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#H OE:BH BAEZSENZAMEMIGG (acute lung injure, ALD /N EIT VEF LA NOD B 52 4k #8 [ 45838 3 (NOD-
like receptor family pyrin domain containing 3, NLRP3) /R KA E IR ANF-1 (cystein-asparate protease-1, Caspase-1) /JH
%% D (gasdermin D, GSDMD) FETZIEBEIIMIEIEH . 753% 60 RHENE C57BL/6 /ANRBENL A X HEZH . 84, Caspase-
1 M7 VX-765 (30 mg/kg) HFES KM, . mAE (100 20, 40 mg/kg) 4, &FH 10 H. BErBAHAMN, HaRHip
JEZ M (lipopolysaccharide, LPS, 15 mg/kg), 43T iEMAT 24 h FEAL 0.5 h J545 THE R VX-765 (30 mg/kg) T,

R 240 J5, RN B FE LE AVER A IR I s JRARER AR AL (HB) Ge il i 40 23 B4t 38 59 i T s W 4%
JilH 23 E AR A A 1 s ELISA v /1N B i ANy el b 4/ & -1 (interleukin-18, IL-1B). IL-6. IL-18.
IL-1o FHPIREIRFEE F--o (tumor necrosis factor-a, TNF-0) 7K*F; >R Western blotting £l i 28 NLRP3. 8 T-4H M BE i
FEER A (apoptosis-associated speck-like protein containing CARD, ASC). cleaved Caspase-1. pro Caspase-1. GSDMD-N LA &
GSDMD EHFik. AJ5 A YIM A M% THP-1 400000 100 nmol/L M Bis i 5 24 h, NHEEFREHL D AXTIRL . BRI

VX-765 (500 nmol/L) ML R, F. &HHE (3. 10, 30 umol/L) 41, BxHE44N, KA 1 pg/mLLPS X4 5 mmol/L
—WEFRIRHE (adenosine triphosphate, ATP) ¥ THP-1 4 /41 5 FERERY, 45 T RARE VX-765 T, KA CCK-8
VERC I ZHME J7; ELISA 35K BB IL-1B. IL-18 A1 IL-1a 7K°F; LDH RX7I& I b T AR A HE (lactate
dehydrogenase, LDH) & /75 H#f& % 6 PEAE NLRP3 #5E/IMAA BEAE IL; KAWL S H-V-PE (Annexin-V-PE) /7-ZF&0& B
# (7-aminoactinomycin, 7-AAD) RGN AT IEHL; Western blotting 48141 il NLRP3/Caspase-1/GSDMD i #5415
EERL, R ALUNRER S, SERALLE, VX-765 A% R AN RATIKTEE B SRR (P<0.01), HhZHHA
TV B RRIL (P<0.01), MiZHAR T EVRAN R VR AR TS BIZ MR, 138 R Be i+ IL-6. IL-1B+ TNF-a. IL-18. IL-
lo KFH B AR (P<<0.05. 0.01), AiliZHZd NLRP3. ASC. cleaved Caspase-1. pro Caspase-1. GSDMD-N LK GSDMD &
ARIEIKFH R ZE K (P<0.05. 0.01). fEAHAISRERY o, SR LLEL, VX-765 AT 240 THP-1 400 IL-1B8 IL-
18. IL-1o 7} WAE B 3 A% (P<<0.01), NLRP3/Caspase-1/GSDMD 3@ 6 HH 5% 25 [ 2232 7K F B & %K (P<<0.05. 0.01), NLRP3
RE/NMAH B RE B I H] (P<<0.05. 0.01), LDH B E K4IRAET-REERMK (P<0.01). &t S RBETMH
NLRP3/Caspase-1/GSDMD il ¥/ S IAHIEE T, MMk LPS F-SH/NR ALL
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Abstract: Objective To investigate the therapeutic effect of baicalein on acute lung injure (ALI) mice and its regulatory effect on
NOD-like receptor family pyrin domain containing 3 (NLRP3)/cysteine-aspartate protease-1 (Caspase-1)/gasdermin D (GSDMD)
pyroptosis pathway. Methods A total of 60 male C57BL/6 mice were randomly divided into control group, model group, Caspase-1
inhibitor (VX-765, 30 mg/kg), baicalein low-, medium- and high-dose (10, 20, 40 mg/kg) groups, with 10 mice in each group. Except
for the control group, mice in the other groups were ip lipopolysaccharide (LPS, 15 mg/kg) to establish a mouse model of ALI, baicalein
or VX-765 was given 24 h before and 0.5 h after modeling. The lung wet/dry weight ratio of mice was measured 24 h after LPS
administration to evaluate lung swelling; The hematoxylin-eosin (HE) staining was used to detect lung tissue pathological changes;
The injury of macrophages in lung tissue was observed by transmission electron microscopy (TEM); ELISA method was applied to
detect interleukin-1p (IL-1p), IL-6, IL-18, IL-1a and tumor necrosis factor-a. (TNF-a) levels in alveolar lavage fluid and serum of mice;
Protein expressions of NLRP3, apoptosis-associated speck-like protein containing CARD (ASC), cleaved Caspase-1, pro Caspase-1,
GSDMD-N, and GSDMD in lung tissue were determined by Western blotting. THP-1 cells were induced with 100 nmol/L phorbol
ester for 24 h. After adherence, cells were randomly divided into control group, model group, VX-765 (500 nmol/L) group and baicalein
low-, medium- and high-dose (3, 10, 30 umol/L) groups. Except for the control group, THP-1 cells were stimulated with 1 pg/mL LPS
combined with 5 mmol/L adenosine triphosphate (ATP) to replicate inflammatory model, baicalein or VX-765 was given for
intervention, CCK-8 method was applied to determine the cell ability; IL-1p, IL-18, and IL-1a levels in supernatant were detected by
ELISA; The lactate dehydrogenase (LDH) kit was used to measure LDH activity; The assembly of NLRP3 inflammasome was
evaluated by immunofluorescence; Annexin V-PE/7-aminoactinomycin (7-AAD) kit was used to evaluate the cell pyroptosis; The
expressions of NLRP3/Caspase-1/GSDMD pathway protein were detected by Western blotting. Results In ALI mice model,
compared with model group, lung swelling of mice in VX-765 group and baicalein group weas significantly attenuated (P < 0.01), lung
injure score was decreased (P < 0.01), inflammatory changes of macrophages in lung tissue were alleviated, levels of IL-6, IL-1p,
TNF-a, IL-18 and IL-10 in serum and bronchoalveolar lavage fluid were significantly decreased (P <0.05,0.01), NLRP3, ASC, cleaved
Caspase-1, pro Caspase-1, GSDMD-N, and GSDMD protein expressions in lung tissues were decreased (P < 0.05, 0.01). In cell
inflammatory model, compared with model group, IL-1pB, IL-18 and IL-1a secretions of THP-1 cells in VX-765 group and baicalein
group were significantly decreased (P < 0.01), the expressions of NLRP3/Caspase-1/GSDMD pathway related proteins were obviously
decreased (P < 0.05, 0.01), NLRP3 inflammasome assembly was inhibited (P < 0.05, 0.01), LDH release and pyroptosis rate were
significantly decreased (P < 0.01). Conclusion Baicalein can improve LPS-induced ALI in mice by inhibiting NLRP3/Caspase-
1/GSDMD pathway-mediated pyroptosis.

Key words: baicalein; acute lung injury; lipopolysaccharide; NLRP3/Caspase-1/GSDMD pathway; pyroptosis
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inducible factor-la, HIF-l1a) /I8 W JZ 2B KK F
(vascular endothelial growth factor, VEGF) {551#
S 1) 288 IR P 51 488 K B RORE S L S A IfL A
A REAEN2, SR, AR ARG IE I 45 NLRP3/
Caspase-1/GSDMD PR L LPS 175 51 40E SV
AIALL AT AT, PR, ASH 9T 3 EAR FU s 5 30t
JHeFERE /N B ALT FSEMa S HoAE AL o

1 #H
1.1 =)

SPF 2t CS7TBL/6 /NER 60 R, 7~8 JH#E,
R (20+5) g, WAL R AR
BIRAF, sPVFATES SCXK (5 2019-0008.
YT 12h BRZBHIE T IENERTE 1. 3
SIS 28 A H R 25 R AR 5 A 2 D s it
(HtHES 2022-79)

1.2 4HREEHR

VB BARZ A M A I THP-1 40 . /N R B
ik RAW264.7 40 B OS2 A dr B A R 2
Al, FEHCEE 3~10 A T 545550 .

1.3 @5

AR (R H=98%, fit'5 MUST-21101117)
B R 2 B EYRECA IR A A s LPS (k5
L4391-IMG). —H FEEHL (dimethyl sulfoxide ,
DMSO, {it'5 RNBF8134) ¥ H [ Sigma 2
s (phorbol ester, PMA, iS5 514v021). =fi
TR (adenosine triphosphate, ATP, #t'5 530S021)
WHIAEERZEXERBEAER LA PBS (k5
GA22090352838). HLEEMIE (k'S CR2203215)
) eI IR AR A FR A W] s THP-1 44 H
RPMI 1640 £57%3E (L5 WH1623N271). RAW264.7
YA F b DMEM R 7dE (k'S WHAA23N141)
T B P 28 ARy B A PR A R s NLRP3 .
Caspase-1. cleaved Caspase-1. GSDMD. HMGBI 3t
& (50514 15101, 83383S. 67314S. 464518S.
6893) IYHZEE CST ~rl; T AHCHIBE R E N

( apoptosis-associated speck-like protein containing

CARD, ASC) #ifk (b5 sc-365611) I [ 32 [E Santa
Cruz Biotechnology 2 ] : 3- 7 B& H i % i &0
(glyceraldehyde-3-phosphate dehydrogenase, GAPDH)
Pk Git'S BB12287199). 1LEHif IgG —Ht (b5
BA12163708) W H b AR MR R A ]
Alexa Fluor 488 #ric L Edi 1gG —Hi (5
A0423). Alexa Fluor 555 FricIgrHi/MR 1gG —¥t
(Ik'5 A0460). FLEZMEN (lactate dehydrogenase,
LDH) #M5F& (IS Ccool6) WH Bz = R4
YIHARBRAF; Caspase-1 #1l]57] Belnacasan (VX-
765, #t*5 S2228) WAHFEE Selleck A F]; B AR
#151 PMSF (fIt'5 17E10A92). RIPA 2 (L5
17K17B05). CCK-8 ikl & (k5 17K16B60) ) H
O LAY TRER AR IL-18. IL-6+ IL-1a.
1L-18 8 XA AL A F--a. (tumor necrosis factor-o, TNE-
o) ELISA iX#& (#5748 PA1064X87935.
PAOSL02H1995. PA02FDR00461. PAO9FR8B5902.
PA0684VL9962) 1 H IR SFiAF E IR A PR A
H; JBEEEER [9-V-PE (Annexin-V-PE) /7-Z 302k i %
(7-aminoactinomycin, 7-AAD) 2 TR &
(Hik'5 CO8A090)TY H Fifg 5% WME VIR A PR A F]
1.4 {58

SpectraMaxR iD5 8 49 K £ T e A (35
EBD TS HRATD; CLM-170B-8-NF Ak 3%
5 CGHIIN3 ESCO A#]); SP8SR STED ZU i i 43 7%
BOGIE R B M (HEH Leica A #)); JEM-1400 Y
FLASH &4 i1 B (TEM, HA JEOL A #]);
1384 RAH:W)22 445 (3£ [E Thermo Fisher Scientific
ANF]D); AE2000 B E BREE (Motic BEADA R 2
#]); Mini PROTEAN 7 2 [ H KX « Mini Trans-Blot
EAH®KE RS (FE Bio-Rad A # ); UVP
ChemStudio £ I REREAX (B Jena A F]); Milli-
Q Plus M2 /K (£ E Millipore A ] );
FACSCanto I A (3£EH BD AF]); SK-
0180-S T 5 B F IR (B3 FIyEA B A PR A 7)o
2 ik
2.1 {RHEELE
2.1.1 . ERE5%Y K 60 HAEME C57BL/6
ANBRUERLPEMRTE | J 5, BENL T AR A2 YA
VX-765 (30 mg/kg) A FAL. F1. miiflE (104
20. 40mg/kg) 41, FFH 10 . S8 CEk 7RIy
2 ALL /NS, Bry B2 41, HA %4 ip LPS (15
mg/kg), HERZH R TIERHT 24 h FIERL 0.5 h
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J& ip A VX-765, 1R 24 h S H/N R
IR il 2H 23 R il v B e v

2.1.2 JHHZURHEE LSS R 4 RN i
HT 4% Z RTBE T EE, Bk EY . AR,
FIGHLT N, VK RE 3~5um, HEATHARE-H7
4L (HE) Bt B, T RME N gdgm
HEEARY,  FEATIREL T VR4

2.1.3  JBRAK BEVEAY B “2.1.27 TR &4/ R
i, ARFEKIERE, EREAEE T K, A
JERRE R EIFFRC AR E. FEEET 65 CHUAEN
24 h B I ic i, iHEmE TR E L.
2.1.4 TEM WSS DUt 2,
HAAF 2mmX 2 mm K/, FHEEEEHNZER
€ 2 h, FEHE 1%HERH 0.1 mol/L BERRZE il
(pH 7.4) fE=iE FEE 2 h, 0.1 mol/L BERRZE MR
(pH 7.4) BEH: 3 ¥k, K 15 min, RJ5 DARRE IR
HEATHK, Epon812 BB, KA H L
% 60~90 nm EHEH Y, DAMETGLEIE R, i
JEET TEM FM%, RERBIFIT.

2.1.5 ELISA A& MG i@ ELemh 1L-1B.
IL-6. IL-18. IL-la F1 TNF-a /KF /N EUIILVREEAH
EHE2h 5, 4 C. 4000 r/min 20> 10 min, WHL
R o $ERESCHER VRS /N BRI, S
O AR B3 o 4 IR G B A5 I i LT iy
Y IL-18 TL-64 IL-18. IL-lo £ TNF-a 7K.
2.1.6 Western blotting ARl 2H ZAH 5C £ IR IA
P R S H IR TSI S 2R, BT
100 mg 5 1 mL RIPA 2R 5, FIN 10 pL PMSF
TRAIHERE, B0 HLHIEW, R BCA VENE B HK
B, VREEER HRE I BRI, N ER G
AR o G T b B R A5 A I M B R FLK
WM, B TBST Yeli)E, 40mlin A NLRP3. pro
Caspase-1. cleaved Caspase-1. ASC. GSDMD $if#k,
4 CHFEIER, TBST ¥ 3 X, K 10 min. JIA
TP, EIEFERRME 2 h, TBST Wik 3 Ik, HBHX
10min. ECL 2508, KA ImageJ 1.8.0 FAt4>
#1. LA GAPDH NNZ, THHE HRIEEAMENRIAE.
2.2 RShSELE

221 ZMuiEFEE A THP-1 41 F RPMI 1640
B, T 37 C. 5%CO, B4 5 9%, HUREL
A K YE AT 5256 . THP-1 40T 96 FLIR
% 6 FLAH, I 100 nmol/L PMA %55 24 h, N
B Je BEAL > nt A A4 VX-765 (500 nmol/L)

HMBFEXZAL P &ifE (3. 105 30 pmol/L) 4.
Brxt R A, HARZHMA LPS (1 ug/mL) FiAb#
3h; BHEAHEADHMAMBZYE 3h G, B
TR AN 320 55 hiN 5 mmol/L ATP 42514 45 min.
2.2.2 CCK-8 LM E4HMIE 7] THP-1 4 fadefp T
96 LA, M 100 nmol/L PMA 55 24 h, Nk
JE AN 0+ 1. 104 304 50 100+ 200 pmol/L ]
WA 24 h, HIRE AL S AT
HfL. SALEH AL, A 10 pL CCK-8
WAk EERE TR 1.5 h, RAEEAR O E % FLAE 450 nm
WEIRERE (4D E, TSR,
AHHIAFIE R = (A s — A 2)/(A s— A 261)
2.2.3 ELISA &l BiEw+ IL-18. 1L-18 Al IL-
lo K 4% “2.2.17 TR J7iEHEAT 90 40 b 3, IR
SR LHANM W, BT Sl B 15 5E TL-1B-
IL-18 Al IL-1a 7K°F-o
2.2.4 Western blotting A& THP-1 40 fiAH < 2 (A
RiIE 4% “2217 TR ERAT A H AR R, Ui
YHMd, N RIPA it H, KA BCA HH
ERRAENEEIRE, BEAERE T i
FREN-SE TR A Tt e e I ik, 7% %2 PVDF JBE, T 5%
Mg A E AR EE, 40 NLRP3 . pro
Caspase-1. cleaved Caspase-1. ASC. GSDMD .
HMGB-1 §itfk, 4 CHELR: IMAZHl, =R
H 2 h, IINERECL b2 ROGIRA, TR A
IR R
2.2.5 RIEREIEWE NLRP3 #E /M2
THP-1 40 BA 4 X 10°/mL BFh T3/ I, A
100 nmol/L PMA %5 24 h, WHEEJSBEHL /> Axt
. BRI, VX-765 (500 nmol/L) A% K E
7& (30 umol/L) #H. % “2.2.17 Wi RN J5ikabE,
FH PBS i&¥E 3 Wk, I 2.5%) [ e 4, 4 )
B F NLRP3 %4t ASC R#¥T. pro Caspase-1 %7
Pt ASC BRILH 5%FMiEAEH, 4 CHELR;
JNN Alexa Fluor 488 #ritfIL2Edite 1gG —HiEk
Alexa Fluor 555 #ric FI9PPT/MR 1gG —Pt, =R
H 2h, [T DAPI Joth, e RO R A B
G =SIS sl
2.2.6  Annexin-V/7-AAD & Wl 40 A £ 1
RAW264.7 ZHf LA 8 X 105/mL /- + 6 LAk,
BE 12 h JGBENL D Nt IR, AAYZH . VX-765 (500
nmol/L) FIFE AKX 1« =77 & (3. 10+ 30 pmol/L)
Ho KL AMANANZPHAEEE 1 h 5, B
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SRS, HAKAIIA LPS (500ng/mL) 4bFE 12h,
HH I 5 mmol/L ATP Zk£EHI 45 min. e fi
F Annexin-V/7-AAD {5 & 44, R H 40
AC ML
2.2.7 LDH BEN  THP-1 4if#fT 96 fL
B, N 100 nmol/L PMA i 5 24 h, WiEE 5%
“Q2.17IU R T iEIEAT 4 4 R RO R, WACHE A RS R
400X g B0 Smin, B EIEWR, H4E LDH il {7
S UL e LDH Bl .
2.3 FItFES

SKH SPSS 20.0 #AFIATEAE AT, SEESEAE
PAX £sEn, ZABLBCRARRET Z 56, 4
[F) 6 1 L BER T ¢ R
3 %R
3.1 FZEEX AL /R AHB L5580

WK 1-A fion, SXTRRA e, AR/ B
HAMR TR ELEE S (P<0.01); HEAA
ELAL, VX-765 AT a7 & M+ 5T &
PR E K (P<0.01). WIE 1-B Fraw, XFHEZH /N
UL S B TR 58, IiaaEss
T, AR R R RO B A /N SR 2 2 il
TORERR, s A Bk, fh R PR &
IRELAR IR, A L B K b s s 5
TR LA, VX-765 2RI 55 2 i 7 B 4 i 2H 4R 45

o
N

Jils 2 ZR395F
5]

A A VX- 1020 40
765 #%F/mgkg")

Jifi 549 B 4
S NV~ O

M B VX HEH 40mgkg!
765 X

A-FAZGR TR B-AWASUREA L (X200, BHiFR REAIRRIARE, kIR, BEHLERM AR D

PR, AFERTK . IR B, Ak
YHHZ D o A, HXTRRA LR, B A i ZH
ARG VR BT (P<<0.01, K 1-C); SR
P, Hen A MH SR Y R ERIK (P<
0.01). KH TEM M %L &2H /N UM 2H 2B 544,
WK 1-D fioR, SxiRgibbis, AR H SN E
Wik 24 e B A B S e JHG , REL T P o P A 5K R IR
STt FE L PR 2 s SRR A A BB, VX765 4LRTEE %S
AR H R R, R T P XA R
B, HPESREFEALEAENE. Mg
KRR BEE R R LPS 5 31/ R4,
EOLFE VRIS el 5 1 240 PR 9 v LA % B L i 2
2 B M AR R AR A
32 BERX ALI PMRIEFELRP IR T
7K RO 20

WK 2 Fros, S b, ARG/ R i
Ay E S IL-64 IL-1B TNF-o.. IL-18. IL-1a
KB RETE (P<0.01); SEMY I, VX-765
H R HEE R s @R/ R IL-18 TNF-
o IL-18 Fiy#ELE TNF-0. IL-18. IL-1a 7K°F
IR ZRK (P<<0.01), VX-765 A S &b, &
FIEAL /NG TL-6. IL-lo FOBHIVESEIR IL-6+
IL-1B /KT B FFIE (P<0.01), HIEXRIEMALE
FIRLAH R o

 EVE o
b/ ; i 5&\ " 2 Il‘sy } / 7
j 1 E AN o9 L gt )01
O TN O, TR PRy BRI

VX-765

TS 40 mg-kg!

R VX-765

C-Hifif5it

Iy D-MEHAUEMETH (X25000, SEHSLIORAMBNER, DHESSRARARIAK, BEOREEA BRI, gEskforam 5

SRS #P<0.01: SERILILLH: "P<0.05 “P<0.01, FEM
B-pathological changes of lung tissue (x 200, yellow arrow indicates inflammatory cells infiltration and aggregation,

A-lung tissue wet/dry weight

green arrow indicates hemorrhage and black arrow indicates lymphocyte infiltration) C-lung injury score D-ultrastructure of lung tissue (x 25 000,
yellow arrows indicate membrane disruption, red arrows indicate mitochondrial swelling, orange arrows indicate dilation of the rough endoplasmic

reticulum, and green arrow indicates autophagy) *P <0.01 vs control group; "P <0.05 **P <0.01 vs model group, same as below figures

1 BEZEI ALIMRABLENZIE (Xts,n=4)
Fig. 1 Effect of baicalein on lung tissue injury in ALI mice (X +s,n=4)
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A 50
~ 80 " ~ % » 20 " 1500 _ v
3 2 0 " 7 200 £ h o 40
& & = E 150 o g 1000 g 3 o
< 40 T e 240 ** & ) o B
3 . ** o < 100 & 3 20 -
£ 2 & 20 = g 00 »* 0 »x
= = & 50 o & 10
AR B VX- 1020 40 AR BUH VX- 1020 40 FB BT VX- 1020 40 AR K VX- 1020 40 HE B VX- 1020 40
765 #% % mgkg ) 765 #5F(meke) 765 B E/mgkg") 765 %% mgkg ) 765 3% Rl(mgkg™)
B 60 607 # 807 15007 607 #
2] # A 2 .. g g
*k sk
E 40 o E 40 o EO ** g 1000 o E 40 -
= T @ ** S 4 = = & **
3 =4 = 3 3
? 20 2 20 . > 500 )
Z 0 =2 20 = 0
Z s s
0 0 0

X BA VX- 1020 40
765 F%Fi(mgkg ")

AT B VX- 1020 40
765 % Fi(mgkg )

AHE B VX- 1020 40
765 % Fi(mgkg )

AHE B VX- 1020 40
765 #%Fi(mgkg")

AHE B VX- 1020 40
765 #%F/(mgkg")

2 WEES ALINRIE (A) FFEERR B) & IL-6. IL-1p. TNF-0. IL-18, IL-la /KFEHIEM (X +s,n=4)
Fig. 2 Effect of baicalein on IL-6, IL-1B, TNF-0, IL-18, IL-1a levels in serum (A) and bronchoalveolar lavage fluid (B) of ALI
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