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To many surgeons, the occurrences of nutritional disorder in the patients with peri-

toneal adhesion, particularly those with passage disturbances or those who suffered from 

recurrent intestinal obstruction due peritoneal adhesion have been well known experiences. 

Even in those who manifest apparently good general conditions, the constituents of the 

serum protein of ten show an abnormal pattern. The present author believes that, from 

the above described experiences, various degrees of nutritional disorder are involved in 

those patients with abdominal adhesion and attemptes to clarify pathogenesis of this nutri司

tional disorder and at the same time tries to work out methods of treatment of these 

patients. 

In this study, digestion and absorption capacities of the intestine were investigated in 

man and animal with or without abdominal adhesions. The digestive and absorptive 

function of the intestine were also investigated after such operations as blind loop forma-

tion, short circuiting side・ to-side anastomosis which were performed because of persistent 

passage disturbances occurring after abdominal operations. 

METHODS A'.¥JD RESULTS 

In this investigation, 22 clinical cases of intestinal adhesion and chronic intestinal 

obstruction and 127 experimental cases of dogs, rabbits and rats were chosen. In rats, 

the abdominal adhesion was produced by introducing talk powder into thεabdominal 

cavity. Many loops adhesions were produced by mechanically damaging the sero阻 ofthe 

lower portion of the intestine and subsequently applying tincture of iodine and suturing 

that portion of the intestine in parallel multiple rows. The blind loops were produced by 

cutting the lower portion of the int明 tineand reconstructing the continuity hy means of 

side-to-side anastomosis at the part 10 to 20 cm proximal from the oral cut end. The 

short circuiting side-to-side anastomosis without cutting the intestinal tract was produced 

at the lower portion of the intestine (Fig. 1). Digestive and absorptive function of the 

intestine were examined by using rodioisotope technique and ratio method in which 

chrom oxide was the markeτ． 
1) Digestion and absorption after ingestion of the test meal. 

It was found by ratio method that the rate of absorption of carbor.ydrate was more 

than 97% in both patients and experimental animals indicating the carbohydrate absorption 
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in these cases was maintined as was in normal. However protein and fat absorption was 

found to be considerably disturbed both in patients and in animals. The absorption rate 

of protein was 54 to 97S'~ in human cases and 67 to 88?a in dog, while the fat absor-

ption rate was 53 to 90% in clinical c川esand 68 to 91拓 indog (Fig. 2). The degree 

of absorptive disturbance w丘sroughly proportional to the degree of passage disturbance 

and the extent of the hypertrophied distented area of the intestine. In the patents with 

intestinal adhesion complainin只 alternativeobstipation and diarrhea or soft stool, the 

absorption of fat and protein was markedly hindered. In the blind loop group and many 

loops adhesion group, the absorption disturbance was found to be noticeably high. The 

above described observations were confirmed by measurinεthe excretion rate of 1311 
albumin and 1311 triolein in stool (Fig. 3). Blood suεar level after the administration of 

30 g of glucose to the patients reached the maxium after 30 minutes which was 142 to 

152 mg/dl and gradually returned to the normal value. おimilarblood sugar fluctuation 

was also observed in the experimental rabbits. 

The r川Jioacti＼’ityin peripheral blood after tliぞ ingestionof 1311 albumin reached the 

maxium 2 to 3 hours after the administration to the patients. In the dogs with abdominal 

adhesion, the time required to the maxium counts w川 prolon貯dand the activity itself 

tended to be lower. In rabbits these tendency were more prominent (Fig. 4). When 

1311 albumin mixed with the gastric and duodenal juiι、ewas introduced into the hypertro-

phied intestinal 町gmentand the corresponding portion of the normal intestine, in the 
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pathological回sesthe maximum radioacti-

vi ti目 inthe blood taken from the mesen-

teric vein were proved to be lower and it 

required longer time to disappear from the 

blood. Similar results were also obtained when DL alanine-l-11C and glycine l-14C were 

introduced together with other amino acid solution (Fig. 5). The similar studies with 

1311 triolein revealed that the maximum counts were recorded four hours after the ingestion 
in the normal cases. However in the adhesive cases the maximum counts were remar-
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kably low ( 4.3 to 5.6拓） • Studies 
with 131! triolein in animals revealed 

that a considerable disturbance of fat 

absorption occured when the intestinal 

adhesion and obstruction were present 

(Fig. 6). 

The examinations of the gastro・

intestinal contents of the animals sacri-

ficed 7 hours after the 1 ' 1 I triolein 

ingestion showed much retentions of 

the intestinal contents and the total 

isotope counts in the contents were 

greater than the normal. 

The radioactivity of the portal 

blood was 1. 7 to 2 times as much as 

those of the peripheral blood, and the 

activity of the lymph in the thoracic 

duct was 25 to 45 times as much as those of the peripheral blood. 

The absorption of fatty acids from the intestinal canal was investigated by giving 

lauric acid-l 1＇＇（、 andstearic acid-l-1 'C together with the test meal and by counting the 

radioactiYity in the peripheral blood. It was found that also when fatty acids was given 

with the test meal to the experimental dogs with chronic obstruction radioisotope counts 

in the blood were lower than the normal group. The radioactivities in the lymph obtained 

from the thoracic duct under anesthesia were also measured. It was detected little radi-

oactivity in the peripheral blood, but higher radioactivity in the lymph. The absorptive 
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function of fatty acids in the lymph from the intestine was disturbed in various experi-

mental groups (Fig. 7). As considerable amounts of gastrointestinal contents were found 

in the digestive canal especially in the blind pouch 8 hrs. after the ingestion of test 
meal, it was obvious that passage disturbance was present. However the retention of 

stearic acid and lauric acid as was indicated by the radioactivities was not apparent. All 

these findings indicate that considerable degree of disturbance in absorptive function was 

created in the hypertrophied region of the chronic obstructed intestine. 

This was also confirmed by measuring the absorption capacity of inorganic 32P ions 

from the hypertrophic intestine due to adhesion by means of direct intraluminal injection 

into the rabbit's intestine. 

2) Studies of absorption in the isolated intestinal segment 

Table. 1 

ABSORPTION OF VARIO US SUBSTANCE 
(MODIFED WISEMAN’S METHODJ 

lNTEST 
SUBSTANCE 一INE

!131 NORMAL 

50pc I ADH.ES 1 
IO入v

p32 NURMALi 

50pc AD HES 
ION 

NORMAL 
l0%GLUCOSE ADHE見

ーION

Im ALBUMINNORMAL I 
50／比 AD HES 

ION 

RA! iェOF
ABSORPTION (00 1 
30rnin. !hr.LATER LA’!'ER 

23.6 32.4 

8.8 18.6 

22.4 34.6 

1.55 6.4 

23.56 46.8 

10.56 15.9 

15.6 17.5 

0.8 1.38 

INOR乱1ALI 17.8 29.8 rm TRIOLEINI I 
50μc I ADH白 1 2.s2 I 4.3 

I -ION ; I 
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一1-CJI －－←一一一一＿ I

ADHι~ I I 
IOμc -ION I 1.81 4.4 
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ACID Cu一－

JI ADHEs 
l011c 
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In order to avoid undesirable effects 

from anesthesia, surgical operation and 

others in the study, the absorptive function 

of the intestine was studied in the comple-

tely isolated and surviving state in the 

Tyrode solution by means of modified 

WEISMAN's method. 1311, 32P, 10% glucose, 

1311 labeled albumin, 1311 labeled triolein, 

DL alanine-1-14C, and la uric acid-1－＂仁

were separately mixed in the intraluminal 

perfusion fluid and the absorption of these 

agents from the intestinal wall, as was 

indicated by the appearance of these 

material in the outer fluid, was calculated 

(Tab!. 1). 

Albumin and triolein were mixed 

previously with the gastric and duodenal 

juice for 30 minutes as before. 

In this investigation it was shown that 
1311, 3"P, 10% glucose, i:n1 albumin and 

1311 triolein had lower absorption rates in 

the multiple adherent intestine as compared 

with normal. But, with DL alanine-l-14C 

and lauric acid-l-11仁， noapparent difference 

was noted between normal and pathological 

mtestme. 

3) Studies on the passage of the intestinal contents 

A certain volume of barium sulfate was given to the patients and experimental 

animals and the passages of this contrast medium were studied by roentgenography. 

In the group with abdominal adhesion or surgically treated intestine, delay of the 

passage to reach to the coecal region, irregular distribution of the contrast medium in the 

intestine, abnormal retention shadow, retention of gases in the intestine and enlargement 
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of the intestine were observed. 

In the rabbits, in addition to the above described findings, the retention of the gastric 

contents was particularly prominent, indicating this retention might be due to passage 

disturbance at the remote site from the stomach. 

4) Studies of activities of the digestive enzymes 

The acidities and the activities of lab-ferment (PAUL-COHNHEIM's method), pepsin 

(Eo日TINmethod), trypsin (GROSS, FuLD & MrcHAELis' method), amylase (WOHLGEMUTH’s 
method) and lipase (CHERRY-CRANDALL'S method) were studied・ with the gastric juice and 

the pancreatic juice obtained from the patients of the adhes~on disease. 

Generally the acidity of gastric juice tended to be lowet or achylic, and the activities 

of these enzymes were found to be partially inhibited. However, in the pancreatic juice 

obtained by the ether induction the enzyme a'ctivities remained normal. 

5) Studies on the number of bacteria and hydrogen ion concentration of the inte-

stinal contents. 

The intestine of the experimental animals in fasted condition was ligated so that the 

intestine was devided into five equal segments and the intestinal contents of each segments 

were removed aseptically and diluted 20× 104 times. 0.5 ml. of these dilutions was 
inoculated on the Endo’S media, blood agar media, liver media, ZEISSLER's media and 

cultivation of aerobic and anaerobic bacteria was attempted by incubating at 37°C for 

24-48 hrs. In contrast to the normal intestinal contents, in which only a small number 

of bacteria were demonstrated, numerous Gram-positive cocci and Gram-negative rods 

were shown to be present in the surgically treated intestine (Fig. 8). 
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The pH of the normal intestinal contents inclined to nutral at the lower portion of 

the intestine both in normal and pathological cases. However only in the blind loop 
group it always remained alkaline. 

6) Analysis of the intestinal gases. 

The rヒsultsof the analysis of the intestinal gases obtained from the adhesi＇で or



DIGEST］（＞！＼’ λぷ［） λBうURPT!(J>JIN L、Hh'.()'.¥!C INTEST！メ孔L<>B:-ilf..'.I’CT!O¥' 485 

Table. 2 

L：υMl'USITION OF INTESTINAL GAS 

' NUMBER I HzS co~ν！POSITION OFじλ片＜VOL%) 
1 OF ・ 
ぐ：＼SE ぐ（）， 02 Hz （、！－！， ？判、

MIDDLE 

I , ,, ：：パI＂~~：：·， 
0.04 0.1 80.07 

INTESTINE ! (21.2-1 (0.1-0) ( 0.2-0 I ピ88.65-74.0I 

LO¥ベ／ER 11 11..+9 !.67 0.19 0.12 79AI 
INTESTINE 121.6 1. 19.4-0.54) <0.6-0) I 0.5-Q) ! 88.56-715) 

cB::OM 1 
ASCENDING 6 同 I 3.12 3.12 0.11 0.55 75.01 
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TRANSVERSE 
7 
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4 
(19.0-13刷 I3.4-1.5 J I 1.3 1.1) (0.2-0) (0.2ー0.00)i (81.1-74.0J 

chronic obstruction但 sesby Haldane's method are summarized in Table (2). 

It was shown that volume of H2S gas was increased in every parts the intestinal 

tract in the cases of peritoneal adhesion. 

7) Histo-pathological studies 

From the clinical and experimental回seshisto-pathological preparations of the intestine 

and the liver from the experimental animals were made for microscopical examinations. 

The microscopical examination of the hypertrophied and dilated intestine showed partial 

detachments and destructions of the epithelial cells of the mucous membrane, poor staina-

bility and in the extreme cases necrotic or destructive figure of the epithelia were observed 

(Fig. 9). In some instances direct exposure of the blood vessel to the intestinal lumen 

9 

was seen. The increase of connective 

tissue between muscular layers was 

also noted. 

The vessel walls also underwent 

partial degeneration as evidenced by 

the enlargement of endothelial cells, 

swelling and loosening of vascular 

walls, congestion of vessels and peri-

vascular edema. 

Swelling, loosening and laceration 

of the elastic fibers were observed in 

some area (Fig. 10). 

In all layers of the intestinal wall, cellular infiltration was observed especially in the 

submucous coat (Fig. 11). 

These findings were most prominent at the hypertrophied dilated segments but also 

observed at the segments where no apparent hypertrophies were noted. 

In the liver, necrosis and vacuolar degeneration of the hepatic ceels, proliferations of 

the GusoN's sheath and pseudolobular formation were observed which might account for 
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Fig. 10 Fig. 11 

the disturbed hepatic function often seen in clinical cases. 

DISCUSSION 

Clinically nutritional disorder of chronic intestinal obstruction due to malignant tumors 

has been vigorously studied in order to make the postoperative course of the patient 

smooth and satisfactorv. 

However little attention has been directed to the patients with abdominal adhesion 

and no thorough and precise studies on the pathogenesis of such disease appeared to be 

made. 

In this study the author examined the digestive and absorptive capacities of the 

adhesive intestine by ratio method and isotope tracer method and established that conside-

rable deεree of disturbance in the absorption capacity of iョtand protein was found to be 

present both in human cases and in experimental animals. 

It appears that nutritional disorder occuring in peritoneal adhesion derived not from 

the di只turbanceof digestive capacity but from absorptive capacity of the intestine is caused 

by hypertrophy and dilation. In these intestinal segments, degenerative and inflammatory 

reactions were always demonstrated and appeared to be responsible for such disturbance. 

It should be emphasized that disturbance of the absorptive capacity is not restricted to the 

site of hypertrophic dilation but neighboring area where macroscopically normal but 

functionally affected. The author believes this is quite important in analysing clinical 

cases. The impairment of transport at the remote site from the adhered～part implies the 

involvement of some inhibitary factors other than simple mechanical effect. The bacterial 

fermentation and autolysis of the intestinal contents also contribute to the accumulation 

of 伊seswhich certainly affects the normal intestinal functions and consequently other 

vital function of the liver and other organs. As Starzl et al stated, the inhibited absorption 

of vitamin B1" from the intestinal tract due to bacterial toxin may be causing anemia in 
clinical case. 

SU恥1MARY

Studies on the digestive and absorptive capacity both in the clinical and experimental 

cases of the chronic intestinal obstruction disclosed that the disturbance of absorptive 
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capacity of protein and fat was involved. 

This disturbance of nutritional absorption was attributed to poor passage of intestinal 

contents, consequent degenerative and inflammatory changes and poor blood circulation in 

the intestinal wall. 

On the other hand, lowered activities of digestive enzymes, abnormal proliferations 

of intestinal bacteria, accumlation of toxic metabolites were also presumed to be contribu-

ting to the development of the disturbance of hei=atic functions in these patients. 

REFEBENCE 

1) Christensen, H. N. and 日lrnaclun<111,E. : J. Clin. Invest., 28, 319, 1949. 

2) Stank>. M.乱fand Th;11rn11law,er, S. J. : J. Lab. Clin. Med., 34, 1634, 1949. 

3) Wiseman, G. : J. ！＇川、i<>I.,120, 63, 1953. 
4) Lavik, P.日， MJtthew>, L. W Buckaloo, G. ¥¥/., Lamm, F. J.，吋p-:ct什rS. and Friedell, H.L. : Pedia-

tries, 10, 667, 1952. 

5) Ellisn, E. H ：λ111. J. Digest. Dis., 2, 669, 1957. 

6) Shingleton, W. W., Wells, M. H., I:川！in,G. J.. Rario, J. M. and Sand引hλ ：Surg., 38, 131, 1955. 
7) 政りlis,G. J.. Sanders, A. P. bl句。 J.K., Shingleton, W.W., Hvrm11'. J. C., Johnston, D. H. and 
Ruffin, J.M .. Proc.日｛凡 Exp.Biol. Med., 89, 51, 1955. 

8) Reemersma, K., Malm, .I. R. and Barker, H目 G.: Surg., 42, 22, 1957. 
9) Texter, E.ぐ：主m.J. Dig. Dis., 2, 615. 1957. 

10) YrH1rn;111', W. B. : Am. J. Physiol., 23, 424, 1938. 

11) Kishi, Y. : Tokushima J. Exp. Med., 5, 275, 1958. 

12) Cameron, D. G., ¥¥';it叫川， G M. and Witt、， L J. : Blood, 4, 803, 1949. 

13! G「，，ff,U. : Bruns. Beitr. z Klin. Chir., 186, 51, 1953. 

14) Henshen, C. : Helvetica Medica Acta., 3, 507, 1936. 

15) Pearse, H. E. : ちurgGy 口紅 & Obet., 59, 27コ6.1934. 
16) Naish, J. and Capper, W M. : Lancet, 265, 597, 1953. 

17) Krikler, D. M. and Schrire, V. : Lancet, 1, 510, 1958. 

18) Halsted, J. A., Levis, P.M. and Gasster, M. ：λJ. i¥1。20,l'.C, 1952. 

191 Starzl, T. E., Butz, G. W. and Hartman, C.ド：ぬIf日， 50,849, 1961. 

20) Seyderhelm, R., Lehmann, W. und W凶 els,P. : Krht. Fm,cl1ung, 4, 263, 1927. 

21) Watson, G. M. and Witts, C. J. : Brit. M. J., l, 13, 1952. 

22) Toon, R. W. and ¥¥/anger】steen,0. H. : Pr<>c. Soc. Exp. Biol. & Med., 75, 762, 1950. 

23) Gardner, F. H. : Am . .I. Digest. Di> .. 2, 175, 1957. 



488 日本外科宝函第32巻第4号

和文抄録

腹膜癒着に基因する慢性イレウスの際における

消化吸収機能の検討

徳島大学医学部国北外科学教室 （主任 回北周平教授）

西 島 早 見

腹膜癒着による慢性イレウス例および、実験的に慢性 特に粘膜層の剣凝，脱洛p 炎症性変化p 血管室主の病変

イレウスを作成（多発性癒着形成群p 多列性癒着群， やうつ血などに基づく吸収障害に起因するものと考え

盲褒形成群，短路I吻合群）した!IYJ物について，酸化グ られる． ま t~ ， 慢性イレウスの際には腸内＇i.~J｝停滞に

ロ｛ム法およびアイソトープ法を中心にして消化吸収 よる細菌数の増加が著しし凶の変化F 腐敗酸酵に基

機能を検討した結果p 合水炭素の消化放収能は正常例 づく不良中間代謝産物の産生p さらにこれらに関係し

とほぼ同様であったがp 蛋白質や脂肪の消化吸収機能 て肝障害が発生するのて，消化管よ りの蛋白物質およ

は隣害されていることが証明された．これは主として び脂肪の吸収障害はますます助長されるものと考えら

腸内容輸送能の障害，通過遅延にともなう腸llJ'病変， れる．


