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Protective effects of intestinal trefoil factor on
neonatal rats with necrotizing enterocolitis

Chun-Hua FU, Bing-Hong ZHANG, Cai-Xia YAN, Li-Ping CHEN, Gen-Rong MAI

Depariment of Pediairics, People's Hospital, Wuhan University, Wuhan 430060, China

Abstract: Objective The intestinal trefoil factor (ITF) is closely related with gastrointestinal epithelial cells injury
repair. Studying the effects of ITF on necrotizing enterocolitis (NEC) would be helpful to the treatment of NEC. This
research investigated the effect of ITF on intestinal histopathological changes, expression of cyclooxygenase-2 ( COX-2 )
and the production of prostaglandin E 2 (PGE, ) and thromboxane B2 (TXB,) in neonatal rats with NEC. Methods Forty
one-day-old Wistar rats were randomly divided into 5 groups: Groups A, B, C, D and E (n =8 each). Group A served as
the normal control group. Rats in Groups B, C, D and D were made into NEC models by hypoxia and re-oxygenation for 3
consecutive days. Groups D and E were treated with 0.5 mL ITF (0.5 mg) intraperitoneal injection or 0.2 mL ITF
(0.2 mg) subcutaneous injection once respectively after damage, while Groups B and E were injected with normal saline
intraperitoneally or subcutaneously respectively. On the 4th day all the subjects were sacrificed and intestinal tissues were
obtained to examine the histological changes, COX-2 expression, and PGE, and TXB, productions. Results Intestinal
histopathology of rats in Group A was normal, and the pathologic scores were 0. As compared with the corresponding NEC
group ( Groups B and C) , histopathological injuries of NEC were remarkably relieved after ITF treatment ( Groups D and E)
(P < 0.01). The pathologic scores of rats in Groups B and C were 1- 4, while those of Groups D and E were 0-2. PGE,
and TXB, contents significantly increased in Groups B and C, while dramatically decreased after ITF treatment (in Groups
D and E). No significant differences were observed for the PGE, and TXB, contents between Groups D, E and A.
Immunohistochemistry staining indicated positive expression of COX-2 in Groups B and C, which were significantly higher
than Groups A, D and E (P < 0.05). Mild positive expression of COX-2 was observed in Groups D and E, which was
stronger than Group A. Conclusions ITF can decrease the productions of PGE, and TXB, by suppressing the expression
of COX-2, which may be underlying protective mechanisms of ITF on NEC.
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Necrotizing enterocolitis (NEC) is a severe emer-
gency as well as the first cause of death in extremely
premature infants. Prematurity, enteral feeding, bacte-
rial colonisation, and intestinal hypoxia-ischemia are

W In

considered to contribute to the enteral necrosis
spite of extensive epidemiological, clinical, and basic
research, there is no effective preventative treatment
for this disease */.

Intestinal trefoil factor (ITF), a member of trefoil

the

mediated by many injury factors. It can transform mu-

peptide family, can greatly reduce damage
cin solutions into a gel-like state, significantly increase
mucin’s viscosity and elasticity, thus enhancing the
defense barrier of gastrointestinal tract mucosa'®'. ITF
can also promote cell proliferation, migration and anti-
apoptosis capacity and so it plays a major role in the
self-defense and healing of gastrointestinal tract. There
may be some other mechanisms underlying the protec-
tive effect of ITF. The reasons for a predilection for
prematurity are unclear, but deficiency of ITF may
contribute to the susceptibility of premature neo-
nates'*!.

Ischemia leads to intestinal hypoperfusion, which
may cause intestinal mucosa injury. Thereafter topical
microorganisms may invade the mucosal barrier and
induce cascade amplification reaction of inflammation,
and cause NEC. A series of inflammatory factors up-
regulate during NEC. COX-2 is an inducible cycloxy-
genase, which can be quickly induced and activated by
variety of inflammatory factors. COX-2 expression in
intestinal epithelium of neonates with NEC is signifi-
cantly higher than other non-inflammation cases”’. It
is believed that the COX/prostaglandin pathway plays a
critical role in the pathogenesis of NEC. Increased
COX-2 can induce the production of prostaglandin,
causes the degradation of cell membrane phospholipids
and produce arachidonic acid. With the catalysis of
COX-2, prostaglandin E 2 (PGE,) and thromboxane B
2(TXB,) are generated from arachidonic acid, which
contributes to the pathogenesis of colonitis.

Whether ITF can inhibit inflammation, and de-
crease the expression of COX-2 and its downstream
production during NEC remains unknown. The aim of
the present study was to test the effects and mecha-
nisms of peritoneal and subcutaneous administration of

ITF on the development of NEC in neonatal rats. In this

research , experimental NEC was induced by hypoxia in
neonatal rats'®  and the effects of ITF on the develop-
ment of NEC, expressions of COX-2 and its downstream

productions , PGE, and TXB, were evaluated.
Materials and methods

Experimental animals, reagents and experiment in-
struments

Neonatal Wistar rats (1 day old, weighing 5-
10 g) were provided by the People’s Hospital Animal
Center of Wuhan University. The neonatal rats were
kept together with and fed by mother rats. The room
temperature was kept between 12 - 25°C with natural
illumination. Recombinate human ITF ( hITF) was
provided by the State Key Laboratory of Protein Engi-
neering and Plant Genetic Engineering, College of Life
Sciences, Peking University. TXB, was provided by
the Beijing East-Asia Biology Institute. PGE, was pur-
chased from Amersham International (USA). Experi-
mental instruments included normal pressure hypoxia
chamber (20 cm x 30 cm X 40 cm, with one air in-
let and one outlet) , RSS-5100 portable digital oxygen-
meter ( Shanghai Rex Instrument Factory), and SN-
682 radioimmunity vy counter ( Shanghai Heifu Photoe-
lectric Instrument Factory) .
Grouping of experimental animals

Forty neonatal rats were randomly divided into 5
groups (A, B, C, D and E,n =8 rats each. Groups
B, C, D and E were made into NEC models as
follows: CO, was added to the hypoxia chamber till
CO, concentration reached 100%
99.7% +0.2% ). Then neonatal rats were then put

( maintained at

into the hypoxia chamber. After 5 minutes, O, was
added into the chamber quickly until O, concentration
reached 100% ( maintained at 99.0% +0.8% ) for
another 5 minutes. This process was carried out for a
successive 3 days. After damage, Groups B and C
were injected with 0.5 mL normal saline (NS) intrap-
eritonealy or 0.2 ml NS subcutaneously once respec-
tively, while Groups D and E were injected with 0.5
mg ITF (0.5 mL) or 0.2 mg ITF (0.2 mL) respec-

781 Rats in Group A were not subjected to

tively
either hypoxia or re-oxygenation and any injection. All
subjects were sacrificed on the 4th day and intestines

from the lower duodenum to the upper colon were
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removed. One to two cm of ileocecal intestine was fixed
using 10% formaldehyde, then paraffin imbedded for
hematoxylin-eosin staining and immunohistochemistry
analysis. The rest of the tissues were kept in -70°C for
further use.

Histopathology analysis of intestine

Four slices (4 pum) of intestinal tissue of each
rats and 5 views ( x 100) of each slice were analyzed.
The histopathological changes were scored as 0 ( nor-
mal villi) , 1 (epithelial cell sloughing) ,2 ( midvillous
necrosis ) ,3 ( complete villous necrosis) , or 4 ( trans-
mural necrosis ) in double-blind way'®’. The mean
score of fields was calculated for statistical analysis.
Measurement of PGE,

The procedures were carried out according to the
manufacturers’ instructions. Samples were added into
dehydrated alcohol-NS (1:4) at a concentration of 20
mg/mL. After homogenate, 2.0 mL supernatant was
collected, and the pH was adjusted to 3.5. Five mL
acetic ether was mixed with the supernatant. After 2
minutes , the supernatant was centrifuged at 3 500 rpm
for 15 minutes. The extraction fluids were frozen at
20C.

Measurement of TXB,

Measurement was carried out according to the
manufacturers’ instructions. Samples were added into
dehydrated alcohol-NS (1:9) at a concentration of 20
mg/ml. After homogenate, samples were stored at
-20°C. During measurement, samples were centrifuged
at 3 500 rpm at 4°C for 15 minutes. Two mL superna-
tant was collected.

Immunohistochemistry analysis of intestine

Samples were dewaxed, dehydrated, and heat
antigen repaired. One mL goat anti antibody (1:50)
was added and COX-2 incubated at 4° C overnight.
Biotinylated rabbit anti goat IgG working solution was
added and incubated at 37°C for 15 minutes.
tion with HRP labeled streptavidin ( S-A/HRP) work-

ing solution (37°C for 15 minutes) was carried out.

Incuba-

Color was developed with DAB and the sections were
counterstained with hematoxylin. Immunohistochemis-
try results were analyzed using HPIAS 2000 Imaging
Software ( Tongji Qiangping Imaging Company ). Posi-
tive staining area was measured in 4 slices (5 regions
of each slice) of each rat. Positive rate was calculated
by comparing with total area; mean values were used
for statistical analysis.

Statistical analysis

Statistical analysis was carried out using SPSS

One-way ANOVA

was performed to analyze differences among various

11.5. Data were expressed x + s.

groups, then the ¢ test was used to analyze differences
between two groups. Pathologic scores were evaluated

using Ridit assay.
Results

Manifestations of rats during hypoxia-reoxygen-
ation

During the experiment, no abnormalities were ob-
served in Group A. Remarkable abdominal distension,
mucous loose stools even bloody purulent stools were
observed in Groups B and C. Rats in Groups D and E
had less severe abdominal distension and a minority
presented with mucous loose stools.
Histopathological changes of intestine

The intestinal histopathology of rats in Group A
was normal, and the pathologic scores were 0. Com-
pared with the corresponding NEC group, histopatho-
logical injuries of NEC were greatly relieved after ITF
treatment ( P <0.01). The pathologic scores of rats
in Groups B and C were 1- 4, while those of Groups D
and E were 0-2 (Figure 1).
Contents of PGE, and TXB-2 in various groups

The PGE, and TXB, contents in NEC intestinal
tissue homogenate significantly increased in Groups B
and C, but dramatically decreased after ITF treatment
(in Groups D and E). No significant differences were

observed between Groups D,E and A(Table 1).

Table 1 Contents of PGE, and TXB, and COX-2 expres-
sion in various groups (n =8, x%s)
PGE, TXB, COX,
Group
(pg/mg - tissue)  (pg/mg - tissue) (%)
A 17 =3 138 +29 30.2 +1.1
B 37 + 3¢ 321 + 37° 64.4 = 1.4°
C 36 + 3° 314 + 37° 64.1 = 1.5°
D 20 £ 3° 140 = 30° 38.9 = 1.1"¢
E 19 = 34 139 + 28¢ 39.5 = 1.174
F 74.57 73.45 1313.75
P <0.001 <0.001 <0.001

Compared with Group A a P < 0.01, b P < 0.05; ¢ Compared
with Group B P < 0.01; d Compared with Group C P < 0.01

Immunohistochemistry analysis of COX-2
Immunohistochemistry staining indicated positive

expression of COX-2 in intestinal tissue inflammation

cells, smooth muscle cells and some intestinal epitheli-

um of rats in Groups B and C, which were significantly
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higher than Groups A,D and E(P <0.05). Mild posi-

tive expression of COX-2 was observed in Groups D

much less than Groups B and C(Table 1 and Figure
1).

and E, which was stronger than in Group A, but was

Group D

; o

PAR Sk

Group E

Group A, the villi

were normal, and the pathological score was 0. Group B, the cores of villi were separated, and there were significant submucasal ede-

Figure 1 Histopathological changes of intestines in various groups ( Hematoxylin-eosin staining, x200).

ma and epithelial sloughing. The pathological score was 3. Group C, there were denudation of epithelium with loss of villi and full
thickness necrosis, significant epithelial sloughing in the intestinal lumen. The pathological score was 4. Group D, there were villi core
seperation and minimal seperation of the mucosa from the basement membrane. The histopathological change was less than that of
Group B, and the pathological score was 2. Group E, the villi core seperation and seperation of the mucosa from the basement mem-

brane were slighter than that of the Group C. The pathological score was 2.
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Figure 2  Expressions of COX-2 in intestines of various groups ( SP staining, x400). Group A, there was little COX-2 expressed in
the intestinal tissue of normal neonatal rats. Group B, much COX-2 was expressed in the crypt and villi of the intestinal epithelium and
in the cytoplasm of inflammatory cells in mucosa and muscularis layers. Group C, the expressions of COX-2 were almost as much as

those of Group B. Group D, the expressions of COX-2 were much less compared with those of Group B. Group E, the expressions of

COX-2 were much less compared with those of Group C.

Discussion

This study indicated that in the intestinal tissues
of neonatal rats with NEC, the COX-2 expression in-
creased, and considerable PGE, and TXB, were patho-
logically synthesized. However, after peritoneal and
subcutaneous injection of ITF, the COX-2 expression
was reduced. The contents of PGE, and TXB, were al-
so significantly reduced.

ITF is a newly discovered growth factor. During
acute mucosa injury, ITF expression is up-regulated in
the early stage of repair, and this promotes the repair
of mucosa and maintains the integrity of mucosa. Our
previous research has found that compared to normal
premature rats, a series of inflammatory cytokines such
as TNF-a and IL-8 are significantly increased in the
intestinal tissues of NEC rats, and dramatically de-

10 These findings indi-

creased after ITF treatment
cate that ITF can inhibit inflammatory factors release,

which may underlie the therapeutic effect of ITF in

NEC. This study indicated that ITF administration in
different methods could exert a mucosa protective func-
tion. It is speculated that through the inhibition of
COX-2 expression, ITF can inhibit the production of
PGE, and TXB,, and therefore exerts a protective
function on mucosa. But the detailed mechanism of in-
hibition effects of ITF on COX-2 expression needs fur-
ther study.

[ References ]

[1] Mckenzie C, Marchbank T, Playford RJ, Otto W, Thim L, Par-
sons ME. Pancreatic spasmolytic polypeptide protects the gastric
mucosa but does not inhibit acid secretion or motility [ J]. Am J
Physiol, 1997 , 273(1 Pt 1) :G112-G117.

[2] Babyatsky MW, deBeaumont M, Thim L, Podolsky DK . Oral trefoil
peptides protect against ethanol- and indomethacin-induced gastric
injury in rats [ J]. Gastroenterology, 1996, 110(2) ;:489- 497.

[3] Chung DH, Ethridge RT, Kim S, Owens-Stovall S, Hernandez A,
Kelly DR, et al. Molecular mechanisms contributing to necrotizing
enterocolitis [ J]. Ann Surg, 2001, 233(6) ; 835-842.

«23.



SRR 7 E SRR E Vol.7 No. 1
2005 4E2 A Chin J Contemp Pediatr Feb. 2005
[4] Chen L-P, Zhang B-H, Li Y, Mai G-R, Liu Z-X. The effect and role of lipid peroxidation and management by vitamin E [ J]. J Pe-

significance of intestinal trefoil factor IL-8 and MDA for neonatal
rat model for hypoxia-induced intestinal injury (in Chinese) [J].
Chin J Perinat Med, 2003, 6(5) : 306-309.

Caplan MS, Russell T, Xiao Y, Amer M, Kaup S, Jilling T.
Effect of polyunsaturated fatty acid ( PUFA) supplementation on

(5]

intestinal inflammation and necrotizing enterocolitis ( NEC) in a
neonatal rat model [ J]. Pediatr Res, 2001, 49 (5) : 647-652.
Zhang BH, Yu HG, Sheng ZX, Luo HS, Yu JP. The therapeutic
effect of recombinant human trefoil factor 3 on hypoxia-induced ne-
crotizing enterocolitis in immature rat [ J]. Regul Pept, 2003,
116(1-3) : 53-60.

Okur H, Kucukaydin M, Kose K, Kontas O, Dogam P, Kazez A.

Hypoxia-induced necrotizing enterocolitis in the immature rat: the

[7]

diatr Surg, 1995, 30(10) ; 1416-1419.
[8] Caplan MS, MacKendrick W. Necrotizing enterocolitis: a review
of pathogenetic mechanisms and implications for prevention [ J].
Pediatr Pathol. 1993, 13(3) . 357-369.
Schanler, RJ. Overview; the clinical perspective [ J]. J Nutr,
2000, 130 (2S Suppl) : 417S4198S.
[10] Thim L, Madsen F ,Poulsen SS . Effect of trefoil factors on the vis-
coelastic properties of mucus gels [ J]. Eur J Clin Invest, 2002,
32(7):519-527.
Lin J, Holzman IR, Jiang P, Babyatsky MW. Expression of intes-

[9]

[11]
tinal trefoil factor in developing rat intestine [ J]. Biol Neonate,

1999, 76(2) :92-97.
(Edited by Le ZHONG)

- SR B A

VAt 156 0 5E O 5 Ak 14 2 L S PR bk 20 L 1 s 1 )

R =a! 1 > 2
FES R AT, ARK

(1. HH BB TARERSIA T 8% 735000; 2. #5354 8L TARERIUE, 55 % 735000)

[FESZ%E] R25.5  [X#kFRiRE] E
B.,2%, FAKI0 d, mEssE BasAm2 d
ABEo L 10 d FirJCEH 5 P H BUAS B0 00) A B 1R
ik 38°C ~39°C  fE= 01 (B2, 2 d BriRiR T2
39.5°C  If Hh PL I (4 B 22 A B A I R
MLTE M 86 ¢/L, HA4NMI11.2 x 10°/L, Ifil/Miz 64 x
10°/L, FHUEPIAIT 2 d TR A B AR RIR
39°C, SRR 2, T BT LA, TR €0 v, 25
7/ = I 2 N = R AR i Ay A N
T EER AT ik K 2 kL TR/ LAY, BUER, T B A
AL, TG R, H A v Rk A5 R ek fe, HEADE
2.5 em BT 2 em, BT ih G, M DU BCE
S E RN R SR RTS8 | EA R e |
60 o/L, £ 4 fifE2. 06 x 10"/L, 1fi/MR 50 x 10°/L,
A 67.0 x 10°/L, 43 2 J54f 11 4 HE Ik 2 40 a5
0. 82; ZL A I TR 125 mm/h, BH#ELR B #EwK S
RS2 I 10 TR 5 AT R At R AR TG R, b 41 =
2015 IRE A0 2R L 9] B S 48 e B A K 40 HE Tk 1 4
J (50. 885, F 44 MUK S XM , SME AN 5 8 5 4
JH 2 1) B A e b AT L R A 21 8 W TR 1 ) o
BUALT LD AT 5 4 R WL E AR AL, il
BHCTEAS W . POX Jefa (=) o 2 Wy 2P bk L 40 g

[ WA H 381]2003-07-30; [ &1l H 181 12004-09-23

FIf (ALL) I3 BEIRAE , 812 5 54 Bein i

B BEPR A 5 B 1 120 M R0 B A B A
BURSEIIIRIE, B ZG KRR IR LA (B aE . AL
a3 | S B RE VR SE A AL, 2 PR T8 PN I 105 48 L )
o BERGAE | eI i 52 B0 Sl L, B P il pE e
v B RS SV IR AE . X B B BEIN A
P49 T8 2 e oy R ) e e R S, L
P UICIERY AR R T ST SRS -y = S RARCEN TR AT ENS
TR Y5 BT T LA A% A MR R AN, B R R
L LEREIIBERY , F 2T 40 0 S22V e, A 2 ) A 2
Y53 AT WA 21 €50 T PR 0, T g 28 A0 A% 200 e L ot
VAL IS I RE TSI 2 1 BT A3 . T R R R AR PR SR
Bt

ALL &It B 85858 14 /L, 3 il 200 e Fn i
WESL IR [ & AR IR BT, HLR 22 1 40 i T 4508 8 3
( >50 x10°/L) , #E4E4 E /N LI 2% 20 (1998 ) 42
HRFRIE, Z2J8 T el ALL J7ROTiG 2502% .

(R St IR )

[MEERIA ] S0 (1976-) 95, K RN ETO7 1 - M om e SR
.24 .





