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b33 1 A0 B A0 R T DAYSURR LIPS 175 5 1 A 41 40 A0 A E S, HEHLA Pl RE S G 3 HMGBL (5 %
T 9 NLRP3, Caspase-1f1 GSDMD & H #£ ik K.

[X@im]  mIRE; ARG, BReET; NODRZIRE 13; &2k n K& &R & r K
ifl; HEZED

[FESES] R2855 [XEtREMD] A

(KA EHE] 2025-01-21 [REAHH] 2025-03-31

(BE2WE] Kftd @R R R ARt H (TIYXZDXK-3-001D)

MEE®A] T & (1983—), ¥, BIRILAM/RET A, EREM, EHEEL, E2NFIFIR S G AE 7 .
(BEMEE] UK, B2, FAEEM, M54 30 (E-mail: yangm8006@sina.com)

© (EMRRFEM (B2 ) FiEE, JFRRGENE CC BY-NC-ND #r.
© Editorial Board of Journal of Jilin University (Medicine Edition). Open access under CC BY-NC-ND license.



FoofE, L BUREOS LPS U5 S 0 Zbk Bl B0 00 18 4 B L HL 163

Protective effect of Liangge powder on LPS-induced acute lung
injury and its mechanism
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Jinzhou Customs, Jinzhou 121013, Chinaj; 4. Tianjin Key Laboratory of Acute Abdomen Disease
Associated Organ Injury and ITCWM Repair, Tianjin Nankai Hospital, Tianjin, 300100, China;
5. Department of Infection, First Central Hospital, Tianjin City, Tianjin 300190, China)

ABSTRACT Objective: To discuss the protective effect of Liangge Powder (LGS) on lipopolysaccharide
(LPS) -induced acute lung injury (ALI), and to clarify its mechanism. Methods: Forty male C57B1./6
mice were randomly divided into sham operation group (SHMA group), model group (LPS group),
low dose of LGS group (LLGSL group, 8.58 g-kg™' LGS), and high dose of LGS group (LGSH group,
17.16 g-kg ' LGS), with 10 mice in each group. The mice in LPS group, LLGSL group, and LGSH group
were intratracheally instilled with LPS to induce the ALI model, and samples were taken 24 h after
modeling. HE staining was used to observe the pathomorphology of lung tissue of the mice in various
groups and to perform the pathological scores; flow cytometry was used to detect the percentages of
neutrophils and epithelial cells in lung tissue of the mice in various groups; immunohistochemistry staining
assay was used to detect the level of myeloperoxidase (MPO) in lung tissue of the mice in various
groups; enzyme-linked immunosorbent assay (ELISA) was used to detect the levels of related inflammatory
mediators interleukin-18 (I1.-18) , interleukin-18 (IL.-18) , and albumin in bronchoalveolar lavage fluid of
the mice in various groups; Western blotting method was used to detect the expression levels of high
mobility group box 1 (HMGB1), NLR family pyrin domain containing 3 (NLRP3), cysteinyl aspartate
specific proteinase-1 (Caspase-1), and gasdermin D (GSDMD) proteins in lung tissue of the mice in various
groups. Results: The HE staining results showed that compared with SHMA group, the pathological injury
of lung tissue of the mice in LPS group was aggravated, and the pathological score was significantly
increased (P<C0.05) ; compared with LPS group, the pathological scores of lung tissue of the mice in
LGSL group and LGSH group were significantly decreased (P<C0.05). The flow cytometry results
showed that compared with SHMA group, the percentage of neutrophils in lung tissue of the mice in
LLPS group was increased (P<C0.05), and the percentage of epithelial cells was decreased (P<C0.05);
compared with LPS group, the percentages of neutrophils in lung tissue of the mice in LGSL group and
LLGSH group were decreased (P<Z0.05) , and the percentages of epithelial cells were increased (P<C
0.05). The immunohistochemistry staining results showed that compared with SHMA group, the MPO
level in lung tissue of the mice in LPS group was significantly increased (P<C0.05) ; compared with
LPS group, the MPO levels in lung tissue of the mice in LGSL group and LGSH group were significantly
decreased (P<C0.05). The ELISA results showed that compared with SHMA group, the levels of IL-18,
IL-18, and albumin in bronchoalveolar lavage fluid of the mice in LPS group were significantly increased
(P<<0.05) ; compared with LPS group, the levels of IL.-18, T1.-18, and albumin in bronchoalveolar lavage
fluid of the mice in LGSL group and LGSH group were significantly decreased (P<Z0.05). The Western
blotting results showed that compared with SHMA group, the expression levels of HMGB1, NLRP3,
Caspase-1, and GSDMD proteins in lung tissue of the mice in LPS group were significantly increased (P<C
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0.01) ; compared with LPS group, the expression levels of HMGB1, NLRP3, Caspase-1, and GSDMD
proteins in lung tissue of the mice in LGSL group and LGSH group were significantly decreased (P<C

0.05). Conclusion: LGS can alleviate LPS-induced pathological lung injury and inflammatory response by

reducing neutrophil infiltration and epithelial cell pyroptosis, and its mechanism may be related to the down-

regulation of NLRP3, Caspase-1, and GSDMD protein expressions through the HMGBI1 signaling

pathway.
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ALI/ARDS fg EZ R BOR &R o B TR K LB
T A IE SRR R A I S LLAR % ALT/ARDS f
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ARDS % £ Rz Ji B i UML) 18 R 5223 BT, 4 531
JEXT ARDS i 2 A HLAA A 78 D e 25 L 1Y & i o 72
o AR B SO AUR B ZELIA R B ARDS
1 S S I IR o i O L O o OB 7 G 1
A 1 it Y6 L5 200 LR Sk A TR, BT AR AT R K
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0 A s R M R A R s A T T R
(reactive oxygen species, ROS). KA 1. &M
it 1 S5 42 R £ R 2 5 I A R Y, H
40 H B 4b B BF (neutrophil extracellular traps,
NETs) 7 ALL & %% #L il b & # ¢ 8 /E H .
NETs % i 4 7 . LRk DNA F b veokz 40
JiL R AR TR A A, T S O R A 4 2 e R
B Faf A4 420 . FE R Z 8% (lipopolysaccharide,
LPS) 5509 ALT R 8 i NETs il 5 42 46t 17 4
BT IR DL A0 AR R L R T e i e 45 40 0 4 i P
TFREHCR A 14 S RN o 1 R 4 ) 45 40
J& ALI/ARDS WIbR S VEZOR 08, IR IRBTT 45
RWR . WMMEETS ALLI & 4 M & BT L,
WL W 240 i £ T A W) I A A0 ALT/ARDS B .
TE /)N B 20 T B ST AR A D RO T 2 e
2 () K 4 @ B 8 M K i B (cysteinyl aspartate
specific proteinase, Caspase) -1 17 1Y £ B &
& F1 Caspase-11 5 FAE & BTG ik 42 ' (2 HL 40
Mo £ ok 2 b, Caspase-1 ¥ 2 K B K &£ D
(gasdermin D, GSDMD) & H 5 U1K 144 X%t 7
F B O 31 000 B & EE i 45 F 8 GSDMD-N,

Acute lung injury;

Gasdermin D

Pyroptosis;  NOD-like receptor protein 3;

GSDMD-N &5 U 1A SR g A 20 fg 22 1, T /e 40
121 I { P X 11 1 i - sl s A
0oy N % I T 11 UG- R 0 A=
B . il b A0 M A T ] B R LPS i S Y
ALL. BUE# (Liangge San, LGS) J2& & Jr 7
LTS AE T BN ITE K407, IR BT 5 R
S 1T TS K5 P B T AR AE TR A L AR T Rk
R LGS A M ALL/N BUM 420 % B 7 -kB
(nuclear factor kappa-B, NF-«kB) & 5 il i (4 i
6, BERAR AL BRU K Jifr A K il 7K 5 38 28 11 1
K E K 15 FRIE Y. LGS o] i i 5 vk
0 B 0 TR LPS 51 Y ALT K B 2H 21055 2 40
P30 LGS i A LR AR i 2 23 v ey 3 B8 % i 2R
B1 (high-mobility group box 1, HMGBI1) %[ fl
S RS 1 i A S VAR = I
WA G T 245 52 05 IR P 0 I AR T A SR A D, DK
i 2 XF it - R 20 L T 5 PR A i R 5 AR
FRRARYS o ABFSEEE G R N BRL 5 53 1 LT 4
B, BT LGS il i #0 i NLR % % Pyrin 8 4 H 3
(NLR family, Pyrin domain containing protein 3,
NLRP3) /GSDMD {5 5 i fi#f yal 4 il 60 b B 27
Ul /D v R 20 M 3R i S S RE R R AE T,
LGS ifiJ7 ALT/ARDS $2 BB AL H K8, [7 i o
PR A R T A T R I 2

1 MREFE

1.1 =Bs#HH . HHh TE2XNFHAE 40H 6~
8 J& 1 e SPF 4% C57BL/6 /)N B [ b 5T B e 512
WA HEARGRA A, P4 THIES . SCXK
(5T) 2019-0008. LGS M srdip: K# . =
fif . AAHR . WET. W, EEAEM, KA A
REENTE —POER . &V R mg . VAL 5 A
DNase [ F1LPS I [ 3¢ [# Sigma /> ], #Eid &by
fiti (myeloperoxidase, MPO) W i 7 & W A #
oA W R R AR T . Tl B A i B e
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(enzyme-linked immunosorbent assay, ELISA) &
M & ABUNIRBHAE ARG IRA TR, $1CD362,
CD11b, CD45 Al Ly6G i s P 4 [ Biolegend 2%
A, HMGB1. NLRP3. Caspase-1, GSDMD F1H
T W -3- W R I & B (glyceraldehyde-3-phosphate
dehydrogenase, GAPDH) # ¥kl A3 EH CST
A, MPO PR [ 55 E Abcam /A F], g4 241
feap im0 | AL s A2 S A E o i i AL
(M5 . CytoFLEX S) W4 [1 3 [H Il 52 2 JiE IR ¥ A5
FRA W, FEEE SR e A AL (H15 . ST-360) W H
FlRREEEREARA A, B (BS .
EG1150H) . ¥) F#l (B4 RM2235) I £EE
B (A5 . DM2500) W [ 1% [E Leica 23 7 ,
b2 % A (B 5. iMark) 1 [ 3 [® Bio-Rad
YNEI S

1.2 MAALIRABF & 04 LB T RE
1 40 FUEME /N AL A 44 [RF R4 (SHAM
). BRI (LPS4) . RflELGSH (LGSL4A,
8.58 gkg ' LGS) Al il i LGS 4l (LGSH 4,
17.16 g-kg ' LGS), WA 10 H. K5 RHAIE
4 7E LPS il £ ALT/N RUBE AL, /N BRUGE B B BE 7 d
Jo o TS S U W A AT BRI, T /DN R I R
U, DR AR 2 0 08 R Bl R R AT IR 5, T 8
ERLFRAREAT T2 5 mm AMERE IO, KE
AR 5mm, BRESERTTHLIRESE. H
I mL A 7E S &5 45 LPS W (3 mg-kg ') ZZ18H 1T
FNRAE R, HgEGLE/I DR, 1Tk
THBE . BT A L /N B i 1 S5 R A B R £k 22
M (phosphate buffer saline, PBS), /NRARJE
H O IE R OK AR o 188 24 h )5 o 5 FREF AL FE /)N
B, SN ZH 2 AT AR DA T

1.3 HEZ&ENEZMIAMARBELSEIA
Fo i R REIR S ER 2405, o &8RS AL
FEA AN, BUA B, AR 4060 09 2 R
e, [EE 48 h, WIS AN, ITHES M, JuiE
WL R A5 A /0N BRI 2 20 o BIUE 25 2% B OF i AT il
LV o S BRVP AR e . IR R COR W ZH
GU AR ) G0 0435 Jfiv6L BE B 20 1M 45 5K 5 i
W 14 Fliv BESS R B A0 A YK il
241 MM NAEAEB Y BE NG JEE B A0 i A 9k
FEAMiC A 355 M NAATEE 1) . BEXG R . B4
5K ST Rl 8 A YL A K 4% A 24
Rk 45

1.4 AX@mERAEREE D IAMEARFTFIREES
efedtie LR mieE 5% ER 24 h5 b sess 4/
W, WUMZZURBY I8y, InAE W TR A . IV R
Ji¢ 5B A1 DNase [ 78 37 °C /K ¥ h i 4k 30 min.
FH 70 pm it UE S M SUIE SR AT BE Al 2L, B0 5
ALLYN A 2, W IR A 15 min, B INA
PBS 2% Ml AL A0 . SEATHUARARIC, MR i i
PRic ik . $1Ly6G-APC it CD11b-FITC; fiiid
I B A bR e . $T CD326-PE #l fi CD45-
FITC. 44120 minJ5, JIA PBSZZ i ¥ 21k,
B0 B 100 pl 9 PBS 2% shil o 2R A, JF
LI . F NovoCyte it 2 51 14 43 #r i 28 41 g
AR ) 2

1.5 S BABAFEERRNEHEDKMER TP
MPO K F A= % & A AR5 WA AL/ R4
ZUAHED R, SR G g5 L Uk 2R e G ik ik — A5 AR
2 20 /N BUIT 20 20 MPO K S, 5 #E 47 I i 4 1
MR % WP E B E S, A HO, % )
PR NIRRT A AR B L AR BE AP I MPO —$iL
(BUARFBEEL N 12 200), A 4 CHY VKA b ikt ' i
Fid R RN A Y R bRid i PR A A
Y (horseradish peroxidase, HRP)-4: ¥ £ {H Bk )
=¥i, 1T DAB B AMIBARE YA, WoKE
Rt i ab 3, IR 7E 64 Wi T WA 4 41 MPO 1Y
Fik . MPO S J5 ¥k . MPO fufig 4 44k 24 e (0 2%
R ] H-score ¥E43 35 (0~3004r) 472 % 74
BT, BT A A i o 1) B B o 5 ) PRl 4 40k WL SR A 3K
Xk I 4% HEBR IR AE .l X3, T 400 £ i e
T B ML L 5~10 A4S AN S 0 HEF, 4K 4 20 A A BT
DA AU €0 R R B rh MR A B oy Sl 4 9, ok
0% (B A, 190 (55 AREE .,
290 (CPEERHM) AMEEE A 3% (CGRIAME) WK
BB €, 3 BT H0A% G PR Pk 40 M o A BT P R R
UM b, B (H-score=1 55 PH 1 4f
JH9E 43 BE - 20X B P 40 B 3 L+ 3 < i BH P A
ME 3 ) RS LEF PRy, BUTT A Bk BOO
I 0 BB AE iz B AR e 4 H-score fH .

1.6 ELISA s & 48 0> S A 0 3 sk ¥ 1L-18,
IL-13 & &G AKF W24 h)5, A7,
¥ 1 mL B Hl A PBS 28 of ik 9% 12 7 5 2 R
e, JEVE2K, B E LT ELISA AR, $%
T ELISA 2 7 & Ul B AR O AR RS & L A o
U EIS SR TN S I = Y QR IR < {28 1S
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450 nm AR WOEE (A) fE, 2 IRPRTES A B2 ]
PR 2, THE A REA T ARRE I R A HKCE
1.7 Western blotting # # # & 48 /s & ¥ 40 % F
NLRP3. Caspase-1,GSDMD # HMGB1 % & % &
KFE EER 24 hE R SE A /L, BUDN R
B 1, WO )R A AN E A
VAT &, i BCA & 1 5 I 550 65 A i 4% 21
EEHWE, WA+ ZHERRM (sodium dodecyl
sulfate, SDS) FHZZMH, B &EIEH, Ik
Ve fe AT R E UK, AR H A E S A o
i, YIEIr B, TR T 5 40 i I TR R DR/ 1) 5 Al
T & (polyvinylidene fluoride, PVDF) i, ¥
HHHIBR| PVDF L, HELHS, i PVDF
BB, A 10 mL B 5040 B AR Wk BEAT AT, A
HEE BB BT, JTRmB sy 1: 1000, 4°C
VKAR O R . 7E B A A 4 R Ak e ROt
(enhanced chemiluminescence, ECL) %W A,
il A 22 AOCAL AT 5%, 0 Image T3 3617
EHMER, MR HMEARBKY. HIWERRE
kK= H 8 H 54 K B2/ GAPDH & 1 44
JRPEAE

1.8 it 54 R SPSS 20. 0 817 43t
220y M, R GraphPad Prism S8R . 4540/

SN R AR S N O SN R o v OR S\ RO 1 O
3R MPO KR 82215y . RAE T F
HIHEE A KL K NLRP3/GSDMD 45 T2 38 5% 4 56
EHEBAKE IR IE S, Dlots £,
Z AR A BB R B R 5 2253, AL TE] #F
A TR P 8 R FH SNK-¢ K86 . A P<<0. 05 N 2%
RAGIFE L.

2 5 R

2.1 BHEVEFEARRBREHIRAARFARKZE
#4 MAZHE P25 R Box . SHAM 41/ Ut
HEUEBIEHR , KUWRAEH MR ; LPS /MR AT
U, il 0 B B 0 0 JRE L R 400 G TR] 5% 1 4 A A 3R v T
SR LGSL 20 A1 LGSH 20 /)N 5 960 B 43 J52 0 &)
A -2 1 0N 51 L DN OR R R S G TR A
il 20 20995 BT 43 45 2 W . 5 SHAM 41 [ 3¢,
LPS 41/ Uil 41 2300 30 0 B e h s (P<<0.05) 5
H5LPSH b4, LGSL A LGSH 4/ KUt 21 213
FEPE S 5 AR (P<<0.05). WL 1.

2.2 BWmIRHEARPPREEMBRELE 5
SHAM 41 b4, LPS 20 /I BRIl 20 23 v v 4 R 440 it
TR IR (P<<0.05); 5 LPS 4 M4,
LGSL 21 F1 LGSH 4 /)~ s fili 2H 23 v v Mok 40 i /o3
R WM (P<<0.05)., WK 2.
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A: SHAM group; B: LPS group; C: LGSL group; D: LGSH group; E: Pathologicalscore. 'P<C0.05 compared with SHAM group;

£P<20.05 compared with LPS group.

A1 &4/ RMALKEESRI(A~D) RFEF5(E)(HE)
Fig. 1 Pathomorphology(A—D) and pathological scores(E) of lung tissue of mice in various groups (HE)

2.3 BHENDEMALE T MPOKFFo kb B ELAE
#4545 SHAM 4 L #, LPS 41/ Bl 41 21

MPO KB & 7F 5 (P<<0.05); 5 LPS 4%,
LGSL 41 #1 LGSH 21 /)y Ui 44 21 v MPO 7K F Fil f
PEH AL B B FEAR (P<<0.05); 5 LGSL#A
A, LGSH 4/ BRI 2 21 MPO 7K ~F- 1 4 988 41
UL PR3 B A (P<<0.05). WLIE 3 AR 1,

2.4 BANRAMARTHEALEmETESE 5

SHAM 41 b4, LPS 4/ Ut 20 23 v Jili v - 52 4
L E 4y R B REAR (P<<0.05); 5 LPS4lI#,
LGSL 41 LGSH 2H /)y Bl 2 23 v Jili 360 | e 4 i i
PRI TR (P<C0.05). WK 4,

2.5 ZARAMAERRPIL-18.IL- 1B G %& G
KE 5 SHAMA &, LPS 24/ B i 3 v 1
HoIL-18, TL-13 #1 & K F BT T m (P<
0.05); 5 LPSA 4, LGSL 4 A LGSH 41/ i
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A:SHAM group; B:LPS group; C:LGSL group; D:LGSH group; E:Histogram. "P<C0.05 compared with SHAM group;

£P<20.05 compared with LPS group.

B2 2241/ H S b A Yo L E 4 3 (A~D) R E 4 E (E)

Fig. 2 Percentages(A—D) and histogram(E) of neutrophils in lung tissue of mice in various groups
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A:SHAM group; B:LLPS group; C: LGSL group; D : LGSH group.
B3 A4/DRITHRT MPO HFREFHR (RBEHLALZE, X 200)

Fig. 3 Expressions of MPO in lung tissue of mice in various groups (Immunohistochemistry, X 200)

£1 FA/NRITHLE MPO KFMREHRILEIP4
Tab.1 Levels of MPO and immunohistochemistry scores in

lung tissue of mice in various groups (n=10, x+s)

Group MPO [A,/(U+g "]  Immunohistochemistry score
SHAM 0.1240.01 8.50-20.96

LPS 0.3540.03" 88.5043.95"

LGSL 0.22+0.01% 29.67+4.02°

LGSH 0.1740.01%% 13.074+1.07°%

'P<C0.05 compared with SHAM group; “P<C0.05 compared
with LPS group; "P<C0.05 compared with LGSL group.

it VL TR W TP TL-18 . TL-1B 1 11 25 11 /K - B 2 R AR
(P<<0.05), W32,

2.6 &4 R M 4R F NLRP3. Caspase-1.
GSDMD # HMGB1& g &% K-F 5 SHAMAL L
o, LPS 4/ Bl 41 20 v NLRP3, Caspase-1,
GSDMD #it HMGB1 # (1 & ik K F ¥ 8 8 F+ &
(P<<0.05); HLPS4lE, LGSLA M LGSH4]
/N BB 41 40 NLRP3, Caspase-1, GSDMD Al
HMGB1 & [ & 35 K 7 ¥ 0] i BE AR (P<<0.05) .
DL 5,
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A: SHAM group; B: LPS group; C: LGSL group; D: LGSH group; E: Histogram. 'P<C0.05 compared with SHAM group;

“2P<20.05 compared with LPS group.
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Fig.4 Percentages(A—D) and histogram(E) of epithelial cells in lung tissue of mice in various groups

F2 FUHE/NBEMEVER P IL-18,1L-18 F1 5 & FKF
Tab.2 Levels of IL-18, IL-18 and albumin levels in alveolar
lavage fluid of mice in various groups

[n=6, x+s, on/(ng-L7H]

Group IL-18 IL-18 Albumin
SHAM 34.7447.23 54.00-£1.03 5.7140.26
LPS 221.2349.65" 128.4745.58 18.780.28"
LGSL 129.30+29.60" 98.63+0.92" 15.51+0.63"
LGSH 76.61+9.28" 86.30+8.94" 10.05+0.57%

'P<C0.05 compared with SHAM group; “P<C0.05 compared

with LPS group.
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Lane 1: SHAM group; Lane 2: LPS group; Lane 3: LGSL group; Lane 4: LGSH group. 'P<C0.05 compared with SHAM group;

£P<20.05 compared with LPS group.
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Fig. 5 Electrophoregram(A) and histogram(B) of expressions of NLRP3, Caspase-1, GSDMD, and HMGB1

proteins in lung tissue of mice in various groups

/1N BT 2H 2R 1) g B 450 00 - e AR 20 i A8 i s P o
aol RER AR 4 A A 6 2 1) 040 ) 98 R PR TL-1R 1 T1L-18
) 43 D6 A T 5 il 38 9 I RV o

AL R . LGS Al G858 i 40 NLRP3/
Caspase-1/GSDMD 15 5 i J% (3 4k, FEAK R 5 A
THRE, WK LR ET, AR LPS
WS ALL RGNS & 2R A, (HL
R AT R SRR b R A0 AR AR T R AR
B o AWEFE 32X A0 AR A I 25 R R . LPS 41/
JlZHZH CD326 CDAS Jifiyfd b 5z 4 Ho ) FRE 4306 ,
PR AR AN B B D T RE A TSR T K
Jili 360 1 7 40 B 4 S 7k 6 38 NLRP3 R GE /IMA 4143,
HREAEmFEE ™ JES2 LPS vl i Toll FEZ 4k 4 (Toll
like receptor 4, TLR4) 2 8006 il i I 52 40 g 19
BT, B, ZREeETEARE . LR
AR Ak B SCHR B, A BF g% 4 SR T RE B e
LGS X fili 0 1 2 40 i 45 T i AR o (3R KA
e B IE L A0 M R S R R (R A A% 1
GSDMD i B/ L) B8 £ T 89 240 B ok R . #F
g8 Y W MR AN R A AL 2 K R A
ALTRAERUR e R H I ERT, & ALLIY
U HE R () SC AR AR . 7E ARDS FR 5 il 16 v Pk v
SRR vk D iR QR ) | IS S S R 6 % vk (N
R 5 ARDS (1™ 5 F2 B MG RIEAM R, Pk
KA M Y K LR E R B R ALTBE 1T 9 3 B R
PR 22240 DR I A A v P 4 1 R R ALTRY
HERG L — o AW 5T R FH U = 20 A S I /) B Al
HA PR PER A %, SR B LGSAl i
EREACH E %, NETs BB BT ROS 155Uk

BB, T AR TR G T TL-18 ]k — 5 #a fk rp v
RLANME, T2 R CFETT-SORE - MR E T Y IE R ER
H o LGS 7] Gl ok 478X — WG 3, BRI D
Uy rp MR A SR 4, S 3 BRI TL-18 K P Sk 4 il
JG 2 NETs B o HAHF 8 A BRI NETs #H 3¢
PR (RN R 418 (A H3 . A 4 i i 1 2
FIfE-DNAE AY), At — 5317 35 500

Zr Lk, LGS A LPS 53 19/ ALT
F 9 0 BN, Uk /0 Bl 4 40 rp o A0 i IS Y R
MPO g B Jil,  H AL 0T A8 590 il /N B 41 21
NLRP3, Caspase-1 Ml GSDMD #H [ £ ik X, &
1M, LGS X v R 20 i i V8 F K AL sl 475 5 22 30k —
AEIE . PRI AN S 1 R A0 2 T A AR G R LA
K LGSiRY7 ALL Z 38 B Z [ (A BEAE R, 1 2
PEAT T IR A5 o

PR R

AT A P W R A7 A R 2 ol

fEE AN

T, KT 25 LR EREKE CRE, M
X 55582 GEARG AT 2000, IVIBFN AR 301 2 5 BT 5T ik
B, WAl RS 5 SR BT ISR S KR

(&% 30k ]

[1] THOMPSON B T, CHAMBERS R C, LIU K D.
Acute respiratory distress syndrome[J]. N Engl J Med,
2017,377(6) :562-572.

[2] BOS L. D J, WARE L B. Acute respiratory

distress syndrome: causes, pathophysiology, and

phenotypes[ J]. Lancet,2022,400(10358) : 1145-1156.



170 TR 224 (BE 2 i)

524 1M 2026 4F 1 A

[3] LONGME, MALLAMPALLIR K, HOROWITZJ C.
Pathogenesis of pneumonia and acute lung injury [J].
Clin Sci (Lond) ,2022,136(10) : 747-769.

[4] BHATIA M, ZEMANS R L, JEYASEELAN S.
Role of chemokines in the pathogenesis of acute lung
injury[J]. Am J Respir Cell Mol Biol, 2012, 46(5):
566-572.

[5] SCOZZI D, LIAO F Y, KRUPNICK A S, et al. The
role of neutrophil extracellular traps in acute lung
injury[J]. Front Immunol, 2022, 13: 953195.

[6] MORAN G, UBERTI B, QUIROGA J. Role of
cellular metabolism in the formation of neutrophil
extracellular traps in airway diseases[J]. Front Immunol,
2022,13: 850416.

[7] LIU S, SU X L, PAN P H, et al. Neutrophil
extracellular  traps are indirectly  triggered by
lipopolysaccharide and contribute to acute lung injury[J].
Sci Rep, 2016, 6: 37252.

[8] WEI T C, ZHANG C P, SONG Y L. Molecular
mechanisms and roles of pyroptosis in acute lung
injury[ J]. Chin Med J,2022,135(20) : 2417-2426.

(9] Br Hw, % ¥, & W, % AMAETH S THLH K
FCAE G s th A AR LT ). op R SR A 9 2 2R s
2017,12(2):185-188.

[10]ZHAO Y, SHI J J, SHAO F. Inflammatory caspases:
activation and cleavage of gasdermin-D in witro and
during pyroptosis [J]. Methods Mol Biol, 2018, 1714
131-148.

[11]KANG J Y, XU M M, SUN Y, et al. Melatonin
attenuates LLPS-induced pyroptosis in acute lung injury
by inhibiting NLRP3-GSDMD pathway via activating
Nrf2/HO-1 signaling axis [J]. Int Immunopharmacol,
2022,109:108782.

[12] Ak 2, A peb, Z8 06 R, T IR BIORT DY 5 22 il 452475 /)N
FR A 20 20K R 7 -k BIG ME RS2 R [T ], DU v =, 2004,
22(7):16-18.

(13 XU . IR O P 2 2% 802 58 45 K U 7K i i 2
HRIERZmID]. 7N B BERR:, 2010.

[14] )8 5, 8 . mOR RO A 5 28 S0 P Il 450 45 K B
2R B2 Ry v s 20 R T B S e L)L YL g

M

i, 2017, 27(4): 278-281.

[15] B3, @ Fi. s IO i 2 28 8020 il 5 4 K R
R AR W [T/O0L]. A4 I IR B2 0 2% 75 (i 7
M), 2017, 11(4): 607-611.

(16 ] SR aREN . Vit R T8O B T 9055 90E 2 P Al 45 43 / 2 A I W

BEEEIERIERLEE D] 77 TN BE 2GR, 2011,

[17] A mi ¥, SRR, 2, 4. 5T W 4 25 B2 Fl 40 1
o 57 A A AR A o o i 40 200 B PR X2 Y
BLAILT]. b R B 253 0 5 e B, 2021, 21(7) -
780-787.

[18] CAVE C, SAMANO D, SHARMA A M, et al. Acute
respiratory distress syndrome: a review of ARDS across
the life course[J]. J Investig Med, 2024, 72(8):
798-818.

[19JHU D N, ZHANG R H, YAO S, et al. Cultured
human uveal melanocytes express/secrete CXCL1 and
CXCL2 increased by
lipopolysaccharide  wvia Toll-like
receptor 4[J]. Curr Eye Res,2021,46(11):1681-1694.

[20]SHEN X, HE L L, CAI W R. Role of

lipopolysaccharides in the inflammation and pyroptosis of

constitutively and

activation of

alveolar epithelial cells in acute lung injury and acute
respiratory distress syndrome[J]. J Inflamm Res, 2024,
17: 5855-5869.

[21]ZHANG M F, LIS P, YING J J, et al. Neutrophils: a
key component in ECMO-related acute organ injury[J].
Front Immunol, 2024, 15: 1432018.

[22] GERARD L, LECOCQ M, DETRY B, et al. Airway
epithelium
syndrome[ J]. Crit Care, 2024, 28(1): 350.

[23]ZONG X L, WANG X C, LIU Y R, et al

Comparative

damage in acute respiratory distress

analysis of compartment-specific

immunothrombotic biomarker profiles in bronchoalveolar

lavage fluid and serum of patients with pneumonia-

related acute respiratory distress syndrome: a
preliminary cross-sectional study [J]. J Investig Med,
2025, 73(1): 104-115.

[24] 80 ¥2 £, & W, EHIL, 55 A B I8 425 48
A 200 0 1 43 Ak R T RE R R S PR A5 LT ). R R

2R (BE2ERD) , 2025, 50(5) : 840-850.



