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Abstract

AIM: To investigate the protective effect of
baicalin against intestinal ischemia-reperfusion
injury (IIRI) and the role of inositol requiring
protein 1o (IRElaw) in this process.

METHODS: Twenty-four male Sprague-
Dawley rats were randomly divided into three
groups (n = 8): a sham group in which rats
underwent laparotomy, an IIRI group in which
rats were subjected to occlusion of the superior
mesenteric artery for 30 min and reperfusion
for 6 h, and a baicalin pretreatment group in
which rats were given intraperitoneal injection
of baicalin (100 mg/kg) about 30 min before
IIRI induction. The levels of tumor necrosis
factor a (TNF-a) in intestinal tissues and
intestinal fatty acid-binding protein (IFABP) in
plasma were detected by ELISA. Cell apoptosis
was assessed by TUNEL assay. The expression
of IREla and phosphorylated IREla (p-IREla)
was detected by immunohistochemical
staining. Western blot was applied to detect
the expression of GRP78 protein in intestinal
tissues.

RESULTS: Compared with the sham group,
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the expression of p-IREla (41.88 + 3.43 vs
19.55 = 2.16), IREla (51.3 £4.16 vs 9.97 £ 1.34),
the level of TNF-a (139.70 ng/L +£19.72 ng/L
vs 16.41 ng/L £ 1.75 ng/L), cell apoptosis
index (40.77% + 4.70% vs 3.66% * 0.83%) and
IFABP (2.25 ng/mL + 0.27 ng/mL vs 0.63
ng/mL + 0.07 ng/mL) were significantly
increased in the IIRI group (P < 0.01 for
all). Compared with the IIRI group, the
expression level of GRP78 (0.60 + 0.03 vs 0.42
+ 0.02, P < 0.01) was up-regulated, however,
the expression of p-IREla (26.71 + 2.43 vs
41.88 £ 3.43) and IREla (36.87 + 2.07 vs 51.39
+ 4.16), the level of TNF-a (93.38 ng/L +
16.79 ng/L vs 139.70 ng/L + 19.72 ng/L), cell
apoptosis index (29.50% * 7.66% vs 40.77% *
4.70%) and IFABP (1.50 ng/mL # 0.29 ng/mL
vs 2.25 ng/mL * 0.27 ng/mL) were deceased
in the baicalin pretreatment group (P < 0.01
for all).

CONCLUSION: Baicalin reduces intestinal
ischemia-reperfusion injury by up-regulating
GRP78, alleviating endoplasmic reticulum
stress and attenuating IREla excessive
activation.

© 2016 Baishideng Publishing Group Inc. All rights
reserved.
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343 vs 19.55+2.16)AIRE1a(51.3+4.16 vs
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JIE 2@ A6 8 T 15 20(40.77% £ 4.70% vs 3.66% +
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FE AR, A TNF-0(93.38 ng/L+16.79
ng/L vs 139.70 ng/L+19.72 ng/L) & M F5 1
2 e ) = 7K -F(29.50% 1+ 7.66% vs 40.77%+
4.70%). 2 FIFABPKE(1.50 ng/mL+0.29
ng/mL vs 2.25 ng/mL+0.27 ng/mL)¥) ¥ %
1&(P<0.01).
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T, i O R AR B A; E  fE
AT, IGPR B S, 4ERE R 5 R ) 52
BN X T BB P e VA PRAROR 5 IR G A
HAEEA BN E XY, ca® B E5A A mt
(reactive oxygen species, ROS)/ &M 7T & —H
IV B I #E7F: (ischemia reperfusion, I/R)
BHLHIC. VRIS P9 Ca® #6385 . HIROS
Sn, 48R N R S B R R RN, & RN
JoT WX A7 A BG T, 5 & N 5 I S i (end oplasmic
reticulum stress, ERS). TIRIN, iziE b M
WG N, W% A 2 S RS o W T RE )
Hhn, fSgE R P BT A . LB R R
lainositol requiring protein 1o, IRE1o)/E N E
LERSIESZE H, G EE v 20 17
SyETP s EoR, EEHFAGPEL.
KR H HEE, PRPFIRIER]. A Fedihis i g 57
TIRIAEAY, [R5 7 35 550 0, L8 s 5t
HRIMRSE R, FHER1T H AT GRP78 XIRElLa
E{SLioAlN

1 #RRTSE

1.1 A 10%7K 5 SR MR (5 M 25 27 Bt I IR
= e i) 77 2 WE ) 9425 (P R PR B R 24 )
BARAR]); NaREITERS5 & % H (intestinal
fatty acid-binding protein, IFABP). &K%t
[A]¥--a(tumor necrosis factor a, TNF-o)ELISA
or I 7 & (L B AR R A IR A Al
TUNELJG AL T P 177 & (R s Lk AR
H Rk A R F]); IRElo(Santa Cruz, 1 © 300).

p-IRElo(Ab 5t AR A ARG IR AT, 1
200)» GRP78(Abcam, 1 : 5000). GAPDH(Cell
Signaling Technology, 1 @ 1000), & 204k 5
BT A ) e A A= ) AR R A #D);
BCAH & &AM &, RIPAZMERR( LIFERE
FAMFBAT IR A, AR E AL bR
EPRIgGHURAL S P A2 S EVE ARG IR A
")) AL EESOLECL) G,

1.2 7k

1.2.1 sh#h B4 8 wk, & SDAR24 1, i

1962

¢, W HE LR BB 2 A R A B [VF AT HE
S SCXK(%)20130001], 180-200 giA )i &, i& M
PEMEFR wkim, 24 R K BRBEHL - AR TFARA
(Sham#H); Wk i FFE 2 (VR AL, 25251 i
AL (B 2SR HI/RA), FEAI8 .

1.2.2 A% 5 54 ShamZL{UIFHE, <08,
URHATHMESTHTZE R d, HHKOK, 10%
K G EEE VR G s (3.5 mL/kg) BRIR J
HWAMEME, 2% K, W F U IE R PIH, K452
em, WKIRVITFANNE, SHRIFWE B RIE 3K,
JC B 10 A8 2 2 P FLAR B BELT (ML 4830 min, FATT
A& e, WA M, @ RRITRIBAY, 3 2%FF+1/R
HTEBAT30 min%s T3 Z 100 mg/kglE
AL, Shaml STRALLL T AFIPBSIH
TR I, 3473 70 T 6 hAbsE, HUehR
A5 6 e AT i K 212 em/INIFR A, 53 PR
a5, o3 i FH4% % 5% FR g [ 5 A E T--80 "CUkAd
#%H.

1.2.3 TUNEL/RAL K 3% A7 3T 3 A0 ) 1 b 12 4m e
B G & U RE, AR R g
TOURE 5 A BE PR M, TH AN (5 8 X 320 N I
FIT NP AL, T4 %R (apoptotic index, Al) =
RG] 16090 1 200 P K/ S A v £ AL R A ) 81 7
JiL 54 5 X 100%.

1.2.4 ELISA#: M 48 22 TNF-o % fo ¥ IFABP
89 3R B ELISANE 21 23 51 B TNF-a S I 3K
IFABPIR . 1 Je I N bR S FURE s, I AE
Yz bnid ZPiAEEAR 7R, 37 C 60 min,
Peb sk, TN ZEFAMB, 37 CEE10 min
JEMAZAIER, 10 minN7ES562 nmP K FIE
WO BEAR. FHARAE A RO B L ARl 42, T
PR AL ZITNF-o 2 ML 2 IFABPIR 5 .

1.2.5 #E AL F N p-IREla. IRElaf
W A6 RE 4L 2P 8 Rk U4 pm A 4 4]
F, e G P 2H 2K 2 R U B S 40 ) e
p-IREla. IRElofE& AR L R IE
5, Bt Image-Pro Plus Version 6.0/&1%
I3 BT AR D' % FE BB (integrated option
density, IOD).

1.2.6 2 & F )& ¥ ik kA i 2L 2GR P78 49 &
A AR EBUNG AL S EH, BCA
e BRI FREE, B-80 CORAF. HL50 ng
8 AT 1 e B R - 5 TR s Tk P
LUK R, HEERM EPVDER, 4 7% A5 0
W EITBS TYAWCE 12 h, IO @ 5000881
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R 1 BAFINF-o. DILBTZRRMERI-FABPHINENESR (mean + SD, 77 = 8)

bax:| TNF-alng/L) IR ER(%) I-FABP(ng/mL)
Sham#H 16.41+1.76 3.66+0.83 0.63+0.07
I/RZE 139.70 + 19.72° 40.77 £4.70° 2.25+0.27°
BESE+I/RA 93.38+16.79™ 29.50 + 7.66™ 1.50 +0.29"™
FE 142.11 53.33 70.40
PE <0.01 <0.01 <0.01

°P<0.01 vs ShamE, P<0.01 vs I/RAE. I/R: [FHIME#EEA4R1G; TNF—a: IMEEIATEE

F-a.

PIGRPT8HUA, 4 CHRAIFE, PelE/EMAL !
5000/ B — Pt T =il H45 min, &G MA
ECLiAF I . 8t Image TG 43T BAEAS I
HORFEAE.

Gt F A S Uimean = SDER IR,
KHISPSS16.048 TH A AT SR 2 7 % 73 A
(One-way ANOVA)Z A7) LR, P<0.05 %7
BN -9

2 BR

2.1 FEF RIS LR KR, 4a i
TR B e RURA, WA AL
M HZATNF-a K S R I b 5z 40 B ATH
PR, MAKIFABPI & & K. $En 5]
B AMHITIR Ui b B 40 i 28 P S B, 9t/ 44t
PAT, BETIR, PSS (R L, E).

2.2 A FATIRIHLLLGRP7S. IREla#
#% B Sham4l, VR4IGRP78 i, $Z/RERS
Z51IRL, 4 T EESHHAEH, GRP78KIE
HEURMAWENN, BERERIT%E X
(P<0.01)(E2). GRP7T8 B A {2 #k K475 & A Al
AR B E AN S, SMERSHIMER, 50
WESF ALY FIATIRIGS A2 T GRP78ZA#ERS.
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IR ML FIETT 5920 B TR TR A7 8 2
=X ROSHI K& AE it N A 42 38 /R4
S5 B R /R 3 B b R
MR . Ca® W A K EROSHIZE K7
STNF-ofl A4 &-6(interleukin 6, 1L-6)%5 %
PER 7R IE KT+ AL 2L 45 i =20 3
FE 96 S N R0 gy L 1z 40 e O T S0 B AL
PSR A2 B, F i e R It DugE R B
1,25(OH),D, 7] LLidE i #1) #% K F--x B(nuclear
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SD,n=8)

4R IRETo p—IRETo
Sham#H 9.97+1.34 19.55+2.16
I/RZA 51.39+4.16° 41.88 £3.43"
BEE55+I/RHE 36.87 +2.07™ 26.71 +2.43"™
FE 300.99 87.42

PE <0.01 <0.01

°P<0.01 vs Sham?B; °P<0.01 vs I/R4E. IRE1a: PIIEEEED
1a; p-IRETa: BEERICIRE aL.

TNF-ouJll 38T B0 1 286 e 325 1 /) 38 m, AR 4
[ 2k BRI B i 1 R g . Ye 5 IR BTN F-a
FInT B bR A K 4 2imiR-122a5%
ik, TR % ELE OmRNARH 5%, )5
8RR ARG REAK, i 8 i 3 .
25 T TN F-ou 0 il 351 7 sk 42 K B % 1 s 1 <
A 56 M s R TR I SR A i ) A R 3
I 41 26 S AL B 4 2 i, $0HINF-«B
BRI T B 2 ek 2D I R E TN F-a FHTL-6 1 2E
Jil, VoA N e MR B e M S Y. AR S R,
IR ShamZH A L, I TNF-a. H i
RNEIR LI . 45 T B2 AL B AT B R
D A TNF-alf) & &

TIRIG| % B S 457 07 3 2 065 e b e
NE, WA i 10 2= 8 R i 42 2. TIRUS
FZh ISR O SH i J2 Ca®" i 2 175 K ER S 3 L
A%, ERSi%ESGRP78E A i, it kIS
BT S A RS B R, BRI
W B gig, R PN R R S, e N A P v
T2 Lei®5 it 45 7 1 o M 2 FE k2 T il 58
A= AN 3R/ BROAT B R HE = W B R b A A R
JIA EHGRP78KIE, Yk R b R 20 i)
JHT-AZ45. Bilecova-RabajdovaZs! M 7t & Bl
IIRIB i # GRP785RIA 1) i, )17 b R 40 B i
T, AR, ARSI EE RIETR, 1K
VR4, EEH IS, A HGRPT8KIL
BTt HZERFEGERE X (P<0.01), Pl
B BE SR IIRIERS.

IRE1ofFNERSFEIRZ 82 —, iz R
KA. IRE1a iS4 REWE N 5 41 g
ERST| S g A= 47 F v 40 & 2EERS
i, IRElo K AEBERR A 1T G AL, FELIIRE Lo
A PR ET )X BP1 mRN A%, XBPI

1964

A

GRP78

GAPDH

B0.8

o
[e)]
T

°
NS
T

GRP78/GAPDH level

o
N}
T

0.0

Sham#H I/RZH ST HI/RA

2 GRP7TSEZENRIASERMENZE. A: Fivl;
B: GRP7S{ERLHAIFIEIKCE. 1: Sham#H; 2: I/RZH; 3: %
F+I/RA. °P<0.01 vs Sham#; ‘P<0.01 vs /RZH. UR: Iy
SR T PR

HERE B, AR SE A RE L,
R = S N R Y D i B TR
IRElaffid gt KA UIEEE A 2 B 2% S
MR B RV T MY Lerner "™k IR 4L 5L
I IRATERS, IRELaffid & G EmiR17, f#
SR SE A HAESE A (thioredoxin-interacting
protein, TXNIP)ImRNA _F i, TXNIPZE k1
I, 3 EIAERSAROSH & 3G A 541
OB A% AR T2 ARSI A R4 TR ST
THEIRELaff FRIEU/RA Nk (P<0.01). 7
A, WG IIIREL o] AZEAETRAF2, EALINK,
p38MAPK INF-k BSE R A5 S S T, ¥5
SRV F(TNF-a« 1L-6) )28 35 14 o i 1
R4S AdolphZEHE 5t K I i bk /N B
B HMIIECOIRXBPI BN, 45 %) FEUERS, ¥
RV 8 P e 6 P s B, ML AT BB S IR Ela
T EIHINKA T i B 58 M S S AT i T
K. ARSI G H UL 2E 5 R R, IS +I/R
HEURA, WFip-IR E1of) 21k & I I FRAK
(P<0.01).
ROS/FERSHIFCaspasel 252 17 S 41 i
FT— AN EERED, BERE N5
ERSZ HAFE R E LR, Nr2[MHi A EH
RENE ZRER S K IUPRPY, Nrf2fgfg i
J5 AR S N I H S P90 X ER AD I Rk, 221
ERS™. #E4F B HA . HiRD, BRI
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3 p-IREIaR2IREIGTESLAIFRGIELRIE PEYZRIAIDAB x 400). A—C: p—IRE1a A (A: Sham?H; B: I/RZH; C: i 25 E+1/R4H);
D—F: [IRE1o 5K (D: ShamZf; E: /R F: #5H+I/RAH). I/R: IRl A411%; TNF-o: PSR F—o; IRElo: LS

FTEEHo; p-IREla: #ERLIREla.

B NP NF-e B iE HERY, 50 98 v s B
YHMF T AR . LinZE R BLEE 51 AT DL
i B VRIS FEHTLR4, MyDSSFIF T2 & [
Caspase3 [{1i% b % B F AR (R4 75 . ShenZP
P B R R RSOV RERSH
SO, RIS AT DA — S A A >
YA T S0 45 R R, SRR [HGRPTS
Foik 1, MIRELaff) % s R, 2 PR
T TNF-o ) IE BRI, 20 T s/

AR N, IFABPAE M 25 R0 R A%l
Wb, g b R A 32 5, IFABP A H Hk
NPT, B FE P PHESE, MRIFABPHI & &
J2 o ) i 286 PB4 4 L ORS00 i b, HL G
TR 2R U 9 1 1 R L AE 2 A5 £ B BV T 45,
I BIFABP & & 1 =K -5 1 B 5 00 453 4 75 14
SPEAR . WP FAE i 0 R
HIFABPE E AR5 4 & R0 R B L5 A 1E
K i B 5 VIR, A0 45 R
N BURA, EEFHURAA R M IFABPS
R, SR RREE N, (R R
JiE .

ST RES AR TIRL, FHRI/RIZ L 40
(RO T Rk o A 1 S B, BR AP fi M o .
ML AT 8 2 2 25 1 @ A R TIR I 2
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