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M OE L TRN SIS RSN A L S5 R SR SRR A 35 F 1 T (arctigenin, ARG ) X i Z 4 (lipopolysaccha-
ride, LPS ) ji% & 3/ R 2 PR I8 455 ( acute lung injury , ALT) #850 K LPS 355: NP-69 ZHjl 451 47 v i) (R 47V I B2 ALl o R
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ZEH G RAEA , RT-PCR 24510 ZO-1 . A B-B5 11 Z 3 (human beta-defensin 3, HBD3) | 141 Z 22 24K 3 al (inter-
leukin-22 receptor subunit alpha-1,1L-22Ral) | Janus i 1 ( Janus kinase 1,JAK1) | % % 2 J#4 fiF 2 ( tyrosine kinase 2,
Tyk2) 5545 F%E 15005 K F 1 (signal transducer and activator of transcription 1,STAT1) mRNA (1) 57K 3, West-
ern blot {4 ZO-1 . HBD3 IL-22Ral JAKI .p-JAK1 Tyk2 STAT1 ,p-STATI {75 [ 32K 1500 ; 23 F R34 R TN ARG
SHHEAMNSAES . SR BR, ARG AT i F I LPS 375 5 09 /N B ALLASERY itk B Rsps BB , PR ARG 46 i [H
I JRE PR AL A F--o ( tumor necrosis factor-a, TNF-a) | [ 40 i /- -6 (interleukin-6 , IL-6 ) 1 [ £l i /1~ Z -18 (interleukin-13,
IL-18) 7K, B/ RELFAR Occludin ZO-1 (R 335, RT-PCR 5 7R, ARG ZbPEJ5 , LPS PSR S I K B
FEm NS # ks . 7EVLEI E, ARG T Z0-1 HBD3 IL-22Ral \JAK1 1 TYK2 A9 mRNA ik, Fi# Z20-1 .HBD3 . IL-
22Ral \JAKI ,p-JAKI1 ,p-STATI Tyk2 Y 25 [ FR3A K F-o 43 F XL L H R W, ARG (916 2% i 43 % TNF-a, JAKT il
STATI B AT RAFRIREAN S o DL LSS RAEW], ARG AT LLid i sl S AE , fle E S B b ple o WA 52, ol S P il 45 £ ,
HLE 5% TL-22/JAKL/STATI {5 538 B A 5
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Arctigenin alleviates acute lung injury by inhibiting the inflammation
reaction and repairing the nasal epithelial barrier

ZHU Zi-mo' ,CUI Bai-mei' ,NIE Fa-long' ,XIAO Chun®* LI Xiu-fang'*
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Abstract ; The effects of arctigenin (ARG) in acute lung injury (ALI) were investigated based on animal experiments in vi-
vo ,cell experiments in vitro,and molecular docking. The model of ALI in mice and NP-69 cell injury induced by lipopolysac-
charide (LPS) were used. Western blot was used to detect the protein expression of Occludin and zonula occludens-1 (Z0-1)
in the nasal mucosa of mice after nasal injury induced by LPS. The levels of inflammatory factors in the mouse alveolar lavage
fluid were detected by ELISA. The wet/dry mass ratio of mouse lung tissue was measured to evaluate the degree of pulmonary
edema. Lung histopathological changes in mice were observed by HE staining. The inflammatory injury model of NP-69 cells
induced by LPS was used to detect the content of inflammatory factors in the cell supernatant to investigate the anti-inflamma-
tory effects of ARG. The mRNA expression levels of ZO-1,human beta-defensin 3 (HBD3) , interleukin-22 receptor subunit
alpha-1 (IL-22Ral ) ,Janus kinase 1 (JAKI) ,tyrosine kinase 2 (Tyk2) ,and signal transducer and activator of transcription
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1 (STAT1) were determined by RT-PCR. The protein expression of ZO-1,HBD3,1L-22Ral, JAK1, p-JAKI, JAKI, Tyk2,
STAT1 and p-STAT1 were detected by Western blot. Molecular docking techniques were used to predict the binding ability of

ARG with related target proteins. The results showed that ARG significantly reduced the pulmonary edema and pathological

changes in mice,reduced the levels of tumor necrosis factor-a (TNF-«) , interleukin-6 (IL-6) and interleukin-18 (IL-18),

and upregulated the protein expression of Occludin and ZO-1 in the mouse nasal mucosa. RT-PCR results showed that the epi-

thelial barrier disrupted by LPS was alleviated after ARG treatment in vitro. Mechanistically, ARG upregulated the mRNA ex-
pression of ZO-1,HBD3,1L-22Ral ,JAK1,and TYK2,identically upregulated the protein expression levels of ZO-1,HBD3,IL-
22Ral ,JAKI1,p-JAKI, p-STAT1, and Tyk2. Molecular docking experiments showed that ARG has good affinity with TNF-a,
JAK1 ,and STAT1. The above results indicate that ARG could alleviate acute lung injury by reducing inflammation,and promo-

ting nasal mucosal epithelial barrier repair. Its mechanism is related to the activation of 1L-22/JAK1/STAT1 signaling pathway.

Key words: acute lung injury; arctigenin ;nasal epithelial barrier;molecular mechanism
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L1.1 sE83hih

Mk KM /NER,40 H AR 18 ~20 g, W T 5
HRIRA S 5 B ) A R 2 W), VR ATIE S SCXK (1))
2020-030, h ¥y 1A F% 7E I EE (25 £ 2)°C RN
55% ~65% JEHEAEH (12 h/12 h) 358, ABFoEHE
HR 22 g P B8 2 K2 S S WA BRZE 51 23 148 5 7 5
BT o AW TT R G = B 2 R MU S 56 3 )
1RFRZE Lot i, # A g5 oy R0820183034
1.1.2 =% XA

BT | Bz 41 (NP-69 4 il 2 ) (b4 5Bk 4
P AR A R ), 5745-:49415) ; RPMI1640 % 57 A
(41t*5:2103012 , Bimake 22 1]) ;5% JiG 4R 1L i (445
1601001 , Thermo /A %)) 5100 U/mL 75 55 X558 & W
PO (LS. 1744939, Gibeo 23 7)) 3 K 2R ( Argi-
nine, $it-5 : LV10773 , Jb 5 A R BRHLA R AR 5 15
Z 4 (lipopolysaccharide, LPS) (it %5 0000155607 ,
SIGMA 2\F]) ; 988 3R 78 K F-a ( tumor necrosis fac-
tor-ae, TNF-a) . 44 -6 (interleukin-6 , IL-6 ) F1 [ 4}
% -18(interleukin-18, IL-18) i 7 & (4t 5 45 5 K -
20210105 ,20210105 20210105, 75 7 @ A 9 T 7%
WFFEHT) 5 — A AL A (nitric oxide, NO ) K 1 32057 &
(b5 : No. 20210727, b 3t KK ERHE AR A A ) 5
L RNA i 4237 ( TRIZOL) (%5 15596018 ) |
RNA 30 Sl ) & (45 : k1622, Thermo 24 ] ) ; Q-
PCR K357 £ (531598800, Roche 24 ) ; 4]
/N 2K -1 ( zonula occludens-1, ZO-1) $i 44 (it
5:21773-1-AP) (M5 8 H ( Occludin ) HT & (H#L5
00081829) . 1i% % 1% 184 i 2 ( recombinant tyrosine ki-
nase 2, Tyk2) LR (41t 5 : 10015957 ) {5 5 5% T Fif
SIS 1 (signal transducer and activator of tran-
scription 1,STATI) Hi4& (£S5 : 10005400 ) | Janus %
fif 1 (Janus Kinase 1,JAK1) HTiA (L5 10004856 )
FATZ 22 Z KT % al (interleukin-22 receptor sub-
unit alpha-1,1L-22Ral ) 47044 (#£%5-:00045040) .B-flL
FhEE [ (beta-actin) (it 5-: 10021787 ) . Mouse Ji —
Pt Rabbit J§ = Hu (#t 5 43 5l 2. 20000374
00116609) ( Proteintech /A #]) ; A B-BiffHI 2 3 (human
beta-Defensin 3, HBD3 ) i {4 (it 5 : GR3207641-3 ) |
p-STATI $i H (45 : CR32839304) . p-JAKI $i fk
(#1t5 : GR3381990-1) (Abcam A H]) .

1.2 F7i&
12,1 Z MM, AR 2 5

B /N BEML >R T2 < 1EH 4H ( control , Con ) (&
HIZH ( model, Mod ) . Hit ZE K # 2H ( dexamethasone,
Dex) . ARG i 7] £ 41 ( ARG low dose, ARG-L) FlI
ARG & 575 2H (ARG high dose, ARG-H) , 554 8 H
NER AR BT ORI FE RN WK s i 22 P 5
VB (INA T-43 2 — DMSO B ) . TEMRTES £ R
25K 12 h, B R A8 5 PBS(20 pl/20 g) 5%
H HbFERFNZH AR 32 11 oIk L R i A 1 TR
2 mg/kg LPS(20 pnl/20 g),1 /d, %L E 3 d,
ARG-L 201 ARG-H 20 /)Nl B K S 45 5 6 h
SEE 457 50 100 mg/kg ARG, Dex 413 H 44T 2
mg/kg Dex, Con 2 F1 Mod HHEE AT HIRFLZEIR
KB H/INRAERR G 255 24 h RIS e
B R BRI AL L, B R R R 4 2
1.2.2 MR/ FRER

FRIUINERZE [T SR o, il A 80 °C 4%
FEMERE 72 h Wk S IEE S PRICT 8, T3 L
THE L = WH/ T, KRR
1.2.3 HE #¢&

NS R0, 10% 22 5 W [ 48 h, ik
EW AEIE Y R, U R IR AR Fl 2L e £,
TEOG AR T WSS B 21 o AR
1.2.4 e 3L A8 MR kit P KA 69 KR

I 2H 208 Y 3 WK, W AR SR I U EE Uk TR
(bronchoalveolar lavage fluid, BALF) ,4 °C L 3 000 r/
min Z5.0 10 min, B3, 4% #8 ELISA 370 G5t 45
TR REE Ve TNF-o IL-6 F1 IL-18 B7K -,
1.2.5 Western blot x4 M /s R 2 %52 Occludin,
70-1 8% & Rk KF

HUEFE A 21, i A RIPA 5 24 i Y AN 25 Bl
R A3, vk 2% 30 min, B0 B, R
BCA 7 iE17 % &, SDS-PAGE  HL ik J5 i 7% 1 e s
B 2 PVDF B, 5% AR W5k 2 A 1 ~ 2
h, im A B #5 —#t (Occludin , Z0-1) 4 C ¢ F L 4%,
TBST $eA% 3 U, In AAHN, HRP FRic i) 40 =
B 2 h, i ECL &b, W52, HHAMN 1 NSEN
XF B ORAF RS B, T Tmage J #E4T K BE53HT
1.2.6  p3E e sl 22

5275 NP-69 4iififg, Yk H 458 5 55 k. 4y
BT 37 C 5% CO, BiFRMmEEs., FEFHooM

B2, FHAN S8 A B R s ik 22 P s e J3E 2ot B BR TR
OB K0T 40 i, V4 4 41 i 25 5 4 % 107 A4~/
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mL, S50 20 AL 15 R 1E H 2H (Con ) (BEAYZE (Mod ) L4
FEFIICA (ARG) o AT 6 FLEF IR,
RKig® 24 h, 55 2 d In AR & I3 9 85 R 5Lk b B
24 h, %3 d AR I[RVE BE B ARG (0. 01.0. 1.1
wmol/L) T4 BRAAMI 24 h, %54 d A 1 pg/mL LPS
AN 24 h,
1.2.7 A& K IE A B Fe 2w e B 5 69 K -F
FEUA 2H 200 B S e BRNO 328300 0308 B AG: 00 4 i
VR NO & i, ELISA yE A 40 il | ig W rh
TNF-o 116 1 1L-18 By &
1.2.8 RT-PCR %4 ZO-1 HBD3 »& & IL-22/
JAK1/STATI 455 i ¥4 48 % JA I &9 mRNA &k
SRS 2 20 B )5 45 ] TRIZol 071 42 HUEL RNA,
RT-PCR #ll] IL-22Ral .ZO-1 (HBD3 ,Tyk2 .JAK1 7
STAT1 mRNA Fik7K o A LA 3 306 B % 14 i
1£:95 CHiZ5 4 15 min;95 C A5 10 .60 C K k
30 s, HER 45 %395 °C 60 $;55 C 30 s, Fy—AJH
., LA B-actin KNS, FH 274 Y GE 24 05 k0
mRNA AN R . R ITEWNT :AC = Cir(H
(IEE ) — Ci( B-actin) ;AACt = ACt( REFRFEAS ) -ACt
(XFREFEAS) o PRSI F5 R 1,

xz1 s|9FE5
Table 1  Primer sequences
A SIHFHI(5'—3") KE
Gene Primer sequence(5'—3") Length(bp)

F.TGTGCCGAGTGAAGACACTG
L22Ral o GGTGACATATCTGTAGCTCAGG 120

F:CAACATACAGTGACGCTTCACA
R:CACTATTGACGTTTCCCCACTC
HBD3 F. CTTCCTGTTTTTCGTGCS]TGT 128
R:TGCCGATCTGTTCCTCCTTTG
F:GAACCGGCTGTGTACCGTT
R:ACGTCATTCACAAACTCATGCTT
F:TCAGTGTGGCGTCATTCTCC

JAKI R:CAGTGAGCTGGCATCAAGGA 137

STATI F:ATCAGGCTCAGTCGGGGAATA 136
R:TGGTCTCGTGTTCTCTGTTCT

70-1 105

TYK2 128

1.2.9 Western blot 3% #m| Z0-1,HBD3 ¥4 % IL-
22/JAK1/STATI1 4% 5 i@ %48 £ & & &k K-F

AR AN, WX VB W, PBS E T 2 IR, B
FLAA 100 WL 2R M8 0 (5 25 1l R0 7R 1 400
) o UK 240 5 min, YSCAE A0 M 2L, B0 B
T, K BCA 47 %€ &, SDS-PAGE HLTK 5 H1
¥ F % PVDF I, 5% NG Wik 2 I B 1 ~2 h,
AE bR —$t Z0-1 (1:2 000) ; IL-22Ral (1: 500) ;

JAK1(1:500) ;STAT1(1:500) ; HBD3(1:500) ; Tyk2
(1:500) ;p-STAT1(1:500) ;p-JAKI (1:500) ;B-actin
(1:1000)4 CHF A i R E % il & AFWFF 2 h, TBST
VEME 3 U, in AAH I HRP FRiC i 4t (1:5 000) %
HEIEE 1 ~2 h,iin ECL &%, B2, B AN K
ZAEIX I AT B2 R, ] Tmage J J#E4T IR EE
I3HT
1.2.10 5-F 24

FIFH I3 FRHEEOR 1 ARG 5 7] G B9 #E 8 1
JAKI ,STATL Hl TNF-a Z[H] {9 fE 255 RE ST o il
TCMSP %4k e 4% H i 25 Bk 24 3% 1 1 ST i 1k 2 25
F, PRAE R mol2 A% S5 il ik PDB K 4fs 12 $1 IR
HAZ -T2 550, DR AFE R pdb s S0k
] Pymol 4% $8 0 8 F1 42 IRUBTRC AR L 250K,
A, 4 AutoDock tools ¥ 7K [ BCARFI /N 1L &
Yy Or 47 S PDBQT (14 4% 2 45 o %) 42 B 48 4 1
AutoDock 1.5.6 HEAT, 45 HAdi ] Pymol 1.7. x F£IR,
12,11 B HEadr

K HI SPSS 26. 0 GEit bt 47 0 Ao St
KRR Ty 2200 B i AT I . Jr 2255 R H LSD
A, 77 22 1Y 5 B R ] Tamhane YEAG5, P <
0.05 hERAGIFE XL,
2 R
2.1 BHE/FREL

SIER AL, LPS jig SRS /) B 2H 208/
TRREILEE ETH(P <0.01), 5ERIAAH I,
YRR AR 3R T T R 2 b FE KA A /N BRI 20
208/ T H EHW B TFE(P <0.01) (WE2),

w
1

Jifi 9./ o £ b
Lung wet/dry ratio

v &
vag_oo

CPQ é\ob
b2

2 ARG xf LPS i BU/NRAHA LR/ FRE L ER R0
Fig. 2 Effect of ARG on the wet/dry weight ratio of lung tissue
of mice treated with LPS by intranasal administration
FE:HIERAE, P <0.05,7 " P <0.01; SR HE,"P
<0.05,"P <0.01, F[Fl., Note: Compared with Con,* P <

0.05,** P <0.01;Compared with Mod,*P <0.05,*P <0.01,

the same below.
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2.2 HE B4R MR LLA B, BonE — W RIEM i, F35
1EH AL/ BRI I 25 F4 58 3%, o DL I 8 RE R FAFIC M ZERNNLS 255 /)N BUITZEL 248 S0 240 e 32 11 ik
LPS i S R 2H /N U2 R Rl R P kgl /b AR RAERI I A — e R (LR 3)

3 BHEMNRAELR HE £ EEER( x200)
Fig. 3 HE staining results of Lung tissue in each group of mice( x200)

2.3 BALF ffE EFHIKE <0.01) ; SRR AL, 43 FH oo E 24 . it
S5IER AR L, LPS J% S e A R /NI ZERAN 45 25 )5 Y BEFRAIR TNF-o 1L-6 | 1L-18 (K] 7K
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B4 ARG 3F LPS i 2 /MR AHE BALF 38 5E B FHIR N
Fig. 4 The effect of ARG on the inflammatory cytokines in BALF of mice treated with LPS by intranasal administration

2.4 INREFEEE Occludin Z0-1 B FRIEKE Jifl I %% W NO | TNF-a, IL-6  IL-18 7K -8 & I 7+
HIER ARG, LPS i Sl U A4S (P <0.01) . SEBIAAHLL, 435 FH 0 (1 wmol/

B Occludin . Z0-1 2 1R IAKFWI B FRE(P < L) #4488 F # NO 1 TNF-a . IL-6 /K F-(P <0.05,P

0.01) ; SEAUAA EL , 435 FH oo s KGR 4 b <0.01), 4235 FHIC (0. 1 wmol/L) BEF ¥ NO Al

FERMNUH 245 25 5 /Bl Occludin 25 (1R AHE BT TNF-a l9& (P <0.05,P<0.01) (LA 6),

(P <0.05,P <0.01), 435 F it ks 2.6 ZO-1,HBD3 R IL-22/JAK1/STATI {5 Si@

HAZHE/INR 20-1 BB FEHE FFH(P <0.01) EEHE R EE mRNA FikKF

(WES5), 5 IEH 41 te, LPS Hi 3 NP-69 4fi il 24 h J5

2.5 NP-69 Zipf_EiER A NO FIRELAREE FkF 70-1 \HBD3 . JAK1 mRNA ik /KW WK (P <
5IE% 4IAH L, LPS #il3% NP-69 4iff 24 h J541  0.05,P <0.01) ,STATI mRNA % ik 7K 5 B9 & F+ &5
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Fig. 5 The effect of ARG on the proteins expression of Occludin and ZO-1 of mice treated with LPS by intranasal administration
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Fig. 6 The effect of ARG on the level of NO and inflammatory factors in LPS-induced NP-69 cells
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Fig. 7 The effect of ARG on the mRNA expression of genes related to the ZO-1,HBD3 and

IL-22/JAK1/STATI signaling pathway in LPS-induced NP-69 cells
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KR EER (P <0.05,P <0.01), SHAIZH AH
W, 4R 3% F 47 o0 (0. 1.1 pmol/L) fE 48 & ZO-1,
HBD3 \IL-22Ral ,JAK1 ,p-JAKI ,p-STATI ,Tyk2 f4 %
357K (P <0.05,P <0.01) (LK 8),

2.7 Z0-1,HBD3 AR IL-22/JAK1/STATI1 {5 5 i&
BETEXE A RIEKTF

5 IE 4 A H, LPS 303 NP-69 4ififd 24 h J5
70-1 \HBD3 | IL-22Ral , p-JAK1 , p-STAT1 % [ 3 ik

70-1 [ e w— w—| 195 kDa 107 - 107
HBD3 [ams 5w i wium| 8kDa - # o w
IL22-Ral [ &= W @ww| 63kDa g 3
JAK] [ o -] 3 1Da S * 3
p-JAK] [ = e e 133 kDa 5 0 a 03
STAT] === oness ostem ss== 3 (a N s} -
P-STAT] [ == e ]| 83 kDa
TYK2 [ as Sae @ (34 kDa
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