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Protective effects and mechanisms of imperatorin on acute lung
injury of mice

Jun-ping Hua, Song-ping Wang
(The First Department of Respiratory Medicine, The Affiliated Hospital of Southwest Medical University,
Luzhou, Sichuan 646000, China)

Abstract: Objective To investigate the effects and mechanisms of imperatorin on mice with acute lung injury.
Methods A total of 32 female BALB/c mice were randomly divided into four groups: normal control group, model
group, imperatorin 30 mg/kg group, imperatorin 60 mg/kg group. Mice in imperatorin group were pretreated with
imperatorin, the lung tissues of each group were collected after 7 hours of lipopolysaccharide modeling. The wet/dry
weight ratio of lung was measured, the pathological changes of lung tissues in mice were observed by hematoxylin-
eosin (H & E) staining, the activity of myeloperoxidase (MPO) and the reactive oxygen species (ROS) level in lung
tissues of mice were measured, the tumor necrosis factor-a (TNF-a) and interleukin-1p (IL-1B) in lung tissues of
mice were detected by ELISA, and the expression levels of phosphatidylinositol 3-kinase (PI3K), protein kinase
B (Akt), nuclear factor kB (NF-kB) p65 and matrix metalloproteinase 9 (MMP-9) in lung tissues of mice were
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detected by Western blotting. Results Compared with normal control group, model group can lead to acute lung
injury in mice, increase the lung injury score (P < 0.05), increase the ROS level (P < 0.05), increase the protein
phosphorylation of PI3K, Akt, NF-kB p65 (P < 0.05), and increase the release of TNF-a, IL-1p and the protein
expression of MMP-9 in the lung tissues of mice (P < 0.05). Compared with model group, imperatorin group can
alleviate lung tissue injure, reduce the lung injury score (P < 0.05), reduce the ROS level (P < 0.05), decrease the
protein phosphorylation of PI3K, Akt, NF-kB p65 (P < 0.05), and decrease the release of TNF-a, IL-1B and the
protein expression of MMP-9 in the lung tissues of mice (P < 0.05). Compared with imperatorin 30 mg/kg group,
imperatorin 60 mg/kg group can reduce the lung injury score (P < 0.05), reduce the ROS level (P < 0.05), decrease
the protein phosphorylation of Akt and NF-xB p65 (P < 0.05), and decrease the release of TNF-a and the protein
expression of MMP-9 in the lung tissue of mice (P < 0.05), there was no significant difference between the protein
phosphorylation of PI3K and the release of IL-1B (P > 0.05). Conclusion The protective effects of imperatorin on
acute lung injury induced by lipopolysaccharide may be related to the inhibition of ROS and the inhibition of PI3K/
Akt/NF-kB pathway mediated by ROS, and the effect of high dose group is better than that of low dose group.

Keywords: acute lung injure; lipopolysaccharides; imperatorin; reactive oxygen species; NF-kappa B
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112 FZLR A AAE  WRETH R E S
Y RAEYBHEAT IR AT, BRZHE (LPS). ROS kil #e
SR 4T DHE 4 [ 16§ Sigma AEW 20 7], Bt E LW
fiti (MPO ) 2070 &0 A B st A ], /DR IL-18 Al
TNF- o ELISA 32051 £ 1 F 27 ELK Bio 24 7], PI3K.
BRRRIL 2R I B (p-Akt), WERRILEZEE N T « B
(p-NF-«k B), Akt, NF-« B FifkIlE [ L CST /A #],
WAL BRSNS 3 Wi (p-PI3K ). F:Fi4:)E MM
fit} <9 (MMP-9) Hif&lg [ ¥ Abcam AH], HIKILE
HAtmT i S—UE, B8 F LR Diatek 22 H]
1.2 FHik

121 S MR 09 Ah) flEREMEYE BALB/C
ANEL32 H, MRFET 12 h BG5S sh b
Al A HRECEAUK . BN ERSE 2 JBE, BEVL A
TEH X R4 (Control 4 ), #EAYA] (LPS 4 ), BXAY
#1 Z 30 mg/kg 4 (LPS+IMP 30 mg/kg 2H ) ER i #] %
60 mg/kg 2 ( LPS+IMP 60 mg/kg 41 ), %541 8 H/NRL.
ZIESCHR [11] 5 TR R 20 s AL, LPS+
IMP 30 mg/kg 241, LPS+IMP 60 mg/kg 2143 515 Jes 13
FR AT B 2 30 Al 60 mg/kg, Control £, LPS 20 M s T
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AR, S5« BT ZO0 /N B MRS 1 ) 52 B LRI TS

SRR AT 3% —HIIE AR . 1 h 55 4/hRE
JE I VE ST KA S (10%, 4 me/ke ) " BRI, LPS 41 .
LPS+IMP 30 mg/kg 41 . LPS+IMP 60 mg/kg 2H /N FlL 2% 84
AT 10 w g IEZHHN 50 w I AR ERZZ vhik( PBS ),
Control ZH/]NFRZ2 5 AFHNAKRFL) PBS.
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F61R4% DHE 4 5 mmol/L BUIATR, ®OGHUE R 5 i
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12,6 MPO & Jaml BUA Il 8Ll s Bl 2 2503
FH MPO PR &K MPO 36 1, S BZAG0 & Ui i 15
430 BRI 20 28050 3 13 BRI 3590 0k BE A R 0
EHRS), 37°C/KW 30 min, FAIIAMBIRFES],
60°C/K 10 min, HCH G 37 AIZEBE K 460 nm A0 45
BHOCHE (OD) 8, MPO TG 1 (uw/g HL4URE ) =
(5 OD fH - X & ODfE ) /[11.3 x HkER (g) 1o
127 TNF-a. IL-18 4&&n BURHSEMK
T, R G 1 (A5 (ELISA ) A TNF- o
IL-18 7K, #4218 ELISA 371 & Ui B2 5 100 w1
T BE G BARRIE S SRRSO 96 FLIYER M
37°CHER 2 h, FERES,, IR PRI 3 1K 5 4
BITE AR 1 96 FLAR h A FL A 100 wl AEH R AL
TNF-o . IL-1B $UATAER, 37°CHFE 1 h; /357
A 96 FLAR HEEFLINTA 100 w1 5587 R FIZ — B
AR, 37CHEE 1 h s S AEAR Y 96 FLAR
FEFLANA 90 w1 DU SLIC AR ISR RV, L
15 min ; BALIMA 50 w1 ZRH 5 FHBSFRUERRK
450 nm AbiE OD fE ; T TNF- o . IL-18 MIVRIE.,

1.2.8 % FH Western blotting &
p-PI3K. p-Akt, p-NF-«k B, PI3K. Akt. NF-k B,
MMP-9 7K, S HCA g 215 AR 2 vk
B, RIS IR, B, AT 4CHIAEA
B, o 2 RFpE—Pi, MAMRFEPR_IT, H
Ik RO, B R .
1.3 SHiAEFE

B o3BT R FH SPSS 17.0 Gei . 1T FOR L
PE = bR (xxs) FOR, BRI 20T, #—
AP AT LSD— Ko, P <0.05 S22 541 Geitas

Western blotting

2 #£R
21  ERETHAZERIAS S E S ARG/ R
2/ FEL M

FU/NEINE / THEHE, ZRA501FE X
(P <0.05)s LPS 4 & T Control 41 (P <0.05) ; LPS+
IMP 30 me/kg ZH . LPS+IMP 60 me/kg 21K T° LPS ZH( P <
0.05 ) ; LPS+IMP 60 mg/kg 415k T LPS+IMP 30 mg/kg 41
(P<0.05), W% 1,
2.2 KETHHEXIRE ZHEF S R ERMR% /N R b
HALAREFTURIF D

Control ZH filiZH 2145 #8524, Bifivfo B 2K DL BA e 7o 1ft
it 76 150 B PN TC K i B R AE AR, Al e v B, G
B RAEAMIZNE 5 5 Control 41 R, LPS 4H1EH
IR ZERE S, BilpL I, T DK sl &
SRAEANMLIZE, Bl 2> 5 LPS+IMP 30 mg/kg 4
LPS+IMP 60 mg/kg 21 7] UL 3B 43 1E & fili 20 214544, ili
WL R IE R, A 7 S A AE 20 At 12 e 45 LPS 40
W, LPS+IMP 60 mg/kg 20 fifi 41 4 61 45 % LPS+IMP
30 mgtkg 4% A HMMHLIIT 3 AL, 25 A Gt t

£1 SENRERE/ FEROKE (%, 1)
AL Mg / T I
Control £ 14.93 £3.65
LPs 2 39.05£3.73"
LPS+IMP 30 mg/kg 41 25805 4.09°
LPS+IMP 60 mg/kg 41 19.61 £ 360"

Ffd 23.063
Pfii 0.000

H: D5 Control 4 L3, P <0.05; @5 LPSH IL#, P<
0.05; @5 LPS+IMP 30 mg/kg 2H L4, P <0.05,
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2R (P<0.05). LPS 415 F Control 41 (P <0.05) ;
LPS+IMP 30 mg/kg £, LPS+IMP 60 mg/kg 411K T LPS
2 (P <0.05) ; LPS+IMP 60 mg/kg 20 i T LPS+IMP
30 mg/kg 41 (P <0.05), WA 1 Fg 2,
2.3 KRETHHEXIRE S 1E1HFSH 2 MR /N R i
AR ROS TR 5% S 58 FE B #2 im

/NEUIZHZ ROS AR OGRS AL, 2555
Giite# i X (P <0.05), LPS 4 fili] 4155 Control 417
(P <0.05 ) ; LPS+IMP 60 mg/kg 41. LPS+IMP 30 mg/kg

LPS 4

Control £

H#E LPS 441K (P <0.05 ); LPS+IMP 60 mg/kg 2H%E LPS+
IMP 30 mg/kg 015 (P <0.05 ). VLI 1 FI5E 2.
2.4  BRETEARXE Z HEF SH 2R/ R Bh
£H48 MPO B840

K4/ B 41 20 MPO W h LB, 2R A 4
it 2% & X (P <0.05), LPS 41 %¢ Control 41 1 (P <
0.05 ); LPS+IMP 30 mg/kg 41 # LPS 4 {i% ; LPS+IMP
60 mg/kg 4145 LPS 4ik (P <0.05) ; LPS+IMP 60 mg/kg
215 LPS+IMP 30 mg/kg 41K (P <0.05). WL 3.

LPS+IMP 60 mg/kg 2 LPS+IMP 30 mg/kg 41

 FRED

v '\-/,.

1403 ROS, WERAMIE, B DAPI, Merge {83 DAPI 5 ROS Fit & &%

& 1

x2 JHNMRMARRG TS K ROS HEITRAEBE

RIEkE  (x=£s)
415 I LURGIPESr  ROS MM TR /%
Control £ 0.67 =0.33 0.00 + 0.00
LPS 44 10.67 +0.33" 9258 +1.19"
LPS+IMP 30 mg/kg £H 7.22+0.517 66.10 + 11.09"
LPS+IMP 60 mg/kg 2 4.67+0.67%7 49.46 + 5227
FAE 66.591 97.075
Pl 0.000 0.000

E: O Control 41 L3, P <0.05; @5 LPS 4 b %2,
0.05; 35 LPS+IMP 30mg/kg 41145, P <0.05,

KHENRMAZL (HE #f x200) 5 ROS 7kF ( HE #f5 x400)

2.5 BRETHHZEXTAE S 1815 S 2R 15 45 /) R BG
ZH40 IL-1. TNF-o B9S2
HH/NEIHZ IL-1 8 . TNF- o iK1

B, ERAGEE X (P<0.05), LPS 2448 Control 21
7 (P <0.05 ); LPS+IMP 30 mg/kg 2H . LPS+IMP 60 mg/kg
H#E LPS 441K (P <0.05 ); LPS+IMP 60 mg/kg 2H%5 LPS+
IMP 30 mg/kg 401K (P <0.05), U.3% 4.
2 6 BX BT #A = 41 fl ROS 4 S #Y PIBK/AKt/NF-« B
W EEL B3 MMP-9 & B RikAI 2200

2% 20 /)N BUIN 20 40 p-PI3K ., p-Akt, p-NF-« B

p65. MMP-9 H R BAKV A, ERAGiHHEX
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#3 HHMRMPOFEARILE (xzs) x4 BEANBHAR IL-1. TNF-o KERLLE
i (pg/ml, x+s)
205 MPO ¥ 71 (u/g LR )
L _ _
Control 41 0.69 £ 0.09 4 IL-1p TN
4]
LpS 41 154+ 023" Control 21 41.68 +4.58 93.40 + 4.67
LPS 4 132.45+17.25" 226.71+31.99"
LPS+IMP 30 me/kg 41 1.28£0.06° tl S B
s LPS+IMP 30 mg/kg 41 76.80 +15.11% 156.36 + 16.05%
LPS+IMP 60 mg/kg 21 0.78 £+ 022"
) LPS+IMP 60 mg/kg 21 66.32 +9.56%" 125.31 £ 7.08*"
FAa 15.547
F{E 25.573 26.345
PH 0.000
P1H 0.000 0.000

#: O5 Control 41 L%, P <0.05; Q@5 LPSH HL#E, P<
0.05; @5 LPS+IMP 30 mg/kg ZH L4, P <0.05.

(P <0.05)., LPS#{# Control 2115 (P <0.05); 5 LPS 4
b ¢, LPS+IMP 30 mg/kg 41, LPS+IMP 60 me/kg 21 %
fi& (P <0.05); LPS+IMP 60 mg/kg 1% LPS+IMP30 mg/kg

H: @Y Conwol 41 HL 3K, P <0.05; @5 LPSA LE, P<
0.05; (315 LPS+IMP 30 mg/kg 41 L4, P <0.05,

ZHAK (P <0.05) (WL 5). #4H1] Akt PI3K NF-« B
p65 ARSI AR (LA 2 ).

*®5 &ENMR p-PI3K, p-Akt, p-NF-« B p65. MMP-9 BERIZKFHILLE (xxs)
23 p-PI3K p—Akt p-NF-« B p65 MMP-9
Control 21 0.05 + 0.00 0.04 + 0.00 0.04 0.01 0.07 +0.03
LPS 4] 0.64+0.16" 0.40 +0.06" 0.62+0.10" 0.58+0.08"
LPS+IMP 30mg/kg £ 0.43 £0.06% 0.23£0.01% 0.39 £0.02% 0.31£0.06%
LPS+IMP 60mg/kg 41 0.15+0.08*" 0.08 +0.03*" 0.16 + 0.02* 0.14 £0.01*”
Fi4 19.922 42573 60.740 49.247
PH 0.000 0.000 0.000 0.000

H: D5 Control 1AL, P<0.05; @5 LPS 41 P <0.05; 3 LPS+IMP 30 mg/kg 41 HE, P <0.05,

LPS+IMP  LPS+IMP
Control 21 LPS 2
30 mg/kg 2H 60 mgrkg 2H

60 kD
60 kD
85 kD

85kD

p—NF-«k B p65

NF-« B p65

Comol il Lps g PSHIMP LPSHIMP
1 4 " Z
e 30 mg/kg 2 60 mg/kg 2H

65 kD
65 kD
92 kD

MMP-9

GAPDH 37kD

2 KHENRAHEAL TR p-PI3K, p-Akt, p-NF-«k B p65. MMP-9 & B RiAKFEER

3

e

AU I 48 49 2 b A5 A I A B0 P 5 R 1 fE
FAA BN, Mt B A sRig vk g iE B by 2 2
BUREAS, REOM L R B BRI RE A, Rig M
e, I s e & 8 S R A, I iE
i 7 Jiee, - 2 T A S Rk AL Bl O e AR A Y AR
FAR BN, LPS YIiE / THE & T Control 41, $2

pAN g

ZN=H

NIRRT, HE 4447 LPS 41 1F & fifi 28 ek,
RN a1 o (17 N R =2 IR U 5 T
SN IR S R AEAN IR , 7R 2kl
1T AR 15 2 FHAL B ARG BAR A A B, 2 B
FEZ a7 SN e [ E L IR RS al (S SN (G T E
FIE AR AR . P MR 20 iR i 2 Sk il
PG RRAE 22—, AT it ey AR R R
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[ B BB B R 7 . ROS, LA Mok 20 i S s Bt 1
FEAEXTPOR I R A R R EZEH . MPO
RS, TR T PR AL Mo B e i ZH 2 g AR
R ARBIESE S B 20 W R v A 43 B
A MPO T J1 7, PR 4 M e il 20 21 b K i
T, TERATHA 2 HALHLE MPO 16 11 FA%, sh kg
JH A Al 2 R ek L, LRI 28 59 o e O TR
HAH .

&R E A RHE— AR IR, 252
PERG5 0 % A, MMP-9 J& T B IS, MMP-9 &
EL A A A AN R A = A5 . MMP=9 MATE ALY
rh R A R, T R 2 DR Y L
ARG AR . SEJRC SRS 20 A 78 J e
R, DTG A s A, AR
SiE A AR ) BRI BR RS, BT, Il 240 A
BRI, SETA Z s, HaknTig
LA . B4, REIRTERIE. A
F¢ /R IAIR MMP-9 X 2k i 46 45 5 A B e
TNF-« . IL-1B SFfE 2 h i EZEA, nla
Bl TR FNYERE SR A543 B S RE R s HEARGE
IL-18 AT 51EAERAMH PR 7=, RAEH
MRS, Wb DA, SR - b
PERIR A IZ 4, T B0 K b 55 5 B S Bl 45 =
TNF- o S 95 N Y FZER AT 7, AR TNF- «
F AN R A AN . RPE AT, R 4
TEB O FUR LI AR R | BETE RN Ak, S L
PERLAH M S B AN A, 320 10 9 S 20 JfL ST 430
TNF- o FIHABAE R AN T, Bt 7558 2tk
filigsis s AR BN, BEZ R MMP-9 &
FBAFETHE, NRBTHZH TNF-o | 1L-18 /KF-
FhEs, T RKHT 5 2R FA #LAE MMP-9 8 1 23k K F- [
filX, TNF-a . IL-1B8 BRI, LPS+IMP 60 mg/kg
2H 2% R AR T LPS+IMP 30 mg/kg 2. 72 W1 BR A % %
Xof B 2o M 75 5 1) 2 P I 451 40 1 £ 4P 4 R AT e 5 IR
MMP-9 %5 1335 MU /b TNF-o . IL-18 BB, #F
MIRENGH LUK . S FE T  RAEA IR IERE TR,
VRS 240 DR 45 () BRI A

ROS fuffFE 5 [ i3k . @A AT AL A A
B, FBE AR SRR BRI AT R E A
S5y M ROS FER MR, JLH &2kt
PRERMEM, Z9 RRIEMKREEME ", ROS T
A5 PI3K/AKYNF— w B 38 00 5 i1 9 i 200 it PR 1~

SRR " PISK/Akt 3 62 48 E IV Y H B 5
Pk, & NF-k B _EW#F, nIE NF-« B 3#0& ™77,
AT WM H] PI3K/Ake BIWERRAL,, W abEitii G
PRPEFT ®2, NF-k B 78 SIE A JEE st 2 S s E
2 NF-k B K % AL 35 NF-k Bl (pl105/p50), NF-
k B1 (pl00/p52). RelA (p65). c-Rel Fll RelB, JHAS
W EHNSFEIL, DNA 454, BENRY Rel [A]5LS
Fde, ¥ RelA (p65). c—Rel I RelB {1, 75 A # 3 [
FIR LT W SR S5, NF-« B 5 45
7 (] AT DA s 24 6 125 b S — SR AR RN ] — 2R 4k ™,
NF-« B % 1 pS0/p65 W5 20 i, I 45 R E [ i s
RelA (p65) HIA%Zy (A 58 i 40 M [N 7S5 S R ik
AT 5 B TNF-o . IL-18 %5 40 i B 19 A= 5 &
MMP-9 & I RE . 5T on, BRTHH 2 b 2
AL i 2 W57 S 0 2 M A0 03/ BRI 4L 28 ROS 7K
SRR, PI3K/AKUNF- k B i BB AL KRR, A
RSN 3R W RKCHT EH 22 AT 4] ROS /121 PI3K/Akt/
NF-« B3 B30 ", 2R B RRATSA 2 T B2 58 o BH W
JIg 22 W17 S 0 2R 4 T 9 ROS, DL BH T ROS
A1) PI3K/AKYNF- B il B A 2%, X2kl
B RS E . T TNF-a . IL-18 X TNF-« .
IL-18 EIESBER, fff NF-« B 3G, #t—4%
A 20 0 PR RS, AT R 9 e o ™ i F
ST W, RRCHT 2 A B AT D AIC 40 i 9 7 TNF-«
IL-18 MR, Mk HX) NF-«k B 1 1E PR
L, WD AR 7 R E— 2340, W SR SN v
AR, X2 E R R G R

ZE LR, 5 Control 41 HLER, LPS 41 ZHHH1
FECE RGBSR, i 8 B R
B R ARAEANEB R AR , Bl s
FFAE MK - TNF- o . TL-1 B FIBSCH N, MMP-9
fI KK TR, 4525 ROS KF, #% PI3K., Akt
NF-« B p65 HYBEER AL 5 1M KR AT 3 A 2 ml i fg 2
Wi T00 SRR 5/ RUITZH 209 ROS ZKSFR#AE, %
fik PI3K. AKT. NF-« B p65 FUBERR 1L, V8t /040 fifd A
T INF-o . IL-1B8 BYRERL, FEAR MMP-9 [ ik 7K
-, NIRRT K i, Bl P AR, DA
HEVURHEAE L, /R A . Ik, BRATH
ZX R ZHHA S 2 gia Ry EH, HaTaes
WA T TNF- o . IL-18 ARSI, BT MMP-9
MR IRKTA G, HAEHIMLEI T e S5 08 2 HHA S &
PR ROS g, LA ROS 41311 PI3K/Akt/
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PRI, AF o BRATEAFN /N B P A ) 5 S AL 52

NF- B 3d B il A ¢, i SLRAF e —E R RIR
OFEARp/N, (AR PIZEA R RA ST
SO, AR A R — 2P 5 QERATII R 2
108 HABATL A 0T i 2275 5 ) R PR A A A HE DR 4
VEIA Rt — PR R o S MW ZR G 7 Sk i
PAOHRAL T — % A9 S I0 M A RS S

2 % X #k:
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