05). & 5XFIEZ A, LPS 240 LPS+1; B & 4 LPS+15 & & +ML385 41 MDA |
ROS Fl Fe™™ 235K T1 50, GSH 22 3iA K AR (1 P<0.05). 5 LPS 4AH I, LPS+1% K 41 MDA . ROS #l
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[Abstract] Objective To investigate the ameliorative effect of irisin on sepsis-associated acute kidney
injury (SA-AKI) by inhibiting ferroptosis through the regulation of the nuclear factor E2-related factor 2 (Nrf2)/heme
oxygenase-1 (HO-1) signaling pathway. Methods Sixty C57BL/6 mice were divided into four groups using a random
number table method: control group, lipopolysaccharide (LPS) group, LPS+irisin group, and LPS+irisin+ML385
(Nrf2 inhibitor) group, with 15 mice in each group. The SA-AKI model was established by intraperitoneal injection of LPS
at a dose of 10 mg/kg, while the control group received an equal volume of normal saline. In the LPS+irisin group, irisin
(1 ng/kg) was intravenously injected 30 minutes prior to LPS administration. In the LPS+irisin+ML385 group, ML.385
(30 mg/kg) was intraperitoneally injected 60 minutes before LPS injection, followed by irisin injection 30 minutes before
LPS. All mice were anesthetized and sacrificed 24 hours after modeling. Blood samples were collected from the eyeballs
for serum creatinine (SCr) and blood urea nitrogen (BUN) measurement using an automatic biochemical analyzer. Renal
tissues were harvested for the following assessments: the levels of interleukin-6 (IL-6) and tumor necrosis factor- o
(TNF- o) were measured by enzyme linked immunosorbent assay (ELISA); histopathological changes were observed
under light microscope after hematoxylin-eosin (HE) staining; mitochondrial morphology was observed under transmission
electron microscope after uranium acetate staining; protein expressions of glutathione peroxidase 4 (GPX4), acyl-CoA
synthetase long-chain family member 4 (ACSL4), Nrf2, and HO-1 were detected by Western blotting; the contents of
Fe’*, malondialdehyde (MDA), reduced glutathione (GSH), and relative fluorescence intensity of reactive oxygen species
(ROS) were also measured in renal tissues. Results 1) The levels of SCr, BUN, 1L-6, and TNF-« in the LPS,
LPS+irisin, and LPS+irisin+ML385 groups were higher than those in the control group (all P<0.05). Compared with the
LPS group, the LPS+irisin group showed decreased levels of SCr, BUN, 11.-6, and TNF-a [SCr (umol/L): 31.70+3.94
vs. 65.75+7.02, BUN (mmol/L): 11.03+2.25 vs. 29.2342.58, 1L-6 (ng/L): 239.96+14.93 vs. 1080.40+20.06,
TNF-o (ng/L): 105.85+£14.92 vs. 299.12419.94, all P<0.05]. However, the levels of these indicators in the
LPS+irisin+ML385 group were higher than those in the LPS+irisin group (all P<0.05). 2) Light microscopy revealed
that compared with the control group, the LPS, LPS+irisin, and LPS+irisin+ML385 groups exhibited varying degrees of
renal tubular dilation, tubular cell shedding, cellular vacuolization, and intratubular cast formation, with the most severe
damage observed in the LPS group and the mildest damage in the [.PS+irisin group. 3) Transmission electron microscopy
showed that compared with the control group, the other three groups displayed varying degrees of mitochondrial
enlargement, rounding and swelling, sparse and dissolved mairix, and reduced cristae, with the most pronounced changes
in the LPS group, while mitochondrial merphology was only mildly aliered in the LPS+irisin group. 4) Compared with the
control group, the protein expression of GPX4 was decreased, while the protein expressions of Nrf2, HO-1, and ACSL4
were increased in the LPS, LPS+irisin, and LPS+irisin+ML385 groups (all P<0.05). Compared with the LPS group,
the LPS+irisin group exhibited increased expression of GPX4, Nrf2, and HO-1, and decreased expression of ACSL4
(GPX4/GAPDH: 0.68 +0.07 vs. 0.49 =0.03, Nrf2/Lamin B: 1.0340.04 vs. 0.82+0.06, HO-1/GAPDH: 0.93 +0.02
vs. 0.66+0.04, ACSLA/GAPDH: 0.69 +0.02 vs. 0.93 +£0.07, all P<0.05).. Compared with the LPS+irisin group, the
LPS+irisin+ML385 group showed decreased expressions of GPX4, Nrf2, and HO-1, and increased expression of ACSL4
(all P<0.05). 5) Compared with the control group, the levels of MDA, ROS, and Fe’ were increased, while the level of
GSH was decreased in the LPS, LPS+irisin, and LPS+irisin+ML385 groups (all P<0.05). Compared with the LPS group,
the LPS+irisin group exhibited decreased levels of MDA, ROS, and Fe™, and increased level of GSH [MDA (nmol/mg):
9.35+2.07 vs. 15.65 +4.03, ROS (relative fluorescence intensity): 584.26 +74.48 vs. 1 655.68 £405.71, Fe™* (nmol/mg):
9.24 £3.82 vs. 26.99 +7.95, GSH (nmol/mg): 91.50+7.99 vs. 43.13 £ 11.85, all P<0.05]. Compared with the LPS+irisin
group, the LPS+irisin+ML385 group showed increased levels of MDA, ROS, and Fe’*, and decreased level of GSH
(all P<0.05). Conclusion Irisin ameliorates LPS-induced SA-AKI in mice by inhibiting ferroptosis through the
Nrf2/HO-1 signaling pathway, suggesting that irisin may serve as a potential therapeutic strategy for organ protection
in sepsis.
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612 h WG S EER, I B BB v BRURR AT A ok
Ko LPS (Escherichia coli 055 : BS, HY-D1056).
5 2 % (HY-P70664), Nef2 # il 7 ML385 (HY-
100523) 4 3£ [E MedChemExpress 2y &) 7= & 5 H 4fl
A & -6 (interleukin-6, 11.-6) fifF BX G 928 W B 56
(enzyme linked immunosorbent assay, ELISA ) 157 &
(E-EL-MO0044 ). i J& 38 %€ A F - « (tumor necrosis
factor- o , TNF- o ) ELISA i 5] & (E-EL-M3063).
I JE AR B H K (glutathione, GSH) Bt €072 3 &5
(E-BC-K030-M) & 51 [H Elabscience 2 Tl P> & 3
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7 & (PC0020). Fe® 7 f7t i I 1) £ (BC5415) 3
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SEHUR T (115-035-003) 2 2 [ Jackson 23 ] 7=
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% (malondialdehyde , MDA ) #6751 & (A003-1).,
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1.2 sh¥Wpor i K25 25773 - SRR SR /N B
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i 30 min FHKIT S SRR, AL rhahPak e s
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ACSL4(1:5000), Nrf2(1:5000), HO-1
(1:3000), Lamin B(1 : 5000)% GAPDH(1 : 5000)
—PiT 4 CWEE 5 FlIS 78 5k i 20 19 Tris 4
2% 3P (Tris Buffered Saline with Tween-20, TBST) H1
Yok, 5 PR P (1 2 10000) S FEHT R bt
(1:10000) 7E IR T E 2 h; [/ ECL IEX45E
FI 24 EAT S5 , 08 Tmage J 5P RGN 45- 26 11 2%
WORBEAE, LB AR 1/ WS K EAE LU E RN
EHEVIINOE Sy

1.3.5  BLHZZYRB0T Fe™ . MDA (GSH &5l & -
i BRI S A 125 B 40 S0 52 B R 20 rp Fe™
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1.3.6 B 41 ZISE R ROS 2 G5 B I %2 - HUHT
it B2 1 g, ZHEVAI 0K S H 4 C TR ) PBS J2
ST VR I WA AR RO UE | 4% BEGATR) E wd BH 45 20 TR A
M ROS FOEHERE , ANAE HEHR 1< 10%m,

1.4 GEit2EAab B ffi H] GraphPad Prism 9.0 %X /4% 2
FFEIR B HEA AL B, FH SPSS 25.0 Frqtnt Hoft Kot
HEATALER . T ORI RIE S R YIS £ b
HE2E (x+5) Fon , ZALR HLERHT, Jr 2255 AN Oy
25001, 77 Z AT Dunnet ¢ 255 5 SR H] SNK 7
VAT LA, K IR /KME a =0.05 OB ),

2 F R

2.1 SFREEXMEEE/NE R - R 12
7R, LPS 417 SCr. BUN K BF£H4E 11-6, TNF- o
18 B 4RO B2 T 17 (33 P<<0.05), #2755 SA-AKI
SR £ . LS+ R R AL I SCr, BUN
KB ZI -6, TNF-a B S35 LPS 41REAIK (35
P<0.05), LPS+1 EZE+ML385 41 Ifil & SCr. BUN
KEHLUIL-6, TNF-o B9 B LPS+E R RY

ThEs ($ P<0.05), # 7% ML385 1] REXRA>FHIT T %
RN E NS KBt RAEH

®1 JANRBREIERIER (c+5)

15 ESIbYk I SCr I3 BUN

- (H) (wmol/L) (mmol/L)

X BEZH 15 21.02+3.83 5.67+0.90
LPS 41 9 65.75+7.02° 2023 +2.58°
LPS+#&REH 13 31.70+3.94 P 11.03+2.25%
AR w613 23713370
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P i <0.001 <0.001
G150 EILYL B ZHZ 1L-6 5 ZH 41 TNF-«
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X HEZH 15 64.07 +14.88 44.85+9.97
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LPS+ERZELl 13 239.96+14.93% 10585+ 14.922
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P <0.001 <0.001
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R LA NAERT A 5] T BT GIAN I, U A ik
b LPS+ SRR K +ML385 LR AR FIE | K,
FEI /N DI e Uk

2.4 SRR EXT Nef2/HO-1 38 38 & 1 Myt %
RN < K3 R 2 o, 5X AL,
LPS ZH /) B Nrf2, HO-1 Fil ACSL4 #ik15%, GPX4
FIRW 55 (¥ P<0.05), 5 LPS AL, LPS+&5 )&
ZH/NER N2 . HO-1 ., GPX4 Fik158 | ACSL4 &Ik
IS (¥ P<0.05), 5 LPS+& R4, LPS+35
FEZE+ML385 ZH/NEL Nef2 . HO-1, GPX4 R ik V# 55,
ACSLA FKikHi5E (¥ P<0.05),
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KB /MEE L, /N EREEHITE T e 4 5 BEZWE (LPS) EUMRHRIE W UG RLAL (B) W /VED SR, /NI Rl , S5 R ANV I, 1/
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%2500 §
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EARROR I, AHUBESE B, LR (B Sk B ) SEACIE R, Bt A, /N &) IBSE 8 IR SR =55 L 3950 IS 2B AT HES 5 IRZHE (LPS) B
JHREAE P F5 A5 (LPS 4 ' /NI b R AN BE K A AN RBE S, b (S ) A AR B8] 43 R K , RS 5 , RS N 5 Tt/ DX i
ARIR IS ZROFATHES /D 5 LPS+i5 R AL /NS L B AR KD AN 5 4 , deife (i Sk 7 ) /N ) L 2 BT , IR se s, I
SERTR R 0 IS 22 OO NI ; LPS+ R + A% B2 AIOCH T 2 MR (ML385 ) 21 /IVE b B A AR BE K M, 2 A S e, Zom
PR (SR BI7R ) RN TS AU BS54 BN L /N BRIk L 34 Uizl 29 RSN IE AN LB 6

LPS+ JEE+ 1‘57‘};.
LPSL %@M

$ebr i R2 BHNSEHLZ S Nrf2, HO-1.

GPX4.ACSL4 EEHFRIALLE (x £5)

NFE2 A -0 000 285 ZWPEC (). Nef2/Lamin B~ HO-1/GAPDH
X BR4T 15 0.30+0.05 0.28+0.08
Lamin (. “ - - 68 000 LPS 41 9 0.820.06" 0.66+0.04 "
. LPS+I3 R E4] 13 1.03+0.04% 0.93+0.02
Ho-1 ~ " h 33000 LPS"’EE?"’ 11 0.72+0.05 abe 0.70+0.10 abe
—— L S— e
GPX4 20000
- Fi 267.14 124.58
ACSL4 — - — 70 000 PH <0.001 <0.001
iRl Pk (H)  GPX4/GAPDH  ACSL4/GAPDH
GAPDH - .“ 36000 e 15 0.90+0.06 0.51+0.06
a a
< LPS IR, ML3SS R T B2 G 7 20Nt s, PSAL 04920.03% - 0.9320.07"
HO-1 W1 Z AT -1, GPX4 WA H G AL 4, ACSLA LPS+H R M 13 0.68+0.07 0.69+0.02
RACHENE W PRI AN AE A 50U 4, Lamin BV BT R B, IPS+BER 0604001 081008
GAPDH J& 3- BEER H il It U MIL385 41 H0L0. 8140,
3 EFUFRGREEN IR (Western blotting ) K45 41/1N R FAH 73.89 92.47
B T414L Nef2 \ HO-1, GPX4 J2 ACSLA [ F1E PAE <0.001 <0.001

2.5 BREFENMPICT- MBI . £ 3 Bos,
LPS #H MDA . ROS Fil Fe* /K V-4 %) BE4H T =5, GSH
IO % BRI (39 P<<0.05). 5 LPS 41 He %,

T LPS MR Z 85, ML385 % X 7 E2 A5G K F 2 (Nef2) 11
HF, HO-1 H 1l ZL 3N -1, GPX4 S48 e H kit S Ak Wity 4,
ACSLA J2: 4 i 17 1% Tk SE il A 45 I 4, Lamin B A B 2F 23R
1 B, GAPDH /& 3- B2 H MBS M 208 ; * 55X IRl 4, P<0.055
b5 PS4 [k, P<0.05 ;¢ 5 LPS+ SR E 4 s, P<0.05
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LPS+8 2 K20 MDA . ROS FlI Fe’ 7K FER#AE , GSH 7K
STt (3 P<0.05), 5 LPS+E R FEA A, LPS+
% +ML385 £41 MDA . ROS Fll Fe’ /K F T} 7,
GSH 7K AL () P<0.05),

*3 KANRBEAHLH MDA.ROS.

Fe®* #1 GSH FRikKFELL B (x £5)

13 LY/ MDA ROS

- (R) (nmol/mg) (AHXSHE R )

X AR 2] 15 5.37+0.42 113.08 +20.73

LPS 41 9 15.65+4.03%  1655.68+405.71%

LPS+EREE4 13 9.35+2.07° 584.26+74.48 %

AR 13.90+1.62°"  1057.02+ 139,95

FAH 31.86 69.52

P1E <0.001 <0.001
SYE Fe™ GSH

ZH R

L) (R) (nmol/mg) (nmol/mg )

X HE2H 15 5.1441.41 107.63+19.21

LPS 41 9 26.99+7.95° 43.13411.852

LPS+ERZEL4l 13 9.24+3.824 91.50+7.99 %

Lp ;*Li;%f* 1 19.79+5.18% | 53.57+15.56%"

FA8 36.41 43.27

Py <0.001 <0.001

1 LPS A IR £ 4, M1.385 M % K 1~ E2 A1 G K -7 2 9 4l 7,
MDA AN, ROS RiGtEE, GSH HiB RIS H K 5 ¢ 57 B8
4IH#, P<0.05; 5 LPS 41 4%, P<0.05;° 5 LPS+ SR 241 LAz,
P<0.05

RIS

ARG 45 R Won, AT X IR, LPS 4.
i SCr, BUN I B EZH 2P 11-6 . TNF-o 75 2 Y38
T, 25 AT B U A U B 2 e AR R M T Aok
TR Bl A8 45 5 $2 7 SA-AKT /D BB BSR4 1 sh . 5
LPS 20 b5, LPS+25 R Z 4117 SCr, BUN A ' I
H AU TL-6, TNF-« 5 s[RI, B AEH 215 B2 ol
A R R AR 5 240, P 15 SR R AL R
SA-AKI /N FRU SR AE S B s #1477 o

BT A il 2 AR o 7R W2
YR TP A ERIRE, & — Fh kAR s
OE] 5 | A= WS A1 007 2 iy e W = e o 52 Y
i A A L A0 T R R R R AR AL B A B st
s NSRRIV AV R i X
H (ACSLA . GPX4) 1R I8 J& VAT BRFE T 1% % H 45
PRV ARBFTLSE R R, 50 IR HLEL, LPS 41/
SUB EZH 215 MDA | ROS il Fe* /KT, GSH 7K
SRR, GPX4 Ik FEAIL, 1T ACSLA FkHhn,
BRFET-Z 5T SA-AKI (IE0R S .

B J 25 2 W B K 2% Bostrom 25170 B —

FALA R 7, S —Fh & A 112 AN E LR 0 2 JIK3S 3
2, AR 12 000, H HER A T RUETF 4k 85 1 4%
PSR G 81 5 25y 8] B S TR, Tz 20 A T Il
T ATRORD 4 B A5 L AU B A SRR E A £
PEH. ARV, SR ERRIEIEZ I E B
PisE v & 5 WA A R4 VR, AR ULER 21 U B 3
PERORETS . BT R, SR 2 Al LAsdib ROS 7
A BB SRR DI BE , I AE 2 R PR RS B R
VR, ALFE BT IR 2 16 SR | TR i 8 ARt i 702 12 461
V3ids S0 il RO R B e, SR
FPLR PR T AP R EZ B) T R R
Pz ks CARREN, 52 RiE i Nif2/GPX4
{558 B AR LPS 7 S 1K BRI i . 15
JE G AL O Nef2/GPX4 15538 BRIl 2k st T,
T T35 5 o4 3 e T e e e s . SRR
f Nef2/HO-1 15 538 B0 2k A8 1, DAY ol 325 ik 4
O UL B dr A S RERETS 2. Zhang % 1 £
7 /)N BRI SR i PR A AR Y R R R T 5E
b BUE GPX4, T I S 5E RN, el b iR T fig , B
B P J5 X7 8 AR A 7 38, DA TR 2 o e i P
. DLEWFFTH5R B 5 R v RE il & Nef2/HO-1
15738 AR IO T, 2k B R 8 G 7
Jrinl

AR, 5 LPS 4 b8, LPS+5 R E41/)
LB HIEZHL 20 MDA ( ROS #il Fe” 7K R [%, GSH 7K
LT, GPX4 kN, i ACSL4 ik R, B IE
20 205 B AR K 2 AR Dy REP B R SR B
ZR AL AT G 38 A 4 ] BR AL T SA-AKT ; T2
Nrf2 #05 ML385 4bBRJ5, MDA . ROS #il Fe” 7K -
T, GSH 7KF FFE, GPX4 ik TR, 1M ACSLA 2
ik B TE, A H] Nef2/HO-1 38 8% 1% 1 ] fE 34010
e 85 R R T JHL ™ A ) B I LR AP 25007 DA R R AE T
TN, $e s 5 R R AT SA-AKT A4 34 i AT fig
DA — IR SIS Nef2/HO-1 {5 538 g e se T
P

KBS R Z A - © AIF5ERHALE LPS 3
ST 30 min 5 TR E A%, BR AT R
R LR VE FHER AL T80 ik , (EUTT I I R £ A
DRSS A N 7 N a1 g 2= 7 N [ 9 = W 1 5
M, AT RIS R R AL 72 h v] DLk
JHeREAE S L G OO Sh RE R T IR TR R SR
e b BT A e R TR . @ ARBIRgE R AE
B HIEG 24 h AT T HabRx Lb, R R 7E T AR
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HRTIIFE B & B ST SA-AKT B I 24 h /R
B S B A AR S R T 48 h
FLEP R AL HATC A IR, RS
72 h B F ] LA e A e e L ek
GBS haT| e =2% 7 N e B s W 1% hi
F PRV MR 45 25 B DI Re A LR A 1 FIBIL R, i
— AR 2R M MR RE AR DG AR P I
S HE Wi REE AL

25 LTk A5 vl 2 e EEE /) BB R PR )
T SA-AKI FUERIET- 4, 35 B 3 WAk B JS MR AE
Fen B IR E A | B R B O | ERAET AR
AT A A OGE [ 8 1 3R8  BRAE T AR /K
AR T SA-AKT HEAEERIE T, ) 25
WEBA T 55 Z 0T BB 0l A AR Nef2/HO=1 38 % |
HIAERIET , W TE SA-AKT o & 45 B AR VR
SRR R M IKERIE S B IR IG  T i it
E e
FlzERZe A 1R A2
YEB T T ARSI STRgE . RAEEOR
B/ SR | S0 S A SRS 22 9% 5 R - ST
55 RAEEE R BCEE GO 5 TR AT /R, XS
(RO P 8 PRSP B AT B B Ao 0% 5 ol « i
T TS50, o SCRE 4 AR P 25 P PP B, 47, R b
Pl
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