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(HE] a6 A5 b 7% B 2L FUBE (galacto-oligosaccharides  GOS) % ¥ 5 48 1 3 (cold restrain stress, CRS) K B
P FE R R MR BRI RE RS, F ok 40 X Wistar K BB HL 4 BLIE B X R 4] GOS 41 ,CRS 41 f1 CRS+GOS 41, &4l
10 2 IEH A BRI &, GOS A R4 T GOS(4 g/kg) W35, 34 10 d; CRS #H KR Tl ME 248 10 K, plok 4 [ &
JE BT 4TCUKE 3 h, il 4 CRS B ;CRSHGOS HAER R T GOS4 g/ke) MEFEHEE 10 Kl # CRS B, MBI )E 45
A R BR800 R SR i, A6 0 i 2% — i S AL ( diamine oxidas, DAO) #¢ BE 5 AbFE K B, TR 41 2047 95 BIAG 5 J F 5 K A L 0K T
R 20 Ak 5 A6 DU 4 4 4 34 3 R ) oceludin B9 263K, 9 DA SE RS 2 B PCROIEM I /E mRNA KFERI KL, 4F  HEwEA
AL CRS 41 & CRSHGOS 41K B3 DAO ¥ B2 ¥ W 18 3% % (P<C0. 01) ; CRS 4L 1ML 3¢ DAO ¥ B X W | % T CRS+GOS 44
(P<C0.01) ;CRS 4 & CRS+ GOSH K B Fh I occludin 7£ 2 F Al mRNA /K 19 3¢ 35 25 8 1F & % IR A B 2 PR AIK (P <<0. 01) 5
CRS 4 F #4845 X H BAKF CRS+GOS 4 (P<C0. 01, IEH X MR 5 GOS 4l 8] R FEFr i 22 F ¥ LS 1T % 8 X (P>0.05),
g BIN GOS MEFR AT LR K MK DAO M 38N 101 occludin 78 mRNA FI8E /K- (£ 15, 38 GOS W] fig B il
LB Mg g R R VE A .
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Effect of prebiotics on intestinal barrier function in stressed rats
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[Abstract] Objective To evaluate the effect of the galacto-oligosaccharides (GOS) on the intestinal mucosal tight junction
and barrier function of rats with induced cold restraint stress. Methods Forty Wistar rats were randomly divided into four
groups: two cold resistant stress (CRS) groups fed with either a standard diet (CRS group) or 4 g/kg GOS per day (CRS+
GOS group) and two sham CRS groups fed with a standard diet (control group) or 4 g/kg GOS per day (GOS group). All the
four groups were fed for a total of 10 days, and the CRS and CRS+ GOS groups were subjected to cold restraint stress on the
10" day. Then the blood samples of all the four groups were collected via cardio puncture for determination of serum diamine
oxidas (DAQ) activity; finally all the rats were sacrificed and the intestinal tissues were collected for pathological and electronic
microscopic examination, with the occludin mRNA level measured by real-time PCR and the occludin protein expression by
immune-histological method. Results Compared with the control, the serum DAO levels of CRS group and the CRS+ GOS
group were significantly increased(P<C0. 01); and that in the CRS group was significantly higher than that in the CRS+ GOS
group (P<C0.01). The levels of occludin mRNA and protein expression were significantly decreased in the two CRS groups
(P<C0.01), and that in the CRS group was significantly lower than that in the CRS+GOS group (P<C0. 01); the serum DAO
levels, the expressions of occludin mRNA and protein were not significantly different between the control and the GOS groups.
Conclusion Feeding with GOS can decrease plasma level of DAO in rats, increase expression of intestinal occludin mRNA and

protein in rat ileum, indicating that GOS can improve the mucosal tight junction and intestinal barrier function.
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IO SR AR I R A S 5 A R e R UL 1 18
PP . Q) e M B B TR E (FGID) | R AE M 1 %
(IBD) . B B4 & i % (GERD) F1JH 16 H Bt 4 (PU)
S5 1 R SCRE R A G 5 2 18 1 AT LA B 1R
T A A B AR 38 A O b R R
Ty 16 B A% A L AR BIL T o AS T 2 L (Efig 8 68 5 s 1)
B2 L AT BB () — R AL . e S AL 8 (diamine
oxidase . DAY TENK/NGHFRE L2 B E T A E &
(10 B RGP 85 B 400 i 32 481 L3R BB S T R A
i B Bt R B JE 75 14 AN 1 B s Y L S SO T T
L5 i fi e 38 v T 2 B 286 Y R A L il DAO YR BE 78
AL L e A4 A5 £ T T 422 2 B fi 5t T 5 R 194 5 M R
Bifs RS . b A0 M % % 3% 4% (tight junction,
TIDAE T B 240 B R A 0] %) T35 . 4 ol 240 e T 17 5 3
AT L By 1k b Bz 240 6 ) B b A 4 T Y6 AR 4y 7E
2 A 1) B b 2R AT A IR T R IR AT RE S B b R
it KA W I I A PR B T L AR JeRE | fek i - T
VEE AR NMSEE T L T) &7 R mGH
AT B, Oceludin J& 55 — A~ 4 & B 1% 41 A%
T] BB S TT M EZ A AR b 5 40 i Bt
B ) Ay T EL AT E AR T AR S I S i W S
A 2 AR 3R 2 AL BE (galacto-oligosaccharides.,
GOS) B ] T 10 % ¥ 348 1 ¥ (cold restrain stress,
CRS) K 5 26 165 3 375 M S b 75 1 b e TT 251 oc-
cludin F Ik M50, 91285 4505 HAE RIALH

1 MEFEFEE

1.1 A# MY Wistar KB 40 B, & &
150~160 g, i1 H [ B 2% Be g 52 50 3l 4 b e 42 4t
[SCXK(#1)2002—0006 ], GOS( V4 2 it 3 A= 49 il &y
AR R L ¥ AAE L E 2 B 52 56 3 AR
J7) . Har H800 i G H 5% (5 “ R KW B %) .
TaKaRa RNA PCR 5 &[5 49 TR CR%E) A R
25wl 1, Pt oceludin —$T (Zymed 24wl , B A8 H
B0 v 3G A A YR A R A R L RNA-direct
SYBR® Green Realtime PCR Master Mix[ 7 ¥ 25 (_I-
) AL MRS A B R L DAO R H Sigma A 7,
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1.2 SBzhhaeia 40 HIHEME Wistar KRGS N P
MEFE 1 JE L A i ROK R B S R REAL Y 4 4
IEH X 4], GOS 41, CRS 41 fl CRS+ GOS 4, 4
4110 B, SCRIFAATRBAS | 24 h, ABOK, E
HOM B2 R BRAE T A T B, A HE 32 BRI
(basal diet) \Jo i K1 9% ; GOS 2H K Bl 4 K 19 1k K
A GOS (4 g/kg)™ ™, 3 10 d, 4% b 2 [ X Bf
41;CRS AR T35 @ 5 10 X, 76 S kR R
R A T EE FLIImaEEdh . w2 R, & F
A°CUKAE .3 h S5 i B R A , of K B 1T BRUJE s CRS+
GOS 4R B AR MPOK P EI GOS (4 g/kg) , T
FRIGH 10 KR AE CRS 1M [F) 1 75 7k il £ 1 A
I EE G T 1 Y6 8 L L T2 0 R A SRR 0 U
I 2 el 43 B I3 R 5 B S Ak BB K B HRTE g 4
LR

1.3 3 DAO % EHN  FH DAO FrifE 5,
BEATRRAKL I, 26305 Kk A 0. 2 mol/L PBS
3.0 mL.,0. 004 % AR E ALY (HRP)O. 1 mL,
0. 5% R R 28 BK 15 75 M (o-dianisidine) 0. 1 mL . Ifl
0.5 mL.,0. 175% 5 % 0. 1 mL. %514 H PBS
WA, & 37°C/KIA 30 min, 7£ DU-7 B 540 0]
WLy 6 BE I K 436 nm &b I G S 96 E L A
DAO Hrif i A5 Ho R B g 7 b i 2k R 25 3R 5 =2
XFE LA DAO FED,

1.4 HARBFEFEET(HEF &%) RBHHRE
Az BRER K Rk ST e DA A5 SR AT B A DU . 496 F
WE[E GE 24 h, BB SR K W GE I, A1 5 A3
HAY RPN 3~4 pm VIR, 37°CH A 4 h, A B
IR Bt 2K IR AR YL 8 5~ 10 min. F KK vh ¥k
3~4 min, 75 % LEEERIR 73 A, R FAK 5~10 min &
W,95% CMWEMPE 1 min, FFAE G 2 min, Bt /K% B
(95% L WER 26 B K, —H 2K 4 2 IR BIR 2
min) . 4% fig B [ L BE A ISR

1.5 &g gptenl XYY KR BG4 2, S
A% ZRWPEEREE 24 h, P 1 mm X2 mm K/,
AW 50,1 mol/L 19 PBS W BE, 126 P4
Rk E W AC T E 2 h, FE LA PBS 7 Wk ; 86
S VR B K R 1 1 R/ RR G 2 b,
1: 2 /A R, Sl R R 1 hs R A



LML 1 R LR I K U B I T R £ B 57 .
(37°C12 h,60°C 36 h); ¥l Ar & MBS B &l A BERR (17.36+1.50) U/mL, ¥ B & & T 1IE % % B4

B ZEOGSE T WY e 2 WSS YD
BLYI R HL e €0 )5 7 35 I i 5 S LS8 R,

1.6 &R occludin /28 & BAL B K- 9 R A A ]
1.6.1 ®EALMFREe RpHRIRAZ
R G 85 R B 2 WK Ak, PBS Bk 3 Wk, ok T R 1B
2L PBS HEVE, 3% H. O B 5 min, PBS ¥k,
1% /N4 135 8 & 20 mins i IR0 occludin — i
(1 : 400 Fike) 4 CHEH i 5 ; PBS BB, 4 0 B 4 i
MBI =40 50 pL, % E## % 30 min; PBS I#3%, DAB
A1 ming AR B Y ER R 4 AL s et L
WREE R BEK . K e gAY 5 5 #E 0.5 em X 1. 0
em FE SR b, FITFAL IR AL R R G AT A K
BEHHE L 200 5 R RECF . B AU R BEFL Bk E 5 4
PO, SR 45 € 1 FR B K BEAE . K B fEYE 1R Ol 0~
255, g i R UK, K B #IG, 32 ] ImaginPro Plus &
PRV RIF A 45 383k i I B A R A T )
B occludin £ 11 49 AH XF 2% 35 7K F O BEEARIC R B
SESSLY S A= DN

1.6.2 s£atakobw & PCR M B g 4l 41t 15
RNA il 2, B0 5 pg 17 MUK LUK RNA 26 JE F1 ik
JE, i/l TaKaRa RNA PCR &% &K RNA & 5%
SEN cDNA, fRFEF 4°CUKFE ., {4 Primer Premier
5.0 AT IWIF A L i A A Y TRA R A
B3R Bactin, 5197518 5'-CCT GTA CGC
CAA CAC AGT GC-3'.5-ATA CTC CTG CTT
GCT GAT CC-3",iB kIR JE 56°C . /=¥ K& 211 bp;
occludin: 1 ¥ FF 3 R 5'-AAA CCC GAA GAA
AGA TGG AC C-3'.5'-TCA CTT TGC CGT TGG
AGG AG-3',iE KR JE 58°C, P ¥ K JE 198 bp, #
5L 25 pL B9 PCR RN AA %, JH ABI 7500 PCR
AT P 1S, PetE i PCR ML LU Co R,
R A 2 i 2 Ok AR A S R 2

1.7 %itzssm Bk SPSS 12. 0 # i #1T
Gt mr, A SCREIE DL o+ s Foom A A ZH
(14 b 35 SR 7 22 0 B, 40 T L 35 R P TE X ¢ K 56
o B K HfE () K 0. 05,

2 & B

2.1 % DAOKE CRSH.CRSH+GOS 2 KK
M3 DAO ¥ B 43 5~ (24, 75 2. 73) U/mlL,

(8.4242.58) U/mL,P<C0. 01),CRS 4 1. 3 DAO
W N B T CRS+GOS 4 (P<<0. 01) , A 1fi 3¢
DAO ¥ BETE IE % X B2 A GOS 41 (9. 10+ 2. 31)
U/mL Z [0 25 g1t E L (P>0.05),

2.2 AL KEFREGRENE  NHFEBR
B3 Chiu 28Ik R PPorbrie, 25 41Kk BN g B
YT A AR IE X IR AL AT GOS 21K B a8 8 1 fe
SEH SR, T W W FE ol R S R O LA R L 43 0
e, CRS AR EUAF AL W 2240 2 A 7Ry M3t
B A0 O 4 98 R TG [ AT 2 A B TR i K
i, P R R A4 i 5 [ A )2 U L TE 4 3 4
CRS+GOS 4 K Bl R B A2 8, T B 40 i I 7% 06
FE . FEMK IR B & PP 1 9%, 255 1 iR,
2.3 DR ETHABBEMGEHEELRL IF
HO6H AR GOS 41 M BB 1 Bz 2 Fft 3% T 6 20 HE
B H F5  RIR b R A0 R 45 R 6 5 AN 7 2 4 R L R
H 5 2 M R v I 3 MR B R T
Lo, CRS 4K B B 2RI h | Bz 40 i
TR B H AR B ROIR o B dn ;s b R 4
L 3 2 48 9T L FR 43 B O G 9T SO s kLK b
KRR 5K , CRSHGOS 4k B Beil 4 E %
240 i B0 0 T 5 A e A I I R Y L A R I
RS AR Z CRS 21 K B B T 45 1 1) el AR 22
o, R WME 2 fis,

2.4 B occludin £ & B B A B KT8 K
o P Ak Y 25 B R L oceludin 2 A 40 #
THT 200 A R B R P A SRR B e B R AR AL IE
B BRZ (] 3A) T GOS 41 (& 3B #%¢ CRS 41 (] 30)
M CRSHGOS A (& 3D G a8, AHXT SE 2 43 45 2R
R, CRS 1 CRS+GOS 415 ¥JK B (¥ 3% 5 T
1EH X4 (P<<0. 01) ,CRS 41 X & F CRS+GOS 4
(P<<0. 01) fHIEH X R0 1 GOS 41 =2 [6] 22 5+ L 483t
FE L (P>0.05,K 3E), Ul CRS 4 CRS+GOS
1K B/NE Rz 40 0 8] occludindl I 22 35 B 1E & % IR
2 H I R AR fH.CRS+GOSZH 1Y 38 7K F- 4% CRS 41
AFTH ., 5 ARXS W52 7E occludin mRNA Rk
KA J5 1, CRS 4 AT CRSHGOS 2H 45 1F # % 1R 41 %
iR (P<<0. 01, H CRSHGOS # % 1k /K P& F CRS 44
P<<0.0D); IEH# ¥ 45 GOS 24 2 i) 22 5 L 48 it
2R N (P>0. 05,/ 3F),
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B1 SAXRNMNIAAHEREBER
Fig 1 H-E staining of the small intestinal tissue of rats in each group
A: Normal control group; B: GOS (galacto-oligosaccharides, 4 g« kg™ ' «+ d" ', X10 d) group; C: CRS (cold restrain stress) group,
arrow showed the rats’ intestinal mucosa became thinned with atrophy, partial necrosis of the superficial mucosal, epithelial cells shed-
ding and obvious edema at the lamina propria of villi top; the gap between the intestinal epithelial cells and the lamina propria became wi-
der; D: CRSHGOS group, arrow showed the rats’ intestinal mucosa became thinner with no obvious cell shedding, necrosis or edema.

A", B', C', D'; Corresponding to A, B, C, and D, respectively. Original magnification: X100 (A-D); X40 (A’-D")

B2 EHXRNMNIAETHRBREWHE

Fig 2 Ultrastructure changes of the small intestinal villus tip of rats in each group

A: Normal control group; B: GOS (galacto-oligosaccharides, 4 g« kg™' « d”', X10 d) group; C: CRS (cold restrain stress) group,
arrow showed that the junctions between epithelial cells were widened and some tight junctions were widened; D: CRS+ GOS group,

arrow showed the cellular junctions became slightly widened, with slight dissolution phenomena. Original magnification: X 20 000
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B3 SFHAXBRMNIRE occludin EEMEZANXKNE occludin mRNA N &2
Fig 3 Expression of occludin mRNA and protein in the small intestinal mucosa of rats in each group
A-D: Immunohistochemical staining, original magnification: X 200. A: Normal control group; B: GOS (galacto-oligosaccharides,
4gekg ' «d’, X10d) group; C: CRS (cold restrain stress) group; D: CRS+GOS group; E: Average gray scale value of small in-
testinal occludin protein; F: Expression of occludin mRNA, ** P<C0. 01 vs control group; ~* P<C0. 01 vs CRS group. n=10, x5
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S 78 R, K R M SR A Cacute re-
strain stress) H 7 U R 76 M B AL SV A 7
AT 0¥ A A Y A0 o502 I B 30 5% 440 B 3 2% (paracel-
lular pathway) 8 2 P (9 1 = L 408 TJ JF . 96 BH 40
JLTR] T B IR 2 47 0 P I B ) e 32 it . 3 s 34 v
i Y,

Occludin & FI/EHR T) B EZ M5 B 4 K

%50, 5 claudinl , claudin2 K H Al — 26 &b J&5 J &
P45 32 e L [ A 1 R Y S e A T e
Fe 1M 40 B 5 B o ik i B AR . B B
occludin 2 F1 &% H: mRNA 7K - i 48 1k o] DL 7 —
TR 1 5 W i 7 58 55 2 32 2 i o W 1) 1 ORI L
FEVE 22 R AEVE I 929 T, 3 8 A 1 &5 B occludin
KRB 2 B0k T MO T R A S iR
i b Mz 1) TT 258 02> oceludin & 4, I 7l fiE 5 i
W AN S 5 A o A — TR
I RAIF 58 vh % B0 W 2 K BETE IR W 5 B2 A AE
(IBS) 21 4 i 18 38 15 M LU X A B J g v

i3 J 3 ) o R ) B T R 2 T B B I IS
S fi 3 Dy il B A 4 3 4T 5K L H R A T B B D BE
TAT AR F1 28 0 — > I 9 S0 Bt 2 X6 Ak A= 2 o R0 A%
I, AR AR 3 AL HE 35 42 B (probiotics) | 35 4
JC (prebiotics) K W # 2 [ #4 i 19 45 4= % (synbiot-
ics) 55— RIVIA W B ATHE R 1 Bt B ) g
T AR B A b SO O], KDLk, [ Py Ah 2
%t 2% A T BT 5T 4R £ L i 6 T 25 A T8 1 BT 5K AR
AL RZU G T2 H W UL A4 oA & Fh
RRBEZ . MR ARR AN . GOS MRR 4 %
WESE, WRoT W, 25 T4 W] AR 1 0 i TR R
G PR AR AT LR AR A 3R b B A0 A BIL i o
TR o 18 B B 02

TR AN R B2 P b R 40 B 0t A7 R 9 SR L FE A2
E. coli Y FIW /NG b Bz 40 1 52 Ry A4 5= rhojin A 2L R #F
TR A5 25 2E TR AT DARE 0 T SR L B9 oceludin B2 4H i
HREAMRIET ROTWOB R LR BoR, 55 -
HAHLL . & CRS H AR/ bR ANIEIE] occludin
F1 35 F1 mRNA ZKF 3 0] B B AR, CRS+ GOS 41

[ occludin & 11 # 15 F1 mRNA 7K # i5 F CRS
414 R B GOS T LI occludin mRNA Al &
P12 35 7K ST, DATIT e 385 5 9% 8 42 AN 28 97 i ot e ) i

F i A 58 K B 38 5 — B3 0 T 5 D %
DIAR &, AH ELAAHL A W L 0B A6 97 4 Bl = 45 3L
M FBE, I, 55 IR & A BF 5 H RTIF T A 4R,
kA 285 1 390 FH O 38R 9 0 1 B i 3 A VT 2 ik
%ﬁ’%y&ﬂm‘ﬂﬂmﬁ,,ﬁ\ G {5 00 8 R 300

4 FEEHR
Ji A A P AR SCAN 9 B AT AR 45 vh 2
[Z % x #t]
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