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Establishment and characteristics of acute lung injury model induced by

cigarette smoke in ICR mice
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(College of Medicine, Zhejiang University , Hangzhou 310058, China)

[Abstract] Objective; To develop a mouse model of acute lung injury induced by cigarette
smoke (CS) and to investigate inflammatory changes with the model. Methods: ICR mice
exposed to CS for 20-min, 3/d. Bronchoalveolar lavage fluid (BALF) and lung tissue were
harvested at d 0, d 1, d 3 and d 7 after CS exposure. Neutrophil count in BAFL, TNF-a and
MMP-12 levels, the activity of MPO in lung tissue were determined. Results; Neutrophil count
in BALF, MMP-12 and MPO levels in lung tissue were increased after CS exposure in a time-
dependent manner with a peak at d3. TNF-a level sharply increased at d1, and remained high
level until d7. Conclusion: ICR mice are tolerant and sensitive to CS exposure, which may be

used as an appropriate animal model for acute lung injury induced by cigarette smoke.

BB N 2008-04-07 #EE HN: 2008-05-29

EXWMB - MIEARR¥ESE SEBIN B (2204198) ; ¥ L4 # & /T H1 H (20061416)

BB ER)A985—), B WL KREEEBRIGEK =R 03 R-LAEF2E.
BRER:FFHRAM—), K& .4, FH L@ - FRGBE. K RELE ¥ R KZ B2 E-mail ; chenjq

@zju. edu. cn



Fam

EZNM.%. ICR/MRAREE W B RERE MR RILFE .+ 329

[Key words]

Pneumonia/pathol; Smoking/adv eff; Disease models, animal; Acute lung

inflammation; Neutrophils; Cigarette smoke; MMP-12; TNF-a; MPO

[ J Zhejiang Univ (Medical Sci), 2008,37(4):328-332. ]

REFANEEECHTELSN FHEE
FEAECO.RHT . MEBXEEZRHREEY
B HEPEMAARIWAEESHERE . BF
B 0] 38 BT 4t i R S e 4 e 0 T R R 4
MREMBIE, I RBKE W R A/ K IL-18
ZW . SR EMMEEBEEEAE, &0 K6
S B K B

ANEFRB/NR FRERERERES
¥ S RH, i DBA/2 #1C57BL/6) Z ¥ #9/h
REIANMLEP «-FBEEEABRELS. 5N E
KRS AR SSEE, WMICR MRARAL
ZAEARET . {HICR /b B B BRE F 8 3 B/
B EEAOR EKBER, TREHERT. 0
s {5 B, 40 B8 F T B 98 & 4k TR A A BB 4 v L it
B, U RRAEFEFCOPD RFIFMEHNEE
SR AB R AR R NAREFH
FE. HRZERDEST TFREZRBHORL, N
T A AH 26 25 7 1 B AR AU B 5T SR AR R IB AR I

1 # ®

1.1 ZLB3HY ICR/DR.EHE,KE20g A
A HFOLALRHYPORME. FRIES:
SXK (#7)2003-0001,

1.2 5 Marlboro HMH(EHMSE 12 mg,
JA® & & 0.9 mg,USA), TNF-a« ELISA &5
E@RNETEED TRARA A ,MMP-12
ELISA M & (XZERB A 7),MPO EHl &
(BREREY TEIIT.

1.3 {%# Thermo 2K KEIRI, ¥ BH
B, 41 M B 40 cm X 40 em X 20 em (32 L)
% PR B 35 R A . B3 U E % & . Eppendorf
BHEERE LI, BRI, B AEREXT
A

2 5 &

2.1 ICR /MR ETER BE R K £
2.1.1 ¥40 H/AAREEN M4 . BHI0H,

S 5KkabedH, a ARFTRERME.b A
HAT1d S HERE,c A#T3d BHERA.d A
#HT7d RHERE. HPOREBETHEAZBEDR
.2 XEREEZEELEARE &
EFRBENEMERL(ER1-0cm) b, BE
FNE—RERBER . HEREEARNEBY
ERWE /B IRME, F4 20 min J5,58X 10
min J§ , HIXBKEA 20 min, I EE 3 K,—H6
XEM. AABEEERSE, RAHFAEESR
Bl MREREIT. AN ERS 83T
B.ARANESMES.

2.1.2 WMAJS 24 h, Fe/MR, G H— W H
K, 5EWE, A D-Hank’ s W H 47 /)5 Bt
Ve, BUAR /) B 3 7 R, R AR B 40 B T o
TR, B.OCBRARARITRE R BRKYR
&R HAT AR I

2.1.3 BEUMNRITHR, 55 B E, 5
431 5§ TNF-o, 883 4 1L B (MPO) ,MMP-12;
BoummAfRE R B RETEHEL
(FEMWE=MTE/HRE.

2.2 HBHENE KRASGARITRE#TEIR
& Fifi 9 7 e W (BALF) B9 40 B i1 450 W28 i 41
AHRBUR REBHRES: A HE B &;
ELISA /| & & AL MMP-12 &8 4l
# TNF-« & 8; MPO A &M E AR+
MPO & &,

2.3 Ziit#aE ZREBERA s RR.GHIT
FERAREEFEST,P<0.05 A% E
=¥, AL SPSS 10. 0 Gt ki 4b B,

38 R

3.1 MRAHBEEMMFTEER S#
WiE1d,3d,7dA/PNREALTREN B H
HoREEMBAFBEREERP<0.05),0
3d FEEM ME NN B (P<0.001,H 1A),
A R/NRSERMEE B A B8 F 80N iR
P RIBAE A, S B SR & A RAE 8 K I i



* 330

T IL K (B

L EIE

BREEm.

3.2 HMRAEMREER BALF A EARTEK
EBALF #EOSE SHERME/MEBALF
FHAKRHRERER,/MNEBMH1 d /5 BALF
e 4 i 40 0 35 ) RP AR 2 3 n (P<<0.01), A 3 d
BANRE,7dHAE%EIB). BALF i E
B2 R AR R ER, 2 mEas, B2 7

0.35
0.30
37 0.25
i 0,20
= 0.15
£0.10
0.05
0. 00

2.5
2.0
1.5
1.0
0.5

54
=]

BALF B AAE /ng. ml™!

1500 .

1000

500

b4 £ MMP-12 & & /pg- ml™!

d Bt BN B E(P<0.01,E1C),

3.3 SR/ BB K it 21 4 TNFe §& H
Tk ARSI EK TNF-o KFERE]L d BIHE
BHE RME7d RBFESKTY. SEFHLL
BxRBEWP<0.01,H1D),

3.4 AHEMRAE /S BUBA R il 41 41 MMP-12 7§
AL MMP-12 ERE3 d FRBEME P

125
100
75
50
25

BALF 5 (340 /0 845 /108 cell

500
400
300
200

100

4043 TNF-a & & /ng-ml™!

7.5

5.0

2.5

iR €3 MPO #5%% / 1 mol. min™!

0.0

1d 3d 7d

0d

OdEMERPEREA; 1 dARHRE13dRFRZEILTIRHERBE7d. 50dAWE,”

P<0.05, " * P<0.01
1
MMP-12,TNF-a,MPO i # 8 %

LHEMAFICRIEMETFTERBALF PO aREK. BT . and

Fig. 1 Effects of in vivo smoke exposure on dry/wet lung weight ratio, leukocyte
number and protein content in BALF, MMP-12, TNF-a, MPO production in

whole lung from ICR mice
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Fig.2 The pathological changes in airways and lung

parenchym after cigarette smoke

WAETE KB RAE 4L 3F LA b VB 40 M R o 2
KA E. MO ERERN EERAET
ERFEL. QAR RS EMRERTFHRE

ICR MREMEREHAN FREARBHR WM. TRAELEEREXEKE NS ¥
BiEERAEMBOSERER N, MEHEE MW, 743 d BHA B eEE (P<<0. 00D, BE)5 A BF
YR &R\, WREAEBAREARBE . MAERE T, TR dZICR /NSRS d K



+332 WL K¥ 2] (EEK)

LRI

i B S 3, 2 S M R AMRE R AE L 5 COPD -

RWHLH S E B EBA LMY B4R K
BEE%HEME B (P<0.01),3dikk(HE,
BEER TR GRS TEREL—3,X—K
5C57BL/6 BNRME—BCL RERTFRIE
#Hilj & T MPO,TNF-a MMP-12 i & 21k,
B TNF-« 2RFEHKWBHZIHEIdZE
Bl E, 5Z M ERE—B.

MPO o Pk 40 i B i | AL Y B8 S ep i
L 4 O B e A S, BB P M R 0 P R T R TR
., LR R R, MPO ¥ 5 % 485 8] 1%
I b, 7E 3d KB K E, 5T A
TNF-a & —2 i #0715 09 5 v 40 B . b 2 4 i 5%
WM AREF BRAE ENEYEE
. TNF-« AENEMEYZENE, —FTEE
RIEGEHPHEENR. S —-FETSS
MR EBRG, £ R EERRFP R
HPRFTHEENRKNME.EEREFERT,
TNF-« EARME , LR REER, MLEF
Fl.ENRBERSZSKEAMRE FRXRE
A, X5 BHEMEM KR EBRS . M
BHRERMT, E—FHETLUMEHFEHAR
BT B » 55 — 77 T AT DABR 1k £F 48 41 R B (7,
Jn3& MMP-12 MMP-9 #8446, A
R, REASERHTINF« K FEELER
ERP<0.0D),2FEERKNBE.

MMP-12 REFE&BRELABKN—FM,.BE
W 40 B = 4 L FLAE R ) A e 4 4 , LUK F B
R R 50 = M s, 725 R4 B (B 40 - 47 7 A
BRBHE ALEABSERT,. K EHE
MRAE. EEHE ASEEBPHEEENE
.t 5MMP-1,MMP-9 —&7COPD % &
HEEHERY, MMP-12 5 i35 5 4 b 40 T
Rk AEEFHBRREEPRIERRAE
FUMARFECHFLRIEVIHEEER,
PDE4 1 4 8l & Fi| & 22 (rolipram) 5 MMP I
177 marimastat o] LB A E OB R IE
P FE Stk 8 45, MMP-12 5 B R E R
MM EERERS., ALRP,EE3dREEE
B (P<<0. 0D, FHAMBEKWEK,

4 E AR L ICR /B3 T 24 W 04 U
HEWMZEHET . TERANMGTHEER

i 5 MMP-12, TNF-a & MPO EHE /3%,
Y LRMRIFEE,

References :

[1] AOSHIBA K, TAMAOKI J, NAGAI A. Acute
cigarette smoke exposure induces apoptosis of
alveolar macrophages [J]. Am J Physiol Lung
Cell Mol Physiol,2001,281:L 1392-L 1401.

[2] Paulo Castroa, Alexandre Legora-Machadoa.
Inhibition of interleukin-1h reduces mouse lung
inflammation induced by exposure to cigarette
smoke [J7. Eur J Pharmacol,2004,498;279-286

[3] CAVARRA E,BARTALESI B, LUCATTELLI
M, et al. Effects of cigarette smoke in mice with
different levels of alpha (1)-proteinase inhibitor
and sensitivity to oxidants [J1. Am J Respir Crit
Care Med,2001,164(5).886-890.

[4] ORTIZ L A,LASKY J,GOZAL E,et al. Tumor
necrosis factor receptor deficiency alters matrix
metalloproteinase 13/tissue  inhibitor  of
metalloproteinase 1 expression in murine silicosis
[J]. Am J Respir Crit Care Med,2001,163(1):
244-252.

[5] THATCHER T H,McHUGHN A,EGANR W,
et al. Role of CXCR2 in cigarette smoke-induced
lung inflammation [J]. Am J Physiel Lung Cell
Mol Physiol ,2005,289(2) ;1. 322-328.

[6] STEVENSON C S,COOTE K,WEBSTER R, et
al. Characterization of cigarette smoke-induced
inflammatory and mucus hypersecretory changes
in rat lung and the role of CXCR2 ligands in
mediating this effect [J]. Am J Physiol Lung
Cell Mol Physiol ,2005,288(3):L 514-522.

[7] MARIANI T J,SANDEFUR S,ROBY ] D,et
al. Collagenase-3 induction in rat lung fibroblasts
requires the combined effects of tumor necrosis
factor-a and 12-lipoxygenase metabolites: a
model of macrophage-induced, fibroblast-driven
extracellular ~ matrix  remodeling  during
inflammatory lung injury [JJ. Mol Biol Cell,
1998,9:1411-1424.

{8] JOOS L, HEJQ, SHEPHERDSON M B, et al.
The role of matrix metaloproteinase poly-
morphisms in the rate of decHne in lung funcion
[JJ. Hum Mol Gennt,2002,11(5):569-576.

(9] NENAN S,LAGENTE V,PLANQUOIS ] M,et

( MMP-12 )

inflammatory response in mice airways :effects of

al.  Metalloelastase induced

dexamethasone, rolipram and marimastat [JJ.
Eur J Pharmacol ,2007,559(1):75-81.

[(FEmHE KRE]



