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1.1 %X A WAEEEIG A MCE A BRA A &
B% DMEM I [ Hyclone 28 & 5 it 48 ML 75 W4 1 Gibeo 24
Al JEEE (IR A Gibeo 22 ] 5 RIPA 24 W A
Beyotime Biotech 2 F] ;3 SDS-PAGE % i Bt 1 i 71 &5
4 H Beyotime Biotech 28 F) ;I 52 22 52 B3 & W H &
D AR IR AE W B R M %5 A BR A F] 5 GAPDH Hit 4k 1y
H Proteintech Group A # ; ALOXI2 4T & 1§ H
Invitrogen £7 FR 23 7 ; HRP #3iC L F 400 — 51l A
Proteintech Group 23 7] ; HRP pricth FH R P H
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1.1.2 E¥mpe R =834 L-02 40 Ry = bk K2
PR IF G T ARSI S A . 15 T R C57/BL6
e /N 36 H, A =i RS sh o, 52
WA PR AT IE S . SYXK (5F) 2022—0061 5
TEmESY DL YA E R S ES
2023070E .

1.2 REHE

1.21 M FEB R EhymB L2 102 41/
P XTRRA . BRAE/EE (HR) 4. H/R+MEAE
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FH A 43 70 e 1A T A
1.2.5 AFzhsesem  BUNRMEEEA LWE, I HE
53 B SRS I TS 22 e 2 i 5 2 g (ALT) SR T4
RIRAISL LB (AST) WY& 4t
1.2.6 HE# & WUTFIEHZ ZRPEEEE, Bk,
EW L R A P BRI WA
Yot WAEE R VUSRI MY 2 2k A
1.3 GEitFEAbE

A LW R U £ brfi 2z (x+s) R
N, PR Bl LR R S HEAS ok 5, 24l
B ] b e ok B R J7 2240 M5 >R ] GraphPad
Prism 9 #X4F 2 il B B, P<0.05 J 22 34 481t 2%

B,

2 & R

2.1 YHAmSCES

211 Bamie X RTKF SRR, H/RA
5 H/R+ M AR JE B 20 TNF-o . TL1-B . I1L-6 7K ¥ 25 B
T, H H/R+MEAE S B 4 5 b R E N T
PR BALT HR A (3 P<0.05) (1),

2.1.2 BMmALOXI2 &G Rk KFE SXFHRA
WA, H/R 41 ALOXI2 8 I RAA BT LM, (H2ER
TG 252 L (P>0.05); H/R+MEARJEEI 4] ALOX12
FEEFRLE LA, 534 HRAERYELS
it X (B P<0.05) (F2),



511 A JF % o) JE BB xR B i B R E AR AE B B R 5 ALOX12 3 # < 1937

1 ELISA #&il & H 40 fa 5 iE B F 7k

X HR 2 H/R4  H/R+MEARJEERZH

CAPDH A — “ 36 kD

B2 Western blot #&ill & HMAE ALOX12 EARIE

2.2 YKL AR R L, ERTE B, Al LR
2.2.1 e RIFARmEFEA RTPAREIDN IR KOk, 5 & MR, Al W 40 i 3
MR SE R AN HES) R, A 5RO A REE Rk (E13) .

FARAWLHK, URHE UR+MIE S B 2H T4 2134

’
e ¥

B3 &EFELHERE

2.2.2 ZumAMIesssr SEFRALE, VRA 2.2.3 ZEDRMELALOXI2EGREKE 5

S5 UR+MbAE e A4l ALT . AST/AKE¥ BT, H  FERLA L, VR4S UR+ ML HE JE B 41 i 41 2

IR+ AR JE B 40 ALT . AST #9 Fh 5 72 2 W] /N T /R ALOXI12 #E FI R B ¥ B B, {0 R+ HE JE i

H (3 P<0.05) (E4), 0 ALOXI2 R I F ki) L2 B B AKX F /R 4
(¥ P<0.05) (E5).

http://www.zpwz.net



1938 AR A R 533 %
2 500 = 1500= ! P<?,05 :
2000 - r —— w T
2 I = 1000+
S 1500 =)
i — i T
4710004 <””
5 5 500
< <
500
= -
0 T T T 0 | L |
BFEARA  URA UR+MAREEIZA BFEARA  URZ UR+ALAR R4
B4 FHHE/NRIFINEEIEIRELER
2.0 =
P<0.05
o 1.5 = -
[am)
= -
L 1.0+
o * -
X R ZH VR UR+MEARJE 2 )
@
ALOXI2 W S s 7 D = 05
0.0 T | ]
BTEARMA  URA UR+MAERREIZA

CAPDH o i S 36 kD

5 KANBRFFALAALOXI2 EAFRIEKTFELLE

3 i #

HIRL 2 i IR b JHIE TR J5 8 UL 0 JF A 2 —
JHFIE TR 5 B8R AT LL3E o 15 G i s ALK 5l I AR
SR I 0% e o, L G i R PR A T AT L
IR A K TN N0y iy vRv. OB S L DRl {7 N T
H A I R H AT e = 0] DLk 55 HIRT B9 Ik, A
S5 50 308 3k 4 L S 5 RN Bl ) S g O A PR AN 2 T W
LT kAR SR B 25 W % HIRLAE T, 455 S, medE
Je B e 98 4% HIRT 1) 98 i 52 0L A4 £ 7 B

HIRL (¥ Je Z R LI, A48 20 I+ . Ak
VIR QAT 6 2NN R e O N 1 e A o
Ji S5 PR e T TNF-o, TL-1B . IL-6 7k % 4 AH 56
P iR, 25 5 7R, 7 HYR RS 78T 41 i
TNF-a, IL-1B. IL-6 WK V-3 15, i itk R JE i i ik
PEBEH0H H/R B4 A b bR RAE P F IR, T
ALOX12 {5 5 1 B 75 HIRI "R TSGR 1E T, A BFSE
Yk 2L WL%E T ALOX12 45 H 72 H/R JIF 40 i v i 2R3k
g5 WoR, H/R40M ALOX12 & H 3R 5 A T
fe LT AE A JE T Ak B A T 40 B ALOX 12 B %
RTE H/R 5 TR T X AL, 6B ik Ik Je i A
SN ALOX12 (1 263k, HLH i 48 5 S5 1 A 1

http://www.zpwz.net

Al BE 5L G

Bl J5 A 58 A B ) S A op i — 2B 0 I ik 3
JEHR 4T HIRLVER , B A% 5T ae 4 4n 3 Bos
m =l e Bl 950 Ak BEBE A A0 HIRT /N BRI 41 21 45
155 PE—00 M/ RUIF 4140 ALOX12 45 (1 ik 1
W, RSN, TS VR A2 VR+ M AE Je B 41
JFAZUALOX12 FE (I R B BB FARAF &, X —
S5 ARG AN A, H R+ AR JE B 4104 T
o PR BH SRR 5N o B I X R 2 S AT RE R O
2 L PN B N S T R R G I Y 25 S A
Ha] DL 1 2 ik dE 2 R BE B0 ALOX12 £
ik,

UL LEAE X F HIRL BB A & 20158, en
R THSIMREEL, ARSE, MEE RHH .
IR RILIEISER . A e LA R . B R
76 HIRT H g R 44 T, i 26 T ik 3R Je R 7E HIRT 19
WG P AR A WL ik R JE R — AR EE . mT LA
IRIT AL SR 0 R B AT 2, ARk
%) 5 ik AF 5% I R I 9 34 & Btk Al JE T 7E 2 Fh 2%
B SR I P E A R R AR R, L kAR
ARV =N WANY R QIR REE K (TR R N
BRI 5k 0L P AR T, PR K R B S , k



5 11 3]

FHF, i R TS B R B R R 5 ALOXI2 # B By k & 1939

52 UL EE 5 5 00 O BB il PR T R A ¢
Tt AR JE B 75 HIRT 69 7E FHBLE 6 A B8, A BF 52
45 JL ¥ S A HIRL AR FH AL R A S04 4t T )
A B

M, AR AR R, AR e Rl L
il 2 A N & HE RO A VE R, L 43 ML T B
HHT M ALOX12 B RIEA L, #—LotsmadE e
A Bc HIRT /) ML E AT — 22 1 B2 (5 R 5 B 3

MEHR: AL FARELEA B R,

HHE TR AW AE A AR R 5 LR,
FF T dksER | R TE, HIESIBEMIGIEE
BEARTREEE G iRk, Wi B EHAE.
EETHEELSRLFR; ZBM A THREKREL KR,

MFTF R WHBEREL LR, LT, @R FTHIBK
5 7,
o

[1] Zhang XJ, Cheng X, Yan ZZ, et al. An ALOX12-12-HETE-GPR31
signaling axis is a key mediator of hepatic ischemia-reperfusion
injury[J]. Nat Med, 2018, 24(1):73-83. doi:10.1038/nm.4451.

[2] Ke BB, Kupiec-Weglinski JW. Lipid metabolites: the alarm signal
to trigger liver ischemia-reperfusion injury[J]. Transplantation,
2018, 102(6):887-889. doi:10.1097/TP.0000000000002206.

[3] Kaibori M, Yanagida H, Yokoigawa N, et al. Effect of pirfenidone
on induction of chemokines in rat hepatocytes[J]. Transplant Proc,
2004, 36(7):1980-1984. doi:10.1016/j.transproceed.2004.08.065.

[4] Saito M, Chen-Yoshikawa TF, Suetsugu K, et al. Pirfenidone
alleviates lung ischemia-reperfusion injury in a rat model[J]. J
Thorac Cardiovasc Surg, 2019, 158(1): 289-296. doi: 10.1016/j.

jtevs.2018.08.098.[PubMed]

[5] Arumugam TV, Shiels IA, Margolin SB, et al. Pirfenidone
attenuates ischaemia-reperfusion injury in the rat small intestine[J].
Clin Exp Pharmacol Physiol, 2002, 29(11):996-1000. doi: 10.1046/
j.1440-1681.2002.03766.x.

[6] Koliik¢l E, Firat F, Deresoy FA, et al. The effects of pirfenidone
on ischaemia-reperfusion injury in testicular torsion-induced rat
model[J]. Andrologia, 2021, 53(2):13922. doi:10.1111/and.13922.

(7] SKiR, BRI, BkV5, 55 LR e ml b HAs L i s e (1], =
B AL T, 2024, 51(7): 17-20. doi: 10.3969/. issn. 1004-275X. 202
4.07.05.

Zhang X, Chen CD, Yao S, et al. Research Progress of Pirfenidone
and Its Derivatives[J]. Yunnan Chemical Technology, 2024, 51(7):

17-20. doi:10.3969/j.issn.1004-275X.2024.07.05.

[8] Sharma I, Liao YJ, Zheng XP, et al. Modulation of gentamicin-
induced acute kidney injury by myo-inositol oxygenase via the
ROS/ALOX-12/12-HETE/GPR31  signaling pathway[J]. JCI
Insight, 2022, 7(6):e155487. doi:10.1172/jci.insight.155487.

[9]1 Napolitano M. The role of the 12(S) -HETE/GPR31/12-HETER
axis in cancer and ischemia-reperfusion injury[J]. Biochem Soc
Trans, 2019, 47(2):743-754. doi:10.1042/BST20180635.

[10] XK Z=, X406, E3RHE, 45 . nik-IE J8 i R e 1k Je A 25 9 (4 i 52
PERI]. 764k T, 2022, 42(2):49-51. doi: 10.16525/j.cnki.cn14-
1109/tq.2022.02.017.

Liu LY, Zhao N, Wang LL, et al. Research progress of pirfenidone
and nintedanib drugs[J]. Shanxi Chemical Industry, 2022, 42(2):49-
51. doi:10.16525/j.cnki.cn14-1109/tq.2022.02.017.

[11] Dar WA, Sullivan E, Bynon JS, et al. Ischaemia reperfusion injury
in liver transplantation: cellular and molecular mechanisms[J].
Liver Int, 2019, 39(5):788-801. doi:10.1111/1iv.14091.

[12] E, S3EAE, SRR AL . BRI PEAH AT T ST ARt it — P8 VR 45 4

AR T S 2 T [0]. % B AR AL, 2022, 13(5): 647-652. doi:
10.3969/j.issn.1674-7445.2022.05.015.
Bai Y, Shi JH, Zhang SJ. Research progress on the role of
programmed cell death in hepatic ischemia-reperfusion injury[J].
Organ Transplantation, 2022, 13(5): 647-652. doi: 10.3969/].
issn.1674-7445.2022.05.015.

[13] XSRS, A5A)AE . IRl L P 40 s R AT La) B Bl SR ) 5

HE R [J]. WO0E BR 22 4 3, 2023, 33(2): 109-115. doi: 10.3969/j.
issn.1005-1740.2023.02.020.
Deng YZ, Ni LH. Research Progress on the Mechanism and
Prevention Strategies of Hepatic Ischemia-reperfusion Injury[J].
Chinese Journal of Microcirculation, 2023, 33(2): 109-115. doi:
10.3969/j.issn.1005-1740.2023.02.020.

[14] BRibali, $35 L, BB, &5 254 Ak PRAE TSR A3 TR B h

ORI IR TR ()], 25 A 25 R RS54, 2024, 45(1):43-47.
doi:10.13276/j.issn.2097-1656.2024.01.010.
Chen YR, Hu YF, Yan J, et al. Research progress on the protective
effect of pharmacological preconditioning on hepatic ischemic-
reperfusion injury[J]. Journal of Air Force Medical University,
2024, 45(1):43-47. doi:10.13276/j.issn.2097-1656.2024.01.010.

[15] L, TR, o5 HR, 45 R AN BUIT ISR M F-3 TR 15401

AR, TP RS SRR AR, 2013, 22(1):49-53. doi:10.7659/
j.issn.1005-6947.2013.01.012.
Jiang K, Zhang JY, Lao HY, et al. Protective effect of ambroxol on
hepatic ischemia reperfusion injury in rats[J]. China Journal of
General Surgery, 2013, 22(1): 49-53. doi: 10.7659/j. issn. 1005—
6947.2013.01.012.

[16] {1524, B2 PR, AP 3H, 45 . Al AE 25 U0 X C BRI B 5

http://www.zpwz.net


http://dx.doi.org/10.1038/nm.4451
http://dx.doi.org/10.1097/TP.0000000000002206
http://dx.doi.org/10.1016/j.transproceed.2004.08.065
http://dx.doi.org/10.1016/j.jtcvs.2018.08.098
http://dx.doi.org/10.1016/j.jtcvs.2018.08.098
http://dx.doi.org/10.1046/j.1440-1681.2002.03766.x
http://dx.doi.org/10.1046/j.1440-1681.2002.03766.x
http://dx.doi.org/10.1111/and.13922
http://dx.doi.org/10.3969/j.issn.1004-275X.2024.07.05
http://dx.doi.org/10.3969/j.issn.1004-275X.2024.07.05
http://dx.doi.org/10.3969/j.issn.1004-275X.2024.07.05
http://dx.doi.org/10.1172/jci.insight.155487
http://dx.doi.org/10.1042/BST20180635
http://dx.doi.org/10.16525/j.cnki.cn14-1109/tq.2022.02.017
http://dx.doi.org/10.16525/j.cnki.cn14-1109/tq.2022.02.017
http://dx.doi.org/10.16525/j.cnki.cn14-1109/tq.2022.02.017
http://dx.doi.org/10.1111/liv.14091
http://dx.doi.org/10.3969/j.issn.1674-7445.2022.05.015
http://dx.doi.org/10.3969/j.issn.1674-7445.2022.05.015
http://dx.doi.org/10.3969/j.issn.1674-7445.2022.05.015
http://dx.doi.org/10.3969/j.issn.1674-7445.2022.05.015
http://dx.doi.org/10.3969/j.issn.1005-1740.2023.02.020
http://dx.doi.org/10.3969/j.issn.1005-1740.2023.02.020
http://dx.doi.org/10.3969/j.issn.1005-1740.2023.02.020
http://dx.doi.org/10.3969/j.issn.1005-1740.2023.02.020
http://dx.doi.org/10.13276/j.issn.2097-1656.2024.01.010
http://dx.doi.org/10.13276/j.issn.2097-1656.2024.01.010
http://dx.doi.org/10.7659/j.issn.1005-6947.2013.01.012
http://dx.doi.org/10.7659/j.issn.1005-6947.2013.01.012
http://dx.doi.org/10.7659/j.issn.1005-6947.2013.01.012
http://dx.doi.org/10.7659/j.issn.1005-6947.2013.01.012

1940

O AR 5533 %

[17

—

HEES I ORI R ], P [l SRR R, 2015, 24(7):990-
995. doi:10.3978/j.issn.1005-6947.2015.07.013.

He ZQ, Zhang AQ, Ye XD, et al. Protective effect of
tauroursodeoxycholic acid against hepatic ischemia reperfusion
injury in rats[J]. China Journal of General Surgery, 2015, 24(7):
990-995. doi:10.3978/1.issn.1005-6947.2015.07.013.

ZEFY, A, AT, 5 TR LIS BT DB R A AT B P
PR GRIPE IR TE ). P RS S MRS, 2016, 25(12):1810~
1814. doi:10.3978/j.issn.1005-6947.2016.12.024.

Li L, Fu H, Li RH, et al. Protective effect of flurbiprofen axetil on
hepatic ischemia-reperfusion injury in patients undergoing
hepatectomy[J]. China Journal of General Surgery, 2016, 25(12):
1810-1814. doi:10.3978/j.issn.1005-6947.2016.12.024.

(18] JSE %, BB, G AR, A5 TR 5 S A X G S U e af

FEE AR 00 PR3 1 T (0], o S 5E SR R, 2008, 17(7):654-
657. doi:10.3969/j.issn.1005-6947.2008.07.007.

Zhou DJ, Li Y, An DJ, et al. Protective effect of propofol delivered
through portal vein on hepatic ischemia reperfusion injury in
rabbits[J]. China Journal of General Surgery, 2008, 17(7):654-657.
doi:10.3969/j.issn.1005-6947.2008.07.007.

[19] ERAE, W, A8y, 45 AUSIARER E1 X R SUITAE Sk 00 F-0E E

WA R B ). v B m AR5k, 2008, 17(1):41-44. doi:
10.3969/1.issn.1005-6947.2008.01.012.

Wang YZ, Ming YZ, Xiong L, et al. Protective effects of
Prostaglandin E1 in rat hepatic ischemia/reperfusion injury[J].
China Journal of General Surgery, 2008, 17(1):41-44. doi:10.3969/
j.1ssn.1005-6947.2008.01.012.

[20] FhKF, PNFRZS, SRR, 45 F 22 Rt Pt o P TR )

R4 VE 7. b [ 58 AR 2% A, 2005, 14(2): 149-151. doi:

http://www.zpwz.net

10.3969/j.issn.1005-6947.2005.02.020.

Sun SP, Sun ZJ, Wu SL, et al. The protective action of resveratrol
on liver ischemia-reperfusion injury in rats[J]. China Journal of
General Surgery, 2005, 14(2): 149-151. doi: 10.3969/j. issn. 1005~
6947.2005.02.020.

[21] SREEAR, sk, WSO, 45 . R 3 Z R BT R Bk L P 5 0

f PR A T D], o [ 5l A1 A A, 2005, 14(7):538-541. doi:
10.7659/;.issn.1005-6947.2005.07.018.
Zhang XC, Zhang RM, Chen WB, et al. Protective effect of
melatonin on ischemia-reperfusion injury in rat liver [J]. China
Journal of General Surgery, 2005, 14(7):538-541. doi: 10.7659/j.
issn.1005-6947.2005.07.018.

[22] SRR, 10T, FE, A5 2GTAR O Sl - VB G (R

YRR St R (9], v 0 /MR A, 2008, 17(1):88-90. doi:
10.3969/j.issn.1005-6947.2008.01.025.
Qi X, Che XW, Wang C, et al. Research advances on protective
effect of Chinese medicine preconditioning on liver ischemia-
reperfusion injury[J]. China Journal of General Surgery, 2008, 17
(1):88-90. doi:10.3969/].issn.1005-6947.2008.01.025.

(AUspit  £88)

AR5 AR AT, WIZE, IR, S . AR JE ER 0 AT L PR
PR R K S ALOX12 8 B G R [J]. T B m A RE A, 2024,
33(11):1935-1940. doi: 10.7659/.issn.1005-6947.2024.11.023

Cite this article as: Li D, Hu J, Dai XJ, et al. The effects of
pirfenidone on hepatic ischemia-reperfusion injury and its relationship
with the ALOX12 pathway[J]. Chin J Gen Surg, 2024, 33(11):1935-
1940. doi: 10.7659/.issn.1005-6947.2024.11.023


http://dx.doi.org/10.3978/j.issn.1005-6947.2015.07.013
http://dx.doi.org/10.3978/j.issn.1005-6947.2015.07.013
http://dx.doi.org/10.3978/j.issn.1005-6947.2016.12.024
http://dx.doi.org/10.3978/j.issn.1005-6947.2016.12.024
http://dx.doi.org/10.3969/j.issn.1005-6947.2008.07.007
http://dx.doi.org/10.3969/j.issn.1005-6947.2008.07.007
http://dx.doi.org/10.3969/j.issn.1005-6947.2008.01.012
http://dx.doi.org/10.3969/j.issn.1005-6947.2008.01.012
http://dx.doi.org/10.3969/j.issn.1005-6947.2008.01.012
http://dx.doi.org/10.3969/j.issn.1005-6947.2008.01.012
http://dx.doi.org/10.3969/j.issn.1005-6947.2005.02.020
http://dx.doi.org/10.3969/j.issn.1005-6947.2005.02.020
http://dx.doi.org/10.3969/j.issn.1005-6947.2005.02.020
http://dx.doi.org/10.3969/j.issn.1005-6947.2005.02.020
http://dx.doi.org/10.7659/j.issn.1005-6947.2005.07.018
http://dx.doi.org/10.7659/j.issn.1005-6947.2005.07.018
http://dx.doi.org/10.7659/j.issn.1005-6947.2005.07.018
http://dx.doi.org/10.7659/j.issn.1005-6947.2005.07.018
http://dx.doi.org/10.3969/j.issn.1005-6947.2008.01.025
http://dx.doi.org/10.3969/j.issn.1005-6947.2008.01.025
http://dx.doi.org/10.3969/j.issn.1005-6947.2008.01.025
https://dx.doi.org/10.7659/j.issn.1005-6947.2024.11.023
http://dx.doi.org/10.7659/j.issn.1005-6947.2024.11.023

