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N FF B8 i Zonulin Z2AIATE /NG LB R I E KRR G EEIE N

w P ARG R KR, HA R, R 4L (400014 TS, PR EE AN RER R JLE BE e A LR, LER B
WA TR A R B A S =, LR T T B S, T T LB K 1 TR 1296 5 Ty [l P 5 A )

(HZE] HIY  BRUTSUEHF X IRFEPE /NG 25 1 2 (necrotizing enterocolitis, NEC ) A K U AY
J BB PE KLY Zonulin FIKAFEIE , 734 SUELFF B AR 9 NEC AT RERYALI . J5iE ¥ 60 Hog 1 d
) SD K ERFBENLECTFFE 50 3 41 (n =20) X HRAL IRBEME /N 25 i R0 B K FRAL (NEC 4) JowUE;
FFAE T HUIRSEE MG EE I 8T A K R (NEC + BIF 21) o 3 4455 1,23 JK ] B i) 5 D R ot ot 5 265
4 RAFER B, HE Geta WS [RE A A 2 S B AR AR IR A T BRAEPE 43, R IR < 3= -4 R b (FITC-
Dextran ) 71 E5 32 46 00 iz 8 R 325 14 , ELISA A5 i3 Zonulin [ 7K-F-, Western blot 5 £ 35 2H Ak A6 I Az 24
LB R P FR R A 3 R RIS Zonulin /K5 1738 30 51 I B T 1 0 1 F ik 1T
KoM &5 5 NEC ZUAH LG, BUBEFF IR T 15 R Uz b K 353405 B 30 20 5 1 -5 0 R A AR LE , NEC 4
W 1 38 7V i 2 1G5 (P <0..05) , I Zonulin FIAHIRIEHNI(P <0.05) , 7 I je B %% 481 Claudin-
1. Occludin . ZO-1 fRA W B8/ (P <0.05) , Hop i ANi%E 2z ; 5 NEC 2040 [, NEC + BIF 41 Ji7 38 38 i85 7k
FEAR(P <0.05) , I3 Zonulin FRIEFFEAL(P <0.05) , Jig b J BB EREE R RBIEM (P <0.05) . FHK
PES TR 3 4R BRI Zonulin 7KF- 5 i i i@ 35 P S IEAH G (r =0.923,P <0.01) , [ il %5 Zonulin 7K
S5 i 4140 % % 3 Claudin-1 . Occludin , ZO-1 & 4 £k B R A% (r= =0.779,P <0.01;r =
-0.920,P <0.01;r=-0.619,P <0.01), &5 XUEFF&E nl B B 0E NEC K RN 18 &P, AL
il AT HE S5 Zonulin ) FRIXA K,

(RIS NHEE R s SUBAT TR ; Zonulin ; iz 18 30 75 14 5 55 %85 1% 4%
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Effect of bifidobacterium on intestinal permeability and expression of zonulin in
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[ Abstract | Objective To determine the effect of Bifidobacterium on the intestinal permeability and
serum expression of zonulin in neonatal rats with necrotizing enterocolitis (NEC) , and discuss the protective
mechanism of Bifidobacterium from NEC. Methods  According to random number table, 60 1-day-old
Sprague-Dawley rats were divided into 3 groups: control group, NEC group, and Bifidobacterium intervention
group (NEC + BIF group) (n =20). The weights of rats were measured in 3 consecutive days at same time.
After day 4, all the rats were put to death, and the proximal intestines of ileocecal junction underwent
pathological sectioning. HE staining was carried out to observe histological changes and score the tissue

damage. The intestinal permeability was analyzed by fluorescein isothiocyanate dextran ( FITC-Dextran )
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tracing. The serum zonulin was detected by ELISA. The expression and distribution of tight junction proteins
(Claudin-1, Occludin, and ZO-1) were analyzed by Western blotting and immunohistochemical assay.
Finally, the correlation analysis between the intestinal permeability, the expression of tight junction proteins
and the serum level of zonulin was performed. Results Compared with the NEC group, the intestinal injury
was obviously alleviated after Bifidobacterium intervention. Compared with the control group, the intestinal
permeability and the level of zonulin in the NEC group were significantly increased (both P <0.05), and the
expression of tight junction proteins ( Claudin-1, Occludin, ZO-1) was significantly decreased (P <0.05),
with discontinuous distribution. Compared with the NEC group, the intestinal permeability was decreased
(P <0.05), the expression of zonulin was significantly decreased (P <0.05), and the expression of tight
junction proteins was increased (P <0.05) in the NEC + BIF group. The correlation analysis showed that the
level of zonulin was positively correlated with the intestinal permeability (r = 0. 923, P <0.01), and
negatively correlated with the expression of tight junction proteins ( Claudin-1, Occludin, ZO-1) (r =
-0.779, P<0.01; r= -0.920, P<0.01; r= -0.619, P <0.01). Conclusion

improve the intestinal permeability in the neonatal rats with NEC, and the mechanism may be related with

Bifidobacterium can

http : //aammt. tmmu. edu. cn

inhibition of zonulin expression.
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e/ Nis 45 1 4% ( necrotizing enterocolitis , NEC )
SRR AR LR UL 18 i i, R HILR A3 2
BAARIE R o FATIE W5 7 1 38 b 55 Bt
SRR R A R R R A A T
Zonulin J2 2000 4F- Wang 25" J BLIK—Fih Bt P17 75 3%
(zonula occludens toxin, ZOT) KUy, #F 3% 3 B,
Zonulin BRI 5 Zonulin Z AL 5, P8 55 %
TE BB, U e X 1 R R R 1 D g
FUA AR, 2 H AT C 0 A ME — B i 38 38 2 1 1 2R
BRVEVR R B 0 RUBRT B A S — i LAY 25 2
TR, T V89 M 3 TR 2R M 0 R B L 91 B 2
NEC % 4 %% )5 i B mEAE A7 . Hig kW
S A R fi 3 3 P DT 7 M A £ AL B i
PRI RE , ARSI ST NEC K RUBE R, WSS KT 74
X NEC K U 38 80 075 0 i 18 B8 8 % 45 ML Zonwi-
lin FEIRAFZMA , i — DR 25 A B NEC LR34
AT REAIL , LA 2 A5 T B 16 120 4 A S8 it o
AR

1 ##57FE

1.1 &44

60 FUETHPHTA 1 d i SD KB, BEAEAKE , 44T
76 ~9 g(HRERKZY b0 R IS R E N
Ft (RS AR, 2R U2 LEC T Uik (hE 2

FUEAFY) o/ ARBENR T FLIE S (Co ) (R E 4R S
25 R D) U (I i BRI 25 A BR A W)
E. coli 055 :B5 JI§ £ ¥# (lipopolysaccharide, LPS) | FHi
SR K- B E (FITC-Dextran ) ( 2 [E Sigma
7)), Pt K Claudin-1 £ | Occludin HTi&  ZO-1 i
PR (£ [H Invitrogen 22w ) , i85 & M DAB 2 {43
A& ChEFPAZEN AR , Zonulin Kl 57 & (H
PRI FRAT]) o

1.2 F&k

1.2.1 SEeahyymdd LA 60 Hgrd= 1 .d i1y SD
KERFLBEDLE 53 10 3 41, B2 20 H o X R4
SRERRIAZE , BUFLIR TR . IRFEPE /N 45 I 588 A= KB
ZH(NEC ) : 54, N TSR + SR B A%
H + LPS HE T, LA g B NEC i o Xt
T T TR SEIE Nz 25 56 B A= R B (NEC + BIF
A1) B A B NEC SRy, U 127 0 07 95
hEE B H 2 BRI 0.5 x 10°CFU, A7 0. 1 mL,
H3d,

1.2.2  ##7 NEC J Flpgsm s B 1 d g Sh kR
SUBCE TE A R T AE N CFE R FAE IR 28 ~
30 C LI JE 45% ~65% ) , K HIBC )7 B FLR IR, ALFL
2% SCERL9 JHGETCH], &2 DA EE R R IR, 56 1 X
MEFRE N 0.1 mL/AKR, B 4 /NFIRFE 1 IR, LUE B 24 /)
B 0.1 ~0.3 mL, LPS L5 mg/kg # 8T+ 0.1 mL
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KK, fHFEE 1R, #23 d, A B ALl
N, FE i) N, iy 15 L/min 048 SCIASAE Y N, R &
ik 100% J& , BAGHAE BL 3 min 5 FEIBCHY , B B A H:
BT 100% A SRR AR, 3 min 557 B HE T
4 CYKFER 10 min, 4 H A28 10 505050 3647
L RIAR + 4R + WL, i 2E 3 d,

1.2.3  KREBHLREIEE o B2 25 WS S
I W4 REE WA SE R B+ 4
o T R U E R, W H A RIEIE S 2, T
BIEHAAHL 2 ~3 om 3L RIEE T 4% 1 2 R W,
AR U1 JHE e (@, 17 20 210 B2 WLAE N B
SPESr . SRADSUE IE1T I H8A 5 PF 43, 2 I8 Nadler
SRR bRE, PP 4 =2 MW 5E ) NEC. SR
B ] 5 BRI AL bR AR 3 LT, IO 1 1E
1.2.4 SRHE %L E -4 BB ( FITC-Dextran ) 75 i
1O i 3 B4 RxEEE, 2 HER
A FITC-dextran 40 mg/100 g,4 h J5 B, iF £ Prie,
3 000 r/min Z.0> 10 min, B AE 25 pL filA 100 wL
PBS, FHZGAr G RE TN e HSE G BT, WUk G
h 480 nm, K SFGHAS Ky 520 nm, i VEBR E M 2T
AR

1.2.5 ELISA £ Zonulin B = LI, = R
EH2hJ5,4 °C 2000 r/min Z.0» 20 min, BUMTE, —20 C
PRAFA o R TR S0 22 W B S B 462 Zonulin 8¢
B, AR AR DI AR

1.2.6  Western blot #; il iy 2H 21 ' % % 4% Claudin-1 |
Occludin ,ZO-1 %5 4 ik B - 80 CHT1EM 4
21, {510, 14 000 v/min B0 10 min, J2IHCIE KK S
HHL,BCAEATEHE R, B0 wg SE FAE L BER
HLVK, UL ED 2 PVDF I8, 1T 5 % JBAR 4= W A1 ), 8%
B, —Ht (L Claudin-1, Occludin , ZO-1 7 14 Hi B
WBES 12400, 477 B-actin HLAKFE BEVE FE 4 1: 2 000)
4 C VAR E A, FhU R ZHT (R BVR Dy 1:2 000)
FMREWEE 1 h, ECLALEROL R . Image] it
FrEB T, LA H B 58 5 B-actin YR EZAE Y HLEAR
< Claudin-1 ,Occludin ,Z0-1 5 H WY F 35K,

1.2.7  Ha g% 204k 53 A i 4 158 % 3% % Claudin-1 |
Occludin \ZO-1 Z o3 A Je ik AU Fr o R
Ji s KA 50. 01 mol/L A #5122 i (pH 6. 0) 1 )i
15253 % RUEIK Z U 15 min BHT A I 42 A0 P 1t 5
—Pr ($i Claudin-1, Occludin, ZO-1 #H{ 1K 5 B B N
1:50)4 CYKFEREE LA =t 37 CIRAFAREE 15 min;
it ALY PRI P BE R R I ER 37 CIRARIEE 15 min;

DAB {02 30 s, TRAKTIZ YL, i W], 45 P IR i
B AW . B Image-Pro Plus K {FREAT 00 #r, 20
B E 2 5% %% Claudin-1,Occludin \ZO-1 H R
Y69 i (integrated optical density, 10D)
1.3 Siit o

WL HT SPSS 19. 0 GEit i/t , MR BURLL 2 £5 0K,
F LA LA T N R T 2200k o MR T— ot
LRPEMIASMT . P <0.05 H2EFAGHFE X,

2 HR

2.1 KRA—KRIAVBEAMARR T TN

NECH FHBE 2 REHHEEHHE B X
BH K MRS, 52 i RAE S SR> B E
e IMURSE /N AR B s, 5 NEC ZHAH G, NEC +
BIF 21 |3 3% 90 ) B0 A e 1y L 4, R o o 1 K 0 2
18 s 0 RRZH £ N CHRARE TR B 305 s 52T B 1D = AR
Pt e . A AU E R TR A R R 1,

x1 BAXBRLRIEGHEREZMN (g, n=10, v +5)

5 ©R i) L5

X HEH 7.01£0.18 9.01£0.39

NEC 4 7.00 £0.17 6.09 +0.26"
NEC + BIF 4 6.97 0.21 7.27 £0.25"

a:P<0.05, 53 rki ;b P <0.05,5 NEC 411bE

2.2 XKEAMABXABE REFHYEFREFTH

AR EE 7« X BRAT R BRI 2 41, vl L H 78 1
VER I, SR €, SRR, TRV i S R B (B
1A) ;NEC 241K B 412, o] UL ] & 3030w v 1 4 22 2
LIRS B 2E I s ] LR ) R AR, e
FRERAE A I B (1 1B) s NEC + BIF 44K Ul 20
21, A WHp S TR R WA, AL (AR DL B R
IR W ] WA P RV, O B (& 1C) .

HAE L B « X L B A A5 A T B L,
SCREE S BRIARHES IR, 98B m &, B2 BT 2
A 2 T8 78 M 7K i B2 i 24 43 85 (181 2A) s NEC 41 1
HLIRIE™E BRARHESN AL JH R, GBI, 2
ZEATE FRATREIRIE BT s Ok, L2 28 v 5 2
24 2 53T 2 5 B KM (& 2B) s NEC + BIF
L AR R M T )2 R DL v B e I K i, 28 7K i
RS RE 2K AL (B 2C) o BUE 1 41 2005 FEPF 47«
NEC 21 W] & & TR, ZR A5 E X (P <
0.05) ;55 NEC 41 b4, NEC + BIF 23408 W 55 1%
(P<0.05,%2),
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A28 B:NEC 41;C:NEC + BIF 21
1 3 AXRFAELARNE

A Af 40 ;B.NEC #41;C.NEC + BIF 40

B2 3AXRBEALARELSE

2.3 RAXKRAMEdEEE

XA AE L, NEC 41l 3% FITC-D 5 i B i) 4%
Jn(P <0.05) ;5 NEC ZHAH L, NEC + BIF 41 Ifil 3% FITC-
D &8I, EF AR X (P<0.05,%2),
2.4  Zonulin #7347 &9 0|

X BE 4 Zonulin A AK TRk, W30 (3. 48 =
1.05) ng/mL;NEC 41[ (13.30 +5.08) ng/mL ] 5%} I
L #5, Zonulin FE I I A9 R B 0 3 T (P <
0.05) ;i 5 NEC 414k, NEC + BIF £ Zonulin f1J Bk
WL, Z R A5 E L (P<0.05,%2),

R2 BEXRBALAREFIES Zonulin PEHER
FEBEE(n=6, x+s)

15 Ty FITC-D & & Zonulin B &
(pg/mL) (ng/mL)
X HE2H 0.36 £0.50  49.67 +10.13 3.48 +£1.05
NEC 41 3.64 £0.49* 159.17 +14.29° 13.30 +5.08*
NEC +BIF 4] 1.82+0.61** 108.89 +11.79% 8.40 +2.27%

a:P<0.05,5 s B4 b% ;b P <0.05,5 NEC 41 tb#

2.5 KK IFZM L P Claudin-1 ,Occludin ,Z0-1 &
ZROE 83
EXTHZAH I, NEC 20 3 AR % i 3 1 KA Y]
B/ (P <0.05) ;5 NEC 44 H , NEC + BIF 44 3 Ff
BEEREAORBYM, ZRAGITHE L (P <
0.05,%£3.F3),

F¥F  (HE x200)

*3 HBAARFALR Claudin Occludin ,ZO-1 &KX

(n=6, x+s)
2151 Claudin-1 Occludin 70-1
if B4 0.56 £0.17 0.60 0. 13 0.78 £0.23
NEC 41 0.14 +0. 10 0.12 +0.07* 0.26 0. 09"
NEC +BIF 4 0.31 £0.11® 0.36 +0.20® 0.50 £0.29*

a:P<0.05, 53 rkd;h: P <0.05,5 NEC 411bE&

Claudin-1(22x10°)—
Occludin(65x10%)—
70-1(225x10*)—

B-actin(44x10°)—

1.x78820;2.NEC 48;3:NEC + BIF 21
3 Western blot #& U Xt AT & %4 B 28 41 X % % # Claudin-1 |
Occludin . ZO-1 EHRIEHIEMT

2.6 AAKRZMy ¢ Claudin-1 ., Occludin . ZO-1 &

B 8 Ik B4

B AL T A SR 4t ML T5U A , Claudin-1 , Occlu-
din FEI3 AT TANMIEESD , Z0-1 A7 T4 A, 2% 1
W R] DL A, S E 414k e (5 A5 (B BB TR R 22 0 A
X HEZH AT D0 K R A 4 € UK Y T i 2 0 A, HI AR
W NEC 2H 7] ULARAR (4 J80R g 4 B AR TR /b, 5
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S, A N ESE, HANMES AN, B EEEA
FEIE I B/ NEC + BIF 415 NEC 20 F# , At o 5
B2 FHEYe a3, WL 4, 2 =434 10D {H,
NEC 41 3 S 9% % 2 8 (1 #0 B AR F X 4L (P <
0.05) ;1fii NEC + BIF 415 NEC 414 1t ,3 it %% % 35
EAA B (P <0.05,34),

*4 BAKXRBAA Claudin-1 Occludin,Z0-1 FHRKiE
BIEEEE( x10*, n=6, x +5)

2H 5] Claudin-1 Occludin Z0-1
X HEZH 37.11 £2.47 30.39 £1.61 42.24 +1.73
NEC 2 20.37 +£2.08*" 18.79 +2.19*¢ 21.33 £2.03"

24.11 +0.81*°  33.85+2.23%
a:P<0.05, 52 bE ;b P <0.05,5 NEC 4arbix

NEC +BIF 4 29.73 +2.11%

2.7 i Zonulin K-F 5 B 2A 22 % %5 1% # Claudin-1 |
Occludin \ZO-1 & & & & Fo B 18 18 75 M 69 48 £ 1

W5 3 R BUALTE Zonulin 7K -3 51 5 iy 3 i 35 1k

S Western blot 6 I iz 20 £ 5 %% % # 85 F FR A AT A
ST, G5 R B AR IR Zonulin /K5 B Bk 2

X HEZH

Claudin-1

Occludin

70-1

NEC 4H

IEAHFE(r=0.923,P <0.01), M M}E Zonulin /K5
21 2% 3% 3% Claudin-1 Occludin . Z0-1 TR A F k7=
BIRMAHIE(r= -0.779,P <0.01;r = -0.920,P <
0.01;r=-0.619,P <0.01), ¥/RIMIE Zonulin 7Kk
(= 7 e S U e R By (U /B B iR v . =
3 itie

I3 TE R T I B B AN IR B A JLIRBE M N 4
4 KR AL e ek Y . W b R
JIg T 20 B I 1%) B A S 4, A P R g 2R e ]
ST LT 5 RN BRI R B, AT AE VR T B b
AR E Ay R AR b S
FEEHEREE G Occludin, Claudins , JAMs , Jifg J& ffl & &
F Z0 K% (Z20-1,20-2 F1 70-3 ) Je 5 HAHE 0 40 i
REASFHMN . BEEREDWD SRR, iE
HBTER N, 51k NECT™ FLBEVE " BRI
RAEVEAT ' PG . BT R, NEC KRB 414
B S BRIMRE )™ B A AE SOnE , L 75 P B S 1 o,

NEC+BIF 41

4 EEALENTEARNTKRBHEL Claudin-1,Occludin  ZO-1 EEFIERSHHIFM  ( x400)
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&% 120
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im S 80

(1% FIT
S

2 4 6 8 10 12 14
135 Zonulin 7K F-( ng/mL) @

EEEEERA
Occludin Fik &

2 4 6 8 10 12 14
L7 Zonulin 7KF-(ng/ml.) ©

B EIEERA
Claudin-1 FikH
=}
wn

2 4 6 8 10 12 14

2 4 6 8 10 12 14
117 Zonulin 7KF-(ng/mlL) )

BS 3HEXRBERESEME(A),FHEHEARA Claudin-1(B) Occludin(C) ZO-1(D) EHRES 515 f1iE Zonulin

KFHIME R E ST

B EREO N RIEY B,
5 NEC YR HEAEVIRFR
T 173 18 J o 30 375 1k W E 9 v R WY, i 1 3 4
AL 3 Zonulin 34 74 8 5 AL S 36 5 0 B a4 R
Zonulin J2& HAij 1A IfE— (9 7 18 38 355 14 1 2E 21 0
WHEE TR A AP RIBECT , Zonulin R B TA
WAl 5 Zonulin ZAKZ5 G, AT F 8 B %5 &R H Y
FEIR IR B T O AR I o R G 0 g 3 i 3
P FRATRTIAS NS5 T AIF S B0 1 T 1k b
ﬁi};ﬁFﬁTVﬁ%ﬁ B ARG U Y
ﬁﬂ%tﬁﬁ BB, RN Zonulin B B .4
w7 Sapone AU XS T AUME R AL BF 5 K B,
40%,%?:%1&1{;] Zonulin /K345 H MY Zonulin 7K 3
WE ) B % Claudin-1 | Claudin-2 &[N KA S, g iE
B VENG o [R)RE LRI BN B 5 R AR 5 1 e
JHERIOTSE o A B, 1T Zonulin ZKF-3 5, iz 18 18 25
PrsgE " SRR I KLY Zonulin 7K P35 AT S
[ AR R . AR B, 50 IR AR L, NEC
R U 2 4V 5 5 i e 1 1 3R W) 0, g 3 o
B S0, (6] s AT 0T Zonwulin 7K SF-BH (i3 & 5 A5G
PEDTFER W], ML Zonulin 7K -5 Jiz 18 38 75 1 52 1EAH
oK%, T 5 B H AR R R A i R U O, SR B NEC
REHAI AT BES Zonulin {55l #A 5 (HiZH T
B AR R R I W BE A 58, /N B0, FRATT R g
FRIBCEI A R U Js E VR, 1 1K Zonwlin 72510 K RE
WESE A FFiE— I
H Al A48 T S80I TRYT NEC, i Rl %

7 Iy B 7 R A A

2 R TR AR T NEC 19 & AR R RAE T3 H 45 A IR
P NEC L M A 4B . RTIeE T R, 35
Az AT B AR NEC Sh Wy R 8L g 38 RAE SOV, 4E 45 1 18 5
HHEA %fﬁi REAR D 1 58 32 P, TR 47 NEC Ji7 451
077 Liw S — A1 PR B L% i 6 i 5 3
%E%?*ﬂiiﬁ YRR 25T 4 A R T R] AR e
WAEPE WG9 g iE R I RE, HLE K IMTE Zonulin /K-
5B AL ARG, [R5 Hh A A T AT B A
k] P38MAPK ) 32 1k 5K 45 Zonulin {335, A< Bff
FEH BUBATF T8 NEC J5 , it 0 W1 ek, ELg e
B VEREAR, W b S B R RHTN, [F] A
I3 Zonulin 7K1 25 [ , #8275 SUBL A TR AT R I 411
il ML Zonulin [ 35 T k36 NEC IR B 38 45 45 7%
JE AL 4 A TR I R IO P ARt 1 — o B LAt

25 Bk, ARG BT, NEC K U 18 38 325 1 ]

B PEBE NG Zonulin 7K P 2518 & , TOBUBC A5 T
FUEE&% NEC K B4 45 04 [6] 5] 1L Zonulin 7K P-4
W A, HARDCHE 73 AT 3R W1, 103 Zonulin 7KV 5 17
TEHA TS EARDC, 5 W R % i R Rk
PR GUNOE, i FRATHERT NEC 19 % A 4 e SOBUB T
PR NEC K B i 38 380 575 M 09 1/ FE AL 22— 7T R
&5 Zonulin {553 P& (0S-S50 A 5. (H XU AT
WIS Zonulin 8 #2435 NEC iz 18514 1) B A HIL ) F
e R ST A R it — 2 OAIT ST
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