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ML Jy % B +PBS LA IR +OVA 4 (n=8) , # IUGR 4l/MRFEHLS N TUGR+PBS 411 TUGR+OVA 41 (n=8) .
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H TUGR+OVA 4] IgE /K= F X +OVA 41 (P<0.01) o S5XFHR +PBS 411 ITUGR+PBS 41 AH L, Xf MR +OVA 41
FTUGR+OVA AIliyiE Ve s (AN . Wtk an i . ki e B wgan i -4 B 2 7Hm (P<0.01) o OVA
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Establishment of an ovalbumin-induced bronchial asthma model in mice with
intrauterine growth retardation

WEI Hong-Ling, XING Yan, ZHOU Wei, WANG Xin-Li, ZHANG Hui, DING Jie. Department of Pediatrics, Peking
University First Hospital, Beijing 100034, China (Ding J, Email: djnc_5855@126.com)

Abstract: Objective  To establish and evaluate an ovalbumin (OVA)-induced bronchial asthma model in mice
with intrauterine growth retardation (IUGR), and to explore the molecular mechanism of relationship between IUGR and
asthma. Methods A total of 16 pregnant BALB/c female mice were divided into a low-protein diet group (#n=8) and a
normal-protein diet group (n=8), which were fed with low-protein (8%) diet and normal-protein (20%) diet respectively.
The neonatal mice were weighed 6 hours after birth. Sixteen male neonatal mice with [UGR were randomly chosen
from the low-protein diet group and enrolled in the IUGR group, and 16 male neonatal mice from the normal-protein
diet group were enrolled in the control group. Blood samples were collected from the mice in both groups for testing
of blood glucose. Enzyme-linked immunosorbent assay (ELISA) was used to determine serum insulin level. The mice
in the control group were randomized into a control + PBS group and a control + OVA group (n=8 each). The mice in
the IUGR group were randomized into an [IUGR + PBS group and an IUGR + OVA group (n=8 each). Six-week-old
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mice in the control + OVA and IUGR + OVA groups were subjected to intraperitoneal injection of 2 mg/mL OVA for
sensitization and aerosol inhalation of 1% OVA for challenge. Mice in the control + PBS group and the IUGR + PBS
group were treated with an equivalent amount of PBS. ELISA was used to determine serum IgE level in the mice in
each group. Bronchoalveolar lavage fluid (BLF) was collected from the mice in each group for cell counting. The lung
tissue of the mice in each group was stained with hematoxylin and eosin to observe pathological changes. Results The
body weight at 6 hours after birth was significantly lower for neonatal mice in the low-protein diet group compared with
those in the normal-protein diet group (P<0.01). The IUGR group had a significantly lower serum insulin level than
the control group (P<0.01). The IUGR + PBS group had a significantly lower IgE level than the control + PBS group
(P<0.01). Compared with the control + PBS and IUGR + PBS groups, the control + OVA and IUGR + OVA groups
had a significantly increased IgE level, and the IgE level was significantly higher in the IUGR + OVA group than in
the control + OVA group (P<0.01). Compared with the control + PBS and IUGR + PBS groups, the control + OVA and
IUGR + OVA groups had significantly increased counts of leukocytes, eosinophils, lymphocytes, and macrophages in
the BLF (P<0.01). The pulmonary alveoli of OVA-induced IUGR mice showed massive inflammatory cell infiltration
and damage of intercellular continuity. Meanwhile, airway epithelial cell proliferation, bronchial wall thickening,
bronchial lumen narrowing, and massive inflammatory cell infiltration around the bronchi and the vascular wall were
observed. Conclusions An OVA-induced bronchial asthma model has been successfully established in the mice with
IUGR induced by low-protein diet, which provides a basis for further study of the molecular mechanism of relationship
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between IUGR and airway inflammation.

[Chin J Contemp Pediatr, 2019, 21(12): 1223-1228]
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‘BN & TR (intrauterine growth restriction,
IUGR) fEZ# I KPR R R 1K 8%, &3 EUHT A2 LA
TR AGIHEREE 2 AR E, (R FR™= 1
W AR KRB IR A LA/ TR )L (small for
gestational age, SGA ) , J&H5 A R 5 7E [A) 4 731 )
IR IEH AR R 10 [ 8L T BT 24ME
(¥ 2 A briE 22 . TUGR BT AE LA b A i 1 s
IR ITAE, JF HBORZ AL RY] IUGR 5
FORUAR 5 AR 2 ROBE IO . RERE . e I A5 2 )
A P Ronkainen %5 "W BF T 561 T IUGR X}l o)
REAYRZM, L HG g i B 7 i ) OC 2%, R TOUAUE
FEHET 5000 A4 JLHAEM, IEICILEE 3~4 2 i H B
4 i AR AT RE S TUGR ARG JTAER BRI 1Y
WFFER] IUGR RERS 20 i G, AT & i
RGLRR (50) DIREBUE ', FEsEI L E ] %
BUNEERG 1, O TBFSE TUGR 5 eh % A A I 2
AL, ABIFAE TUGR REALSEA 7 B 8

(ovalbumin, OVA ) 55 518 3 S8 BN /)N BB AL
XN ITUGR MEMAE A 7 b HEA T T HR

1 #REHE*®

1.1 ELazhy. ARKRIRE

8~10 JE 5 MEPE BALB/e /ML (THTHZ ) , W
At ge i F e St s A R A, e SR T
KA E A S g bt . shPyiaklig A e a4
AR A A IRA T, ARM RGP R G

AR (8% Mg ) FIREEARE (20% &FH) .
T RHAC 7 2 BRA R R A BR A W9 B mb 7, R0
Lo sk F7K R shfy oo PR gk . 1R FRIR
JE 24 +2°C, 1BJF 50%~70%, 12 h HBEERIEH
THURT A /N RIS RS 7 d

F1 KB NARMET

T BHEC T SR ub e AR
EK (%) 38.95 38.95
FRVER (%) 31.10 4349
FHEE (%) 16.73 434
0 (%) 5.00 5.00
FEYI (%) 3.76 3.76
TR (%) 0.38 0.38
R ST (%) 3.23 3.23
WIRTTER (%) 0.50 0.50
i (%) 0.30 0.30
LA Z (%) 0.05 0.05
ML (%) 20.00 8.00
R (keal/g) 3.50 3.50

1.2 HMHARRERET

ZRRSCH ™ T, KSR IRIE Y 16 H
BALB/c ME A% 2: 1 SHERGIE, KHRAZE,
AR NN Z AR, I 24 0do RHATBE
BLo> 27 4 52 27 B AR 1 PR 2 R
R, 48 Ko MdlZE Ry RRERSE,
R 1 A IR S Rk = Do i = il = S i
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BE, HEERPOKEAZIRG, HES . W
202 B0 B AT B 21 d BE % )5 448 LA E 3
R ARG 6 h IR, R Sk ™
i, TUGR AU DAL %0 (bR 2 Hh AR AR AR T[]
JRES T EIATE 5 10 |07k 2 MeifEZE. 7R
6 JaliB Iy, BEALERRE IR H P A5 IUGR AR
HER 16 HEMEAF A0 A TUGR 4, IEWEARE
b 16 HUEME/N AT BRZH

X5 R4 /N BB AL 53 X5 AR +PBS ZH A Xt
M8 +OVA 4 (n=8) , ¥ TUGR 4 /) L BE ML 4>
TUGR+PBS 20 Al IUGR+OVA 41 ( n=8 ) , S a3k "
7, TESCEREE 0 K. 4 14 X, XTEE +OVA 4
FTUGR+OVA 4 /s FRUIE 1 13 4 100 uL % /7 OVA
) PBS ¥ W (OVA ¥ & 5 2mg/mL) i 17 2
;%P +PBS ZH A1 IUGR+PBS 41 i Ji 7 5 46 1
FUPBS, MEE 21 K E 30 K, K xf B +OVA 4
FIIUGR+OVA d/NRE T b, M A
50 uL. OVA ¥ (OVA WK E N 1% ) , BRI K%
30 min, H 1, #%:10d, X} 8 +PBS 41 fl
IUGR+PBS 4 /)N BT LA A% & 1Y PBS % W17 %5 1k
WA 55 KA s R G /N BB T, S R
100% . AAIF5E 380 A8 G 0 s e 98 9 v 4 200 B 3 1
B, IMIE 1gE KT Rl GO 24 U S5 24 Jr i,
e IR i AR gy sy P
1.3 /NRIMHE. MiERBEMMFE IgE 7K F4

IUGR @iz )s (BN AIG 6 ) , EE
JE29 2 h, — MR AT BUIN BUR Bk L,
A A AR (S0 2 AR A IR 7K SF 5 R FH R ik A
R M7 SR AR /N BRIV AR AR T IS4 T AR AR e 5591
A T, SRR R B, R P G G 328 W
7% (enzyme-linked inmmunosorbent assay, ELISA )
I /)N BRI T TR 5 2R K. OV A 75 22 i A 0
RS 24 h, R R Rk AR 32 R 4 /0 B
TWRRASISCEE T A I PsER a8 vp, 388 81 )5 B
M8, R ELISA A0 /N UL TE 1k K. i
5 R M 1gE Pk ELISA 57 &34 [ 22 F ALPCO
I8 SIS AR AR 4 BRI S U A A
1.4 MNREEELERARSENE

ARG, HNRIEVI, 2588
BEAJFHEE, WA AE . XA
BRI E EA TRV, R 2 vk, AR TE A I T A [
WCRTE 75% L Lo I &0 )5, 76 1h N

FHAML S EVE WG T B, M TTTE AR B L [T
AN - PHEL (HE) Jefa, 6B MRS
PEATRE R MR AN M . R E AN . 1 g i i A 4
MR o248 (24018 200 4 )
1.5 INRAFALARAR HE 3

I M A 15 A 58 TR I 24 h B/ BRUA il 2 49 7
FE T 10% W, S Vel K B IR0
W, Ylh . HE et EjaifiriEaE A, 8@
i WA, TR RS
1.6 FHITFENH

K SPSS 24.0 SEiH AR A T 4e 125 4y
Mr, THEERIDIIE « iR (R+s) Fom, W
ZH [A) PR PR REAS ¢ K56, 22 21 ] Lok H 5
R 5 22508, AL H 3R T SNK-g 56 .
P<0.05 HZERAGITEE L

2 R

21 REAREZMWE/NR IUGR #E

EREAIREAUREFR 73 B, IRERKRE
AR 43 B, HPgEr: 9 B, s 3 79%.
IEHE AR EAFIIARE 1.99 + 0.19 g, REHK
B TFHATE 1.67 +0.18 g( 2HBi5F IUGR brifE ),
PZH e 22 AT et L (1=8.490, P<0.01) ,
2.2 XTHRZAFN IUGR A/ R MHE K miFRE B =K
T4

S5XHRAA L, TUGR 4/ BUMLARE AT, 5
ZR LG L (P=0.290) ; TUGR 4H /)L i
RS ZACPREL, 2R A58 L (P<0.01)
W3k 2,

F2 tERZAFN IUGR H/NRMPER MiEER KT

(xxs)

2151 n 1B (mmol/L) 5 (ng/mL)
Xif HR 21 73 8.34+0.26 1.37 £ 0.09
TUGR 4 34 778 £1.07 0.76 = 0.35
il 1.134 3.795
P1H 0.290 0.005

23 ZT OVAFEEEAH/NRIMEIGE =N
LR
X B 4+PBS 4. Xf B® +OVA 4. IUGR+PBS
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20 FI TUGR+OVA 4 IgE & & W 5 2 % H 4 it
% & Y (F=317.14, P<0.001) ., IUGR+PBS 4
Ik & & (3.58+0.27 pg/ml) % %F HE +PBS 4H
(5.50 +0.35 pg/mL ) FEAK (P<0.01) ; 5 %F MR +
PBS 411 IUGR+PBS ZHAH LY, XTHE +OVA 4 IgE &
i (12.89 £ 1.21 pg/mL) F1 IUGR+OVA 4 IgE &
i (25.00 £2.07 pg/mlL) HH R FHE (P<0.01)
H IUGR+OVA 4 IgE & & & T X J/ +OVA 41
(P<0.01) .

2.4 FBE/PNRAGEERRMAMRSSFKITE

5 %F IR +PBS 4 A He, TUGR+PBS £H fii v #E Uk
T AR R R AR . bk P A A R A
TR, 25 TRi#EL (P>005) 5 5
Xif B +PBS ZH Fil ITUGR+PBS 41 AH L, X FR +OVA 41
FTUGR+OVA ZH 4L . WERRVERI A . Ik 4t
K E WA IR (P<0.01) , HXFRE +
OVA A A, mERRMER A . e B
WA 1504 2 T IUGR+OVA 2H( P<0.01 ), L3,

*®3 BH/NRMGEERRARSEITHLE (35, x107L)

4151 n BB R WG TR R 20 Tk NG TN LI A 114K
X8 +PBS 4H 8 58+0.8 0.8+0.4 0.7+04 0
IUGR+PBS £ 8 6.8+0.8 0.8 +0.4 0 0.42 +0.20
IR +OVA 24 8 312+26" 186+ 1.1"" 46+1.1" 1.60 + 0.89""
IUGR+OVA #] 8 16.6 + 2.4 11.8 2.9 2.4 +0.5"" 1.40 + 0.54™°

F 1t 199.923 148.184 45.741 10.256

P{H <0.001 <0.001 <0.001 0.001

e a/nSGXT IR +PBS 4HAHEL, P<0.01; b 7sY IUGR+PBS HAHEL, P<0.01; ¢ /8578 +OVA 4AHIL, P<0.01,

25 RKANMRHE LBEHTH

XTRE +PBS 41 : FliyfBRE s, Ml BE LA 52
W, I R) R RN SRR R I ARIE B MY X
SERSHN, LAENEEHE, 40T
S B A SR I A RE T LG I e R MR A i
e, XTRE +OVA 41: Pl Resi)s, fliyas 46 ),
it 34 1) B VT AL 4 P AT IR 5 KR R 4T R i
G, FOE I WK, SGE T LG AR
WA RERR, SRR, R PURENFE

XTI +PBS 21
5T g

IUGR+PBS 41

5’ &
i F

B1 BHEHNMBRMAR (MERXSE ) REEL CGFAR - @, x200)

RAEST I, TE SCRAE RN AE BE T R4 31 K
() 48 PR 40 B 33 . TUGR+PBS 4H . Jili 0 41 21 45 4y
KSR NGRS % I +PBS 4 3EA L
IUGR+OVA ZH : [l b 2H 2 v 52 300 ™ 5 174 4% 2 44 e
b I U L= S RO Ry |51 N [ RO w1
[ N O 51 B i X 2187 NP = B w0 1) 2
A, RIERGEOKM, SCRERER, A,
T SRS RN A B ] L AT DL Ao 1 2R P 4 L9 1
LA 1,

RS0 "N T By TR EE

", Y & % o do 35
o ST s RTINS YR
g i, 3 { CXA g Seb 47T o %
e 1 ; e :
S

X HE +PBS 20 J2 TUGR+PBS

LU ZE AR IE 55 XTI +OVA AU RERS R, TUGR+OVA iy BE S, SePEANTIRIE . X% +PBS 2 ) TUGR+PBS 4132/
BEEFIEH s X +OVA 42 S RER, RIYEAIMIIZIE; TUGR+OVA 4130 RERSR | Peas, K VAR
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ARHFFENH OVA 755 TUGR /MR A4 R
Wi, BTN T TUGR BERG SRR SRS /)N
TG LA Ty B RAAIG B oA Sk A4 12 g XU P B 7
PO T YRRl . 57 TUGR & FFENG sh P
B, FEHEZEIANTM. HoE, WEEEHR
BT TUGR. 10 Wiy P A g 1) S ) 2 o AR BRABEAH
B4 1% Wistar K BRI BALB/e /NRUEATHSESS,
TSI TUGR & A= BN I RS B, J5 S2E 47
o L TR ik PR e B A — B Y, AR %
BALB/c /INGUE by g8 7 AR (1) sh P . [ P A
A IUGR shWtE Al £ H Sprague-Dawley ( SD PN
I Wistar B, A T 7 S ARSI i A AR
i F BALB/c /MR Brown-Norway ( BN ) K, s
R 5L Yue 25 "R AL, BEET NO, Kk
) BALB/c 2 UM, B4R 5 H OVA i %
K R, Wang 85 " WFSE & B, il 1DK BALB/e
PREFIVESRSE T, REUFRULAE IUGR,
#7148 BALB/c /N il i OVA 55 & A 0, 5
IEH TN, &4 TUGR A9 BALB/e /N
PR W R B ) ASE N . A AR AR, T
U, BALB/c /NRAE G4 AR TUGR B W% R AH AL
il S

WA Sh Tl R 5, 75 B DL A 5 A ) Al
JEVEREA 1Y TUGR sh BT Jrid . AR
REAT B2 938 S AR AR By i r 1T K B TUGR 3
WAl S R TUGR R BRI SEA T T AH 64
TR 20, WS R A, RO E ., A
W BRI AR B VA HEST TUGR /N EUBEAY, IR
FIR A7, TUGR AR ) Sk ) AU I 2 1 e
IR, ASHFTE 4 A BEA: 1 SC 06 S ml, 2% [ 4
TUGR /MR SR AT ST 2858 Y R 209% 1E
IR T 8% MK EE IR & #F 1T HF5E, BALB/c /s
A AFEA T ENFEEIRSES, MEAKRE
A/ NRAEA S 6 h IR E WL T IER R AKE
2H, TUGR BERY R~y o [ P 2 R TUGR 45
RUIE ARSIk . T e sh k& L%
R IR Rk e ™ e T axX 3 A Al
ET i, R IR PR & 57 1 IUGR 3l 4 5 Al
IR, AR, 0 HIREER A AL TUGR
(R AR B R . AR 25 R4S, TUGR 41/

BRUBE R A A AN, TS AWK RIS, S A
FELER—5L, Boehmer %5 P IESE T BISFIF TUGR
YRR ELAT 5 R B B AR B AT e AN 4,
TUGR BP0 e B R R AR R /L | B 240 b 5 o
WD RS Z 43 W80 . Berends 45 PV ilFgE R IR,
BN E B IR /NI PAX B AN g R,
HOJs R AT 8 5 H B T e i fB 2 2R 430 ) 1 3
A

WAl 78 TUGR A1 SERE b5 5 % A I g e AR
WF 5% 75 AR DA S5 = AN Ta) L, R AR ] PN A o7 I
/N B S A AL ) vk B AR, (Hk = 7F TUGR
BRI SLR ST NG SR AL 2 5 AR AE
BALB/c /MR TUGR #BEAUERE I, #EFF OVA &R
SR, SRIFEALRA OVA R JSRE RN, 8
WA 7 A N SR I AR TR R I g 2
Z AN AnE R MR AR AR AT | T 6 L 4T
PRI AN . SOE L R A SE ) A2
() SCTE M 1 S s, LU [ I PR AR A /<
AT . ATE R R R P R, 2
A I W AR I 1 AN 8 B A B i 74 78 0
H G R AR 2 L I L T B A T A, A
T it 2 22 it 4 e S S PR S A s PO AR
FARSER, TUGR /N &t OVA 535, IgE
T TUGR AT, b 9 6 Y170 4 i 41 e B 8
W22, I H 20 BRI 245 2 R AR R il K S
HRAE, $m ARG AI S i) o Chen 457
Wt NI A OVA, JRIhiE S, T S g
Wity /1N B A) ST AR E R g ST, it 9 VR 30 A P 9%
AMHIEA L . Zhang % P HE OVA 5 1 S0
% /N BB AR P 2 B, B3 17 94 B e YA e % i 4
fa s 22 LIAL, Bl 40 2008 25 2 3 m B 8 A9 A RE
JLI o 3K BEAFFFE 45 5 AT AR A 45 SR — B

B2, RUFFRAEMCE AWK ERIE T IUGR
R L flt - R FH 25 Ak RN s 3 5 OV A Big oy # 57
T IUGR- LB R & — /N EUBERL, b
5% IUGR 5/l RAE Z 0] (1) 43 F AL ST T S50 5
fll, PRI TUGR %A S A B s A mT g4 F-AL
I BE e T Lg% L
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