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Abstract

AIM: To examine the role of oxidative stress in
intestinal mucosal barrier damage during ANP,
and to explore the putative mechanism of HIF-
1o during this process.

METHODS: Male Wistar rats were divided
randomly into three groups: group A (n = 18)
and B (n = 18) served as ANP models, group
C (n = 10) was designated as a normal control
(sham operation). In group A and C, rats were
treated with normal saline therapy, while
in group B, rats were treated with DMSO
therapy. During the observation period, the
morphological changes of intestinal mucosa
and pancreatic tissue were observed, and
the intestinal permeability was evaluated by
FITC-labeled Dextran method and DAO activ-
ity detection. The activities of SOD, MPO and
the level of MDA and GSH were measured

and also the expression of HIF-1a protein was
assayed.

RESULTS: During the observation period of
ANP, the intestinal mucosal barrier function
was damaged seriously and the intestinal per-
meability was increased. As early as 6h, the
DAO activity in the mucosa was decreased ob-
viously (0.43 + 0.07 U/L vs 091 + 0.11 U/L, P
< 0.05) while was attenuated by administration
of DMSO. In the serum, the detection of DAO
activity showed an opposite results. Also in
ANP group, the activity of SOD and the level
of GSH were highly decreased (SOD: 12.12 +
2.24 U/mg vs 25.12 + 3.86 U/mg; GSH: 160.75
* 2425 mg/g vs 412.45 + 45.60 mg/ g, both P <
0.01), while the activity of MPO and the level
of MDA were markedly increased (MPO: 1.32
1 0.18 U/mg vs 0.63 £ 0.11 U/mg; MDA: 2.85
1 0.21 nmol/mg vs 1.34 + 0.12 nmol/mg, both
P < 0.01). However, administration of DMSO
attenuated the damage to some extent, and mu-
cosal barrier function was improved (P < 0.05).
And the injury induced by oxidative stress was
limited to some extent (P < 0.05). Western blot
showed the expression of HIF-1a protein was
up-regulated with ANP while down-regulated
with DMSO.

CONCLUSION: The intestinal mucosal bar-
rier is damaged during the process of ANP;
oxidative stress plays an important role in the
damage to mucosal barrier and OFR scavenger
could maintain the integrity of mucosal bar-
rier structure and function; HIF-1a is involved
in the protection effect on intestinal mucosal
barrier under hypoxia induced by ANP, which
could be regulated through attenuating the
mucosal barrier damage when OFR scavenger
is used.

Key Words: Acute necrotic pancreatitis; Intestinal
mucosal barrier; Oxidative stress; Hypoxia-induci-
ble factor-1a; Oxygen free radical
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Fik: & Wistar K R AL A 340, AZL(ANP
20, n = 18), H-FANPHEA ; BZL(DMSO%, n =
18), #-FANPA], 1% A =¥ & L A(DMSO)F
4240, C4(conl, n = 10)RF R4, AfeC4a
AHT30 min& F iE4F 4 22 2 7K(0.2 mL/kgtk it
%), B4L3h 4 R A730 min & T /24 F 5 F &89
DMSO(0.2 mL/kgtk i &), 5F H 5 53730 min
£ R HEN60 mg/100 gk FHFITC-4
RAEEF. S A EF RIF0, 6, 24 hE S JRIK
oA )G AL 5, 4 A B Sk Fe Ak = 5 3-5 cm. WL
R A I REIEA LT A F R, M T M AR
2142 FDAO. SOD. GSH. MPO. MDA%
¥, Western-bloti & #7 62 P HIF-1 089 & A,
FHAE ] dn A P — R AAEE(DAO)EMAFITC
R

LR ANPEF K R 5B 5 2 58 ™ F B10R,
1838 & PO 2 A, ANPZL6 hid 4
DAO#) & X L2 2 TF%(0.43£0.07 U/L vs
0.91+0.11 U/L, P<0.05), DMSO4: 32 EDAO
EW T2 dp. o Pl £ DAOE HELF
AR ANPZR6 hZEIE4A 42 #SOD. GSH#E %
AR TR, 12 hi A% 2(SOD: 12.12
+2.24 U/mg vs 25.12%£3.86 U/mg; GSH:
160.75+24.25 mg/g vs 412.45+45.60 mg/g, 3%
P<0.01), mMPOEHEBZMDAKEN B &
(MPO: 1.32%0.18 U/mg vs 0.63£0.11 U/mg;
MDA: 2.85%£0.21 nmol/mg vs 1.344+0.12
nmol/mg, 3#P<0.01), VAL A — AL /L5
ZK . DMSOTA 4 22 28 2 4 iy 5638 15 P AT
P ik &-, 4247 R & T IE 7§ (P<0.05). 1£ FIDMSO
J&, BACR BRI E R TR S, 1247 2R
% F £ (P<0.05). ANPARTHIF-10% i B 2 3%
Hm, M DMSO#)4¢ 7 ¥T 4% HIF- 101 # ik T,

0. ANPH I 5B e My Fe o 4R 5 12 &
TR, BAC SR A FE B R A 6 —
NEZRZE, miFRE A HARRE— 2R B
52 5 BB B 3R 45 O AR 4 37 o Ak HIF-1o5
5 ANPM LRI 6915 B An e, ARA A W
FR AR M B ARG 7T VAR 3 HIF-1ofk.
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BATHT IR AR B2 78 U 52, (B AE
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B LEIR ANIRIT I 2 2 18] 5 B i3 0 ORIk
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1.1 A R HERAN . FITC-A7 HERi 1Y, DAO.
SOD. GSH. MPO. MDA MARF &I H Ik 5T
AR A A, AR AN R T TR
N,N- A A4 P 1 D) 1 56 [ Sigma A 7], HIF-
latiZ wHEPUR . B-actinfl 2 7 HUA. 9T
R EYUA. EHURZ WP AL E
Santa CruzA &), {RIEHALHNL. EmiE e %
PRE O FEE IR, B BE . Bk
1. PVDFJlE. ECLHSRICHE RS, 91
T 23 6 A R G T A SN RHTE ST RN
Hh [ s 2Rk A ot B K TR s AR S s R
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1.2.1 #BER 5 BIPIEIR AL 58 1A T IR
IRAE R SHE S S S E IR IR 5 (50 g/LA-fisk
). 8 Wistar K BL(14 5 5:250-300 g), S5
BUAEET(H HTIK) 12 hy BENIEC 50 340, A4
A BTESRSENE AR S AL(ANP), n = 18; BAL—H
FEFPU(DMSO) AL FEZH (DMSO), 7 = 18; CZ4H MR
FARAGTIEAL), n = 10. KFi30 min B4LSh#H 5

A, &8 wAEk
F e T R 32 Ah B
Bl it ik —
WAt R At
B AR 5 HIF-
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W RBAESR ETARG0, 6, 24 hiti R A8, BOKHGE3-5 cm, 5

ALk, R A A
B %, PR
R B AG BERR
%, Bz B RAF
#.. HIF-1o%5 258
FlEey e & A
JRid, 1 50FRZ
] 89 X A AP R AR
NG L, BRI
TP, OFRAL &A%
HIF-1a#y & 3A, 7T
w5 ARG AE
A&, A2 EKRNAE
AR A A, Bk
AR 3P s, K
EET S FY
B F AL XA

B FRME, T BRI A ) e IR A SN A T
LRAE, BERIZEAT LR 515

1.2.2 Mg Ao i REIR L 7 tm BATY 25 LA BhW)
WEBE S, F3 9 B S R R vt [P 3 4, %0 Je
oy, —HB ol BN 7Y, — A N20 g/LI%
R G  H B A A

1.2.3 fpfbBed A eyl 2 pBEEE T HFITC
FRAC BOAT RERE B2 2. 5286 T30 mindt L3
YA N60 mg/100 gfA 5 & (IFITC-A7 HERH T (4000
kDa, 80 g/L), AFESNHTCEE I 5 i i
FITCHR & K i HDAOM G, I, I mEh
BN L IRDAOTEPE.

1.2.4 MABE R P A8 bk = egm 2 R
P B AT IR S R I 21 22200 mg, 7EWA T
A AL ZUS, INANUKAEBEER K, 7R
WAL A% T 8145100 g/LAN0 g/LIFZLZR
A13%, 3000 r/min, 10 minj5 2= EiEWA . #2601
Ut B A% R AR, W R 2 b Ty
#:(SOD). HAEMYEARF(SOD). &It H Ik
(GSH).

1.2.5 25220 20 P HIF-10%& G o9 2. BUEAEIT
T A EE 4121200 mg, [FIAEAE IR A T
PRHAIERE, 0N A2 4N i AR (B T A
), UK_EHCE 20 min, 13000 r/minfiGiE R 015
min, B_F3E, FiBradfordiEHEAT 8 (€ = a0 8,
JEN-80CUKFE LR AT FH G2 BN RV 2 M B
HHIF-1o i, A D3R T B 5ESDS-PAGERE
ITHE A58, G T (@°C)E R 2PDVER T
G PERAT, FI50 g/LA gt ATRCE AR S bR
{745, PBSTIEVE G4 CHE B —PUA(1 & 500)i 74,
SRJGIN PO © 10000)i% & 1-2 h, JHECLAL
R A I E 43 AT (GBISC, gene bio imaging
system for chemiluminescence).

Beit AT 1 SPSS10.0% A4t 5 Kiedhe ik
ATACHE, BT A E 35 Llmean = SDE R, & IEA
I3 A IBEA TR 36 BRANOVA, E TE 27041 % B
FRRIRL 50, P<0.05%7 Uk HA Geit 2453 L.

2 ER

2.1 MRARLELRTY A5 ANPYL B IR 20578 ™ 5,
)T, /N2l R e L, AT L Rt I R AE
kb, JERT LA 4 MR, 24 hiC R LB AL
k. DM S OAb 3 41 JB i Jie /I - 25 46 93 A2 A7 JIT 9k
B8, MRS R AL iz, 2 89/ NE kSR

1 BRARBLAFSS .
(X 200); C: 1IEHZH (X 100).

A: ANPZH( % 200); B: DMSO4,

HE, 18] 5T TP 28 1 40 I i R (D).

2.2 FEIRLB R AT A OB T WAA I E N
M Zaka. ROHZBUER. LA, BB AW
ZAFNWE, [8 A 2R 2. B 5 R A%, C
A IE 3 IR B 45 4.

HBE T ALLN A EE B b R R TRE A )2 2k,
SRR, &8 R AN T, RELTET PSR IR R TR P
D I Ny 1 O B il o |
S I A S K, 40 R 0% B A IR ™ R, mT DL T
S H. RGBSR B T WA R B HE A R b . TR
LT B, L BRSO, EEM
YE)EME, TR “AEER” . B4R
BN SR AN M 303 A RV AL 3%, SRB 451
BEA e HE(15]2).

2.3 DMSO# & & K R ANPEF 7 46 5t 38 5 M
ANPE K 5V R b B T e ™ B IR, i id
FEVEW] SN, FITC-DextranM2 W] S48 0, M
SR N 12 hige i W] (P<0.01). DMSOTiAL B
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4548 Mm% FARSIRIAR SRR

0h 6h 12h 0 h 6h 12h
IERA 1.26+£0.32 1.30+0.23 1.18+0.27 0.95+0.06 0.91+0.11 0.89+0.13
ANP 1.19£0.30 3.12+0.43° 3.89+0.64° 0.93+0.02 0.43+0.07°  0.37x0.10
DMSO 1.17+0.28 2.32+0.48° 3.12+0.56° 0.88+0.04 0.65+0.05°  0.58+0.15°

°P<0.05, °P<0.01 vs [EEH; P<0.05 vs ANP.

4000 nm

75KV x4000

4
&

3000 nm

P
s

75KV x5000 1600 nm

B 2 SBEThHUEBEMBRAEEDL. A: ANPZ(x 4000); B: DMSOZH( X 5000); C: IEHZH(X 10000).

- b b
6000 e = m ANP
< 5000 a = DMSO
2 4000 O IRAA
©' 3000
. 2000
1000

0

6h 12 h

ANP DMSO Control
B 3 KEBHEESEEEL. 'P<0.05, P<0.01.

21 310 o R BT 3 P A B U3 (P<0.05), ARATIAR
TR (P<0.05, K13). ZEEA LU HDAOWEE
Rl 45 B2 7R, ANP 6 hitf Zh - DAOMTEE
2 W] R B (P<0.05), DMSO4bH S DA O 1
N P& AZAM(P<0.05). 1 i A E D A O M IE
U AH &, ANPZL B & 75 (P<0.05), fEDMSO4L
FHZA W] GG T ANPEH (P<0.05), {HA R = T 1EH
(P<0.05, %1).

2.4 A AL $SOD. GSH. MPO. MDA
HE WELWIFR A, ANPZL6 hEhE 4141 SOD.
GSHIE Rk AT W i F%, 12 hi i W] . (ANP
2H vs XTI, SOD 12.12 £2.24 U/mg vs 25.12+
3.86 U/mgMIGSH 160.75+24.25 mg/g vs 412.45
+45.60 mg/g, P<0.01), MMPOT I MDA &
A T+ =i (ANP vs X4, MPO 1.3240.18 U/mg
vs 0.63+0.11 U/mgfll MDA 2.85£0.21 nmol/mg
vs 1.3420.12 nmol/mg, P<0.01), WL A — &
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AAER 7KV (4). A FIDMSOJ5, AN R
N K e = AT T 58 (P<0.05), (EAT3R i 1 1E %
(P<0.05, [€14).

2.5 HIF-1akg £3A 1B 1)/NmEEEA1 23, HIF-
loath B EMERE, 5 R0 M b T 8 E0R 2
H L, ANPIHIF-1038 1A B 2 39 11 (P<0.05), 1
DM SOAE F 7] LUEHIF- 1o 2 35 F iR (E5),
VEHIDM SO AT DAE ik 775 B 4 11 ph 2 el 4 i 6 i
1 GG B LB AR DL, ATHIF-103838 R i, (A
YERFLER R 7K T (P<0.05).

3 17E

B IR 4k e I A2 B IS H AT 2 ANP RS 1)
FEAETR A, H80%LL S JigiE e HLAA N
S ORI 40 BRI P 8 2 A, IS DL T
SEREI R R D Re, A F AR, (HAE
X2 16 TP AT AN PR, i 16 26 5 57 i o g
AR, W E G N, S BUIE N 40 RN R
B HE N BRI R i, AT 3k — 20 R ARE
IR, 75 & SIRS, 24 FHMODS. MOFE.
FHET0 A ANPIE R B 5L g e 45405 1)
FRRRALET R, i A R I 2 R R
DAL 7= A 1R K e A I BH 2 2 5 | i 20 65 o i £
M —ANEZF . AT S0 O 21
UESIZAE 1A FJELE ANP A TR R 1) o 2 5453493
O E AR, RIS AR R S R R
P IRTT R, (AR,

F AR5 AUk B 2%,
AW AR & %12
TR, AT
R —A &\
X 1 &b LB T 09
B A5 ALk 3 AT IR
i, FEHAEHEL
HIF-lTok A%
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FiELrtrt, g % 200
RALFOfHE 5 Z 100
BAELEERE P .
48 = 0
. 6h 12 h
C a b D
307 m ANP 2.0 = ANP
230 | 171 spmso ® = DMSO
2 25 ¢ ot £ 15 o x4
Ea0¢ =
@5 g L
= 10 S
= £ 05r
S 05 =
0 0

6h 12h

6h 12h

B 4 [#XGELEDPSOD, GSH, MPO, MDAZRXMK. A: SOD; B: GSH; C: MPO; D: MDA, ‘P<0.05, *P<0.01.

12 h
ANP DMSO Control

A 6h
ANP DMSO Control

HIF-10/p—
actin A (B

B—actin

[y
o

m ANP
@ DMSO
O XJHRZH

o o
[e) e ]

o
NS
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o N

6 h 12 h

5 PRABRERDPHF-10EBREEN. A EHRAERGRIEALR T HRIEALAFHIF-10315; B: GBISCEE RS HT
EER, Gtk BRI B FERHESEREE R, P<0.05, "P<0.01.

AT A FEFESIE T ANPEVIRLAL, B
A b N B B LB R RN L A )
TEHE S W T ok 6 S5 R Il A AL b E S A% B e it &5
W22 B P FE IR, Jl i FITC-Dextran/MN& 556
VLG (1) Y 3 ()05 1 B S B, i — DR S &G
JI5% 5 Bt T e 7™ FE 52 41, D AOATAEM FLa W 504
MRS LR, Hoh RES D A-AE TN %
2T, HEPE S 9 R m B R 40 I & A%
PR RN AR AR OG, 2 S /0N i 266 5 e it 45 4 11 1)
REEARSRAR. ABFTH/NERIEA 2 D A O
PERJ R BE, 5 N S P DA O BT,
PER BN D BE B IR, DAOK BB JB L.

¥ T A0 A K 3 1 B e i S AR AL B R 4
(XO), MM H IS, 3 R R 4 18
PSR TE 20, o 0k v A A A I S (X D)
RE A A RIEP BAN, EEEE IS
Bl 22 ol DR 22 S0 TP PR A (P MIN) a ok 4 Jif 5
L INADPHAEALEE, i TP K (respiratory
burst) ™A, RO )4 H Bk S AT AR A
Vs PEW R, 30— 20 3 g 2 7 4
T3 AN IR TS H AR N 0 ST A
JHR AR 3 iR 2R G W S 2 B P02, A B AR

H H e ) R G, A& RBOCE R A B HE
TELLZR 20 i Py HERR, S50 40 i i IR oo 2601k, A
AL 41 Bl As, e 285 Al BT, 59 SNBSS Y
H A 20 IS T A 3 0 L S A0 R i A
R H RS AT SOERE PN, dkk
A PREO. AHIE T ARSI AN P IS fig b5 41 21
HHPL AL TP SODAG SHIE 1 B Sy g9, 1M
MDA W S 3 i, UF SR A 1 S B &
MEZHZR, HUAR Y BT RGO FEIE 240, f
DMSO & —FG R4 B EHFEIE BRI, A5
RILTRB AL HDMSO S5, ] B S Ji 42 i 2 1 45
1, BEAT R B4 1 R, 544 Y 28418 i
RGN R, R4 B H T R 2 23 40 A
Bith, s MR IE T, WE S 4y
0L ¢ i 25 A6 R ) RE TR S8 3 PE . MP OS5 B 1)
R PEREGN P A ) RPIRR R DA OB, AR
S P R LA NP M PO I B G 1 i 47
Hh R K i A I R AL S, R A%
R AR 4 B BRI A TG M i, &
I 25 1) R0 3y R Js ™ A5 495, DM SO [ F
R LA 2 AR A5 R 1 A, G276 hi.

HIF- 1/ N5 7, 2 5N T2
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BRSSP 1Y, 45120 kDalf) ol ik
F191-94 kDaffIBI 3L, oV FE(HIF-10)5E 152K
SR, W SN AT B AR AR B 1K A AT
FERLIE 428 (Co™, NI FIMn™") S8k B8 1 2457
I, HIF-1out A VR3S S AN B e, 5 4k
PERIE I HIF-1345 & ik 284k, 30 o 4% e 7 3k
AN Z, 5 H LK R4 S TG (hypoxia
response element, HRE)4: &, 115K AH R IE A
(R IA, AT B 9 4 B X ol 40 10036 B i g A &
A R A0 T 5 3 IR T, A A R R I )
BAFERE S, A RS A R, fE/ N E
JBE b R 4n b, HIF-1odF 80 eR Ik, mlfe 5/
¥ 8 5 440 P A T A TR AR AS I A AR B ) S8 4
RE I O, DRI RT i R0 6 J i &5 ) R ) i 1 4
Fr A R g T RS R I
SR AN ANPEY) N R HIF-1033% W]
SN, BT IR I R IA KT, $E7RANP
325 o5 66 J5E 400 L 1) e f R S 2, 8 4N i
T F S HIF- 1o 3Rk B, o o i A
52 T AR 1 38 B 2 B G B e B ) e AL A NI
HR (1 EDM SO FH BEATHIF- 10 KB 4>
W, $27"DMSO R LUl I BR A B H 2L 1 &
B 453 497 3 R L S AROIR B, T S WA HIF- 1o
(IE N R, AR A 1 SRS B /2 40 i T HIF-
1o AT 1 19 1R B 2 5 DR 7, AR itk —
RN

B2, ANPI 7 55 it Bk 4 285 1) FH ) R 52 )
PEERR, AH LRSS b — AN NS,
A H I EEE BRI R — o AL LAY R e R
(145 By RIS RE I 58 35, HIF-102 5 ANP7ZH 5
BB 2 BRI YEHE, T BR A R 0 R A
il LU T HIF-103805
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