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B 12 h S LR TVR+FIHEE AR (liraglutide, LLT) 21 3 A5 i BE 5 73 51 0. 2 e/ LLT, #4223 d, B 12 hiE
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[ Abstract |
reperfusion (II/R) injury by regulating the secretion of glucagon-like peptide-1 (GLP-1). Methods Male

Objective  To investigate the protective effect of B-glucan (BG) against intestinal ischemia

C57BL/6 mice (6~8 weeks old) were subjected, and finally, the experiments had sham group, II/R group, II/R+
BG group (0.1 mg/mL. BG in drinking water for 2 weeks before modeling), 1l/R+liraglutide (LLT, GLP-1
analogue) group (0. 2 pg/g LLT injected every 12 hours for 3 consecutive days before modeling), and TI/R+BG+
Ex9-39 (GLP-1R antagonist) group (intraperitoneal injection of 2 pg/g Ex9-39 1 h before modeling). After
modeling, HE staining was used to observe intestinal morphological changes, and RT-qPCR and Western
blotting were employed to evaluate the molecules (Occludin, ZO-1 and Claudin-1) related to intestinal barrier
damage. The effect of 0. 1 mg/mL BG treatment on the GLP-1 level in the serum and intestinal tissues of
normal mice was determined with ELISA and immunofluorescence assay, respectively, and RT-PCR for the
molecules related to GLP-1 expression (Geg, Pesk1/2, GIP and Foxa2). The effects of LLT and Ex9-39
pretreatment on intestinal morphology and intestinal barrier damage were also determined by morphological
observation and expression levels of related molecules. Results 1I/R induced significant decreases in the
mRNA levels of Occludin, ZO-1 and Claudin-1 and increase in Chiu’ s score when compared with sham
control mice (P<0.05). While, the mRNA levels of the 3 molecules were obviously higher and the Chiu’ s
score was lower in the II/R+BG group than the II/R group (P<0.05). BG pretreatment induced notably
enhanced secretion of GLP-1 in the serum and intestinal tract of normal mice, and improved the mRNA
expression of GLP-1-related molecules (P<0.05). The intervention of GLP-1 analogue LLT could attenuate
the II/R damage and decreased Chiu’ s score, with statistical difference in comparison with the II/R group (P<
0.05). GLP-1 receptor antagonist Ex9-39 reversed the protective effects of BG pretreatment against II/R
damage, with notably differences in the expression of Occludin, ZO-1 and Claudin-1 and Chiu’ s score (P<
0.05). Conclusion BG can attenuate intestinal mucosal and functional injury after TI/R by promoting
intestinal GLP-1 secretion.

[Key words | intestinal ischaemia-reperfusion injury; B-glucan; glucagon-like peptide-1; intestinal

barrier
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TS FPEYE (intestinal ischemia reperfusion, II/R)
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Ui JFE 45 A0 FIE VB S L T AR R
[ UG M B E , 7 AT BB B B 2 A E I RE R
5200 E T, TR 384 (655 BAL ) 148 R 5 2 WA B Wi PR
k= AT Z AR BIA T B, AR U 7 A A A
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TE SRR A 64 WAL, i/ REL T s AR JIE - T M A
JRIVERL % 5 1D A 38 T L9 D 48 e I G
I, PTAFR , BG AR N 4 Az T YOS I £ 2 4
WFSE I, 0 38 BG AT LA 2 R8RS 2 11 ) o 2 1
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20 LRk B2 A S B A B N R ST RAE L, S
JIEJie A R RO I 9505 & A S5 R ™ o R R S 7 A
S0 BG BT A M s B T A A B 3 A A
2N BN AR Gr AN/ pi=k =TI, ZIARI N -2
TS L X BEE R S BG X A A B &
HEEEM LR AEER

B 2% WF I TR N, & 0BG 78 I 10 W2 Wi 4 3o 7 opr
A RE IR 1 22 i T8 2% 0 43 00, 3K B3 AR Tz Ak
B R AR N BRI R ST W R IR (pancreatic
polypeptide, PYY) | i = il 4 25 £ k-1 (glucagon-like
peptide-1, GLP-1) FlJi% = il B 2 A K -2 (glucagon-like
peptide-2, GLP-2) %5 22 /2 th A B A5 N 1) 1 N - 240
T 433 , 33X S 240 A ] DR 21 7 3 PN I 4T A R A7
FE . Horh GLP-1 2 7E R B (4 LR 25 19 o 20
JHEL 0T 200 J A% v %) i 22 S rp A i S T L 2 D
SRR Y, E AR B R R 48 T o AR
Y. BB MIEA R BA R 2 n 258
VEF, G35 P09 A 2 (VR4 I A % I B 25
PO BFSE R GLP-1 750 JILBk 1l P30 E B4 0 25
R AR W AR T S R BRIl B4R
GLP-1 43 WML £ % A B 5™ il i 4% GLP-1 Y
Ay WAECF AT BE A TR 35005 B 04 BT A,

GLP-1 &bl 4 4 1l 7 45 K55 7 I R 9k )12
AR EZDAMEME AN TN 3, h T2 A S RIE
52507 20 G AR S5 A — s R BRI T
P 3 g 2 A A B T BV 4 IR E GLP-1
(4 43 U B/ E A% 4 v LN TV R o 24 K 2 i 5%
BoR BEE LY BC BYEE A, BEWE 2 1 iz 18 N TR
F 0530, Horh GLP-1 5% i 13 2 4k 148 AR fh A A il
JB%, GLP-1 n] BB & BG XF ML ™ A= 25 A VE I Y 3 2200
Wz

FEF DL _EWFSE, FATTHED BG ] BE & 1 2 i
T8 GLP-1 4430 , &A% IUR B4 405 09 R 9 VE 1 . A F
FE LA TR 84455 M I R 5E 15 55, LA BG 5 GLP-1 Z [ ()
KRNV, R BG T GLP-1 & 45 1/R #1473 11 4
FAEH , b T/R 3510 04 Bl i - FR A A5 o

1 ME57E

1.1 %&zhih

C57BL/6 HERR, 6 ~ 8 JAIUE , R TV IR AR AL 2 e Ak
YR e A7 FR S | AT 1 22~24 ¢, 1157 T il 4242
= R 25 — B 8 I e S 5 sh W ot SPE R sh W B, A
FH AR AR K, B T I 52 7 Bf ) 12 h/12 h, i B 4%
THl7E 20~26 °C, SEE T FE v, A i 4245 B2 K24 S0 )
YIHEFERLE (AMUWEC20210174) .

1.2 XA Fe A

e A7 S JH B- 75 B B (Sigma, G6513), GLP-1 45
ELISA i 7 £ (solarbio, SEKM-0148) , GLP-1 Z /& $5 4t
#| Exendin 9-39(AbMole, M10089) , GLP-1 %t £ va &4t
14 (Servicebio, GB11335-100) , Occludin B 77 [ $1 1A
66378-1-Ig) , ZO-1 B 7% [ 4 1A
(proteintech, Cat No. 66452-1-Ig) , TRIZol . i¥i % 5% i
RGNS 2 A% IR Y 15150 & (TaKaRa) , 514
( AT, 4% 2 B W % W (Solarbio, P1110) , 7b
B (Leica) , ¢ 652 & PCR X (Bio-Rad) , f i i
AL Nano drop2000(Thermo) .

1.3 ok
1.3.1 shiidl 25 L HERS AL Sy . i 37 6~8 JE i
C57BL/6 HE R, TL 220 IR A 1R 3% 7 d 5 , BEMLE 7 3R 1%
43R 34 AR FARA AR K, n=6) , T/R 21 (%3
koK ,n=6) ,JVR+BG AL (FAPJOK FEMBG 0. 1 mg/mL,
n=6) , K52 2 Ji J5 @A 4T RT-qPCR \HE A
B 2 AR ST BEALEC T 40 2 4 - Water 21

HwAIKOK ,n=6) , BC A YK HEMBG 0. 1 mg/mL,
n=6) , FF4E 2 Jil Ji H 4T RT-qPCR \ELISA | e £ 5%
byt SR il

S 3L ARLEE ST LB RIE S 24 IVR A
(& A5G L v S A BR AR UK n=6, 2L 3 d, B 12 h {E
1) IWRH+LLT 21 (3 B I AR 1 5 GLP-1 28404
LLT 0.2 pg/g,n=6,1%%:3 d, B 12 h{EH 1K) . 3
J5 47 RT-qPCR .HE , Western blot Kzl .

5 AR ST . 6~8 JE Y CSTBL/G M L, TG 22 B
TRA 7 2 8 (KK 3 i BG 0. 1 mg/mL) J& , BEHL
BF RN 24 T/R+BG 4 (n=6) , I/R+BG+EX9-
3941 GEAERT 1 hid5F GLP-1R ZAAFEHTHI £X9-39 2 pe/e,
n=6) , &5 17 RT-qPCR \HE , Western blot %zl .
1.3.2  Japslm FREERRES, 6~8 8 CSTBL/6
TR, 1 2. 5% = IR ZBE(10 wl/g) BREE/IN B, 85/ U
FiMY [ F/NRF AN b WA B B MR
FRic, MRURHT R B R Bk LSS, FH 28 37 "CTRIA I A 28
KU 2 SRR BUR H W T [ iR %
BN | 2 58 I Z I L B Ik, 5 FH At 4 e e A
Jiir Z2 5 _E Sh ik, i I AR B ER K VR I A 20 A 7 T
1124 30 min, 38 528 fi7 308 20 00 A8 A0 Ui gy 8 ol o ™ o AR
& ,30 min J5 1] /N AS AT LT (5 BRINZE RS B R
YR i 4 S, FH T ) i 80 05 M T AR U 4 [l i
L ARREE G IERRE R k. T AR/ BB S IR
bR RN 755 FE R /N, 2R BRI ] 5 TR /N
S B TR AR 1] o KN BUBCE B, A AR E K, FREE

(proteintech, Cat no :
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6 h Ji BN BRUHR M iy, J 25 4k B8 /N B 0B 47 Bk
1.3.3 JpEHALHESR A BUNRBIAAREGZ 1 em,
FHIRYS 5 19 PBS X Ji7 JEE i A7 vh ik, T 4% 22 J W I
VTR ESE o P BN K A i a3 5 U0 R, U0 R it
WS ATORARG Y, h R RR B R, 7R B8 T /N
HAUR A M HE Chiu s PE2MAR XS /)N i B 45
B A5y o

1.3.4 ROyt vKiEYI AT 37 CIRAE T
AbHR, 49 22 5 FP S [ 8 AL 40 ARVRHEA T4 23 385 FN R
B, B R TR B GLP-1 —hiki B e 7
L AAAAZ H DAPLY 0 7E5E 0 AR TSR
1.3.5 PR e I/ BRUHR BIE ofn, 4> i
HrE T E IR E 21 h,4 °C,8 000Xg B.L> 10 min, B |
WHET 1. 5mLEPH,-80 CHRA#RHH . BUNRIHAL
10 mg, JITA 500 wL PBS J& A1 3 AU BE K3 0, 4 °C,
5 000%g 50> 10 min, B 75 & T 1. 5 mL EP4-80 "Cl
45 M. S MRELISA BRI S 3R GLP-1 1 & it
1.3.6 RT-qPCREM  HUNREIGREZ) 1 em,
FHTA PBS #ik , AT UIIF , 51 AL B M3 i .
TRIzol 36 2B/ N RNA 0 52 e BE i 47 5 3%
SRIG 38 SYBR Green ik 5 &5 15 BH 45 % ] Bio-Rad %¢
J65E i PCR AXAR HEAT qRT-PCR, 25 5L R FH 27144
H 93 R B mRNA R R ek 5

1.3.7 Western blot £l BUNB M A 5525 2 em,

Sham ZH 1I/R 2

I/R 4H

FHTVE 1 PBS #EAT gk J5 DI 8 T2 AL b, 2
I ASUHIF S M3 W, R FH Western blot 43 51 Kl B -actin
Occludin . ZO-1 By & F 31K, AL ROEk i, i
)5 F Image J AT F R IFHAT 0T
1.4 %itsa

S5 i A A DL wes JE 23RO, i GraphPad
Prism 9. 3. 0 #FA T804 43 A A e 142 11, 250 i e 2
H: 96 >K FH Shapiro-Wilk K556 , 2 2H 22 1] 1) F AR T 57
FEA KT . 4 P<0. 05 B 22 7 AT G223,

2 #R

2.1 BG T A E /R Hits

R T 2 BG X TR 45473 (14 52 1), 7E 4 EROK i
INBG T2 7. 45K 4ER : ST ARAMLL IR A
/N B Rl K e {H 28 BG TS B/ A
S B ol (K 1A) . HE o 3R R F A4/ N
YHMIHES R ST, BB S, G5 TR AR LI 0 02 S TR
HIH AR HESZE L, T BN IRIE, [5AH Z
KT 25085, 507 W Be i BSR4 s T/R+BG 4 41
LUERTE ST B MK, (R B 4 IVR 41
0 (] 1B) , Chiu” s W43 27 T/R+BG 4 B 241K
T I/R 4 (P<0.05,&1C) . RT-qPCR #&/= II/R+BG 4
NI L Y Oceludin . ZO-1 . Claudin-1 mRNA /K3F
B I/R AW i 42 5 (P<0. 05,1 1D) .

I/R+BG 4

A& FARE B SN HA L HE £ &

1 BGX IR J5/NR BB 5 B ST

(B1C.DE&ETR)
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203 C 283 283 2151 D
C: BN BRI B EACHE S5 D B4 B 4L 2R 69 1 BT B -F mRNA AB A+ £ 38 2 5a: P<0. 05,5 Sham 211045 ;
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o
g
3
=
100 pm 100 pm
TIT oo i
B
2
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ERTET . C

A& R f ik P GLP-1 89 4 3k E ;B &4/ R/ W 28 2% GLP-1 48 % & I mRNA 48 %} & 1%

(L&) Bm e FE LR E 0. P<O.05,5 Water 28345

=

& ;C: &4 GLP-1

B2 BGX{/MNRIFIE GLP-1 5w

2.2 BGTME#t Ipid GLP-1 4

NE BG XS GLP-1 3R 73 WA 52 ) , i it ELISA
PO/ BUMTEHEA TR, & 35 Water 414 Eb , BG 41/
BUMLTE Y GLP-1 870K B B (P<0. 05, 1812A) 42

/R BG AT LR #E /N AR N GLP-1 73 o 3 — 22 0}

LS IA
)2

GLP-1 43155 i 18 B9 AH G, [l i 41 21 RT-qPCR 45
2R, 5 Water 2040 L6, BG 4049/ GLP-1 %1k
AHICHEE P mRNA SRk 7K F- B 2 34 i (P<0. 05, K1 2B) ,
LR BG T 1Al BEAE HE 18 GLP-1 01, S8 o a4
7, BG 41 /N BRI GLP-1 85 11 32 34 7K 37 B 2 14 i
(K2C),
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2.3 GLP-1 &4 7T A B & /R Hits

J T E— R GLP-1 4 W7 g 18 959 b i 1
FH AR T U 5 GLP-1 R AR iR, & B T/R+
LLT 2152 11/R 238 1 70 17K e 75 2] B I e (181 3A) o
HE 44 €8 18 7 - TVR 4115 90 AR Sl 75 , 80 551 1] it
AR, S A R 2 R (P<0. 05, 81 3B) . AR TF
/R 41, I/R+LLT 41 7 B P 4545 2] g 3 2 3% | Chiu’ s 1
43 W 5B REAR (P<0. 05, €13C) o 594 /R, GLP-1 7] LA
W EUCGE IR BEM B EES . RT-qPCR#E/R: 5
I/R HAH I, IVR+LLT 4 /M i 4L Oceludin . ZO-1
Claudin-1 7£ mRNA 7K - 3 3k 34 i (P<0. 05, K1 3D) ,
Occludin, ZO-1 7£ & H /K F 3Rk 10 W 3 & (P<
0.05,K14).

2.4 GLP-1 ZAk4F 407 2 BAK BG AL II/R 41 45 69 1% 37
(3

9T HE— A WIRA GLP-1 /& BG K454 A 2 N
24 R T BG, K 1 HAE BT 45 T GLP-1 2
FEBUR EX9-39. WL A, 5 I/R+BG 4L AH L, TI/R+
BG+EX9-39 2H H 3 B & 1 /N g 7Kk i i ofi (181 5A) o
HE Yt 64775 : IVR+BG+EX9-39 £ iz 45, & HE 9 Z= FL A
JBTE , Bh AT T B AR K, R A0 AR 12 PRI 1 (18 5B) .
5 1/R+BG A1 Eb , GLP-1 Z AR5 517 -+ il J5 B 18 $
PihnE , Chiu’ s P43 W 75 (P<0. 05, K 5C) /N 4
21 h Oceludin .Z0-1 . Claudin-1 765 557K 31 B 4 P&
(P<0. 05, 5D) , Occludin ,ZO-1 785 FH /AKF- A H B
HHTR] A9 22 16 (P<0. 05, 1 6) o $£7R GLP-1 J& BG 3%
/R 03 J5 M B P i i BB 2

1I/R 2H I/R+LLT 2H
e 'm%ﬂ
LA LA ARy LR AR LR RRLRN RRRRY RRR R RRRRY LRARI AR
.2 s i
II/R 21 I/R+LLT 24 6=
e de
T .
4 = L[]
< [T
w [ ]
=
S 24 =
0 T T
I/R  II/R+LLT
1) C
20 5 25 159
e e .
X b ] b ) .
® 15 - ° ;}éj 20 ._¥_ ﬂ%
Y =
B 23 s - & 107
= 10 o | o =z ° <
z = o =
ﬂé ° é 10 _T_ E °
I ﬁ - *Te =7 T :
= Si~ - ] . = ®
= ° s 5 E
5 N = ?.
0 T T 0 T T o T T
I/R  II/R+LLT /R II/R+LLT I/R  T/R+LLT D
215 215 A1

A BN ERE B S DAL HE £ & ;C. &AL BRI T AIFE ;D B R MU FETER T

mRNA #8533 £ 3% % 5a: P<0.05,b: P<0.01, %5 [I/R 28}k %5

3 GLP-1ZU43t I/R J5/NRIFE R 5 B 50
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A B FARE B S AR HE & ;C: B0/ D AR AL ;D 200 K B 21 27 69 1% Bk 1% B -F mRNA 48
33 &5 & ja: P<0.035,b: P<0.01,5 [I/R+BG 41k 4%
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