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Establishment of an optimal animal model of lung injury in neonate rat after maternal
intrauterine infection induced by intraperitoneal injection of lipopolysaccharides
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('Department of Neonatal Medical Center,’Department of Pathology,Nanjing Children’s Hospital Affliated to
NJMU ,Nanjing 210008 ;°Pediatrics Research Institute ,NJMU ,Nanjing 210029 ,China)

[Abstract] Objective:To establish an reliable and stable method of establishing an optimal animal model of lung injury in neonate
rat intraperitoneal injection of lipopolysaccharides (LPS). Methods: Pregnant Sprague-Dawley rats on gestation day 18 were randomly
divided into the control group and the LPS experimental group. Rats were injected intraperitoneally with 0.5,1.0,1.5,2.0 and 2.5 mg/
kg LPS, respectively, in the LPS groups and with equal amount of saline in the control group,and then the mortality and abortion
ratio of pregnant rats rate were measured. According to the statistical results,we next selected low mortality doses of LPS
(0.9,0.8,0.7,0.6,and 0.5 mg/kg) and intraperitoneally injected to pregnant rats. Lung tissues were collected from neonatal rat at
postnatal day 1. The indexes of pathological score and wet/dry weight ratio (W/D) of lung lobes were observed. The mRNA
expression of TNF-a and IL-13,and the TNF- o protein expression in lung tissues were examined. Furthermore,to study the LPS of
0.7 mg/kg dose,the mRNA expression of TNF-o,IL-1B in placental and fetal lung tissues were measured on day 19. The same in-
dexes of neonatal rats lung were also examined on day 1,4 and 7 after natural birth, respectively. Results; (DThe mortality and abor-
tion ratios of pregnant rats were decreased gradually with the decreasing LPS doses. When the dosage of LPS was less than 1.0 mg/
kg, these two indexes were reduced to below 25%. @When the dosage of LPS ranged from 0.5 to 1.0 mg/kg, pathological score, W/D
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score and the mRNA levels of TNF-o, IL-1( were significantly higher than those in the control group under the condition of LPS=0.7
mg/kg (P < 0.05 ). When the dosage of LPS < 0.7 mg/kg, the above indexes showed no statistical significance (P> 0.05 ). @When

the dosage of LPS = 0.7 mg/kg,the expressions of TNF-a,IL-18 mRNA in placenta and fetal issues increased more obviously (P <

0.05 ) than that in the control group. Compared to the control group,the mRNA expression of TNF-a and IL-1B in lung tissues of

neonatal rats on day 1,4,and 7 was significantly increased (all P < 0.05). Conclusion:Intraperitoneal LPS (0.7 mg/kg) given to

pregnant SD rats on 18th day of gestation led to lung injury,and pulmonary edema and increase TNF-a and IL-1B in newborn rats,

which continued into the 7th day after birth. This is a stable and reliable method to construct the model of lung injury in neonate rat

with intrauterine infection.

[Key words] intrauterine infection;lung injury;lipopolysaccharide ; neonatal rat
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WA — L S A5 IR RE 0.5~1.0 mg/kg FlHE X
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SRIG HE—EWFST LPS 0.7 mg/kg IS8 9E B i
A BEHLER 22 18 d SD KR 32 HArwidd, 43 iliE
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HUA i 20 2R 203 ) L TRIzol 351, 3550 &
DLIH | FEFTATZ1 20 RNA BI4RHL, B RNA ¥4 SE AL
¢DNA, B ]2 W &K & (2 xSYBRGreen 12.5 pl,10
pmol/L ) PCR FER_LI#5 19145 075 pl,cDNA 1 pl,
DEPC 7K 10 pl, SAF 25 wl )ImAF] 7500 &l PCR
AU I A 1) B FLH iE AT PCR 78, W 4%
95°C 5 min;95%C 20 s,55%C 20 s,75°C 30 s, fH¥H
40 IR, SR A E T TNF-a IL-18 mRNA 3
KK A FEE R BRI in . 51075
1,

F1 SIMBHREFET

Table 1 Name and sequences of the primers

EAL/E S S5 —3")
TNF-o Forward AGTGCGGGACCCATCAGGCA
Reverse GCAGTGTTGGGGGCACGGTT
IL-18 Forward TGCCTCGTGCTGTCTGACCCAT
Reverse CAGGGTGGGTGTGCCGTCTT
GAPDH Forward TCAGTGCCGGCCTCGTCTCAT
Reverse TGACCAGGCGGCCAATACGG

1.2.5 & & 4 %I i % (Western blot) #& ) A4
J6 % 1 R AR TNF-a B8 kL%

B A i b Bl s il A -80°C VK AR FH T 4G
TNF-a 5, FZHZSBRSEIUS R A, FH BCA Y5
FERE MR EE B A AR IR G RN s TR 5 e L vk
TR EN BREPRLT RN . 5%TBST MRS A= 1581 H4] 2 h,

53300 TNF-a Z 5gFEHiIA N2 B-actin HTUAK ,4°Cit
B, A FRAR = A A bR 1C i — P & J5 , H ECL
TR RO, BERBUR R G AT A5 KSR
1.2.6 ok AACHE A 5 FA6 £ Fo 37 A K R
A TNF-a & & & ik

WKLY R, 3% A & B4, 2 515
In—$Ht (EPL TNF-a Z 50 BEPUIR) FAHRN — 5t TAE
T, T INBRAR L AL T ARV, DAB B K,
BB R NP AL B ik P S 3k
13 %itsss

FF A R SPSS17.0 it S ab 3 -5 %%
B LIEL + bRiE2E (X ) F0R R TT 25571k S
B AR SR AHES B RK, r 22 57 M
3 UL R RN R T 22007 FReSe:, 4]
Wi ELASR FH SNK A LSD s, P<0.05 NZERAST

2 # B
21 BRTEHE FKTE

2R AN LPS Ji, AR E T
R ORI B BOE Ss/ IR, )
KOAEWRAC B M LPS 42595 s /b, 2 [
FET3H Rt 7 ZEB R, 24 LPS 7l i< 1.0 mg/kg
b2 BRAE T 38 St 7 BRI 3 25% LA T (R 2),

*2 ARELPSFHEFIHEZRIETE RTE
Table 2 The mortality and abortion ratios of pregnant rats with different LPS dosages

2057 ZERIET L 2RI L ZPRRIET R (%) ZERI (%)
LPS 2.5 mg/kg # (n=8) 4 2 50.0 25.0
LPS 2.0 mg/kg # (n=8) 4 1 50.0 12.5
LPS 1.5 mg/kg # (n=8) 3 2 375 25.0
LPS 1.0 mg/kg # (n=8) 2 2 25.0 25.0
LPS 0.5 mg/kg # (n=8) 1 1 12.5 12,5
X} IR (n=8) 0 0 0 0

U TR E A F LPS T 83T & SR K e RS

30 2R I A [ 9 8 2 1) i s BRI 43 WD
RAEH T (TNF-o IL-18)mRNA FlHE &k P
B A BRI SR A S N P AR, SRR AE A R . LPS
FIHEAE 0.5~1.0 mg/kg I, X BR 28 K BUIIZH 21 TE R
455, LPS 2H LPS< 0.7 mg/kg M K BN 2H £1 45+ 4%
IR, LPS=0.7 mg/kg B K BRI £H 2346 4 ™
55%f B2H b LPS< 0.7 mg/kg 4% 4 397 A= B
W/D. ZH41 TNF-o #l IL-18 mRNA k¥4 THis
H2ZR L2 X (P> 0.05),{H TNF-o 5 H
RikEHZEFAGI2EE XL (P<0.05); 1M LPS=

22

0.7 mg/kg B LiRTRIRISA B ETHS , Z 546501
227 L (P )< 0.001), H TNF-a IL-18 mRNA ik
EROTIRATE 8 5L L, PURMURIRAE SN (R
3.8 1),
2.3 LPS # &4 0.7 mg/kg BF 5 R 6 & B R H7
& SRR3R K IE RS 6 R

EXF R g, 22 BRI TESS LPS 0.7 mg/kg
Al Tt G #E 4 2U RAE P TNF-o IL-18 mRNA
IRIB (P < 0.001,5% 4), GBI 2L b R A0E A 7
IL-18 mRNA [ 3Rk B 2 & T IE W X B4 (P =
0.003), TNF-a mRNA [ 3 3K 556} BE 21 TG i 35 1 AR
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Table 3 The evaluation index of inflammation in the rat model on P1 (X£59)
ZH 57 FEERPES) Jiti W/D TNF-a mRNA (28T IL-13 mRNA (2-84¢)
Xt HEZH (n=8) 2.25 £ 0.46 6.69 + 0.45 1.00 + 0.22 1.02 £ 0.27
LPS 0.5 mg/kg 2 (n=8) 3.38 +0.52" 7.18 +£0.30 1.92 + 0.62 2.92 £0.29
LPS 0.6 mg/kg 2 (n=8) 4.63 £ 052" 7.20 + 0.95 2.75 £ 0.35 4.03 +0.89
LPS 0.7 mg/kg 2 (n=8) 10.25 + 0.80" " 8.85+048*" 7.89 £2.10*" 8.12 +2.23**
LPS 0.8 mg/kg 2 (n=8) 11.69 + 0.59* " 949 £ 0.43** 13.86 + 0.66** 11.86 + 2.68**
LPS 0.9 mg/kg 2H (n=8) 12.38 + 0.92"" 11.05 + 0.77" " 21.69 + 1.79*" 21.62 £ 1.54**

XL AL, P < 0.05, 7 *P < 0.01,

LPS(mg/kg)
papitcEiel 0.5 06 07 08 09

e [

B — e e e

25

EEH J ok ok ok
¥ 2.0

1.5

*

TNF-a/B-actin T A2
[es]
|

s =

0.0 T
X4 05 06 07 0.8 09
LPS(mg/kg)

EERALILEE, "P < 0.05,7"P < 0.01(n = 8),
BT B A AR S 1 RIZHE TNF-o SR
Figure 1 The expression of TNF-a protein in neonatal rats

lung on P1
(P =0.134,3% 4), U LSER4IR . 22 BUE I T
LPS 0.7 mg/kg B AT 5 [ 222 SIS £ 95 7R E T+
o, I U2 2R B8R T RE A I A RAE AR
XML, AR 1,47 Kk B 4 I 1

TNF-a IL-18 mRNA B £ EHH B ETHE (P <
0.05,5% 5) , R BHZE 1™ A= 1 S A0 30 A B A=
JEABFERERZ N, I H R AEH F TNF-a \IL-18 mRNA
HIFRIBAEAE IG5 4 RAET =0, Bl 5 2 BRI

Zp [ I #% HE Ye(t, AS-D ZEymams gLk (&
2) AT MEEFN TR 24 h J5 , LPS 411G S 40 SR 35/ N
IKRREEFIANG , A8 T 0l K M, 9 LS R 20
JHL 30, XoF BE LI 2S5 BEEAGE IA DL, A 4 & S v A=
JE 5 1 Fop A UG B HE Ye (6 AS-D Z5 kit
et (] 3)7 LPS 4l A Uiyt J] BBl 48 2 e = v
T 11 U o 3 e o8 7 N G 2|
TCRMEA R, Il 563 R W w2, o
PEL AL LIS TNF-o 7E LPS 40 i64% 9k BUiih 2%
IR R B B 2 DL R85 RE— A UELPS
0.7 mg/kg 10T LS B PN ARAE 2R I 5 30
A BRA JE R 5

RIS =

Y DA e A A A T SR R AR G R
F R RAEST FORMANMEL T, 51 4 B ROAE S I 25
AL S EALIRIE R E YR R A G

F 4 B4 BAAHZAZR TNF-o IL-1B mRNA HIRi%

Table 4 The expression of TNF-a,IL-18 mRNA in placenta and fetal issues (X £5,n=8)
5 JiisEE S i
TNF-a mRNA IL-18 mRNA TNF-a. mRNA IL-18 mRNA
X 2 1.02 £ 0.21 2.00 £ 0.12 0.74 + 0.45 0.80 + 0.78
LPS 0.7 mg/kg 2H 6.65 + 0.76 35.47 + 4.62 1.21 £0.88 2.67 £ 2.67
PlE < 0.001 < 0.001 0.134 0.003
K5 HERMEFE 1.4.7 X TNF-o,IL-18 mRNA HIR%
Table 5 The expression of TNF-a, IL-13 mRNA in neonatal rats lung on day 1, 4 and 7 (X + 5,n=8)
a5 TNF-a mRNA IL-18 mRNA
ESEEAPN EAEE L PN HREETR O AEREILR EEH 4R EEE TR
X HRZH 1.02 +0.23 1.09 + 0.14 0.90 + 0.17 1.01 £ 0.19 1.00 + 0.11 1.02 + 0.22
LPS 0.7 mg/kg 40 7.20 + 0.91 49.54 + 3.15 2.29 + 0.54 9.90 + 0.12 43.99 + 2.00 1.83 +0.37
PlE < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.030
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A X BEZH A S0 FT(HE JL €8, x200) ; B LPS ZH I8 #5553 (HE Y8, x200) ; C . % BB 21 r PR Rn 20 i e €8, (AS-D ZEBA TSR UL €4 76 | x400) ;D
LPS 20 PR AN e €8, 155 35 s g B 00 (AS-D ZEI3 BG4 (1%, x400) ; B X BRZH TNF-o 8 138 3K (THC, x400) ; F: LPS 41 TNF-a 2 3%
5, F7 Sk FER k BH PR 4R (THC , x400)
Bl 2 ARG A ST RO AR

Figure 2 Placenta inflammatory response of pregnant rat

E, F

AT HRZE 20 2055 B (HE , x200) ; B LPS 4Ll ZH U0 B (HE , x200) 5 G ; X BELH rp kL 40 U2 5 (AS-D Z5 TS AL (570, x400) ;D LPS 21
FRpoR AN Y €, 355 3Kk BT R R PR A (AS-D ZEERBEEYL (035, x400) ; £ X BE 20 TNF-o 8 [ 2635 (IHC, x400) ; F; LPS 28 TNF-o 8 3635, ik
IR R FHE 4 (THC, x400)

B3 A RARS | KM 2908 SN BT

Figure 3 Lung tissue inflammation of neonatal rats lung on day 1

AHFFEAE LPS 0.5~2.5 mg/kg FIETEENITZHFIE 0.9 mg/kg), S5HEARY LPS 4 =0.7 mg/kg I,
TR R RNGT, R LPS Fl< 1.0 mg/kg Ml RIS BRAE ML \W/D | J0E N T I8 2545
28 BRAET -3 SO AR ZE 25% LA T o ARAHSESr  IE R IR WU, B HE 0.7 me/ke &
I 2 R M T SRR B ) 1LPS (0.5.0.6.,0.7.0.8,  dEATHE—2BIRAIE,
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ZE R TS 0.7 mg/kg LPS AJ &(28 UG 20
A U BRACAS . AFFE 22 UG £ HE Y@ n] WL
223 LPS 41 i S 20 20 PN I A5 70 1ML /K Jife, I L R
R 20 R, X BEZHLIG 2R DL BH (2 R S v (]
2),LPS 222 5L A SR I I B A UL 207 A S5
Az U S T 5T B 22 BB 2 AL A B SOE ) L B
Smith 4 3 THE (P < 0.001) , 7% 5 A= K Bl
FEAE ™ B A L AU 3RS

28 U TR ST 0.7 me/kg LPS 222 BUIA £
TNF-a \IL-18 mRNA K Jify R IL-18 mRNA [ 3%
KT (P < 0.01), 5 Cao L SL IR 25 RAHAT,
FE R ATA v e SO 2 PN AT 2 R RS A 1l g
HE W REET LPS WA BUMER 5 5E & ghiin T 1
A2 AT, Cao A IUE T 22 IR s vE 5t LPS Je i |
T A B 40 i I (T0-1B8 \IL-6 \IL-10 .CXCL1/2 .
TNF-o) 8 35 5 X R4, R A NE I 5 LPS J& i
G B SRR SN 3 | B BT AR (1) B PN RRE S

PRAEA LI 151 il 7 200 B B i it 45 P B2
YRRIE BT A Lt 451 Schmidt SIS A BLEE
A FR I S S IS AR (AT A4 ) LU PR B 15 I 240 i 45 ¢
SEANME) Z RAE, A S e 1) S Sy
LPS VR INTER I F 24, FITE A E /i 2
Jfl, 53 TNF-ou IL-1B1" TNF-o /T EL 4L |
A8 P R 20 B, 5 Al 3R T TNF 3244 (TNFR) 254,
FEAL AR NS S il MAPK 2838 2 05 s s H 7
NF-«B, 752 H AN 7= A, -l i TNFR AHC
FET-EE B caspase-8, R S RIEIB A IR K, B
FER 2 AR AR 415 TL-18 ZEAAE i A AL ppf]
YERID S R AAE 4, AT R A S
ik SURIT mIT IR, (HREE R T K
B, BT 48 BT (0 1L-10 TGF-B) By & I AR ik o,
AR B0, TR SRE RN S A LA™ Hawkins
USRS R TL-10  TGF-B S5HT 48 K 1] I 4 il 2
AL A B B AEA BT, HAT B R,
I TTT REAR I 34 TNF-o0 IL-1B 2548 hiE A B e 3h
AT KRB, 50 B HLR, LPS 4 A K RUE J5 4
1.4.7 FAAY il TNF-o JL-1B kAN B FH T E T
A5 4 RIBWE(H , Z )5 RAEBHIREE , X — 2550~
HHAT R TP B N SORE R 5 &G )L B PR AR R R
SEPERAE RN FFAE—ab e, nTRESE B AR I S8
B A B HE A S I o 0 SRR, TE SE NPT
TNF-a IL-1@ 558 RAENFIEAH BAEH, FRibi
51157 S8 = e VI IPS k673 7/ i O e = 11| W2 8
1 E S R

ARG LB LPS U A BRI W/D B3
BTN, 25 5 G S AR A3t Rz 4, fof 40 i ) i
B8 A PRI, 5 R K 50 A B
. 25 Bk, SD K EZE 18 d I EST 0.7 mg/kg
LPS o] S E0H A= MR, MK, s
TNF-o IL-1B 375, 2224 5 7 d,

AR 3 o R B A 2 RN M e S A [ 5
LPS it 28 BRLUSCH A= SRS, & B2 U I 7 o
LPS 0.7 mg/kg il & A5 U0 A AL i 2, L
AT B AT, T e M AR TS A A Ak
LR EY PR R A K R 2L R B g
ATVEAIFSE B N ERGECHT AR BUHB 2 A AR AR

AT B Z A AE T AR BRI BT E BUAE IS Sk
ML T KA A o3, 22360 T BBl ik 22O = il
R R AT AR RESE AL, 4P BRUE I LPS 3
A US43 ML w5 2B 5T
(&%)
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