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Mechanism for the Occurrence of Experimental Indomethacin-Induced
Longitudinal Ulcers in Rat Small Intestine: Special Reference to the Relationship
between the Shape of Ulcers and Microvascular Architecture
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Abstract

One of the most important and distinctive features of Crohn’ s disease is the formation of longitudinal ulcers on the
intestinal mesenteric site. The precise mechanism for the occurrence of longitudinal ulcers, however, still remains unclear.
Similar longitudinal ulcer is experimentally made by the oral administration of indomethacin to rats. The purpose of this
study is to clarify the reason why the longitudinal ulcer occurs on the mesenteric site by indomethacin in rats. This study
may help to elucidate the mechanism for the occurrence of longitudinal ulcers in Crohn’ s disease.

Male Wistar rats weighing 250-300g were used. Indomethacin-induced intestinal injury to the rats were investigated at 6,
12, 24 and 48hours after the single oral administration of indomethacin (40mg/kg). The intestines were opened along the
anti-mesenteric site and the macroscopic findings and microangiographic appearences in each group(n=5-7) were
investigated.

In the macroscopic findings, spotty erosions and scattered small ulcers were visible at an early phase in the experiment.
Multiple ulcers, fused ulcers, short and narrow longitudinal ulcers and finally the formation of long and broad longitudinal
ulcers along the mesenteric site were observed to be formed by the time. Spotty erosions and small ulcers are considered
to be the initial appearances of longitudinal ulcers. On the microangiographic appearences of the vessel architecture in the
normal rat small intestine, the long branches distributed on the anti-mesenteric site were large in diameter and rich in
submucosal collateral circulation, which indicates compensatory hemodynamics. On the other hand, the short branches
distributed on the mesenteric site were small in diameter and poor in submucosal collateral circulation. Early morphologic
changes in the microangiogram showed discontinuous multifocal interruptions of the short and long branches in the
submucosal layer on the mesenteric site. Continuous interruptions of the short and long branches appeared with time
along the mesenteric site, and then longitudinal ulcers were observed.

Therefore, the mechanisms for the occurrence of longitudinal ulcers on the mesenteric site could be explained as the
microcirculatory disturbances based on the anatomical distribution of arteries in the intestinal wall.
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Fig. 1. Microangiographic appearance of the normal rat small
intestine. The arterial system was filled with barium. a) closed
segment, b) opened segment. Bar=0.5 cm
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Fig. 2. Schema of the rat intestine indicating the arterial blood
supply. Long and short branches of feeding vessels arising from
the marginal artery supply the antimesenteric and the mesenteric
sites, respectively.
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Fig. 3. Indomethacin induced mucosal injury in the rat small intestine.
Macroscopic findings and its frequency observed by the lapse of time.
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Fig. 4a. Opened segments of the rat small intestine showing the
changes of macroscopic findings occurring along the mesenteric
side.
1) Multiple erosions and ulcers occurring. (6 hours after dosing)
2) Ulcerative lesions increased in number and size.

(12 hours after dosing)
3) Fused ulcers and short and narrow longitudinal ulcers.

(24 hours after dosing)
4) Long and broad longitudinal ulcer. (48 hours after dosing)
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Fig. 4h. Distribution of erosions and ulcers on the mesenteric
side. (Schema of Fig. 4a). O : erosion @ : ulcer
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Fig. 5. Frequency of avascular area (erosion and ulcer) in the microangiography induced
by the interruption of short branches (SB) and long branches (LB). Each group was
composed of 5 rats. *: P<0.01 (Mann-Whitney's U test)
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Fig. 6. Microangiographic changes on the mesenteric side of the rat intestine with time and its schema. a) 6 hours after dosing, b) 12
hours after dosing, ¢) 24 hours after dosing, d) 48 hours after dosing. Bar=0.5 cm. @ : avascular area

AR 7V TS, BBV T, vasa rectald gl
WZHRT L, @EICREVRO LIz, F0720, WBFE
AR, short branch, long branch® T IZ X 2 95
RAEAEMHEIX100% & L7z, long branchi A& CHl =
T W57z, Wl o%short branch il 5 20, long
branch 2RO FE 2 B WHEECH - 72,

6 a~diZINDz 5-%, 6 We[, 12Mp[, 24FEf, 48
W ORI ABERSROMMNER L 2D
VxR ERLIELDTH L, BEBEEIR O T,
avascular area® 1 3 &L HBEIRE O WP HERE S Lz
HAZY 2=~ TBDDORELTRLTW S, 6 EEH, 12
R [ O #ECLREIE T )2 @ short branch, long branch?® 4y
ERA~D5F O R, avascular areall L A D TH -
Too 2ATE B RE CUX A B M % Aol 1 fR kLT OB
avascular area?S i X N7z, T 72, AN 2 long
branchA# DWW, F/MEOETR RO 57z, A8KF
T, %5 2F {vasarectalZ B et i h i L, 5 HIO
MAEMETEE LTz, &% O R SPavascular areak
X4 ORRHECELNLZE TV, NEE, HEREED
FAEERA TG M EM AR 2 PO L CB D, W
AL AMRIC—E T AL R LTz, $4hbb, B
MR A% CRERE X LR ZE BT & L8 DR ZE L O E 1)
BLTWEZEERLTWZ,

Z =

IND% REHRG-S 52 & TF v MMBICHEEIEE
UAZ L34 TIomel > shThl, FoREEE:
CDDIFEEMIA D€ 7 b LT EMNT TV 2385 7
bd Do 5, CODOIFBBIT R Th 2 HEEEIHED
sz, BESL, WA, S LEE UIREMETH L,
X, HEGEBBEOFERT OMFRIZIFERE SIFREOMBHZ &
CIIBREORBICHELR 230 LTEETH 5,

EERINCE, T v F OINDBR/NEEEE 7V TR
A B AN HEREE 2 e S5 Z EDSTRETH 4 207,
W ZZRABT O IZIZE o Ty,

IND/NBER OFEMFICE LT, BTS2 EH
IR, INDICEWE, IBHEROMS 2 Lo g NEF
ERUMBEIRIEEY Y BNEZLNTWVE,

WUMEBREEONZE L LTiE, Miura ¥ 5138003
DENRINTEA TINDIZ S 6 R 2 IC HMERDO B, M
AR MR DT A SR AR AP BE T 108 LIV IREE %
RHOT V5, JHEFEAOAIRRY X E R AT b i/
IERBEOFELTHEL TV 5, FIBD 2mEHN _FH
FIEAZHEAR R OB ERER T AV, 7y Ml
IMERBEDOEMMIMENNED ) >MTHY, DT
BRI T HHIR, R T ZIIR ONE 1B EASEST L, RiEREE



(38) BIRBRFES

HMNTERALIVODEEZBREO LB LD &0
IND/NEE B D3 4 1T MG ERBEE L SSE LSV
B AZFHOLHME LT, &5HIZINDICX 215 ERzM
P G E RO B E | IR R 4 ZB I TE R o
HO R b,

F7-, BICH L TIZWEEprostagrandin (PG) & B
il 102 SEENTLHES P 7 BTG STV A DS, /b
1% MR ICINDALBL D BB S i i OB K™ 7 CTH D,
HEERIGERTESLETH D LHEY LTwi,

L LAds, SALDT 70— T 05 35BS
BIOKEFEIE S & ) BB TR & SRS % MRS T
BIEIZTER GV, ZOEWT T VORI /NGO
EHAE D FE A BAE I M L T microangiography & i W ARET
L7z#E 32, CORGEERORE ZHBHT 5729012
IR 2 IR IREZ AL, MR OEA & IEHEED
WREIDLECH D, AR TSR 9mT 5 2
ETHEBH T 72,

F v MGBO R MEREICHE L EAEE
R, MEWN EORFEAEPEARD 12X K&
oW THEMIIHREEN T S, KIFRR TR
microangiographys Al Wi B EEB R O Z#&H TH %
vasa recta’% i 5 B8 A & 1 0 W] A4~ 43 A 9 S long
branch & % 4ll~445 3~ % short branch {24 CTEI%ZE L
727, FOMR2ODOMATHELED ), FNFIVHL
TR TH 5 1 OfFRBEIC N 5 2 L I3 EwMER
PHLTRENL ZETHoT, EEIZ, INDKSHEZRE
RRICBIZ T 2 L, 6 ~12KBORETIIEY 7Y, BEED
JERIEAARNEZ D, WEEEDR L2524~ 480
MR ICHEEEEOTEE A5 1B, T4bb,CDIC
B} % aphthoid ulcer? & HEEEBALT 2 BF* 12, M
DTHEBL T2, WIREREZ & UL & 5 0 R
BZALZBEE L THET 5 L, U9y, MNEBEEREE,
FEE T B T, short branch & long brancho & i 545 75
NOGFEDOHRRI =T LR Th o7z, bbb G
D/IMEBRIZINDF G125 MR AR B W TR LD
BEINTWLIEPHLLTH L, T OHRKORT
FLRE BEAT A & oo IR 1o S LR L C
Wiz, E517, MEVHREEDEAT S 2405 B O ]
BETIE, L THE TR oshort branch® & Ulong
branchD BB ~DO LD H R % B 720 THEDHE %
R Ci3long branchAREED T2 52 72, KL, ff
EEAHCIMERIIRNTn L, Thbh, HET
BOBET 2 ME» O OYEHPHBHRKCHETH L2
o, HHNRMATHELZ RL TS, BOLRWHEEE
PRFEET 5 AW O BETIITE 158 < B IR T R A
& Tshort branch¥ & CVlong branch® K& HH K HSEL 0D
5T EBIO MAEHIEIZIEE L LT\, HEEEE 3

g

FEo% W2 E FR154E 8 A
#t L 7zshort branch3 X Flong branch® T IcAH24§ %
Z LR E L7z,

M REAT 2EBEHEREOERE L LT, INDIZK
LPGO MG D 4. Tabh, BHEO/NMLE DR
AR X 1) D norepinephrine® f i AsBa Lo = %
MW & D /MEIRBEE 2 372925, SRR RS
DFECRNEIIR I IR A RIS ZEE RS
NTW5D, REFROEBEEREICOWT, BERICBT
L MATEIRE 2 v ) BLE D, EBE TR L R E R
ZAhLEMEBELHLPCEHELTBY, FEWIE
BV E NS R & U TR 2 1 A8 55 A8 D4R
EZbN,

Db Xy, ABEMOMARED LR &R 5 L)
75 M % HC LRSI T B8 0 ML O Hh T 28 08 ek Lo 2
BEICEI D, FRICXVET Y, NEBEDTSREMEICH
HL, SHICHBORERICHECAAERICS W THETHE
DR IERNE & 2 D EEBE PR E NS, TS
LT E 51, BERICBI 4 IEHEDI R
R JEAE g K O WELHE, vasoconstrictionZ» & JRET S
BUMEBRBEENEG LTwb EE 2 b,

CDICBIT B HEEEE R CORRN B ERRERSY S
HoOMBERE, HRO—D L LTREREENEZEZ LN
TWwb, NI Tmicroangiography DAEE 7 & 5 i
AT B O /S B E 2 iZ hypovascular Td § , LS TERESF
ISP BRBE B SRZS & s &, 72, HEEEE
PLEE L BAEL E OS5, IBRESBEREOIE D
7-ORBRBEOMIIET L, EEOHBILBIES “ 5
%, &5 ZCD/MBRZE Tldvasa recta% H.0 & 9 5 IR
IR i2vasoconstrictionD3fFAE L Z #Ld%asynchronous 24
U % 729 \ et B VRl 51 0 i 100 A8 08 205 g e 5 400
IR 25 b DL HE LT85 0°d 5, ARAF5E
WX 0, AN 2 ) long branchZRE o> FRIFFIC X 0 4
HIANREVPHERL, e il kI3 LRI E
7o T OMIT D FHEALR T M B R A G AT X D) 3R
HFOE BB, —F, BRPEOMEETI O R
RN/ NEIIR DR S, EILATEBEEO Y &
HT LT 55 5H 5,

FRAFFNC BV TR L 2B IR A S 1 13 e
PEDZEALT A OCDIFZE X 2103 A H9THh 5
ZEDEZLNDL, INDITL BB ORI EEIZ SO
PGE,®°PGL . Fleukotriene B,72 15§ 2 EEIC X
5bDT, SO IHAERSERE LEAEET T 35,
L2L, 2ROA TR RERRENAIIEEFEEL,
FORRESHERE 2O L V) B3R ENTET
Hole, —KH, BEEEITGREOM/NIE O NI
VL DAIMEBRBEED O R LT AHELH 4.
B & Nz AOCDDOREEE B, INDIC X 2 /Nl



7 v MMBICBITAERN A ¥ A Y Y UREEIEE O ERT (39]

RO MERE % B1E & U CERWICH 2 7-REEIRE &
BT TR L TWA Z L, CDICBIT 2 1EED
RO —B e 2 DL EZ NS,

% &

INDF#EZE T v MNBEBICB W THEEREEK E T
1B 12 % microangiography % F \» IE & /Mg L S HE 4L 12 3D
W CHERETY 22 IRET R 0 2k, SR B (G 0 AL & R
L, Lo sii.

1) IND#EZ 7 v b/NGES O WG Z O FER R AL
TRBEI L LIV BREEAENOE T Y, NE
BEAHEEIE BN ERT AMEMEER L, ¥ T,
INEEDHEEREO MG L E 2 b,

2) 7 v MEMEIRILE ST\ R AT A S
~53A5 Y Blong branchiZ ME FE 25K  HEE TR O
W ERIETH 5720, - MATEEL RT OI
xt U, AEMEN% ol &3 2 short branchid I 8 & 28
BT A% & OEEIIZH TH o 72

3) MEGORFNEMLELBET LI LICXD, 6K
M, 120F i o FHTRE C 3 85 A 2 A oshort
branch % Flong branch® i B A & Al ~ D 54 o
HRFASERES 8 7z, 4512 6 W B CTidshort branch®
FRTIC X DI SR DS R 0 o 7o, 24K TR
I IIRAT S oA L C RIS BIER S A, 48R
I3 1258 < vasa rectald 8 #2412tk U A5 )
DMAEFEHEE LTz,

4) ¥F v, /MNEEiZshort branch, long branchd )5
BINDFEE DRI X D SEE L, HEEEE 3T
Zshort branch, long branch?Sthlr§ 5% 2 &1k D
ZEE LT Wiz, XM 2 9 long branchA &> il
(EE SN EOER IS LTz,

5) BEEMAEMOBEEREET & UCRERICBT
% L EREEE O A R R D MERBEE £ 5] Sk
CTHELRERTHLLEZ L,

# O

T2 51T A, HEEE, MREeB) £ LR
FREBEIRICEIBLTT. T2, AWFREHEELT
TEWF LZEREERSF 2 N FREH S L, B
BB e Lar AR R S R e I I, U e
BUREANELICEHHL T, EHICRIRICTHD
HEE LB —MEMEZZILO LT LEEERFE2
WEHHALERATIE 7V — T D54 TT, 75 & TR AR b,
BAEREHE LR Y 7 — D4 IR LR L BT E
¥

KfFFer—Ehi3 5 75m], 760 H AL RS HRE 0B
WTHRL,

X ®

1) Kent TH, Cardelli RM, Stamler FW. Small Intestinal
Ulcers and Intestinal Flora in Rats Given Indometha-
cin. Am. J. Pathol 1969 ; 54 : 237-49.

2) Brodie DA, Cook PG, Bauer BJ, Dagle GE.
Indomethacin-Induced Intestinal Lesions in the Rat.
Toxicology and Applied Pharmacology 1970 ; 17 : 615
-24.

3) Fang WF, Broughton A, Jacobson ED. Indomethacin-
induced intestinal inflammation. Dig. Dis. 1977 ; 22 :
749-60.

4) EE JEWR, BB ¥z, FEE —, fiT
¥, bl #&k, A0 S—ERIE. Ty Mokl
%A ¥ FAY T VNGRS ORE — WIRE RO
HZALIZDOWT. HARHELZA S 2HEEE 1989 5 86
(1) :512.

5) Matsumoto T, lida M, Nakamura S, Hizawa K, Kuroki
F, Fujishima M. An animal model of longitudinal

I

ulcers in the small intestine induced by intracoloni-
cally administered indomethacin in rats. Gastroenter-
ologia Japonica 1993 ; 28 : 10-17.

6 ) Banerjee AK, Peters TJ. Experimantal non-steroidal
anti-inflammatory drug-induced enteropathy in the
rat: similarities to inflammatory bowel disease and
effect of thromboxane synthetase inhibitors. Gut
1990 ; 31 : 1358-64.

7) Elson CO, Sartor RB, Tennyson GS, Riddell RH.
Experimantal Models of Inflaimmatory Bowel
Disease. Gastroenterology 1995 ; 109 : 1344-67.

8) W M. FEAT A FRISERIC X /050G
BOFEEMEL. BREE 1976 5 67 0 10-23.

9) /hNE FHE. Indomethacin!Z & 2 /NETEE O SIS
PR 2 BN, BIRERFESHME
1983 ; 35 . 61-76.

10) Satoh H, Guth PH, Grossman MI. Role of Bacteria in
Gastric Ulceration Produced by Indomethacin in the
Rat: Cytoprotective Action of Antibiotics. Gastroen-
terology 1983 ; 84 : 483-9.

11) Beck WS, Schneider HT, Dietzel K, Nuernberg B,
Brune K. Gastrointestinal ulcerations induced by
anti-inflammatory drugs in rats. Arch. Toxicol 1990 ;
64 : 210-7.

12) Reuter BK, Davies NM, Wallace JL. Nonsteroidal



(40) BB KRS H£558 #2% FH154F 8 A

Anti-inflammatory Drug Enteropathy in Rats: Role of 24) Okada M, Niida H, Takeuchi K, Okabe S. Role of

Permeability, Bacteria, and Enterohepatic Circula-
tion. Gastroenterology 1997 ; 112 : 109-17.

13) WK MBS, & e, il A, BRSO IE,

Fre FE. 9 bindomethacingB &/ MRiEE 2B
VT B AST- 1200 & B R IR 1 B3 2 F%E.  H A KRIBAL
M4t 1998 ; 51 : 235-41.

Gerkens JF, Shand DG, Flexner C, Nies AS, Oates
JA, Data JL. Effect of indomethacin and aspirin on
gastric blood flow and acid secretion. The journal of
pharmacyology and experimental therapeutics 1977 ;
203 (3) : 646-52.

I 3. NGEBEE O AT S i
oM A v P Y VEEICBT S REBATE
Eo@ls., HARBZFRTSME  1981,;78:1029-
39.

Wallace JI, Keenan CM, Granger DN. Gastric
ulceration injuced by nonsteroidal anti-inflammatory
drugs is a neutrophil-dependent process. Am. ].
Physiol 1990 ; 259 : G462-7.

Miura S, Suematsu M, Tanaka S, Nagata H, Houzawa
S, Suzuki M et al. Microcirculatory disturbance in
indomethacin-induced intestinal ulcer. Am. J. Physiol
1991 ; 261 : G213-0.

HIlg K—BER. Ty bDA Y FXETUVNGEBL
WMEERBEE IZBE T 5 P98 — MBS 5 OMGET
—. B 7 v FERRFME 199220 919-29.
Bjarnason I, Hayllar J, Macpherson AJ, Russell AS.
Side Effects of Nonsteroidal Anti-inflammatory
Drugs on the Small and Large Intestine in Humans.
Gastroenterology 1993 ; 104 : 1832-47.

Arndt H, Plitzsch KD, Scholmerich ]J. Leucocyte
endothelial cell adhesion in indomathacin induced
intestinal inflammation is correlated with faecal pH.
Gut 1998 ; 42 : 380-6.

Beck PL, Xavier R, Lu N, Nanda NN, Dinauer M,
Podolski DK. Mechanisms of NSAID-induced

gastrointestinal injury defined using mutant mice.
Gastroenterology 2000 ; 119 : 699-705.

Whittle BJR. Temporal relationship between cyclo-
oxygenase inhibition, as measured by prostacyclin
biosynthesis, and the gastrointestinal damage

induced by indomethacin in the rat. Gastroenterol-
ogy 1981; 80 : 99-102.

Robert A, Asano T. Resistance of germfree rats to
indomethacin-induced intestinal lesions. Prosta-
glandins 1977 ; 14 (2) : 333-41.

Prostaglandin Deficiency in Pathogenemic Mecha-
nism of Gastric Lesions Induced by Indomethacin in
Rats. Digestive Diseases and Sciences 1989 ; 34 : 694
-702.

Takeuchi K, Okada M, Ebara S, Osano H. Increased
microvascular permeability and lesion formation
during gastric hypermotility caused by indometha-
cin and 2-deoxy-D-glucose in the rat. J. Clin.
Gastroenterol 1990 ; 12 (supp. 1) : S76-84.

Sanders KM. Evidence that prostaglandins are local
regulatory agents in canine ileal circular muscle.
Am. ]J. Physiol 1984 ; 246 : G361-71.

Burleigh DE. The effects of Indomethacin on the
Tone and Spontaneous Activity of the Human Small
Intestine In Vitro. Arch. int. Pharmacodyn 1977 ; 225
: 240-5.

OB, KA MR, P KR AV RXH VY
X% Ty MNGOREE LRI /NRER). BATE
fhie 1990 ; 26 © 436-8.

Ohashi Y, Kita S, Murakami T. Microcirculation of
the Rat Small Intestine as Studied by the Injection
Replica Scanning Electron Microscope Method.
Arch. histol. jap 1976 ; 39 : 271-82.

Metry JM, Neff M, Knobulauch M. The Microcircu-
latory System of the Intestinal Mucosa of the Rat. An
Injection Cast and Scanning Electron Microscopy
Study. Scand. J. Gastroenterol 1982 ; 17 (Suppl 71) :
159-62.

Ohtani O, Jujyta A, Ohtsuka A, Taguchi T, Murakami
T. Microvasculature as studied by the mirovascular
corration casting/scanning electron microscope
method. I. Endocrine and digestive system. Arch.
histol. jap 1983 ; 46 (1) : 1-42.

o W, EE G, KE ¥z, FLROE,
EE W, ER EAEP Ty bOA YRS
v VNGRS ORE — R CHGEEB T OF), FHIRO
FrRICDOWT, BARHELZER SR MR 1990 5 87(H
B4) : 503.

Laufer I, Costopoulos L. Early Lesions of Crohn's
Disease. Am. ]J. Roentgenol 1978 ; 130 : 307-11.
Watier A, Devroede G, Perey B, Haddad H,
Madarnas P, Grand-maison P. Small erythematous
mucosal plaques'an endoscopic sign of Crohn's
disease. Gut 1980 ; 21 : 835-9.

ER #W, e ¥z FELE B WHE
A, TR OEAN, Bt EREE. KB o rEoX



36)

37)

38)

39)

40)

41)

42)

43)

7 v MMBICBITAERN A ¥ A Y Y UREEIEE O ERT

M, ARSI — BB S, MANE OXiRG %

LS —. WEZHE 1989 ; 10 : 1143-50.
MW F, #iH =8, P M, B4 #w,
B BB, BT O E. T AREEDOAT

FE LW AE R L 7 Crohn i @ 2 .
Gastroenterol. Endosc 1991 ; 33 : 607-13.

MAR £z, fE =#, wA BRES EE R
—, LI @7, BE E#. 775 REOART
ZWr S NzCrohnm O EMIEGE. B LlE 1999;34:
1267-1276.

P Wiz, TURY ST AL AR
2RI EOF IR, HEEMEE 1082, 79!
1-14.

Kuriyama H, Makita Y. Modulation of neuromuscu-
lar transmission by endogenous and exogenous
prostagrandins in the guinea-pig mesenteric artery.
J. Physiol 1982 ; 327 : 431-48.

Furness JB. The Adrenergic Innervation of the
Vessels Supplying and Draining the Gastrointestinal
Tract. Z. Zehforsch 1971 ; 113 : 67-82.

T #F&, K OEA, B WBE, o)l O,
P REAT, HH O —Wi32. Crohndim o M EHESE
%, HERAMESE 1993 5 54 1 1984-01.

Brahme FE Mesenteric Angiography in Regional
Enterocolitis. Radiology 1966 ; 87 : 1037-42.

Carr ND, Pullan BR, Schofield PF. Microvascular
studies in non-specific inflammatory bowel disease.
Gut 1986 ; 27 : 542-0.

A0 B R, TR B MEMEE X ) A72Crohn

45)

46)

47)

48)

ORI IIOWT, §iE ¥, RE #—EE
SR - R L BRIR-. RO BREEE, 1992 ¢
52-9.

Hulten L, Lindhagen J, Lundgren O, Fasth S, Ahren
C. Regional intestinal blood flow in ulcerative colitis
and Crohn's disease. Gastroenterology 1977 ; 72 : 388
-96.

AR Bk AL i, A EHE, PBE TRER,
Ml FE, g =W 2o VRICBTANMNE
DRGEIEETRRERE 10w, BEAGH e s
T 9% i 1 s 2 I 5 5 A T 9 BE IR RIG 147 2K R 4R
1987 . 58-62.

Knutson H, Lunderquist A. Vascular changes in
Crohn's disease. Am. J. Roentogenol 1968 ; 103 : 380-
5.

Wakefield AJ, Sawyerr AM, Dhillon AP, Pittilo RM,
Rowles PM, Lewis AAM. Pathogenesis of Crohn's
disease: Multifocal gastrointestinal infarction. Lancet

49)

50)

(41]

1989 ; 2 : 1057-62.

R L, AR B, AN 'R, AR LER.
Crohny& 12 B 1) 2 B 1Ml O BIREYIR + B o MAREHI <
L A/ MERBI RO, HAL 5198758811695+
704.

Kelly D, Anthony A, Piasecki C, Lewin J, Pounder
RE, Wakefield AJ. Endothelial changes precede
mucosal ulceration induced by indomethacin: an
experimental study in the rat. Alimentary Pharmacol-
ogy &Therapeutics 2000 ; 14 (4) : 489-96.



