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Table 1 Rat milk and simulated milk ingredients

Sy /L AL /L
E/g 73~77 75
N&Wi/g 108~112 108
KA/ g 23~27 26
fig it /k) 578~592 584

1.3.3  fl S R v il - S 6 2 26 R B ey i AR 2L A
WSS 1 h, ik ZKY-4F 48 e fa S {3 A ik 3 0% ~
0.5% ,FTTF 50 HE I 1] K it o %, 2 i L < it A
5 L/min 245, FEHE 9 MK B2 <0. 5% 4% 37 28 KRS
ABREEFE N, B4 7 min 558 T 4 CRE 7 min,
D E 4 7E ¥ 34 RS 7 i #: %% 2 mg/kg .5 mg/kg
LPS(LPS Y% T 0. 1 mL A= HEL /K ) , 1 59 45 o B b
FiA B A R A B R AR, LR E RS 12 h —
WLESE3 d,
1.3.4  BRAUCEE (15 # X B 20 K S 58 Aub B4 A B
FEARRALIEG 12 h 5% [ SRFE T )5, 57 BIAT I 6 s B
I EIEEN 3 em AL EE 1 em BT 4% H [ E
SE RIS 2 om A B AT A A F AR AR 2 AT .
1.3.5 HZURHEFR A 3T E H/Ms T 4% W g
WP E 24 h DL K A A 38 BBOGRDIR T
5 wmP] R HE e 8 5 7868 TR S 8 g &
sk g o 2 W SCHR" R e BT 23 A o X [ O
T LA VE 50 43 B B I 9% & 52 %, 4509 1E
W1 o BRI, B 5 A B 4% B T
255 BB IR A ;3 A BB B B AT
PO 54 43 BRI R 25 40 58 A Bl O, 503 BE IR A
DA YBURE it o U5 1) 1) i 8 43 5500 o2 oA i T 1) 400 40 A
JE B2V =2 iAo NEC,
1.3.6  SE P TR . AR 40 3 500 & d B 1 AR O
125, R F T HK e 95 W B ok ( ELISA ) A6 I 2% 25 8 A B
/N A AU IR SR AE R F - ( TNF-a ) 7K -
1.4 ZitA*E

FH SPSS 20.0 K 4 4b A , 1507 kLR A
N2 24 J7 22 53 W, 2 B AR 35 9% kR A kruskal-
wallis Bk A 40 45 45 Nemenyi 25 6 56 4 K AR ] 73
Br, 25 20 BUAF 15 1% 00 R - Kaplan-Meier ¥ 9 17 2E £
43813 P<0.05 S 22 5 A GiitF 5 L

2 HXR

2.1 —BRARERKRR

A W5 R4, o RHEE R R, T K K
VS AR BT R4 ;B C D E 20 7E B A R
YA W W IR M, S At s &ORMEREE, BLC A
T LI BT A BRI B ek b | B R IR A Ao
W N K R HE B a0 R A L 2 AR AL,
LD KBS LPS J5 2 60 ~ 120 min H B EL 5 |
Kt ZEEE TGS 6~ 12 h 5 IR WG IE Ik ETE IR
S R . E 7 LPS 4TS 30 min £2
A P B ey R REAT LB T I S
FEBE TR SR 2% ,4~6 h HFLE K | 3% S B i m SR AE
3 h JFUR B 22 BLSE 5 B H SR BET
2.2 AERARERETHER

R 4l A5 20 52 56 BRAE IS 1B 0, 38 i AR A 0 B s
S 2 B A Y AFAE 22 % (P<0.05) ,B.C.D 4]
HEfF2EFH LG E L (P, =0.68 P, =
0.44 P,,=0.24) {0 D E d M/ 1722 %A G it
H(P=0.04) , Kl it LPS(5 mg/kg) I I 1 5 4
/N LPS(2 mg/kg) [ Fis 1 48 7T G 28 185 i 55 56 B
IFET-#(P<0.05), A & E 24 NEC K525 H
0/10.25% (5/20) .35% (7/20) .75% ( 15/20) .80%
(16/20) , 6T 3R 4» 9 K. 0/10,15% (3/20) .20%
(4/20) .35%(7/20) .60% (12/20) , XFFET- i A4 R
figg #) OB s BRVE 43, 45 NEC S 343 =2 43, 9h
Mt NEC AHORPESET:, <2 43k a2 HAldE NEC A
KHEIET, A B A¥JdE NEC AH X H%ET-;C D E
HormA 1.2.5 Bl BdE NEC AHOCHESE T, BR A
A, S5 41 R AR BB S ) AR B A T o 0 BR
B . C 4 R4 Jot Bl 4% 6 25 40, €D B 4[] 44 o
WA R 2R (WK 1),
2.3 BALRKREYLET

WG T WIER KRBEZSBEI A6 01
il iR A AR B EREY R R
BERUSR M, BB RIEIEK IS RERA, K
BORBE, S AL RN R E K (A& 2A ~E) s AR 4
HE 38 85 70 3T 43« |81 2F 2 ] 3 5040% 0
31432408 3 03 4 0%
2.4 REBIESER

KM EEH 3 BN 5L NEC A5 A 317 9k
Mo VE A —BGE A 4 B AR AT



- 38 -

40 B Bl 36 %

W E B2 o PP R ANE 1C, R H] Kruskal-
Wallis H #2560 $8 78 5 41 18] 22 5l A G it 2 8 X (P<
0.001) , i — 25K A Nenmenyi 3545 55 $1 7 5 5 41 ]
NEC 5 B 73 100 35 1 22 5+ (P>0.05) .

F-a Z5R(WME 1.D) 251 BIR LPS & 8 Wil 45 24
20, AN TR] 9] o 2 ) A X B, TNF - 7K 22 5 1 B 3%
(P<0.05) 5 28 i Jis 1 55 45 25 21, ) 3 21 450/ 51 4
HAN AL N INF-a KF 2R BKEF(P<

2.5 INBHEARERFET
AL S 0 A5 £ 2 S5 BR /N i 2H 4 Hp ek g R B TR

0. 05) , 45 755 i 77 1 2 A e S AE S B B o

1 £EERARERERGIRGEERNMNFELAMBIRERF o RETLER
TE AL SEHG BUE AR 20 BT KR Bt LPS IR I 1 5 21 A 77 30 3 FEAIR (P<0. 05) 5B e S0 i JS 37 A= BUMR B it 28 A, TE 3 Xk HE 4 A 3 ik 444
FLAf fH NEC A58 83 41 (4 &t i 25 B AR (P<0. 05) 5 C o g L2 VT 4 M e 145 5 S0 06 2 4000 7 88 0 1 2 b 3 38 v (EL LPS 1 JIR 40 i) G
WE %S LPS JE RS A M F 22 5 (P=0.05) ;D /N A S TNF-o B 5250 20 B0 BRZH 10 35 T , LPS & I8 Jrs vk 9 41
O IR/ AL TNF-o K 12 #8085 (P<0.05) , H TNF-o FF# /K 5 LPS 2 A5G
Fig.1 The survival analysis (A), change of body weight (B), pathogenic score(C) TNF-a concentration in intestine(D)
Note: A : The survival rate of Group E (large—dose LPS intraperitoneal injection) is decreased significantly ( P<0.05) ,but difference between
Group B, Group C and Group D were not significant (FiglA) ;B:The change of body weight during study.The body weight obtain in Group A is
normal, but the decrease of body weight in NEC model( Group B, C, D and E) was significant ( P<0.05) ; C:The pathological scores of
intestinal injury is increased significant in experimental groups( P<0.05) ,but the differences between Group B and Group C, Group D and
Group E are not significant; D :The TNF~« concentration in intestine between control and trail groups were significant( P<0.05) , LPS

intraperitoneal injection higher than oral administration, the TNF-a concentration is positive corrective with the dose of LPS(P<0.05).
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Fig.2 Typical characteristics of gross morphology and HE staining (0, 1, 2, 3, 4 points)
Note: A:NEC score 0, The normal intestinal tract was carnation and glossy, intestinal canal moved actively; B:1, Slightly congested
disclosed; C:2, Sight dilatation, severe congested; D:3, Extensive dilatation, appeared black;E:4, Severe necrosis, extensive discoloration;
F:NEC score 0, normal ileum; G:1, slight submucosal separation and villus tip injury; H:2, villas failed off; 1.3, mucosa grew swelling and

villus sever injury, severe separation of submucosa and/or lamina propria edema in submucosa; J:4,transmural necrosis
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Improvement and Evaluation of Necrotizing Enterocolitis Models in Neonatal Rats

XI Shibing, YANG Min, XIE Jijian, JING Weili, LI Xinchao, LI Tao
( Depth of pediatric, Shiyan Taihe Hospital , Hubei Medical University Affiliated Taihe Hospital , Shiyan 420000, China)

Abstract; Objective The present study aimed to modify and evaluate necrotizing enterocolitis ( NEC) models
widely used in rats, and to determine the better method . Method Ninety rat pups were divided into five groups:
Group A as control (n=10). Group B to E (n =20, respectively), rats were raised with simulated milk and
subjected to hypoxia, cold stress, LPS with different ways and doses ( Group B p.o. LPS 5 mg/kg; Group C p.o.
LPS 10 mg/kg; Group D i.p. LPS 2.0 mg/kg; Group E i.p. LPS 5 mg/kg) per 12hours for 72hours. Followed by
observing and recording body weight, survival time and sample collection, gross examination, HE staining, NEC
injury scored, TNF-a levels in the intestine and kidneys were detected. Result We found that Group A rats were
normal , but rats from groups B-E exhibited NEC clinical characteristics, but to varying degrees in different groups.
The Group D (i.p.LPS 2.0 mg/kg) has comparatively lower mortality rate, no- NEC-associated death rate, higher
morbidity rate and moderate TNF-a level in intestine and kidneys and NEC injury score when compared to other
groups. Conclusion The modified method that through combination of formula feeding, hypoxia, cold stress, and
low-dose LPS intraperitoneal injection is an optimal strategy of modeling rat pup NEC.

Key words: Necrotizing Enterocolitis; modeling; neonates; rat; Lipopolysaccharide



