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Experimental Studies for Pathophysiology
of Intestinal Obstructions

Ryuichi DENNO
Department of Surgery (Section 1), Sapporo Medical College
(Chief : Prof. H. Hayasaka)

In order to investigate the pathophysiology of various intestinal obstructions, the author
induced experimental obstructions in 40 rabbits, divided into three different groups: a simple obstruc-
tion group, a strangulated obstruction group and a superioer mesenteric artery obstruction (SMAO)
group. In the first experiment, the levels of plasma histamine, serotonin and endtoxin were deter-
mined. In the second experiment, the intraluminal pressure of 30cm of water caused the endotoxin
to seep through the wall of the intestine. Plasma endotoxin was then measured using MCA-sub-
strate (peptide-4-methylcoumarin amide). The conclusions are summarized as follows;

(1) No changes were found in the levels of plasma histamine in any of the intestinal obstruction
groups.

(2) An increase in the plasma serotonin levels in all groups was found, especially in the SMAO
group where the highest level of serotonin was found.

(3) In all groups the levels of portal vein endotoxin gradually increased. However, the levels of
plasma endotoxin in peripheral blood did not increase.

(4) There was much to suggest that the portal vein endotoxin levels correlated with the plasma
serotonin levels in the simple obstruction group and the SMAO group.

(5) There was a marked increase in the levels of aerobic and anaerobic organisms in the closed
loop of the experimental group.

(6) The level of endotoxin that seeped through the intestinal wall showed and increased three
hours after the operation began.

The author has concluded from these results that a marked increase in the level of portal vein
endotoxin will also increase the level of serotonin.

This toxemic change will thus cause those rabbits with intestinal obstructions to die.

(Received December 18, 1981 and accepted January 18, 1982)

1 &b ich, Ky - BIFEOERY X170,

THDBELID TN T THYRT KB E D

I EIgE A B I I S 2 B AR B TH D, & BB, —, 1922 4F Gerard® 2 BEAZE OFEIN DA REIL
A% T+ ofRasEIc BT 59811804 < e & T\ histamine Th% &% 2 1. 0 1954 FERADIEE
5. BEoIESN, B kb0 FoRKRick - FEDFEMYE DA acetylcholine BB 13k b 7c.
FRREAT R, ROV Th IR i R 1960 4E Fine 3 I5H1%E & Mg #H 3% & oBRico LTl
ThHb. BHEOTETEEIBL THE OME 0 ~feowckf LT, 1961 4F Janoff, et al.”x L I5iElIEE)
RENTHD, ZTOOESE L THEOHESEG  IkiEEks = v 7 1IBIT53EH% serotonin [Z3kH TV 5.

[l

43



44 % g —

o X 5 BAEoREER ORI oV TiE <
SEADLONMBEICINTET V5D, gzt -
TEEINLBELLDAEOBMYE AR X, M
FRIEBTT20M»THAS. Lo LBSTIAS
WERE—TcbDICRD LD TR, ErDFHEHERN
FraELLONEY LELNLY —F, BHEORERN
RS R & <1 Welch o B R ER Lcbo"0%
Wy, 1964 4 Levin and Bang®iz & v limulus test
& ATt o endotoxin B G iIckKHTx 5 X 5
Lo TE by 7 2aBUREORS P EER LD
ol TER. ThbbiidYE KR FCLY, B
WHIBE OFER L 13202 D I PHZEIC X A 28 %
TENTELZEND, MEOEERICOVWTIRE D
FThiow. Lonl, RIEBEALDHEEDEN LD
Lo L CBEEEYBRL, &R o unT
IRR & L OB I s o,

EE T ERORBEA RS, 3 EEOEBRILH]
FE\oC, BB chemical mediators $s X OF
endotoxin OBEFEER B R L. I HIBE & B R
L T < % endotoxin oFFEZER L, B KIS
MR endotoxin o> A H R R s X OB RELE R
TR Lt

2 RBUWHRBLURE

21 RERE Y

AEEIC AT 2.5—3.0 kg O EE T AFEH L1
SR TELR BT H0D, KRITFERHA 12
AT SR L L, KooZEAHERTS L 51
1.
2:2 EBHE

2:2-1 REMBEREREOERE

Pentobarbital Sodium (Nembutal ) 30 mg/kg
DOFFIRFREEE, KRBRBIRICE ) =F v v h5—F 1%
BARBEL, Bk LOMmMERERE L oLk
REERIE R UIBECRAR L, LA OBRcs TR ER 1T~
e

2¢2:1-1 FHl 30 PORFBHLT O &< 4 By
e TEEQO D | BEfT#E N o 2B A& > 3865 L 7ou
Xy EEnA e 15 cm ORIFE TR L, Bk
BRI ZBAIE 1 v oo AR, B (T BfTkEO
BE R L0 R ME LR 15 cm oRIR TR L, 18
FEPIT AN L 7oidott 1 vy A8, IEECL0 ) | #2108
Fery i FIERIEEIR 2 R M ek L - SMAO B, IV
B OGR) BRBENOAZIT - B, ko4
B oLWTUTe o fo. LECOBFIERNIC T - 1

FLIR IR 58

2:2:1.2 FELOEE D TTETIRIEN, HEk 30
5,03, 6, 12 BX O 24 BEREIIRIM Ute. TIFECLIgR(E
I, EEEZ 304, 1, 3, 6, 12 3 X 0F 24 BERSCER 1ML
U7, TIFETOdRiFal, #IF% 15,305, 1, 36XV
6 REEIC AT 7o > fo. BIMICIZ A Y =F L v o U v ok fd
AL, ZoOABER ~~ ) v ThLITEE L L. Kb
BRI 3 ml o L, TOREREOEE AT K Y
WAL MR ZOHEBERE L T 0.8 ml
ORI L 7.~ Y VIflE7e7 2512 3,000 rpm, 30 45
GEEOHE M A oaE L, HBaloWEF R E T—20C
O E BRI L 7.

2:2:1-3 BHIRE O MIE | KM EIIR O BRED IR @
HWALIATF—FAIDE T v AT 2 —4—(GOULD
statham P50 #)) # /L ¢, £HREHLEERE (B
AN PM—6) o CHIERLER L 7o,

2:2:2 HEnRIZE

2:2.2-1 [fii #% histamine & M & . M52 5 5 o
histamine o 3 X OYI5E X Shore, et al. 2 E k%
WR LA Bl s E R (& RF—510) %
HAWCERE X T7e - 7. fEH# histamine (LR
i) & F e 2 I BRI 31 A [EUER 1340 80% T -
1o

2022:2  [[1%% serotonin T | 4SO
¥ L OHITE 11 Udenfriend, et al.'"®2oZEE i 1 b, W
Ko IR A H W CEE 1T/~ 7o Ei#Eserotonin
(SIGMA) & M\~ te 2 o il ik 3 1) 5 B ER 14
83%TH - 1.

242423 [fl #F endotoxin » I 5 ¥ . M % endo-
toxin DIE (FIEH B HIEHEL, HRIEE (Boc
~Leu-Gly-Arg-MCA, <7+ P2 » A TEs
B T leotc. M REHHEABRKTCIERFRL,
100°C 10 Z3alnERALIR Ude b O &R & L7e. lysate (3
F v GREES AR L, REAEE L LT MCA
(4-methylcoumarin amide) #»{#HH L 7-. (Fig. 1)
# endotoxin & L T E. coli 0127 : By
lipopolysaccharide B (Difco Lab.) #{#H L 7= m
BEE Y Fig. 2R Lic. © oIS 5% BIER
1341 36% TH - 1o,

2-2-3 MEM endotoxin oI HIB D EE

2-2-3-1 SERRIGEOFRITE(Fig. 3) | a0 & Ak
IZHIT4LE L 7-%¢ 5 % pentobarbital sodium 30 mg/kg
THEIRKEE, KBBRCcEY) =FLv v hTs—T 0%k
BAREE L, ik XOmMEMNER & L. £okE
MEESIE R EIB i TR TRE I A b g & L. 2o
R FLIME #1845 L 7su £ 5 ielmE o4 %% 15cm o



51 (1) 1982 I EHZE DR REIZBE 3 % KRR B 45

IR CRIs R A L, BERICRBA LAY =F Ly {Plasma a0,
» 7 — 7 A RTEKIERS GRZ CP5 —28D L it et e
fo. ERIERY »r —%—~/ 2 ) —ickh 30cm H, shake

l boil at 100°C for 10min.

OxfRok o Ltc. ZOBE>ABEAIEKE 200 m/

% At 7- endotoxin free o iE{R#M (FEE(LE = — 1 Sample
B RES ¥ ZOE{R M ethanol-alkali 4138
FoL, endotoxin ree T b8 © LR LT ‘ i/?CH:)lZubstrate* 3(1)5 :j
2-2-3-2 FEORIR | ATEC & BRI UCHRAFRT, # Lysate 0:05 =
fE# 30 2, 1, 33 X 0% 6 MEflic ki L, Mm#¥ hista- ke
mine, serotomin Js.x 0 endotoxin OJREEEHE Li. l« incubation at 37°C for 60min.
Thic ¥ TEIRE L Y BE®K 1 m/ ZHRIRL, endo- 11.1% acetic acid 1.8 ml
toxin OE & & 1T - 1.
202:3:3 HMEBOBRRE ERFXEOFETHEREIK, Assay Activation 380 nm
PAZERMEE S LOMEE LRBE LD, BE S omx Assay Fluorescence 460 nm

L CHER I (KB 1,000 m/ F Na,HPO, 6.5
g KH.PO, 4g, tween80 1g, [-v 27 4 viREE 1 Endotoxin: E. coli 0127 ; B8 lipopolysaccharide B
g, EX1gxEeio)oml TtH&E L DR E L * MCA: 4-methylcoumarin amide
BEH2 O, free DIRFEH 2 %W & D705 10 R , . ,
BET102 2 CERL:. ITFRMECI 0. 3%~ = Fig. 1 A new r_net_hod for assaying bacterial
. endotoxin in plasma.
F A% PN 2 o WMEE RS (BBL Lab) # v, %7
eI o TEP 853t (3688) % B W TR IR ES
FERITIW, BFFEE 2 r = — KRR 2. IR
BN Ay 7RI 50k

£.1
INCUBATION TIME INCUBATION TIME
500F 60min. ¥ 30min.
400

300

200

FLUORESCENCE INTENSITY

100

125 250 0 1.25 2.5
(pg/ml) (ng/ml)

ENDOTOXIN (E.coli 0127:B8)

Fig. 2 Standard curves for assaying endotoxin levels using MCA-substrate.
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Fig. 3 Actual method and equipment used for the measurement of isolated
endotoxin seepage through an intestine.
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Fig. 4 Hemodynamic changes under various conditions.
Table 1 Changes of plasma histamine, serotonin and endotoxin levels in Group 1. (N=10)
after (hours)
before
1/2 3 6 12 24
plasma Histamine ) : . _
(mcg/ml) 0.121+0.029 0.109£0.032 0.105£0.030 0.112£0.026 0.11840.024 0.13040.027
plasma Serotonin "
(meg/ml) 1.126+£0.190  1.0156%0.114  0.924+0.188  0.912+0.145 0.987+0.093 2.065+0.565
portal vein Endotoxin 21269 160-+87 204108 3204194 6354260 867461
(pg/ml) . =B = Selot = =
arterial Endotoxin - .
5+ +5 + + + +
(pg/mD) 95+39 132455 121450 151499 200100 206169

(1)
* P<0.05,
(2)

* %

*** symbols show significant difference from control levels.

P<0.025

Values are mean + S.E..
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Fig. 5 Correlation between plasma serotonin and portal vein endotoxin levels
in Group 1.

Table 2 Changes of plasma histamine, serotonin and endotoxin levels in Group 11. (N=T7)

after (hours)

before
1/2 1 3 6 12 24
plasma Histamine 0.093 0.063 0.054 0.085 0.131 0.096 0.098
(mcg/ml) +0.017 +0.013 +0.006 +0.022 +0.033 +0.014 +0.013
plasma Serotonin 0.810 0.863 0.721 0.666 0.746 0.816 1.142

(mcg/ml) +=0.197 +0.111 +0.112 £0.095 +0.093 +0.085 +0.437

e E“d"to(’;g’/ml) 125454 138471 121463  291+100 4224234  604+246* 6604 295"

arterial Endotoxin

(pg/md) 80+32 12579 112440 84+36 99:+57 167125 16786

(1) * symbol shows significant difference from control levels.
* P<0.05 )
(2) Values are mean + S.E..
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Fig. 6 Correlation between plasma serotonin and portal vein endotoxin levels

in Group II.
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Table 3 Changes of plasma histamine, serotonin and endotoxin levels in Group II. (N =10)
after (hours)
before
1/4 1/2 1 3 6
plasma Histamine . -
(meg/ml) 0.14240.028 0.115%+0.019  0.094=0.015 0.098+0.020 0.158+0.033  0.167+0.047
plasma Serotonin o "
el 0.773+0.042  0.77940.141  0.608%0.052 0.659+0.066 1.649+0.282** 2.927+0.883
partil v Bncgresin 138435 149-+65 130438 160-£40 31589* 368165
(pg/ml) - - - - _‘ -
arterial Endotoxin
+ + - - + 7467
toplD) 67+19 104451 101+29 63+15 233+85 237+62

(1) *, ** symbols show significant difference from control levels.

* P<0.025,

** P<0.01

(2) Values are mean + S.E..
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Fig. 7 Correlation between plasma serotonin and portal vein endotoxin levels in

Group III.
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Table 4 Changes of plasma histamine, sevotonin and endotoxin levels in Group IN. (N=3)
after (hours)
before
1/4 1/2 1 3 6 12 24
plasma Histamine 0.097 0.089 0.080 0.084 0.083 0.078 0.079 0.064
(mcg/ml) +0.018 +0.017 +0.020 +0.080 +0.009 +0.010 +0.010 +0.011
plasma Serotonin 0.860 0.923 0.799 0.776 0.767 0.761 0.760 1.063
(mcg/ml) +0.149 +0.109 +0.100 +0.109 +0.135 +0.183 +0.137 +0.260
BoHGL wetn DatowmEtL 64455 56424 83431 97447 110454 126412 75472 9348
(pg/ml)
PGS, B gbuckit 117448 61456 10442 43435  74+4 124474 133452 95+49
(pg/ml) - - - - - - - o
Values are mean + S.E..
Table 5 Changes of plasma histamine, serotonin and endotoxin levels. (N =10)
after (hours)
before
1/2 1 3 6
plasma Histamine
(meg/ml) 0.104+0.034 0.0940.040 0.126+0.040 0.103£0.040 0.065+0.056
plasma Serotonin .
(meg/mD) 0.876+0.069 1.135+0.139 1.134+40,153 1.053+0.083 2.053+0.588
arterial Endotoxin
- + + + -
(pg/ml) 47112 63118 79124 T2x23 98 +41
free Endotoxin  (ng/m/) | 0.211+0.118 0.122+0.076 0.137%0.061 0.381+0.201* 0.415+0.315

(1) *‘ * %k
* P<0.025,
(2)

mmHg
&
D
0
(9]
%
A 100
[a]
o
Q
A
m

symbols show significant difference from control levels.

** P<0.005

Values are mean + S.E..

Hemodynamic change

i i

13 15

(hours)

12 1 3 5 7 9 11

TIME

Fig. 8 Blood pressure course in a rabbit after ligation of the colon.
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Table 6 Viable count of organisms expressed per wml. of intestinal fluid.
control group experimental group (N=4)
(N=3) closed loop oral site
Aerobic culture method 5.20+0.69 7.17+0.83* 4.62+0.38
Anaerobic culture method 6.53+0.89 8.34+0.38"* 7.164+0.57

(Logl0 no. organisms per m/.)

(1) * symbol shows significant difference from oral site levels.

P<0.025

*

symbol shows significant difference from control levels.

P<0.05
(2) Values are mean + S.E..
log Aerobic culture method
Anaerobic culture method
10} — P<0.05 ]
- ,— P<K0.025 -‘I
" I
= 8k -I'
()
Q o T o
o} %
g
E 0 6r
D -
(©/ N =
S8
g9 I
& O
o af
= O
EH o
O
< o
m ~
g
) 4T
oral site closed loop
CONTROL GROUP EXPERIMENTAL GROUP
Fig. 9 Comparison of viable count in intestinal fluid under the experimental

obstruction.
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