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Abstract

AIM: To study the effect of different degrees of
intra-abdominal high pressure on intestinal mu-
cosal barrier dysfunction and to explore the pos-
sible mechanisms involved.

METHODS: Forty-five adult male SD rats
were randomly divided into a normal control
group, a 10 mmHg and a 20 mmHg group (n
= 15 for each). Nitrogen pneumoperitoneum
was induced to generate intra-abdominal high
pressure in animal models. The two pneu-
moperitoneum groups were further divided

WCJD | www.wjgnet.com

was maintained for 1, 2 and 4 h, respectively.
Twenty-four hours after the relief of pneumo-
peritoneum, a spectrophotometer was used
to measure the concentration of blue dextran
2000 in different segments of the small intes-
tine. Malondialdehyde (MDA), reduced gluta-
thione (GSH) and superoxide dismutase (SOD)
in intestinal tissue homogenates, as well as
plasma diamine oxidase (DAO) and D-lactic
acid were measured. Morphological changes
in the intestinal tissue were observed by light
microscopy and electron microscopy.

RESULTS: Compared to the control group,
intestinal transit was significantly delayed,
but intestinal SOD, GSH and MDA levels and
plasma D-lactate level showed no significant
changes in the two high intra-abdominal pres-
sure groups (all P > 0.05). Plasma DAO level
did not differ significantly between the 10
mmHg group and control group, but was sig-
nificantly different between the 20 mmHg and
control groups (1412.93 + 1397.19 vs 542.41 +
314.93, P < 0.05). Under the light microscope,
postoperative intestinal mucosa showed no
damage in the control group; however, mild
(increase in small intestinal subepithelial gaps
and villus capillary congestion) and severe
(varying degrees of intestinal mucosal changes,
small intestinal mucosal congestion and edema,
expansion of small intestinal subepithelial gaps,
and intestinal villus degeneration, necrosis or
loss) pathological changes were observed in the
10 and 20 mmHg groups, respectively. Electron
microscopy demonstrated that intestinal vil-
lus cells in the 10 mmHg group showed mild
swelling of tight junctions, and the 20 mmHg
group showed significant changes in the micro-
villus and mitochondrial structures.

CONCLUSION: High intra-abdominal pressure
can delay intestinal transit, alter plasma DAO
activity, cause significant damage to intestinal
epithelial cells, and increase intestinal perme-
ability.
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Fiik: K45 2R 8 SDR A MALY 2 1R
20, JLAMJE104220 mmHg4a, A-40152. & A
RAABERNERRBE AN S EHHEA, B
AR BB AT 2. 4045 A3,
FFASASDR R, MRAME RG24 WA ok
BTN AL R R N B TR 6 R R
200058 69 1 O, A M FE AL G P R =
f%(malondialdehyde, MDA). i% /&7 A&t H Ak
(reduced glutathione, GSH). #2 &AL4 B LB
(superoxide dismutase, SOD), 23 ¥ — e &AL
B (diamine oxidase, DAO)#»D-5LER &%, H4¢
BB TSI A L IRET S F TN, A LE
2035 A AR o s A, AT R R A RLA.

258 (1) M E(intra-abdominal pressure,
IAP)# 104220 mmHg28 X R 18 #5323 5 4E 9
SR, Q)WMANLLAIHFEESOD. GSHA
FAMDASE 548 5 2 AL T B £ S+
(P>0.05); (3)+n 3 D-5UER 55 A48 o 2 PR 2B bl 2
FARZTA; X DAOMEAEIAP 10 mmHg
205 A8 Af BRI AR £ - L R F T AL, TAP 20
mmHg4i 5 5§ B 484 B 2 %K (P<0.05); (4)7E
KRBT A, SRR ARG Wil 451 R LA B 4%
E.IAP 10 mmHg28 7 F5RE 4% £ L 4w feL 45 4
TE, He P B, N AR E RCF R BB AR 38
KT AE L4 0 E 7, AP 20 mmHg
AN B R B AR E 6 M FERE B R e BB,
N FE RS dn, FERE B R AP, BT 4 e
R Y 3K, 2R A IRA L% LA mie %
M. 3. BREME, 5% ETA %M,
—BIRR R TR, (SRR MEM TR
RIAP 10 mmHg F W2 4k £.4m io 1) % 5 5 4%
(tight junction, TJ)%2 A IK, IAP 20 mmHg T
BRI T MR L T4, REBK, LAik
MR,
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2518 ()N E A 104220 mmHg#IN, 2 T 5
HSDX R il 4432 20 A ] M55, (2)20 mmHg
N, AL s EDAOEIE TR, W 461 55 3
Redifr; m10 mmHgA B R Hmh ZDAORE
e B BB R BT 2 46 (3N, AR 3 P 3
M b JE B A B 38T A T 0 6 BB 1 o AR AR 4
IR Z—; (IR A I F ki o b
K oa e B35 R E Ao tm LA TI 69 25 MY RK, 5
B B AR 5 M3 A,
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()N, 2R TF & P 50 55 1 AL B2 T % B
FER B R B MR Z—; QM EAF G
e i Ak B R e R B E B E Al e 1) R
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JIg i = B 45 A ik (intra-abdominal compartment
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abdominal pressure, TAP) = 5 2501 8% B D) fig b
3, &2 PN AMRHE PR I T AORE, HAeF 1%
UEAFE R AT R R, AT 2RI,
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REAR0] 5, i3 4t AT PN 7 32 38 ok Jip 20 &6 A
RIBHR TGS L A AR s,
I R R IR, PR R 2 A E D ek
3. 5 RAE RNV LR B IR

AT H AL T ISP 5 HoR ST 4
A RO T E A FAE . 2R = T RN
vt Hs IS 17 R0 B0 e A0 7 1) oy S e A0 i 4 i P
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1 RS
1.1 A4 L83 P45 A 8 SDRROW T
VUGS RER 5 ) s it by, M5t 41250320 g.
N (malondialdehyde, MDA). & J5RI23 bt
Hik(reduced glutathione, GSH). 4% LY
{k i (superoxide dismutase, SOD)EEHE A1t
FIELIE P R AR A T AN e
(LAMB DABIO20, 3 [); ##r1%(MK3, Thermo
EIECIRON Corpcration, F[H); H-600i% &} Fi 5%
(HAHLAT).
1.2 7%
1.2.1 TAHBh AR 44k R A/ U 3R
AUAEE12 h, H oK. $2180.35 mL/kg i w g
i PO S 10% 7K £ SRR S 03 A T Bh A K. PR
T AT [ e, JERE e B, Sk B UL 2
NI, w4 g LI RE 2 AL, AN A
WANBE NGB, dERE— @ IR 8 LI
K IAHAR T,
1.2.2 g2 K3 N K A R RS2 5 504
BEHL M E A 10 mmHgZ A120 mmHg4] <,
PR BAL RS, 20 4N N34, F541
HSDK RO AL (R TFARAD A A A, RS
JEJG SERIARAE K B 2 B AE 55K BT b e i
1 h, 4 H#EN2%BD-2000%590.4 mL. &F£H 525
KA, IEHFIIES cm, AT SEae a5 JCH ki,

HREIE, UIBGE A 5 em, AEFERKIEVE T,
I OGBS FIE S A A . LR BTk b
WAt Ee, ELRIT-7K 53, -80 “CUKFAI Al
it g mRI A Fimean £ SD&
7, NS EESPSS13.0. 34 i 1a] (1) Lb g
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KH RN 2207 Z 0 W b, 2 N REAR SR 1
WS LR I SN KA 6. 19 28 TA) 38R FH e 565,
P<0.054 2= A g v-22 L.

2 45

2.1 fid¥E 3 AL e AL LEIAP 20 mmHg4 K i
[t s D e i sy, 0 E R AT FILAP
10 mmHgZ 3 5 e+~ Bt i, IAP 20 mmHg
YA FE Ve o T-rp BB ().

2.2 EMFIEE AR U U MR, MRAR)S
J TE RGBSR W A0, R E R AR B (B
2A). SEEAHAEIAHJE RI b HK I BIAS R
AR () EE A R, DA S SR R 25 . 433
JE STAHL ) RIZERF A RIHT DG TAP 10 mmHg4
ARG, b e a5k e 3, HEBIHESS, /N
RBE BB T TA) AR 7K 386 KB 7R /N i 966 B 41 1
& 78 .(E2B-D), TAP 20 mmHgZH M %2 2 A7) Fy
FEM ARG b 5 40 B e, /N G RS i, 265 5
K, bR Al RISk, IV R K
B LR RAE . A8, AKEBNE, ¥
IR BTG, — el A R AN (E12E-G).
ETAHYERF G IAIAH 2. TAP 20 mmHg 1 h41hx
AR AER b AR AR TE, 3R i R T
IAP 20 mmHg 2 hZH 3 5 40 i b 3% 75 9% & Tl i
7% ; TAP 20 mmHg 4 hZl R B Z % -
Z, 9B L R BV, AR
2.3 mARAR A R B B PSR R
F(tight junction, TI)FNH AR 45 ¥ B 252448
A3, 1E X AL TITE R (K3 A), SAb 4
R IE . RIS RE DI REIE . N 10 mmHgZH:
A, 7E1IAH 10 mmHg4ERF1 WiE LR, TV 5
B, LeRiRLE TS T (KI3B). B4, TAH 10 mmHg
YeRE2 h, TIEFEHFS, LhifAismi(&3C). C4,
IAH 10 mmHg4E+F4 h, TIH] B IEAK, Zekifh st
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B 2 THSRELURIZEHERE, x 100). A: (FFFATIL; B: JEAH10 mmHg 1 h; C: IEAH10 mmHg 2 h; D: [EAH10 mmHg
4 h; E: JENE20 mmHg 1 h; F: [ENE20 mmHg 2 h; G: JEPNE10 mmHg 4 h.

RO (K13D). B4 520 mmHgZH: D4, 41AH 20
mmHg4EFE1 WiESL T, TIREEHRS, Rk gty
T (KI3E). E41, IAH 20 mmHg4E£52 h, TIFFAK,
SRR B A, IR, SREEUR, S5
b 443 55 (BI3F). FZ4H, TAH 20 mmHg#E
4 h, TIRIAH M J& B OA S R0, 2k At AT 14 4%
k., VWL, B 0 bR 4 RE AR EL, A A
Sy ] WA EAR L, BIR(EI3G). $ERIARIRE
N, TISEARARS, bR 3 iE M i n.

2.4 FE Y JEXT B AL IR 40 4R P B AL B FE AT 09§
ot S A EHESOD. GSH/K - AMDA
T S AN A LA 22 AN 3 (P>0.05). 4
R, AN H 3 RN AT F I )5 A o2 4
BB 5 RMAD. GSH M 4468 J5UA S5 iFSOD
R P 1-3).

2.5 f g PD-FLBRIE L — e B ALER &2 0 5 4
R ML D-FLER 55 AN 0] B oA 7 e T B AR
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b 13— 4 ALl (diamine oxidase, DAO){H
TEIAP 10 mmH g4 5 AH R0 fZH LU 22 e G Wl
FAr4k, TAP 20 mmHgZH 55 % 4147 11 8 oA
(P<0.05)(#%4, 5).

3 17E

AR AR 20T 200], AT E AR B w1
J2 P9 s PT LA S SO IR D e RS, STAHARDCH)
HoAl 2 B ThBEAL. 19844F, Kron Al i) [A) 2wl
INHFIACS, ITAHREABIAPER 258, N R T
e, T SN R R UK, R SR L /D
¥ el RS e i 2 5 55 I R KA B DI R &,
BN ) s, P R ™ L JRATT AT
R, TAHW PO IR RERI L, T B
B AR A R IS I 37 . R V5 S0t 484 m i o T
B R/ P ML 2 BRI, 208130 mmHg
A ZRF B L 98 A5 ) B 9D 44% F180%..

iR EE

MAENSFHR
8 BB R,
& AR
% m et R,
EAERIES R
B B AR AN
Fa AL, AR
B TR
EHERET R
A R s 3 W 8 8
BEEM. AR
By & 48 X 9k SR 42
A S IR 3R
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S o S AL
80 k¥ 30000 x 11-12-19, 11:32

3 BIAKE/NFEEBEEIINES. A IEHRTIAZE (X 30000); B: BENE10 mmHg 1 h(x 30000); C: IENE10 mmHg 2 h( %
50000); D: BENE10 mmHg 4 h(x 30000); E: INE20 mmHg 1 h(x 30000); E: JEAH20 mmHg 2 h(X 30000); G: EAE20

mmHg 4 h( X 20000).

HERRACSITIERZ, AT AT MRS R, 55
B R C R DK AR ARV R
TAP ! AHFFE N U NI INAP, T 72316
i, 2290, 224, 20064 7 5 ) b % 45 5
JLEEAr 22 (World Society of the Abdominal Com-
partment Syndrome, WSACS)# Ik & i HOK IS
JIRE VA e s B R 1) B 5 S A AR A 2 e — Rk
S8 SCHAEARHED Hs Tl s B TAPEUE 2L =12
mmHg. JIEJFE ] B 25 G AR 2 FRTA PEUE B Hi A
£ BTV, IF H>20 mmHg[f1 A EA MR
(abdominal perfusion pressure, APP)<60 mmHg],
v I £ A T 10 25 T T RE B A R 0 ™. S il 1
WFFER N, FHR AR A JE(10-15 mmHg)
AT SRS AR Th AR W R, R AR
VAR R I “TAP>20 mmHg
R B AR ARILAE | = B IR MURE S R v 7,
30 mmHgHF4E2 hEL ] S S Fsh W rser:” .
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ZIAIE TR TS50 o AT 5% B M A Pk £25
mmHg, HAT UK R AFE I [ k4 h, 4K
BRAE4 hNASEEAET S, MIAPILF|30 mmHgl, H
H1HKRAEHBIE0 min, 4 K BRAEE N
38 IEF 1 b, BRI, BATESE T 10 mmHg Al
20 mmHg /N TAPANFI S 0 (146 2.

I AR FDIR AR, 65 b B ] BHL 1 E o fis
PR REF AN I YEREHLAR PR AT
o AesE . M B 4 R LA R T 4k A b Rz 4
I ] 55 35 ) S P AL B e 2 e 22 ) 41
HAy. SfE E R R W, iz H2 8% 4k
BRI N, 3 A ik A A A8 O fllr, R
85 1 N 4 B0 B R B, RN NI,
R 5 1) W 8 R B AR N PR R G A 1 N B R
A, 3 S B ", Border®: P HA N, H
i T B B B A 8, AN, T AR AL R G
o A B R B 3 AR A IR AL, A 5
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x® 1 RBBEBEYRAR_BESE(n = 15, mean + SD, nmol/mL)

SEE4REEE (h)

payicl

1 2 4
WiRH 0.032 +0.022 0.064 +0.059 0.022+0.013
EERAE10 mmHgR 0.024 +0.020 0.022+0.010 0.043 +0.020
IEPE20 mmHgZH 0.034+0.012 0.041+0.014 0.049 +0.022
PE 0.398 0.504

xR 2 KBRBHEIRARBESHHEHKSEN = 15, mean + SD, mol/mL)

08 SIS#5)

1 2 4
WIRH 28.5664+13.161 31.749+23.165  28.650 + 12.000
BARE10 mmHg2e  27.750+8.778  38.025+20.298  19.362 +8.574
BANE20 mmHg4H  30.604 +5.166 32.150 +7.141 24.027 +10.874
PE 0.594 0.126

® 3 KERORIZEBANMIRILEESE( = 15, mean = SD, mol/ml)

8 SIE#F584ENh)

1 2 4
WA 3.853 +3.506 3.321+1.206 1.909 +0.811
BBAE10 mmHgZa 2.237 +1.512 2.028+1.512 4.138 +2.594
FERE20 mmHgR 2.251+0.229 2.0035 +0.748 3.673+1.441
PE 0.704 0.802

FIA0 M R e, Rt iz- B A i R 4, FRsk
TR TBOK 52 14 40 1 DXL 0 9808 A o, 3 B &
IiE N SR iE(systemic inflammatory response
syndrome, SIRS)KH%, Ik e £ 2% B ) Reks
821 (multiple organ dysfunction syndrome,
MODS).

W5 ) Dy B R A A 5 W) e 7R i A N T
JaR Rz —. —BiEah ik, BInT kAT A
E 7% (eternal nutrition, EN), X5 T4 £ 525 1)
SEREPEAT B S R R, A8
R AR, i B D Re ke, A ]
HI P BRI I RRE. BEAT 22 R FH B 25 SR VTR R
IRE S I BTG, ASSEEG R H 20 Y66 B v
455 Ty Lo di AT oK U I 3 D RERIET. AR5k
50 X W i Haz Dhfe M2 G AEIAP 20 mmHgZH
KR 1E 12 DR I w55, fE1IAP 10 mmHg41
MR AN &, $E7RTIAP 20 mmHg n] LA S B0 5
DI RekEn.

D- 3L R A2 i 3 40 R A AR =4, AN S
W AR R, D-FLRR vl A R Wiz 41
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2L LB 1) R AR AR, AR T e i 3 41
ZUAGRBPRAE. Uil & AR S s, 9
P i i RSS2 4, T 40 1R 7 AR K 1 D-FLIR,
T 3k 52 35 11 i 28 0 N I S A e, ARG a2
P D= LR 7 8 nT B IS 2 g g 286 i 3 17 11 v
AT SZ AR IS S0 R W AR Y 2 1f 2K D-FL
B K P AETAHZERE2 him ik g Ja R B, TAH
20 mmHg4ID-FLIE M .5 110 mmHg41, {1
JETG B X (P>0.05), % [EAFAE HABF AL
i, A REER A PR B T AR, AR R
21O 5 Il 1.0-1.5 hilll D-FL I /K P 1
71 hik e R B

J¥r b 5z 40 W R b Bz 4 R R R O 4
IS s i 0 2 e BRI W b R 4 i o A
TEMIDAO, Al —Fhm iif M Y 40 M, 76 A\ JEH
BT ATV Ll it b i b A7 e s S
ZIN W 48T v S R R S 4 M ) A e R B 1 )
J DI, NGB T /NAD A OF% 1
H%—[IS]

>~ A .

I3 D AOTE MR E, S E Y
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SIERFETE )

Dt 1 2 4

WiRH 195.15 + 189.89 81.72 +68.20 66.97 +37.95

EPRAE10 mmHgZH 93.55 + 40.62 161.56 + 137.81 104.10 £41.93

fEPE20 mmHgH  177.41 £159.70 210.22 +203.40 178.90+117.03

PE 0.229

SEg#R5ETE (h)

i 1 2 4

WIRH 668.95+292.17 391.68+149.73 566.59 + 436.11

EARAE10 mmHgZH  813.79+539.31 1792.66 £ 1274.46  1256.15 + 847.55

IEPE20 mmHg4H  1384.97 £997.80°  2410.06+1750.48° 1261.12 +246.72°

PE 0.04
°P<0.05 vs NIIRZE.
J¥ b B 4 T 52 45 i A0 JHO MBS0 3 1 3 AT b IR ph b A 2 TRl . AR SR E - PIE 5K,
ARV G, 1T DA S B e RGBT TAHN] S 30U A IR TR S I X0, IX T e 2
B A5 b e A P SR RS DRSS S EUREIBbE DD e B I IR 2 . A
DA A 1D AO W] LU 1 J /N i RIS BR R Dy 1 H 6 1 A i 3 S ok e Mt i 46 4 il 2R R 8
fie, A%E NN AN MDAOE SN Rels ek WLkl &=, Hrh 2 MDA, Sk Il iz &5
J B IR A, S S M B R e R B2 MDA B, A Wi 38 g R A A 45
Fehr kY, 17, T8z S et LA 40 i B2 % 1] Bl SR B )

AR W R 10 mmHgA MAKDAOTEYE S A P ERE L. GSHAEMR NPT R Ge 1) 32 2

IR R I 2D A OVE PEMI LA T g M2 5 ALy, e EEER, BERSPUANEME R &,
(P>0.05); 20 mmHg41 ML K DAOTEERAHR 0S40 B i BE8 0, T HLAA s Dy RE, 007 48 it 7
MM DAOIG EA ELEL, 2R W EP = 0.04, T, DAGERRA I8 (1 (0 45 /RN Th RE.
P<0.05). $E7520 mmH g G475 /N B 5 e Bk IEHCRETT, A BT ) R A A P
Difig. 10 mmHg WX /N BRI BE B Dy ReA ™ W) T ik & Al il A0 AR 1 5T 1) RS 2 i DR 3 Tk T

SN A SRR, (FRINSR, BRI 8%, R RIE JFUR S A 3 & T 7. Bk
FEAUERRTEIE 9 620 mmHgH110 mmHg7h 5l W 58 G818 35 11 2600 R el 7 ke 17 b L o 2
YEFFL b, BRI LRI I M 2 DAOYE 1, & MIEH]. SODZ) ZAA1E T B YR A i) — 2K
PUE IS A 1520 mmHg (3 DAOTE M T & JE i, Ae i Ak AU 91 3 145 1 el i R A
10 mmHgl, %5 2% @P<0.05), IEFHX A RN, JERFNUA AR B H2ESh A1 .
10 mmHgF G 535 22 57 (P>0.05)™, A5z BB 7 7E @ S AL S OD(H #5Mn-SOD
H2ZAMiEZAb. MICw/Zn-SOD)AEH T A T W7 #6#, AR
W B B R R R e R R R R 28T H,0,, Cu/Zn-SODECATAHE ] R #6458 Ky Jo#51 (1)
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