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[Abstract] Objective To investigate the protective effect of kynurenine 3-monooxygenase (KMO) inhibitor
GSK180 against trauma-induced sepsis (TIS)-induced acute kidney injury (AKI) and to explore its underlying mechanism.
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Methods Male SPF healthy Sprague-Dawley (SD) rats were randomly divided into groups using a random number
table. (D A normal control group, a sham-operated (Sham) group, and TIS groups at 12, 24, and 48 hours were
established, and 6 surviving rats were finally retained in each group for statistical analysis. The normal control group
received no treatment. The Sham group was subjected only to laparotomy exploration and gentle cecal palpation followed
by abdominal closure, and 40 ml/kg normal saline was injected subcutaneously for fluid resuscitation after surgery
until the rats recovered voluntary movement. TIS groups were treated with combined injury to establish the TIS-induced
AKI model, and postoperative management was identical to that of the Sham group. Samples were collected at each
time point to detect inflammatory indicators such as white blood cell count (WBC), tumor necrosis factor-a (TNF-a),
interleukin-6 (IL-6), and C-reactive protein (CRP), as well as serum creatinine (SCr) and blood urea nitrogen (BUN) to
evaluate inflammatory response and renal injury. Based on the severity of renal injury, renal tissues of the corresponding
groups were harvested for proteomic analysis to screen candidate target proteins for related mechanistic intervention
experiments. @) In the KMO inhibitor intervention experiment, rats were randomly divided into the Sham group, TIS
group, and KMO inhibitor intervention group, with 6 surviving rats retained in each group for statistical analysis.
Procedures in the Sham and TIS groups were the same as described above; the KMO inhibitor intervention group was
intraperitoneally injected with the KMO inhibitor GSK180 (10 mg/kg) at 2 hours after model establishment, while the
Sham and TIS groups were intraperitoneally injected with an equal volume of normal saline. The above inflammatory and
renal function indicators were detected at 24 hours after surgery. Periodic acid-Schiff (PAS) staining was used to observe
histopathological changes of renal tissues. Terminal-deoxynucleotidyliransferase-mediated dUTP nick-end labeling
(TUNEL) staining was adopted to observe cell apoptosis in renal tissues. Mitochondrial ultrastructure changes were
examined by transmission electron microscopy. Mitochondrial reactive oxygen species (ROS) and membrane potential
were detected by flow cytometry. Western blotting was performed to determine the expression of KMO, mitochondrial
dynamics-related proteins [dynamin-related protein 1 (DRP1) and its phosphorylated form at Ser616 (p-DRP1 Ser616),
mitofusin 2 (MFN2), optic atrophy protein 1 (OPA1)], and the apoptosis-inducing protein Bel-2-associated X protein
(BAX). Results (D Compared with the normal control group, significant inflammatory response and renal function
injury were observed in TIS groups at all-time points, and peaked at the 24 hours, indicating the most severe renal injury at
this time point. Proteomic analysis showed that KMO expression was upregulated in renal tissues of the TIS 24-hour group
compared with the normal control group, which was thus selected as the target for subsequent intervention. 2 The KMO
inhibitor intervention experiment showed that compared with the Sham group, the rats in the TIS group exhibited systemic
inflammatory response and renal dysfunction. Pathological observations revealed aggravated renal damage, increased cell
apoptosis, and ultrastructural damage. The level of intracellular ROS was elevated, mitochondrial membrane potential
was decreased, and mitochondrial dynamics were imbalanced. Compared with the TIS group, KMO inhibition could
improve both systemic inflammatory response and renal function, the levels of WBC, TNF-a, 11.-6, CRP, SCr, and BUN
were decreased [WBC (X 10°/L): 9.87 +2.74 vs. 25.10+3.55, TNF-« (ng/L): 213.61 +81.47 vs. 820.59 +105.13, IL-6
(ng/L): 986.98 +105.54 vs. 2376.28 £211.80, CRP (ng/L): 1 149.55+405.60 vs. 3.355.76 +439.79, SCr (umol/L):
57.67 £12.36 vs. 129.67 £10.52, BUN (mmol/L): 11.63 £2.60 vs. 21.53 £4.31, all P<0.05], alleviated histopathological
changes in the kidney, ameliorated mitochondrial ultrastructural damage in renal cells, reduced mitochondrial ROS levels
and stabilized membrane potential, and both cell apoptosis and mitochondrial dynamics balance had bheen improved,
the phosphorylation level of DRP1 Ser616 and BAX expression were both decreased [p-DRP1 Ser616 protein (p-DRP1
Ser616/DRP1): 0.88£0.15 vs. 1.63+0.13, BAX protein (BAX/GAPDH): 1.24£0.13 vs. 2.40%0.26, both P<0.05],
accompanied by upregulated expression of MFN2 and OPA1 [MFN2 protein (MFN2/GAPDH): 1.09 £0.08 vs. 0.64 4+ 0.03,
OPA1 protein (OPA1/GAPDH): 1.13+0.07 vs. 0.74 £0.14, both P<0.05]. Conclusions KMO is upregulated in
TIS-induced AKI and serves as a key factor mediating renal injury. The KMO inhibitor GSK180 exerts renal protective
effects by inhibiting DRP1-mediated mitochondrial fission, promoting MFN2/OPA1-dependent mitochondrial fusion,
improving mitochondrial function, and alleviating inflammation, oxidative stress and cell apoptosis.
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TIS 24 h 21 6 25.46+3.66° 660.21+82.12% 2676.28 +249.36 3266.39+566.63" 133.50+6.28% 22.33+4.30%
TIS 48 h 25 6 15634271 179.64+19.92%  753.64+98.81%  1132.93+250.02% 105.17+13.11% 17.55+291°

1 : Sham J{RTA, TIS J QI HEMERIE, WBC J9 404, TNF-o HIEIRIER -, 1L-6 NN -6, CRP N C-F i E 1,

SCr M ILWLEF, BUN SR 24 5 5 1E & %2 LA, *P<<0.05
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x2 BAKXRRERIRNENREIEIRER (e £5)

4131 IL/IR WBC TNF- IL-6 CRP SCr BUN
= (R) (X 10°/1) (ng/L.) (ng/L.) (ng/L.) (umol/L) (mmol/L.)
Sham 21 6 4.77+0.51 13.67+2.75 21.33+7.15 280.83+93.31 34.83+3.19 6.23+1.11
TIS 41 6  2510+355%  820.59+105.13% 237628+211.80" 335576+439.79% 129.67+10.52° 21.53+4.31°
KMO S Hidl 6 987+274"  213.61+81.47"  986.98+105.54" 1149.55+405.60"  57.67+1236" 11.63+2.60"

{1 : Sham FEFA, TIS AN HEMEERE, KMO R R ER-3- 4, WBC R AL, TNF-a MRREIRIER T-a, 11-6 R HAM
A~ Z-6, CRP g C-RZ &1, SCr HILILEF, BUN Wi /RZE A ; 5 Sham 4L, *P<0.05 ; 5 TIS 4114, "P<0.05

— PR A T , eI A Bl i Sk E n, xf
AP SN T R, AEARIEFE BRI, TIS 40K
UM I WBC ., TNF-o . IL-6 A2 CRP 7K F-3%5% Sham
It (35 P<0.05) ; 1 KMO #0550 T Hidh_Lid+g
Fra&rds TIS 40 F 4 (3 P<0.05 ), FE B0 KMO A )
B2 TIS KB RIAER N . £ YIREN T , 5 Sham
AR, TIS 2K BR SCr, BUN KT 5 (#1 P<0.05);
1115 TIS ZHAH LE, KMO il 51112 SCr F1 BUN-#4J
FEMR (1) P<0.05), $&7= 3l KMO AT 2k TIS 15 51
B RESr. FR AT UL ] KMO #esE 1 TIS KRR
()RR S FIE DI BE .

2.4 Al KMO X TIS K BB 2H 4L 32 e 48 5 24
HOJR T B2 : PAS Y i it 7R (1] 3), Sham 21 241
SEFIIEE /N R AN AS SR 5 TIS 4 H B
o PR 7 , RIM ARG M . b B 4t i “F- K3
/N B R ARE A LR  GSK180. T Tt J& 453 47
W RPIRGE L NG SRR G . R ERITE S
gEL IR (38 3), TIS 4Lk FRIT /M = , GSK180 T+
JE VP43 FEAR (P<0.05), TUNEL Yea,45 53t — 20
MIAT A RERALE T R o (8 4), TIS 4B /Mg
b R X B T A S T, GSK180 1R JH T 4i g
WD 5 E T s (3R 3), TIS HANfET R e T
Sham ZH (P<0.05), Ifij GSK180 1 J& 4L I8 7~ % %%¢
TIS 20 TR (P<0.05), HILA] 0L A0 KMO ] jsi4%
TIS 75500 B /INE R . RAER I S AN T, vl g
SO BN T R NS R AR T G

Che i
o 70. “
® & v
>
¥ .
. E
Qo st
20 a7 R ¥ Ry o
2 1N R NP 4

B3 e PSR AR U 18R A A PR (Sham) 41
(A) B HREEMEH /NG R B AS 522 5 B0 e (TIS)
21 (B) PR TE L e A0 SF-3RFE L /NE B 7k SR e 9E AT
12 5 KPR B -3- B4 (KMO) 61 %) GSK180 T 114 (C) il
RGEE NEERNEMEE IR -5 R (PAS) Jefa UK

x3 HAXRBALARETFSRAMBATELE

1l AL PN émﬂ@ﬂﬁt%
(H) (45, M(Q,04)) (%,x+s)
Sham 41 6 0(0,0) 1.38+0.93
TIS 20 6 3.0(3.0,4.0)* 13.98+3.41°
KMO Sl Tmdl 6 2.5(2.0,3.0)" 823+2.18"

1 : Sham WEFA, TIS HEMGHERERE , KMO R PR -3-
AN 5 15 Sham 41HER, *P<0.05 ; 5 TIS 41 4%, PP<0.05

50 pm @ 50 pm

® |50 ®

4 JO M TSR R A i T A
(Sham) 41 (A) A ULIAT-4IAE ; €1 D3 PERKEERE (TIS) 41 (B) W] DL 1t 4
TN 5 KPR 2R -3 - B 42 B (KMO) #1457 GSK180 T4 (C)
T R SRR ERRICS (TUNEL) Je ik
2.5 HH KMO X TIS oK B /NG S AR L fa s 1
I RERSEIN - 0 ST T WA IR R (B 5),
Sham 21 B /N LPLIREE A 1E 5, I8 BT % 5 TIS 41
L L RS R 4007 , LB L A b i | Ui
BLp A Al R AMIE AL s GSK180 T , Fik s
O AR I R IS SRR A AR S
T ok . AU 45 R s (3 4), TIS 41
B L ZUAHEL N ROS 7K - T 55, 8k i i e 67 T
(¥ P<0.05) ; GSK180 4L FHAT PR ROS /K- I-4% 55
LA (3 P<<0.05). HI B AT L, ] KMO nT 2% fif
TIS P8 bR S b N R D e 2L o

2.6 i KMO XJ TIS K EUE/INVE I 2 20 i 4 s 4
12209520 (6 ~ 7) : Western blotting Kl 45
8,5 Sham ZHAH G, TIS 2H 2R3 244H 86 1
DRP1 Ser616 i 15 (4 iR Ak 7K F- T+, 1 2 b 4 il
EAHFEHE 1 MFN2, OPA1 ik R (1 P<0.05);
GSK180 AT DRP1 Ser616 17 s Btk , {2 ik MFN2
OPA1 ik FIH (¥ P<0.05), it a] WL, 4] KMO
AL L4 DRPL AT R0 73 245 MFEN2/OPA 1 4311
A R R LR Bl ) A
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* 359 -

KMOil 71
GSKI80F T2l

s IR

Sham#f TISH.

o

%3000

x8 000

5 ESARBTT WA AR NELR A B A L &
FoAR (Sham ) 4L /INELRLRGERY IEH , WS IE % 5 QORI e
(TIS ) 2T LA A S Al | Ui T 22 R i s YA AN IS 5 R IR
i -3~ 11 42 (KMO ) 490 1 77) GSK 180 = T0ZH Lo (A< i kil e, U
GIRIRAL RS T oe ke TR Bl e A TR A UUR

®4_SEAABRBFNELHNE ROS B8

R RBER A b8 (%, x £5)

g5 S ROS(FITC LRI L
. (R)  3oumE)  (REIOERE)
Sham 41 6 100.00+21.58 100.00+10.91
TIS 41 448.01£47.90% - 147.60+25.78*

6
KMO #H#I THiZE 6 241.11+39.83P  113.81+16.487
1 : Sham A EF AR, TIS A QG TEMREERE, KMO R K R 2 k-
3-PARNEES , ROS SHIGPES, FITC A3 SR DG K ; 5 Sham 4 L
B, °P<0.05 ; 5 TIS 41 Feks , "P<0.05 5 9651 5 5 Sham ZHIA—fk
Kb

$ebr  Shaml TIS4L KMO1iil3#l T Hizl

aste T .
Ser616 | A -

DRP1

GAPDH

KMOill51FFiZi

b Sham#{ TISH

MFN2

OPA1

GAPDH

Ol‘l

7E : Western blotting "4 35 [ 5658 BNV, Sham MRTFA, TIS
HEMGHEREERE , KMO SR IR 2-3- 4, p-DRP1 Ser616
RERRAL BN TSGR 1T 1 Ser616 345, DRP1 RZ) JJAHCHE M 1,
GAPDH g 3~ 12 H I 12 0 U, MIN2 S SRR il & B A 2,
OPA1 WHLPhZZE 1 1
Bl 6 Western blotting Rl 25 20 JC B 2H 2R ik
SR (A) KRB AHDCE 11 (B) Rk

B p-DRP Ser616/DRP1 W MFN2/GAPDH
B OPA1/GAPDH

2.0 1.63+
0.138
1.00+ 1.09+
LS g.01 0.0871.13+
1.00% 1 o0+ 0.88+ 0.07°
0.07 " 9.02

Sham#H,

TISH — KMOHhIFIT-Fizh.
.51

2 Sham F{EFA, TIS MANGPERREERE , KMO R PR & #R-3-

I, p-DRP1 Ser616 SR tbah JIHEH H 1 Ser616 i

S5, DRP1 MBI AHISEEE T |, GAPDH S 3R H-Ih B 3 S,

MFN2 F R RAR A4 1 2, OPAl A A ERHEA 1; 5
Sham 20 Fe4, *P<0.05 ; 15 TIS 4 ks, PP<0.05

BT A U AR T B A AR 10K He e
2.7 A KMO X TIS BB IE 2 9 5 9 T AH G 2R
F1 R 1952 (.8 ~ 9) : Western blotting 461 5 5
SR, FERAE K F 85 (1 3R3A J7 1, 5 Sham 4 H03L,
TIS 2K U414 TNF-« | IL-6 25 k48 B (35
P<0.05); 5 TIS AL, 45T GSK180 15 , 4l
ZUTNF-« | 1L-6 RN R N, R T4
Kt KA, 5 Sham 4 H#, TIS 40 KBS 20
AT Bel-2 #HE X 2 (Bel-2-associated X
protein, BAX)ZIA R KMO 3k i (¥4 P<0.05);
5 TIS HAHIE, 45T GSK180 Tl , ' £H 4L KMO .
BAX R[5 R (¥ P<0.05), HIA] UL, 4]
KMO 1] 7 50/ TIS 175 5 10 B IR LR A5 47 . RAE
F R AR T~

okn Sham, TIS#H KMOF il 3511 TiZH.
R el L L _J
[RA S 2 2 & 3 8

)

KMOIfill 75 Zh.

Febn Sham#1 TISZH

7E : Western blotting 4 2 [ 5T 90 28 B iR 5, Sham MR F- A, TIS
FMGHEMREAE , KMO g R IR R -3-F i , TNF-o g iPiEg IR
FEHF-a, TL-6 F A ANAES -6, BAX AHEUHT-E H Bel-2 16 X
R, GAPDH &y 3-Wi AR H- i g i <0t
& 8 Western blotting {4521 FUE 4120
RIEH T (A) KT AHIKIEAH (B) Fib
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2.50 m TNF-o /GAPDH 2.02+
B IL-6/GAPDH  0.12°
2.0F
X 1.5+
®
o
HE 1.0

0.5F

Sham4H.

TISZH  KMOHil 1 iz

151 03

3.0 @ KMO/GAPDH

W BAX/GAPDH
2.5F

2.0
X
& L
oS

]
1.0 |

0.5F

Sham#

TISH  KMOHilss T Fizh

45

1 : Sham FEFA, TIS MAMGPERRERAE , KMO SR R R -3- &, TNF-o MRS T -« , 1L-6 S EH AN 2E-6, BAX i
FRIIT-E 1 Bel-2 A5G X 2511, GAPDH > 3-BiH2 H MBI &8 ; 15 Sham 41104, *P<0.05 5 5 TIS 41114, PP<0.05

B9 AUREEHLISGER T (A) KM THDCHE T (B) Kk AL

3 3 i

AHI G i HE ST TIS A2 AKT K FUBEAY 44535)
T KMO 7£ TIS #2& AKI & i 12 F2 v A% 9 e 1
gEHLE IR, TIS AH5e AKT KEUE 4414 KMO &k L
VA, I SRS 25 L AR ORI | RAE
7 | 2 B T A I A ORER . i FHRF
Sk KMO ##15) GSK180 T, b iR B AR {15
SO k3, WA D BEAE AR K A, $2 8 KMO TTfig
Z:5 TIS M5¢ AKI B2 IF 2 AE IRl
SR

ARHIF5E HR I TIS sh s RIEA 44 iy 1T 58
P R A A BT RS h AR S5, R
HBET R ST /DN | Bl R e
X JE S AL R AL T LR KMO /2 R FREL
T2 T 0%+ ) K RSl T, B T AR A i
AL L- RIRE R 3 - BER R E AL
DIEBFSE K 28T T KMO 7R 28B4 M50 i)
VBT, 3 3 A 1 R PR R A ™ 5 S AL
PERZ R AR T RE S ARWFS R, E TIS AH
AKI BRI KMO %34 E1#5 DRP1 Ser616 3 15
PR 3G AE e PRI SR | [FIB ARG MEN2 F1 OPAL
FEIR T, X AL AT RS Lok Rl o 24 L 454
MR REZ A G . FRah Fdn e 7% KMO Dk
AR, 7R HE AT B 1 5 e 2ok 4 8 1 2 5 S5 ik
BEREAHOCAS B s BRIt 7

WS gL ] KMO #5728 1k 5 DRP1 B2
AT AEAE AR S B L BRI AL o o B B
LRARANE g 4 RE A AE TR R oG )
J12 P T AR p AR A 2 CE 2L, DRP1 &4k
B AR 53 2400 SC R 2 A 1, S M2 B Ser616 5
Ser637 {7 s BERRAL RG22 S AHFST R,

KMO |15 5 DRP1 Ser616 i 5 4 B2 4k 184 58 AH ¢
PR OCHR AT REAEAE Z R0 AR RS : KMO 7 Rl i 52 £k
ARSI BT [0 42 55 DRP1 360, HoA b =&
A= 4 A T REEE Ao A R S e S A g 1) T
PEARIEMER . 5 2Zeds h 2, BATar st e £ 2
K B &EFR AT, ME = KMO 5 DRP1 B
AR EAE FHIE SR AR R — R, 2k
WA B 73 4 — 5 T BRI L 37 [AAIG . ROS
FELE BT, 30 AR BAX 0 A ZRAR SN 0%
SRR TSR 2 X s R BT TIS AR AKI
(A R S BIL R B T BT A A

GSK180 F h—Fhm e Btk KMO il 7], fE 4
SR o il R AF i B AR CR 7R, 5 B AN 5E 45
R ABEGE R, GSK180 T Hil AW B fig I
I KMO &k, 10 REHR 43100 5% DRP1 BRIk 5, K
52 MEN2 1 OPA1 ik, B2k A B L2 1), /b
ROS J7= Az B ZAM I B /NG b R e T, Xk
PRAE 7R AW KMO W] G 1 22 3% 42 08 4% TIS HH 5%
AKT (B RERS 05 : — 5 1T, 38 5 I8y ki gl g 24
i, AERr R AR D) R S 3 5 O — T, A A
A0 385 9 0 S5 10, BELURT 4T B I T i . iSRS
REAEAFSE h KMO 901 570 75 i 28 28 0 2 155 78 v
FEPLR A AR O — B 2 B I T KMO
VBT TR S A T AE (B

JE ARG E L S R ] T KMO 7E TIS
AHIC AKL H g B2 ] (B T RRR . &
Jo, AR S EEELT SD KR, M AL ISAN T
TR sl I PR e B AE A AR h ik — 2 I KMO J
WA= i 2 TR AR AL A5 B R A e
HR, KMO T8 g A=l feth 2 5 gk
AR RE RN ARAE SN, A SRAF 5T 0 R FH 22 412 T s
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AT~ KMO 55 MY, o, BIRABFFE
253 KMO ik 5 DRP1 BBk /K R AE 544, (H
%z@%ﬁ%ﬁ%%?ﬁ%ﬁﬁﬁ*Fﬁm k=
TS o A KMO JE R BB i | RS
Sy etk — A BRI AR TIS AHOG AKI EPE’J## PAE
mmw

Zi BT, KMO R Egil 520 DRP1 #ifR b=
5 TIS %5 AKI (a2, KMO #1457 GSK180 7E3)
YRR v i 7 A 2R R AR5 405 5 A i E T A AR
A, 2 BHER ] KMO R] B8 &y TIS #H ¢ AKI Y 5 6 42
HE T B IBESE T 1]
FIZEIRZE A V5 WAL 6 v
TEERBAER A . AR | SOERIE . R 4
B/ SBRSSH A RSO | G s PN I R S 2
PR P AP SRR B 46 S 3 T+ ST / R XS R
UL P AL I G007 s 86 < 00T / SBEE 15 S
T AT /B | SO IR P S S R
AR RIS 0 X 3 25 0 A P 2 VB D T 9 22
HAES
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