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[ Abstract] Objective To investigate the role of insulin (INS) in lipopolysaccharide ( LPS)-induced acute lung injury ( ALI) and
the underlying mechanism. Methods Male C57BL/6 mice (6—8 weeks) were randomly divided into four groups (6 mice per group) :
control (WT), LPS, LPS+INS, and LPS+INS+ML385 ( Nrf2 inhibitor) groups. Mouse model of ALI was established with
intratracheal LPS instillation, and the mice were sacrificed to collect lung tissues in 12 h after modelling. HE staining was used to
observe the severity of lung injury, Giemsa staining was employed to detect the inflammatory cells in bronchoalveolar lavage fluid
(BALF) , enzyme-linked immunosorbent assay was ultilized to measue the contents of pro-inflammatory cytokines and ferroptosis-related
indicators in lung tissues, and Western blotting was applied to determine the expression of ferroptosis-related proteins. SPSS statistics
19. 0 and GraphPad Prism 8 were used for statistical analysis. Student’s ¢ test was conducted for comparison between two groups, and
one-way analysis of variance was performed for comparison among multiple groups. Results Compared to the WT group, the LPS
group exhibited significantly severer lung injury, more BALF inflammatory, and pro-inflammatory cytokines in lung tissues (all P<
0.05). INS treatment resulied in decreased malondialdehyde and increased glutathione contents, and elevated protein levels of Nrf2
and GPX4 in lung tissues when compared with the LPS group (P<0.05). Compared with the LPS+INS group, the protein levels of Nif2
and GPX4 in the LPS+INS+MIL385 group decreased significantly (P<0.05). Conclusion Insulin alleviates ferroptosis in ALI by activating
the Nif2/GPX4 pathway, suggesting a promising therapeutic target for ALI treatment.
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Table 1  Comparison of changes in blood glucose levels at
different time points between LPS and LPS+INS group

(n=6, mmol/L, x+s)

Group Oh 6 h 12 h
LPS 7.8+0.4 6.1+0.3 6.0£0.6
LPS+INS 7.5+0.8 6.0+0.3 5.8+0.3
t 1.016 0.391 0.903
P value 0.333 0.704 0.388

LPS: lipopolysaccharide; LPS+INS: Lipopolysaccharide+insulin.

2.2 LPS A% LPS+INS H/NRREAERLES
BT IER LR
LPS 5B )G 12h, 5 LPS 41 1%, LPS+INS

AN C-F v H IR & & B T (P<
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0.05), PIZH pH fHAR & B B U, 22 5+ o4t it
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Table 2 Comparison of changes in inflammation levels and
blood gas markers between LPS and LPS+INS group

(n=6, x+s)

C—reactilve Partial pressure Potential of  Lactate
Group protein of oxygen hydrogen  (mmol/L.)
(ng/ml) (mmHg)
LPS 134.3£22.9 57.8+4.3 7.28+0.01 4.23+0.93
LPS+INS 87.0+21.0 77.2+6.2 7.28+0.01 2.80+0.88
t 3.400 5.780 1. 060 2.482
P value 0.007 0.001 0.314 0.032

LPS: lipopolysaccharide; LPS+INS: lipopolysaccharide+insulin. 1 mmHg=
0. 133 kPa.
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Figure 1 Effect of insulin intervention on lung injury in mice (n=6)

A HE staining of lung tissues and Giemsa staining of inflammatory cells in BALF; B: lung tissue wet-to-dry weight ratio; C: lung injury score;
D: counting of inflammatory cells in BALF of each group of mice based on Giemsa staining; E~G: changes in levels of pro-inflammatory factors in
mouse BALF. HE: hematoxylin-eosin staining; BALF: bronchoalveolar lavage fluid; IL-1B: interleukin-1 beta; IL-6; interleukin-6; TNF-a :tumor
necrosis factor-a; WT; wild type; LPS: lipopolysaccharide; LPS+INS; lipopolysaccharide + insulin. Compared with LPS group, * P<0. 05.
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Figure 2 Effect of insulin intervention on ferroptosis in the lungs of mice (n=06)
A: levels of Fe*" in lung tissues of each group of mice; B: levels of MDA in lung tissues of each group of mice; C: levels of GSH in lung tissues of
each group of mice; D, E: Western blotting for detection of relative expression levels of GPX4 in lung tissues. MDA : malondialdehyde;
GSH: glutathione; GPX4: glutathione peroxidase 4; WT: wild type; LPS: lipopolysaccharide; LPS+INS: lipopolysaccharide +insulin.
Compared with LPS group, * P<0. 05.
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Figure 3 Effect of insulin on ferroptosis-related signaling pathways in the lungs of mice (n=06)

A-C. Western blotting for detection of relative expression levels of Nrf2 and GPX4 in lung tissues; D: levels of MDA in lung tissues of each

group of mice; E: levels of GSH in lung tissues of each group of mice; F: HE staining of lung tissues of each group of mice, and Giemsa staining of

inflammatory cells in BALF of each group of mice; G: semi-quantitative lung injury scoring of lung tissues of each group of mice based on HE

staining slices; H: counting of inflammatory cells in BALF of each group of mice; 1-K: levels of pro-inflammatory factors in BALF of each group of
mice. Nrf2: nuclear factor-erythroid 2-related factor 2; GPX4. glutathione peroxidase 4; MDA : malondialdehyde; GSH: glutathione; HE:

hematoxylin-eosin staining; BALF: bronchoalveolar lavage fluid; IL-1B: interleukin-1 beta; IL-6: interleukin-6; TNF-a; tumor necrosis

factor-at; WT: wild type; LPS: lipopolysaccharide; LP+INS; lipopolysaccharide+insulin. Compared with LPS group, * P<0.05;
compared with LPS+INS+ML385 group, * P<0. 05.

3 #

ALL A5 [ 7™ 5 ) B 0 , 175 &2 BRI 1)
T G MR 2 B9 I, BRFE TS FE ALL
A& RALE T 5 B E AR R R
WA AR RS TR E A HRAE T, ZE/NELALL
[ T LA 22 R 9 E PR R -1 {5 5,
Vom0 i N R B || 4 Ry [ BT
FERWERIER AT, I WF o8 & PR & B AE A 22
RYGIRT P SHIET A BRI, 7E ALL 1 RIS
RETE MRS T R R EF B R AT 2E

AWEFH R LPS #3721/ ALL B 1 | i

FHIR S R TG, Il 88 KR e, X5 2 /T
AR MU ST & B, 78 LPS 55 ALL H1,
Ji 0 25 3 1 TR N2/ GPX4 3 % R AR E
AWEFEAE S K A Nef2 (R3] 751 ML385 , 45

7, ML385 AT B Ind BHL 0B [ 5% 2= 5% /)N Ui ek s T
AR VR FH T i = i 4% , T S IR 0 28 PTG Nef2/
GPX4 3 4 2k FE T, 42 ALL, {H7E ALL
B 2R Nef2/GPX4 1943 FHLE A AW 2E
Nif2 Fih52 Z PR, 645 Kelch F£ ECH JCHEK
M 1 (kelch-like ECH-associated protein 1, Keapl)
WEHFPE FIAEMR I 242 . Keapl J&—Fh & 1ENL 3 &
HEM®E S TFEA, FIEFEL TS Nif2 25



£ 390 - HEBFEZIRETRIGE

2SS H 2B H FUak H5 M

Chin J Mult Organ Dis Elderly, Vol.24, No.5, May 28, 2025

&, Nif2 iz RE AR R, Y
20 i 2 T AR A IO TR I 52 B A0 i R 0 B 3R
i, Nrf2 5 Keap fiff 125 -6 7% 22 240 A% LA 2 45 40 i
(AL I8 JFE Fa 2507 Keapl AR 4K #5114 i % 2 48
Nif2 () BH 3 R B M, Nef2 & Kt 22 R 70 &
% RV 2 R B i, T LA 22 Rl 1 R A 4B A, A
T Nef2 BORZ NI RS R A RS R T 3B
(glycogen synthase kinase-3beta, GSK3B) J& & &
it e 3 Y —Fh A | E AR B2 R Nef2 B2 1k
IDCHEDN 7118 WIFST B, JBE 5% 25 mT LA ok g Tk
JILEE 3 3 ( phosphatidylinositol 3-kinase, PI3K) /Z&
H ¥4 B ( protein kinase B, AKT) /I FL 3l 4 F5 A &
ZiENH ( mammalian target of rapamycin, mTOR) 15
S B MARAE TS FRATIA I S F AT LA i
WS PI3K/AKT/GSK3 38 K 4 15 40 il PN Nif2 28
FI7KF , RIS Nef2/ GPX4 3 B 3E T,

L5 b AR R LR S R TR ALL A T TE
MAST 5%, AT LA i 06 Nef2/ GPX4 T8 S 40 )
FET, Nmisi/INERL ALL, S HR YT ER T L i . A
WF 58 A7 TE Jm BR A, 96 05 3R 7 /D Bl 38 2 45 3 ok
AKT/GSK3B il [ B0E Nef2/ GPX4 {553 34 75 1F
— L RIE,

[ &% k]

[1] Meyer NJ, Gattinoni L, Calfee CS. Acute respiratory distress
syndrome[ J]. Lancet, 2021, 398(10300) : 622-637. DOI; 10.
1016/50140-6736(21) 00439-6.

[2] Hel, Zhao Y, Fu Z, et al. A novel tree shrew model of lipo-
polysaccharide-induced acute respiratory distress syndrome [ J].
J Adv Res, 2024, 56. 157-165. DOI: 10. 1016/j. jare. 2023.
03. 009.

[3] TLiuX, Zhang J, Xie W. The role of ferroptosis in acute lung injury[ J].
Mol Cell Biochem, 2022, 477(5) : 1453-1461. DOI. 10. 1007/
s11010-021-04327-7.

[4] Yan K, HouT, Zhu L, et al. PM2.5 inhibits system Xc-activity
to induce ferroptosis by activating the AMPK-Beclinl pathway in
acute lung injury [ J]. Ecotoxicol Environ Saf, 2022, 245.
114083. DOI: 10. 1016/]. ecoenv. 2022. 114083.

[5] Wang W, Xu R, Zhao H, et al. CircEXOCS promotes ferroptosis by
enhancing ACSIA mRNA stability via binding to PTBP1 in sepsis-
induced acute lung injury[J]. Immunobiology, 2022, 227 (4).
152219. DOI; 10. 1016/j. imbio. 2022. 152219.

[6] XuY, Li X, Cheng Y, et al. Inhibition of ACSL4 attenuates
ferroptotic damage after pulmonary ischemia-reperfusion[ J]. Faseb
J, 2020, 34(12): 16262-16275. DOL . 10. 1096/fj. 202001758R.

[7] Van Nickerk G, Christowitz C, Conradie D, ef al. Insulin as an

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

immunomodulatory hormone [ J]. Cytokine Growth Factor Rev,
2020, 52: 34-44. DOI:; 10. 1016/]. cytogfr. 2019. 11. 006.

Sun M, Li Y, Liu M, et al. Insulin alleviates lipopolysaccharide-
induced cognitive impairment via inhibiting neuroinflammation and
ferroptosis[ J]. Eur J Pharmacol, 2023, 955 175929. DOI: 10.
1016/j. ejphar. 2023. 175929.

Wen XP, Li M, Zhang RQ, et al. Insulin reverses impaired alveolar
fluid clearance in ARDS by inhibiting LPS-induced autophagy and
inflammatory[ J ]. Front Immunol , 2023, 14. 1162159. DOI; 10. 3389/
fimmu. 2023. 1162159.

e, XIS, MR, % KRR SIS SR 2tk
R BLEFIBESELT]. AR RIS B2 IR0, 2022, 31(9) .
1223-1228. DOI:; 10. 3760/ cma. j. issn. 1671-0282. 2022. 09. 012.
B FE, . FSTL3 75 A [ 5 5 A B0/ Bl 2 1 il 42
FIFA )] PREBEZHRERMARE, 2024, 23(1):
59-65. DOI: 10. 11915/j. issn. 1671-5403. 2024. 01. 011.

Zheng J, Li Y, Kong X, et al. Exploring immune-related patho-
genesis in lung injury: providing new insights into ALL/ARDS[ J].
Biomed Pharmacother, 2024, 175; 116773. DOI.; 10. 1016/j. biopha.
2024. 116773.

Dixon SJ, Lemberg KM, Lamprecht MR, et al. Ferroptosis: an
iron-dependent form of nonapoptotic cell death[ J]. Cell, 2012,
149(5) : 1060-1072. DOI: 10. 1016/j. cell. 2012. 03. 042.

Chen HI, Yeh DY, Liou HL, et al. Insulin attenuates endotoxin-
induced acute lung injury in conscious rats[ J]. Crit Care Med,
2006, 34(3): 758-764. DOI. 10. 1097/01. Cem. 0000201902.
37115.22.

XK, BHEIR, HEE, % PR RIEELEAR S EARE N
T~ 155 X S I A /N UK M B T BRAE L.
TR A2, 2023, 36(7) : 805-809, 814. DOI: 10.
13200/j. enki. ¢jb. 003951.

S, LS, TRAN, SE. /N PR FO e REAE A P 5
PR B 2 40 20 22 ARU R — 1 3% K 1 52 e K i O A
JLI]. T- &R E 2, 2015, 36 (24): 3766 - 3769. DOIL: 10.
13820/]. cnki. gdyx. 2015. 24. 005.

Luo L, Huang F, Zhong S, et al. Astaxanthin attenuates ferroptosis
via Keapl-Nrf2/HO-1 signaling pathways in LPS-induced acute
lung injury[ J]. Life Sci, 2022, 311 (PtA). 121091. DOI. 10.
1016/j. Ifs. 2022. 121091.

Wang YM, Gong FC, Qi X, et al. Mucin 1 inhibits ferroptosis and
sensitizes vitamin E to alleviate sepsis-induced acute lung injury
through GSK3B/Keap1-Nrf2-GPX4 pathway[ J]. Oxid Med Cell
Longev, 2022, 2022. 2405943. DOI. 10. 1155/2022/2405943.
Ye L, Liu X, Jin K, et al. Effects of insulin on proliferation,
apoptosis, and ferroptosis in primordial germ cells via PI3K-AKT-
mTOR signaling pathway[ J]. Genes (Basel), 2023, 14(10):
1975. DOI; 10. 3390/ genes14101975.

(4. BRHAH)



