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Abstract

AIM: To investigate the effect of intra-abdominal
hypertension (IAH) on redox imbalance in
intestinal mucosa in rabbits and explore the
contribution of IAH to impairment of intestinal
barrier function.

METHODS: Intra-abdominal hypertension was
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induced in rabbits by intraperitoneal injection
of gaseous nitrogen. A pressure of 0, 10, 20 or 30
mmHg was applied, respectively. The duration
of pressure application was one or two hours.
The contents of malondialdehyde (MDA), re-
duced glutathione (GSH), oxidized glutathione
(GSSG), and total antioxidant capacity (TAC) as
well as the activity of catalase (CAT), superoxide
dismutase (SOD) and glutathione peroxidase
(GPx) in the intestine were determined. The
expression of GPx mRNA in the intestine was
detected using reverse transcription-polymerase
chain reaction (RT-PCR).

RESULTS: The contents of MDA and GSSG in
intestinal mucosa increased with the increase
in IAP or the duration of pressure application,
while the contents of GSH and TAC showed a
downward trend. The GSH/GSSG ratio dropped
significantly when IAP increased to 20 mmHg.
The activity of CAT, SOD and GPx increased
when IAP was below 20 mmHg, but decreased
when IAP exceeded 30 mmHg. The expression
level of GPx mRNA in rabbits having an IAP of
20 mmHg for one hour was significantly higher
than that in normal controls (0.600 vs 0.556, P <
0.05). In contrast, the expression levels of GPx
mRNA in rabbits having an IAP of 30 mmHg for
one or two hours were significantly lower than
that in normal controls (0.450 and 0.420 vs 0.556,
respectively; both P < 0.01).

CONCLUSION: Elevated IAP can induce
marked oxidative stress and redox imbalance in
intestinal mucosa in rabbits and may therefore
be an important factor leading to impairment of
intestinal barrier function.

Key Words: Intra-abdominal hypertension; Intra-
abdominal pressure; Intestinal mucosa; Redox;
Oxidative stress
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WAL A 0%
MR &R RR
B . sk E &
JE 23 2 48 09 % R
e A B A AT R
W E S fe i E | Ao
TFHF R, Bk
BE3HSETY
AR FE AT 2 % AT R
TR R R0 £
SERAR.

o0 B H B R B I B LR, A 16 R S
A LI IRIE.

Tk RS 2 2217, RARAAM
HEHRAEILA & RS AR, JIAPK o A B
AL, 10, 20, 30 mmHgZR, 4 IAP4:4F
BRI A1, 2 h&l, A4a3 . ) & FEIE 2R 2%
4% EFk, omld B (MDA). R4
BEHAK(GSSG). iE R A A HIK(GSH) A2,
BAREBAEE A (T-AOC), S BEH kit 2L B
(GPx). i RALEE(CAT). A AL
(SOD)# & £, RT-PCRA& M M 46 % 240 22 GPx A&
A Ak,

R FAEY AMDA. GSSGI A 8] £ K &
JE )38 5 A ¥ e, R FRGSHAT-AOC
R B 8] 38 KRR Ay 38 342 4K, GSH/GSSG
WRAEREADAZHZE20 mmHgl 2 F KK,
GPx. CAT. SODEE M 2 I LK & )5 ik
#4945, 20 mmHg 1 h GPxA R A XA B & T
IEF A BBA(0.600 vs 0.556, P<0.05), {2/ Bt
j) 3E K 3% # 4K, 30 mmHgEA 1. 2 h# 2
FAK T B AT ER41(0.450, 0.420 vs 0.556, 3
P<0.01).

it BAZHETFEME AT RRE R
iy, R FHIHFE A E A RRAR T TR A X

XEEE: BN EE; BB E; BRI SATE; S
IR

BER, T8, B8, Kok, BXE. BERSENRBER
SHRRREHEN. BRELNBHRE 2009; 17(26):
2673-2678
http://www.wjgnet.com/1009-3079/17/2673.asp
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Ji N ik (intra-abdominal hypertension, IAH)
JE 2 Bl ARG 0 1) I RRE, TAHRFZE
K SE T B EE R B4R A fE(intra-abdominal
compartment syndrome, ACS)15 % I 23 1)) 5t il
(1) HE S U AL, A R T A R T R A ATTINR
FEANY, TATC R, TAHAT S80I 17 5
KIRFERAC, WiEdE N EEA. IS8
BB B 0 A SR RIAHEU B
DRGSR, AHIT S8 % 1l 2 I A ALk i AH
IR RAST I Je TR 43 #r, $87=TA BN i il 8 Ak it
VPRI RE I, A I PR BT v A D 9 B AL S 36 A 3

1 RIFSE
1.1 M (@B 221 J, A E2.5-3.0

kg, MEAREANPR, T N RO 5 = s
KERIFER Y L. BSA. %KL
G-2500FPierce A &. N [ (malondialdehyde,
MDA). HATA B H ik(oxidized glutathione,
GSSG) 5t J# B3 e H ik (reduced glutathione,
GSH)EL% . RPrELEE Ji(total-antioxidative
capacity, T-AOC)F MR & A 75 b H kot 4
1M (glutathione peroxidase, GPx). 45 bAL
fitj(catalase, CAT). EHEMNAEALE (superoxide
dismutase, SOD )G A A7) S0 T e 5t 4
WA 7). Tripureld T'Roche A 7). RT-PCRix
F T Promega/s F]. Agarose(ultra pure)lis1-
Sigma/y . HLBNAI ML EHEALERT ). 2240
JEEE T (Biochrom Ltd, 52[H). PCR{X (Hybide, 3%
). HEIKI(BIO-RAD, ). Btk kG &
4:(BIO-RAD, Z[H).

1.2 77

1.2.1 AR - KRR, gk
Ji(intra-abdominal pressure, IAP) K/ 0 1F
WXTIEZH. 104 204 30 mmHg4, FZTAPYERF I
[0 A1 2 h, BEL3 . 4 Py s S5 A0 B I AH
UG, T, B8 KA RS emibiiF£910-20 cm
KB, H I RGN 1) )5, 4°CFitvd AR B #h
KPP, TR EEEORRE, JEAURT/K 57,
IEETIHATE, B AGRAE . DR AT
HAFZ R R, BRIV, 12567100 mgll ik
AN mLAEBE K, TUkOKB B85 %
e 7843203 503000 r/min, 4°C, 10 min); X
SEW, 4y, -20° CARAE RN,

1.2.2 MAREA LR P AL ®y R4S Eh:
(DMDA: K HBRAC M Z 75D . (2)GSSG:
KA e H IO S 0 PRV

1.2.3 MBRARFTZERRED AL TR
M (1)GSH: 2 Wt H K E J5t B 95 25564 I
(2)T-AOC: KHI 466 ek,

1.2.4 RAE R AR X B &AM (1)GPxEEIE I
M5E: 2 IEEEEVE. (2)C ATHEES Tl E: 284
JEIGSEVE. (3)SODMEIE I : B ERA S Ab g v
1.2.5 RT-PCR#& M 1 5152 20 2L GPx A W A& (1)
SIMIBET 54 e KR GenBank, 153254 4 %
GPx mRNAJFFI(X13837)LL &k N & 3 [Kbeta-
actin mRNAJES(AF309819), N1 442
WAPrimer Premieri® v 5% 74 F: GPx:
1IEX5-TGT GCG GCT CGT ATG GC-3', x X
5-CTT GGC GTT CTC CTG ATG C-3'; beta-
actin: i X5'-CGT GCG GGA CAT CAA GGA-3,
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AL#t—F B
B Wi BT

iR 10 mmHg 20 mmHg 30 mmHg

1h 2h Th 2h Th 2h
MDA 0211+ 0.185+ 0.256 + 0.436 + 0.533 + 0.853 1.203 +
(nmol/mg protein) 0.042 0.085 0.059 0.055° 0.091° 0.101° 0.130°
GSH 3473+ 34.24 + 36.18+ 28.55+ 30.01 % 2448 + 2235+
(mg/mg protein)  3.69 4.52 4.21 2.33° 3.11° 1.72° 1.68°
GSSG 4.88 + 512+ 4.65 + 11.32+ 12.85 + 23.55 + 24.82 +
(mg/mg protein)  0.83 1.03 0.95 1.33° 1.11° 2.55° 2.68°
T-AOC 126 + 1.2+ 13.3 95+ 8.2+ 53+ 4.4+
(U/mg protein) 3.7 4.4 4.9 2.3 3.1° 1.6° 1.8°

°P<0.05, °P<0.01 vs [EENIRA.

 X5-AGG AAG GAG GGC TGG AAC A-3".
GPx# 3% H iYL R W K/ 4252 bp, beta-actin
P14 H LR 5 W/ 4177 bp. HHTaKaRa s A
GG, RT-PCRIEHF AT B Promega RT-
PCRIAF G, — VLA ML R IE. 2% G4k
(Agarose) &t HLIK, 1 1% Hbeta-actin N 2 i &
DAL, e mkill e GPx IR R 3R A 22 e MR 40
Bt} e e SR HIBIO-RAD A 7 4 #£:Quantity One,
X HLUK AT O B g Sh] B A3

FitF A BT HdE imean + SDE R, K
HISPSSI1.017 G243 Ar. 4L Hodla i e xS
K6, 2H ) Lb %K F Student's (65, LAP<0.052%
A W7

2 B£8R

2.1 MR EX AL P AL, ERY R
B2 Hen LR LB E (100 204 30
mmHg) 7 HIEI 1. 2 h, A i %6 52 20 48
WHEYRMDA . GSSGUL KIS ERGS G
T-AOC T i, 45 R W1,

2.1.1 MDA % IEW X A AR L4 Z{MD A
i F44°40.211 nmol/mg protein, 10 mmHg
ZH1. 2 h43 ) 40.185 nmol/mg protein, 0.256
nmol/mg protein, 5 1F % 2 TG W3 2 5+ 20
mmHg4l1. 2 h%35140.436. 0.533 nmol/mg
protein, 30 mmHgZl1. 2 h%3J°40.853. 1.203
nmol/mg protein, 20 30 mmHg#- 415 1E 5 X H
1A LL B 12 35 18 1 (P<0.05, 0.01); AHIEAM AT
7R, MDA & B INFR] & s R/ B B 3 TEAH G @
=0.8602. 0.9091, ¥JP<0.01).

2.12 GSH& & IEW BN HGSHE &Y
¥J7434.73 mg/mg protein, 10 mmHgZH 2% i AH 15

www.wjgnet.com

GSH/GSSH

mmHg

B 1 IRAREXBEELQGSH/GSSGHLRAIEZIN.

HIEHHAR LR E MR, 20 mmHglEHL, 2
hGSHE =43 7 428.55. 30.01 mg/mg protein,
5510 41 AR be 34 (2 35 BR R (3P<0.05), {H &
RF R 55 TR 6 B &5 22 55 30 mmHeAFE 1. 2 h GSH
T PR, 7 hl k24,48, 22.35 mg/mg
protein.

2.1.3 GSSG&&: IEWMEEHALFGSSGH i
1) 734.88 mg/mg protein, 10 mmHgZH %I AH
M ERAS IR 25, 20 mmHg/EH 1.
2 h GSSGHF &4 411.32. 12.85 mg/mg pro-
tein, 5 1E %% FALAH LL Y 254 51 (P<0.01); 30
mmHgfEM 1. 2 h GSSGE =S 1, /351
923.55. 24.82 mg/mg protein.

2.1.4 T-AOC: IEW a#i AR STt ie K/
SVH41°412.6 U/mg protein, B & 7 (134 5 A B TR]
HISEZEHT  F%, 2230 mmHg 2 hiE sk ag
P %4.4 U/mg protein, LLIEH XA TR T
67%.

2.2 MR ES A2 GSH/GSSG b & 69 %5
vty 1E R4 2P GSH/GSSG EL % 4 7.12; [k
JIFH 220 mmHgh 53 BRAR, 1. 2 hordilh

JROR Wk
FR TR AT
b QR R
HEERE.
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mZ2RAEE
BBt Y5 ) A= F- 4
PR A a0
A A A& 10 mmH 20 mmH 30 mmH
BRI B EERE J 2 d
SIS SR 1h 2h 1h 2h Th 2h
D he R BHg K4, GPx 35.12+ 37.74 + 35.32 + 46.87 + 42 .65 + 48.07 + 23.23+
ﬁigﬁi%ﬁ (U/mg protein) 3.78 2.57 2.40 4.36° 3.85° 2.75° 3.17°
TAR—F G
2 3 04 ) % A CAT 121.6+ 116.2 = 125.3+ 157.1 % 113.2 % 145.3 = 80.4 +
I e (U/g protein) 13.7 14.4 15.9 18.3° 10.1° 19.6° 13.8°
SOD 652.5 + 667.1 + 638.9 + 632.5 + 461.2 + 585.1 + 420.4 +
(nU/mg protein) 32.1 432 457 35.3 41.1° 39.6° 41.8°
°P<0.05, °P<0.01 vs I[EEIIRLA.
M 123 45 6 78 9 0.800r O E#SEHA D Lh
m2h H4h
0.700r
a
0.600 -
£ 1
b"P 0.500 - b
©
GPx E 0.400 -
B-actln E 0.300 L
© 0.2001
B 2 RT-PCR™¥)20 g/LIRASKEREREEIX. M: PCR Marker; 0.100.
1-9: XA, 10 mmHg 1 h. 10 mmHg 2 h. 10 mmHg 4 0.000
h., 20 mmHg 1 h, 20 mmHg 2 h, 20 mmHg 4 h, 30 mmHg ' 10 20 30
1h, 30 mmHg 2 h. mmHg

2.52. 2.34 mmHg; 30 mmHgh it —P AR, 1.
2 h3 5 1.04. 0.90( ).

2.3 M AR X B A I 40 4R BAL T R A8 K B T
849 % oer G AR WA A 00 R/ KA T 1) v e
AR JF A CEEGPx . CAT. SODIFIiEE, I
2.

2.3.1 GPxBgE P IEH R 23 GPx g s 1k
71443512 U/mg protein, 10 mmH g2 %% I 4
RS IERALICMH W27, 20 mmHg 1 h GPx/i
iPEN46.87 U/mg protein, 5 1F 5 % B ZHAH L
W S(P<0.01), {H B I [F) 2E K 2 TR AR, 2
FHL T IEH X 41(P<0.05); 30 mmHg 1 h GPx
fifg v Pk 48.07 U/mg protein, W55 1F %t
M41(P<0.01), 2 hRI %2 FEAE, 1523.23 U/mg
protein(P<0.01).

2.3.2 CATEg &ML IEH InEIE 412\ C ATHEE
F#4°4121.6 U/g protein, 10 mmHgZ 5 W AH 55
H5IEW AW B 25, 20 mmHg 1 h CATHHS
P W 42157.1 Ulg protein(P<0.05), {H Bifi i
8] ZE TR, 30 mmHg 1 h CATEGE N

hE] 25 PRI, 1£80.4 U/g protein (P<0.01).
2.3.3 SODEE M 1EF A EAH 2 SODM i 1
SF¥)4652.5 nU/mg protein, 10 mmHg i AH 15

3 GPx/p-actinlRELLEDHT. 'P<0.05, °P<0.01 vs IE
X R

SODEPE LI 2% 20 mmHg 1 hG &%
5, 2 hif B f#{K £2461.2 nU/mg protein(P<0.01);
30 mmHg 1 h SODPRGE RN I & T B¢
(P<0.05), 2 hilt— B F#1I%.

2.4 REVAZ M A EAAR R B A ST GPx AR B &
ik g% GPx mRNAKEKIFRIATE10 mmHg 1.
2 hifAZ AN G; 20 mmHg 1 h3E PR IA B w1
1E 5 B Z1(P<0.05), {EL I 7] 4 K 328 8 B
30 mmHgfEf1. 2 hiy @G T 55X ALY
P<0.01, [2-3).

3 1ie

FoE AL JF R & (redox state) & HLAAR I AR
P EEARUED. &R0 R 2T B R RS ]
(reactive oxygen species, ROS){EAP E LAl 5]
KAEA DN i (oxidative stress)™, i A ALIA 5 2k
fif(redox imbalance), &2 P F= A2 1)
LR FATLAAEF R AN, TAH W] 3800
W PEEAThREIZREL, JF W3 BRI 26 B 1 im
ARSI R PR S, TAHA] S B A LIS
JEORZS R X, IXW] fig 5 BUW &b IR B & 1) fie
UM LR 2 —.
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SUH R R T S R R IR R B I R R AR A A mA e

FE S A A Bl 2R, BGRB8
KAyF Ao TFRERT, A EE A m
FERIPRIR, o S A S 5 A ) 1 S N AR R
A 3, A4 RLPO, b MDA, #i:
M)A FE LMD A 5, 7] e W iy 18 i ik
AR AR I, EIAIZAMDA S =
EMEN 20 mmHg/ER 1 hBP 23 s, H5n
i)} & 7 IE A%, $oRIAH ] S804 H 4
8 22 I 1t B R B2 e P A I SR AR A
TAHAVEHR, MR i g it SR T B, i ot it
AR, PEOEMEA B A RE AR . EE T
fist 5 41 RS- 22 SRAN LR i 7 19 % 26 M ot 4/,
PR N, BRI AR . R R4S
WIS A I 3 B M T R I SR L g T,

I SR G SHAE A WA ST AR R GE W 2
B Ay, FEREPUAMES RS AA R . W
LA G DR L 4R 40 AR TS R R D)
fE~ P4 B TS g TR A AR Y. GSH
RHAER . FER. R84 m =k
Yy, JLGE P A T R R o- 2 SR
BE(-SH). HprsEplil, —Jrmn] 58950 1
BEAESABARTENE, I — 7 i n i S A e i
SN SEACEEIE 4 7 B AL RE T, DR S
fity 5 8 1. GSHA @ FE fEH H5 914 B i3,
HAGEGPxIEH MA R GSSG, Jailid
NADPH, 7E43 bt H d S B4 F T i )5 %G SH,
K sh A4, MR IGSH. GSSG M H %78
] g AR JFUIR S I s . AR R
W, IE A 20 mmHg/EA 1 hRI A 3G SHI® F#
K LL M GSSGI T, GSH/GSSGELRBE N [k
DI TR 488 ve J A FH B TR) () S K 2 2 F B T-AOCll
5E 45 A BN B 4L VR B RE IRl R )
W BN B, 4230 mmHg 2 h, ST EE T EL
TR IR B B T 67%. S5 MDAKIN &5 R, i3
HFJIEE PN s P 348 oy B R A7 A AT 3 B0 1 S Ak
I Ji A

IR, A A AED i s A v
Wy U Tok 5 Tl g R B P O (R 8 R DR 3R A T 4,
TRFE LR R A AL T 3 & T 5. i b g
RGLETG RIS R R e A OCBEE . B4
B 25711 A A ) B AL RS O D(f F5Mn-SO DI
Cw/Zn-SODYEH N A 744, AL NH,0,, J&
HIECATYEH R AR G #EVE I H,0 9, X 2
A IR, GPx2fEILJRGSHEH,0, /%
IO DGR g, T PR AR AL B R R
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WL, M 20 mmHgfE 1 h, SODEAE A
W14k, CATLLA GPxiE Itk B b iy T~ 1F 0 A
30 mmHgfEH2 hid ZK T 1E % A AL GPxH
RIZR AR S5 7R, 20 mmHg 1 hIEF R L
38R T IR R, (L B ) S T T R ARG 30
mmHgfEFH 1. 2 hi AT IR0 R, i
WGSH/GSSGEEZ AR, /E 05— E S, Al
HINK. P38, PI-3KLA K AP-1. NF-kxBF5:41 il
WAE 516 5 R G0, W4 28 141 i R 7 R b s Ak
ity 2 48 (1) Bk DR 0K . I N S AR F A0 S0 I 0 P 1)
W= rT Re S A R R S AR G MR AR
& e USRI P 5 DR SRR O, FL B I T SE G,
GSH/GSSGEEZ T [, JERFRIEZ 4, fréd il
T PERA 2 IR

S, TAHW] 38Ul 8 A0 I8 JrUR A 1) 1
ORAE, It U R A R R A 4E
A BT XTTAH K A C SRR 15 it 1 1) 5 2
it — o i) L.
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ISSN 1009-3079 CN 14-1260/R 20094 RRAN VA 1 Fi 4 N yH b A4 &

(RFARWEZE) LX 2

AFRR ATNESCRHREZ R 0515, 1 MPRVRUS I, 1.1 BPRL 1.2 J53K; 2 85258 3 14i0; 4 2% 30k, 7' A
TR S, Jr 2 VR SAR AL, 240l Jn 25 U B IE S LU B 4RI (1515 W ARR BT H KAZ TS Sl
FRBEFTRI R AR, (MBI N AR A, (H BE Al 22560 FWETT 4 RERS T A% S0, XPFT I VAN %
A, LA AR 7S | 225 SCRRRIRT, A7 9GSO sl 5 1 (77 32 18 50 AU ot 2 AR BT
(B)E5 R S 45 RN PR R AN SO 7380, AESE Rrb R St ie. ()1 ie ZEAR T, N et BT 450 45 SR Ak
H AR T AN T AT RO, AN IV R SR A [ . P 3 (R B RS R . SR AT R P A, I 2 HAT AW
PR S, 1R AN B IR SCRIV AT BEAR R A N 2. RN — AR Rk, AR A AR Il 4 5 N AE R
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