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Recently, the major surgical operations such as gastrointestinal operation have 
undertaken with comparative ease, owing to the latest progress of the surgical 

technique and of anesthesia, and to the discovery of the various kinds of antibiotics. 
However, the surgical operation, usually, gives not a little disturbance to the vital 

body, and the treatments before and after operation －一一theproblem of the nutr-
ition after operation in particular - have much influences upon the convalescence 
of the patient after the surgical operation, and then this problem has been attracting 
notice and investigated by numerous authors in this decade, and especially the 

early feeding through a mouth has been emphasized to be one of the most impor-

tant treatments following surgical operation. 

AsAN01> reported the interrelation between the gastrointestinal movements and 
absorption after gastrointestinal operation, using isotope P32, i. e. the absorption of 
P3" is absent when the gastrointestinal movements stop and the absorption is 
significant when the movements are vigorous, and then there is the correlation 
between the gastrointestinal movements and absorption. Later on, ¥;yアATANABE2l
reported likewise the interesting facts by the study on the same problem, using 

isotope Na24. It has been recognized that P and ::¥a are the inorganic substances 
which play the important part for metabolisms, but it seems to be more important 
and interesting to investigate the absorption of protein following gastrointεstinal 

surgery and to study the relation with the gastrointestinal movements. 

The absorption of protein has been investigated in various wa~·日 for the long 

time, but it was determined only b~’ the measurement of the nonprotein nitrogen, 
3）川’ thevolume of protein in blood, Jη・ the protein that remains in the intestinal 

canal when the definite time has elapsed after the ingestion of the protein mate-

rials, or by the biochemical analysis of faeces.州 Theexamination of the digestion 

and absorption with faeces is the method to calculate the rate of digestion and 

absorption by the measurement of the elements that are not absorbed and appear 

in the faeces. This method is still universally employed toda~·， but many doubts 
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have remained, because the components of faeces themselves are not yet fully 

understood. HosAKA reported that the components of faeces are not only the 

remnants of foods that are neither digested nor absorbed, but it contains a large 

quantit~γ of the excrements from the intc:-;tinal canal. Therefore, the determination 

of the digestion rate from such faecal material can not be considered to be correct. 

5> DENT and ScHILLING'i noticed the fact that the intestinal emzymes are able to 

break protein down into amino-acid, and the level of amino-acid in blood rises 

follo¥¥"ing the intake of a protein meal. The>・ applied the technique of the paper 

partition chromatography for the analysis of the blood samples, which were with-

dra＇＇’11 from the portal and jugular ¥'Ci n periodically, using the London canula to 

stud>' the absorption of casein, human serum and doμ: serum I・ollowinggastrectomy. 

As the application of isotopes has been recently popularized, BAYLIN, SANDER, 

lsLY and SHINGLEToN8' have made clear the function of the absorption of healthy 

men and dogs by means of measurement of the iodoradiations in the venous blood, 

using the radioactive iodohumansernm albumin. SHARP, LAssEN, SHANKMAN, GEBHART 

and HAZLET9i have made reserches of the absorption of protein in man, using a 

yeast protein tagged N15. While, there are very few of the periodical observation 

of the absorption of the protein following the gastrointestinal surger~·. and, more-

O¥'er, the absorption of protein after surgery b.¥・ the application of isotope一一一in
particular, the relation between gastrointestinal movement and absorption・一一has

not been iiwestigated at all. Former!.¥・, Ko1w A110> and TANAKA11' studied the gastr-

ointestinal movement in detail, using abdominal window. Recently, Asano and 

Watanabe used this abdominal window, based upon TANAKA’s method studied the 
gastrointestinal movement and absorption. On the other hand, many kinds of 

pigmental markers have been used for the stud.＼’ of the ph.＼下iologyof the gastro-

intestinal tract. The absorption from the stomach in men and dogs have been 

studied in this way by HoLz and ScHREIBER1~ ） ； FREUND and STEINHART;13> REYNELL 

and SPRAY.14' GoooMAN, LEWIS, ScHUCK and GREENFIELo15' have used the evans blue 

to observe the intestinal transit in animals. REYNELL and SPRAY used phenol red 

to observe the absorption and transit simultaneousl:i’in the gastrointestinal tract 

of rats. AsANO and WATANABE used methvlene blue for the measur明nentof the 

intestinal transit after the gastrointestinal sur』~cry hinted from this idea. 

In this study, the radioactive iodocasein was synthesized by labeling the radi-

oactive iodine to casein and studied the influences of anesthesia and surgical oper-

ation upon the absorption, ¥vith special reference to the correlation between gastr-

ointestinal movement and absorption. 

l¥IETHOD 

Material : :.¥fongrel dogs were u刈clwhich wcighccl approximately 10 kg. Food 

was withheld from the morning of the da~· befm・euntil the end of each experiment. 

Radioactive iodocasein was synthesized by modil¥ing the l'.GAMI and foARASHI’s 

method16> for the test meal of this experiment. The method of synthesis is omitted 

in this paper because it was previous!:: reported in detail. 11> 100 pc of radioacti"e 
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iodocasein was used in each case. 
Method of Ingestion : 100 pc of radioactive iodocasein in the tepid distilled 

water was given to the dogs b.¥・ stomach tube. For the study to observe the 

absorption of duodenal canal, the upper median incision was applied and the duod-
enal incision was made by the length of about 5 mm, and rubber tube inserted 

through which the test meal was ingested. WITZEL’s nutritional enterostomy was 
added to investigate the absorption in the distal parts from the entero-entero-
anastomosis following gastrointestinal surgery. 

Laparotomy : Ether anesthesia b.¥・ Ombredanne’s apparatus was used in most 
cases, but occasionall~’ the local anesthesia with 0.5% novocain solutぬn was also 
used. Laparotomy was carried out IJ.＼’the upper median incision, and the gastrec-
tomy, gastrojejunostom.¥・ and WITZEL’s enterostomy were performed. 
Observation of the intestinal movement :18J Abdominal window was applied 

according to the technique which was deviced by TANAKA formerly. But, this 

procedure was employed only in a few cases, because the result of such experiment 

has been described in detail by TANAKA and Ko1wAI. As a marker phenol red was 
used, which was proved to be hardl.¥' absorbed. And the distribution of the marker 
along the gastrointestinal tract can be utilized to evaluate the intestinal transit. 1-7 
times/min. of the gastrointestinal movements were expressed as ( +); 8・12times/ 

min., as （什）; and more than 13 times/min., as （耐）．

Blood sample: 1 cc of venous blood was withdrawn at 5, 10, 15, 30 min ancl 

1, 1.30, 2, 2.30, 3, 3.30, 4, 5, 6, 8, 10, 12, 15, 18, 21, 24 hours following the test 
meal for analysis of blood radioisotope content. The radioisotope content was 

calculated in a GEIGER-MULLER tube. The total blood volume was assumed to be 
7.7% of body weight. Using the measured radioactivity of the 1 cc. sample and 
the calculated total blood volume, the total radioactive !131 blood level was determ・

ined and expressed as a percentage of the ingested material. The detector was 

positioned 2 cm. above from the surface of the sample container. All samples were 
counted for sufficient time to give statistical accuracy to the data. 

RESULTS OF THE EXPERIMENT 

1. Preliminary experiment 

To study the absorption after gastrointestinal surgery using the radioactive 
iodocasein, it is necessary to investigate the area where the absorption takes place 

and the speed of absorption under normal condition. Moreover, it is much important 

to investigate the appearance of absorption in each area of digestive tract under 
the in日uencesof ferment hinderer or anesthetics. The following experiments were 

carried out to observe the absorption in each area under various conditions. 

A. Absorption under normal condition of an empty stomach 

a) Absorption from the gastrointestinal canal 

In order to obtain the standard values of the radioisotope content in blood 

after the ingestion of a test meal of radioactive iodocasein, the experiments were 

carried out on. healthy dogs. Ten dogs were used for this test. 
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For the inwstii.ration of the aiJso 
the most ph:-・siological condition, it i日 l1ccrlless to say that the test meal should b e 
given through mouth of the experimental animals, but it is di伍cult,as a matter 

of fact, to make them eat the proper quantit_,. of test meal at an:i’time desired. 

Then, to perform the aclministration of test meal as ph>・siological as possible, and 

to diminish the technical error as possil>ie, 100 11c of the radioactive iodocasein in 

50 cc of water was ingested 川 thestomach tube. Each experiments were contin-

ued throughout the 24 hour-period. The average blood radioisotope level and the 

Fig-. I Absorption of Jl31-casein from the gastrointestinal canal. 
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Average normal curve with standard deviation at points indicated. After about 3 hours, 
the radioisotope blood level reached to the maximal point. 

standard deviation for each point of observation are shown in Fig. 1. The blood 

radioisotope content appeared in the blood sample with 5 minutes after ingestion 

of the test meal, but its quantity was ven’ small. After 30 minutes, the radioiso-

tope content increased to the level above 2.5% and then the curve began to rise 

pronptly from this point. After about 3 hours. the level reached to the maximal 

point, and then decreased graduall：－’ up to 24 hou1・safter ingestion. 

b) The influence of the monoiodoacetic acid on the absorption of the iodocasein 

from the gastrointestinal canal and the gastrointestinal movements. 

Monoiodoacetic acid191 belonging to the alkylating agents in the thiol or sulfh-

yd1下lreagents is recognized generally to check the protein absorption b>・ the chem-

ical reaction to the so-called “自xerlSH-groups" within the protein and enzymes. 

This experiment ＼＼’as undertaken in order to evaluate the effect of monoiodoacetic 

acid on digestion and absorption of the radioactiγ仁 ioclocasein.
I一l

0.01 mol of monoio〔loaccticaid wa日 in問メlcrlIJ≫ the stomach tube. In three cases 

the resin window ＇γas arranged on the abdominal wall four clays before this 
experiment and the intestinal movement日＼＼＇ereり！＞servedthrough the window. The 

results were shυwed in Fig. 2. Frnm this data, the I℃duction and the delay in 

height of the blood radioisotope levels following i11g-c日lionwa日 confirmed. l¥ amely’ 
the absorr】tionafter’6 hour、．〕erio〔lis about 6% and the maximum of averag e 

cunT is below 8 y;; in 日pite川 thevig・orus peristaltic 111川℃111cnts. When 0.01 mol 
of the monoiodoacetic acid was administered simulta11c川isl≫ with the test meal, 

・－』必
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the absorption was redt1ced to approximatelγ50%, compared with the normal 

control. The gastrointestinal movements were observed in detail in one case as 

follows: 

Fig-. 2 The influence of the monoiodoacetic acid on the absorption of the iodocasein 
from the gastrointestinal cannal, and the gastroint巴stinalmovements. Average 
curve of control is broken line at points indicated. 
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Dog No. 16 

Hours after test meal Gastrointestinal movements (fr巴quencyper min.) 
5 min. Gentle peristaltic waγe of the intestine 4 
30 min. Intestinal peristalsis 5 
1 hour Gastric peristalsis 3 

Intestinal peristalsis 12 
2-3 hours Intestinal peristalsis 8 
4 hours 
5 hours 
6-8 hours 

// // 9-10 
// // 6 

// 14-16 
3・4

10 hours 
12-15 hours 
18-24 hours 

Rhythmic segmentation 
Stomach was out of sight through the window. 
Intestinal peristalsis 
// // 

10 
12-14 
9-10 // // 

Segmentation was not r巴cognized.

B. The experiment on the absorption from the different part of the 

gastrointestine、

a) Absorption from the stomach 

i) Absorption of the radioactive iodocasein: 

In order to evaluate the absorption from stomach, the p~·lorus was closed with 

PETZ’s clamp through upper median incision under local anesthesia of 0.5% novocain 
solution, and the communication between the stomach and duodenum was shut out 

completely. Then, the test meal was ingested directly into the stomach through 

tube. As shown in Fig. 3, the absorption from the stomach was ve1・ylittle during 

the 24 hour~test period. The radioisotope blood level was not over 1 % on the 

average. Five dogs were used, but two of them vomittecl one part of the test 

meal 2 hours after ingestion. 
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Fig. 3 Absorption of the radioactive iodocasein from the stomach 
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ii) Absorption of the carrier-free iodine131 and casein: 

The radioactive iodocasein wa日 not absorbed from the stomach as described 

above. This experiment was undertaken to observe whether or not the radioactive 

iodocasein is decomposed to carrier-free iodine131 and casein b~· the hydrolysis in 

the stomach, from the viewpoint of the absorption. Namely, the mixed solution of 

100 11C of !131 and 3 g of casein in distilled water was ingested into the stomach 

which was shut out operatively from the duodenum at the 11yloric portior・

Fig・. 4 Absorption of the carrier-free rm and casein from the stomach 
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The radioisotope blood level at 1 hour and 30 min. after ingestion 

as shown in Fig. 4. The absorption of the mixed solution was excellent, 

with that of radioactive ioclocasein alone from the 日tomach and the 

between both absorption was apparently recognized. 

I>) 1) Absorption from the duodenum 

was 3.4財
compared 

di百erenee 

In order to evaluate the absorption from the intc日tinal canal, the test meal 
was ingested into duodenum directly. The small upper median incision was perfo・ 

rmecl under local anesthesia of 1 % novocain solution and the small incision of 

about 5 mm. was made at 2 cm. lower part from bulbus duodeni. Through this 

wound the test meal was ingested directly・ into the duodenum by tube and the 
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wound was closed by routine procedure. While, the radioactive iodocasein is not 

dissolved completely in distilled water, such surgical procedure was forced to assure 

the ingestion. As shown in Fig. 5,. the blood radioisotope levels at 30 min. after 

test meal is 7% and the average curve reises more rapidly than normal controls. 

When the test meal was ingested directly into duodenum like this, the maximal 
point of radioisotope level appeared in the blood within two to four hours. Namely, 

the intestinal absorption is better and more rapid in spite of the in自uenceof the 
surgical poocedure for ingestion. 

Absorption from the duodenum. 
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Fig. 5 
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The influence of the monoiodoacetic acid on the absorption from the 

duodenum and the gastrointestinal movements. 
The test meal involved 0.01 mol of monoiodoacetic acid was ingested into the 
duodenal canal by the same method as described above. 

The average curve during one hour-period is better than normal control, but 
after 2 hours the significant diminution in radioisotope blood levels was recognized. 
However, the absorption is better, compared with the absorption from gastrointes-

tinal canal following the test meal involved 0.01 mol of the monoiodoacetic acid. 

2) 

Fig. 6 The influence of the monoiodoacetic acid on the absorption from the 
duodenum and the gastrointestinal movements. Average curve o! control is 
broken line at points indicated. 
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Two of the six cases were arranged with the I℃sin abdominal window four days 

before this experiment, and the vig・orous intestinal movements were seen during 

the test period. Namely, after the ingestion of the test meal the intestinal move-

ments increased itぉ frequenc~＇ and tonus ancl the peristaltic movements became 

stronger, compared with those before ingestion. 

C. The influence of the monoiocloacetic acid upon the gastrointestinal 
1UOVC111Cll t只

The experiment as described above was performed to stud ~· the influence of 

the monoiodoacetic acid on the abrorption, and moreover, this experiment was 

undertaken to ohscn・e the influence of the monoiodoacetic acid on the gastrointest-

ianl movement in particular. 

The clogs ・were arranged with the resin abdominal window four da~’s before 

the experiment. 0.01 rnol of the rnonoiodoacetic acid was used. Three points of 

the intestine under the abdominal window ＇＇℃re determined as the standard conv-

enientlγ，ancl the intestinal moγcrncnts were ol刈 n・cdat these standard points. 
The 【logs¥I℃1・ckilled immediately after the experiments and these points (A, B 

and ( ') were measured from the TREITZ’s ligament. The intestinal movements 
were observed in case No. 75, and the results were as follows: 

Dog No. 75，♀， weight 9 kg. 
40 cc. of 0.01 mol solution of the 

the mouth. 
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ingested through was monoiodoacetic acid 

Intestinal movements at A. B and C point 
(frequency per min.) 

Gentle peristalsis A, 8; B, 9; C, 8 
// A, 16; B, 13 

Gentlc peristalsis A, 16 
// A, 10 

A, 10; The intestinal canal, redden; The tonus became strong. 
B, Peristalsis of the gentle tonus, 7 
A, 7; Rythmic segmentation became strong. 
A, Peristalsis, 12; B, 11; The movements were both peristalsis 
and rythmic segmentation. Point A was out of the sight 
gradually and point B appeared in view. 
The smooth peristalsis, A, 9; B, 11. 
A, B, 9-10 
A, 10; B, 11 
A, B, 10 

B, 11 

Gentle peristalsis, A, 5; B, 8; C, 9 
A, Out of the sight; B, Peristalsis and ryth.mic segmentation, 
10; C, Rythmic segmentaion, 10 
Gentle peristalsis, B, 10; C, 9 
B, Gentle irregular peristalsis, 9 

Time of the observation 

1 hour before ing巴stion
3(/ // // 

Just before ingestion 
51 after ingestion 
lぴ F

// 

// 

M
M

M

ゲ

F
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H

M
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15' 

2し’

30’ 
1.0’ 
1.30' 
2.0' 
：~.O' 

3.3(/ 

4.0' 

// 

// 

The clogs were slaughtered after six hours and the autoi)s~· was done. The 
position or point入， Band C was 60 cm., 130 cm. and 165 cm. respectively from 
the TREITZ's Ii山1mcnt.

D. The experiment on the absorption the anesthesia upon of the inliuence 

5.0' 

6.0' 
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from the different part of the gastrointestinal tract, and its movements 

The anesthesia is one of the most essential part in the surgical field. Espec-

ially, according to the recent advance of the anesthesiology, gernall anesthesia has 

been undertaken easily’in modern surgery. While the influence of the anesthesia 
upon the gastrointestinal movements was reported by Kmw AI formerl,¥', no report 

has been made on the relation between the gastrointestinal movements and the 

absorption of protein in the anesthesia. Therefore, this stud.v was undertaken to 

observe the relation between the gastrointestinal movements and absorption of 

protein. 

a) Absorption from the gastrointestinal tract under ether anesthesia, and its 

movements. 
The experimental animals were anesthesized by 0MBREDANNE’s ma日kwith ether 
after the subcutane injection of 1 cc of atropine sulfate. At time when the 

third stage of anesthesia was obtained, the test meal was ingested quick！，＼’into 

the stomach by tube. The anesthesia was continued four hours, then, both abso” 
rption and gastrointestinal movements were observed for twenty-four hours. Three 
in six dogs were put with the abdominal window four days before this experiment. 

The gastrointestinal movements were not seen entirelv during the maintenance of 

ether anesthesia. The peristaltic movements were recovered gradually in a hour 

or so after the discontinuance of anethesia. However, the recovery of the rate 

of the absorption －一一the blood radioisotope levels - was very slow and the 
complete recovery was seen about ten hours after the discontinuance of the anes・
thesia, i. e. the rate of the absorption became excellent by degrees, in parallel 
with the recovery of intestinal movements. 

Intestinal movements were observed in case No. 10, No. 11, as follows: 

Hours after test meal 
4. 0’ 

4.101 

4.181 

4.22’ 

Gastrointestinal movements 
Tonus of the stomach and intestine were not observed. 
Gastrointestinal movements not yet recovered. 
The gastric movement did not observed, but intestinal 
strain was recovering. 
Gentle peristaltic waves of the intestine were observed 
in No. JI. 
No. 11, began to bark 
No. JO, Gentle peristalsis of the intestine was observed. 
Gastric tonus was observed. 

4.3ぴ Gastricperistalsis, No・10,4; No. 11, 5. Gentle peristaltic 
wan'S of the intestine were observed distinctly. 

5. 01 Intestinal peristalsis No. 10, 7; No. II, 6 
6.ぴ F 11 No. 10, 11; No. 11, 9-11 
8. G’ F 11 No. 10, 12; No. 11, 7 

Thereafter, the intestinal peristalsis in both No. 10 and No. 11 became vigo・

rous gradually as shown in Fig. 7. Gastric movement two hours after the disco1ト

tinuance of anesthesia could not observed, because the stomach rose upward and 

outward from the view through the abdominal window due to the increase of the 

gastric tonus. 

b) The inte~tinal absorption when the test meal ・was ingested directly into 
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Fig" 7 Absorption from the gastrointestine under ether anesthesia and the 
gastroint巴stinalmovements 
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Fig・. 8 The intestinal absorption when the test meal was ingested directly into the 
duodenal canal during the maintenance of anesthesia 
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the duodenal canal during the maintenance of anesthesia 
¥¥'hc11 the depth of the ether anc~lhesia by 0MBREDANNE’s mask entered into 

the third stage, the local incision was done and the test meal was ingested into 
the duodenal canal by the tube in the same way as described above. 
The radioisotope blood levels of this experiment ＂’as shown in Fig. 8. After 

the ingestion of the test meal, some degree of the absorption was observ吋 during
the four-hour period of anesthesia, and, after the discontinuance of anesthesia, the 
radioisotope blood level recovered gradually as similar as in the case when the test 
meal was ingested into the stomach during the anesthesia, but its level is lower 
than the normal controls. 

ABSORPTION AFTER G.ASTROJEJUNOSTOMY AND THE 
GASTROINTESTINAL MOVEMENTS 

II. 

Gastt、ojcjunostomy was performed under ether anesthesia. The stomach and 
the白rstportion of duodenum ＇＇℃re mobililized, and the latter was divided from 
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the stomach by clamps, and the duodenal stumps was closed. The jejunum was 
anastomosed to the anterior wall of the stomach. Then, BROWN’s en tero-en tero 
anastomosis was added. At the end of the operation, the abdominal window was 
arranged to observe the gastrointestinal movements under the direct vision. 
A. Absorption immediately after gastrojejunostomy, and the gastrointestinal 
movements. 

When the dog awaken from the anesthesia, 100 /.J.,C of the radioactive iodocasein 
W出 ingestedthrough stomach tube. The gastrointestinal movements were not seen 
for twenty-four hours. The absorption was little as shown in Fig. 9. The detailed 
experimental data are shown in Tabie 1. 

Fig. 9 Absorption immediately after gastrojejunostomy and the gastrointestinal-
movements 
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Table 1. The radioisotope blood level (%) immediately after the gastrojejunostomy 

49 59 

5’ 
JG' 
151 
301 

!. G’ 
J.3G’ 
2. G’ 
2.30’ 
3. 0’ 
3.3G' 
4. 01 
5. 01 
6. 01 
8. 0’ 
IO. 0’ 
12. G’ 
15. G’ 
18. (,' 

21. 0’ 
24.。，

っ’u
q
a
a品
z
n
v
勾

4
内

3
0
D
C
O
As
qru
n
v
n
y
n
U
A
U
C0

・4q
J
勺

O
n
u
co

－

－

－

－

－

－

－

－

－

－

－

－

－

－

－

－

－

－

 

0
0
0
0
0
1
0
0
1
1
0
O
I
l
l
－

1
1
2
1
 

1
4
2
2
4
3
6
7
7
7
5
6
4
5
5
4
3
4
3
3
 

－

－

－

－

－

－

－

－

－

－

－

－

－

－

－

 

n
U
ハ
U
n
u
n
u
n
u
nu
n
u
n
U
ハ
U
A
U
A
U
n
u
n
u
n
u
n
U
ハ
u
n
u
n
u
n
u
n
U

3
5
7
7
7
0
8
8
1
3
0
0
7
8
1
θ
6
’．

5
5
 

・
・
・
・
・
・

1

1

n
U
A
U
n
u
n
U
A
U
由

i
n
U
A
U

’A
噌

1

1ム
唱

1
n
u
n
U
1
A
n
u
n
u
n
u
n
U
A
U



216 日本外科宝函第28巻第1号

B. The absorption and the gastrointestinal movements 3 weeks after the 

gastrojejunostomy 

Water was given from the first operative day and milk apd liquid diet were 

given for 4 days postoperatively, and then porridge and soft meal were given, 

thereafter, and continued until the test was undertaken three weeks after the 

operation. The test meal was ingested bγthe tube and the intestinal movements 

were observed through resin abdominal window through which the peristaltic 

movements were observed signi自cantly. These results are shown in Fig. 10 and 

Table 2. 

Fig・. 10 Absorption and the intestinal movements three Weeks after the 
E・astrojejunostomy
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Average curve of control is broken line at points indicated. 

Table 2 Radioisotope blood level (%) and the gastrointestinal move men ts 3 weeks 
after the gastrojejunostomy 
Dog-i¥n. 43.♀， Weight 11.4 kg. 

Hours after test meal 

5' 
1ぴ
15’ 
3ぴ
1. (/ 
1.3ぴ
2. 01 
2.301 
3. (/ 
3.30’ 
4.ぴ
5.。，
6.ぴ
8. （，’ 
10.じ’
12. Ci 
15. G' 
18. C' 
21. G’ 
24.。，

I. J¥I. =Intestinal l¥fo,・cments 

Radioisotope blood 
level (%) 
0.7 
0.9 
0.8 
1.6 
2.3 
・1.1 
5.6 
7.9 
12.8 
14目。
12.7 
12.1 
11.8 
12.4 
10.2 
10.7 
l 0.1 
9.5 
8.7 
9.2 

Gastrointestinal movements 
(frequency /min.) 
Peristaltic wa,・e 7 
I. M. 6-8 
G. P. 3 
I. M. 7 
I. M. 7-10 
I. M. 9-11 
I. M. 14; G. P. 3 
I. M. 14 
I. M. 12-14 
I. M. 15; G. P. 5 
I. M. 12-14 r: M. 11-13 
I. M. 9; G. P. 4 
I. M. 12 
I. M. 8-10 
I. M. 10-12 
I. M. 9 
I. M. ！巨entle; 8-9 
I. M. 6 
I. M. (gentle) 7-9 

G. P. = (;aslril' peristalsis 

,¥dhcsion of the intc日tj 11心 andthe peritonitis ＇＇℃I ・c not ob，・ιn・仁clthrough the 
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resin abdominal window during the test-period. 

III. THE ABSORPTION AFTER GASTRECTOMY 

Gastrectomy of PoLYA t:n1e was performed under ether anesthesia. Three-fifths 
of the stomach was resected and the continuity was re-established by end to side 
anastomosis between the remaining part of the stomach and the jejunum. And 
BROWN’s entero・enteroanastomosis was added. 
A. Absorption immediately after gastrectomy, and the gastrointestinal 
movements. 

When the dog awaked from the anesthesia, the test meal was ingested. Intes-
tinal tonus was decreased and the movement was absoluteh・ absent. Stomach went 
Fig・. 11 Absorption immediat巴lyafter the gastrectomy and the gastrointestinal 
movements 
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Average curve of control is broken line at points indicated. 

Table 3 Radoisotope blood level (%) following gastrectomy 

Dog No. 50 56 60 
Sex & Weight ♀， 9.5 kg. ♀， 8.5 kg. 合，9.2kg. 
Time 

5’ 0.06 0.09 0.08 
10’ 0.05 0.12 0.04 
15’ 0.04 0.08 。目05
30’ 0.15 0.15 0.10 
1. 0’ 0.09 0.20 0.16 
1.30’ 0.13 0.23 0.18 
2. 0’ 0.14 0.18 0.15 
2.30’ 0.10 0.25 0.22 
3. 0’ 0.20 0.21 0.17 
3.301 0.14 0.17 0.17 
4. 0’ 0.13 0.23 0.23 
5. 0’ 0.14 0.16 0.20 
6. 0’ 0.10 0.20 0.25 
8. O' 0.10 0.20 0.19 
10. 0’ 0.10 0.17 0.17 
12. G’ 0.06 0.23 0.21 
15. G’ 0.08 0.19 0.16 
18.ぴ 0.15 0.14 
21.ぴ 0.05 0.09 0.08 
24.ぴ 0.10 0.12 0.10 

up outside from the resin window and could not observed under vision. The radio-
isotope blood levels were no more than about 0.2%. The results are shown in Fig. 
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11 and Table 3. 
B. The absorption and the gastrointestinal movements three weeks after 

the gast.rectomy 

Selecting the dog which operative course was excellent, the abdominal resin 

window was attached three weeks after the former operation. Peritoneal adhesion, 

exudation and/or any sign of the inflammation were not observed through the 

resin window. The stomach could not be observed as it was out of the sight from 

the window. Intestinal movements were vigorous. The results are shown in Fig. 

12 and Table 4. 

Fig. 12 Absorption and the intestinal movements three weeks after the gastrectomy 
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Table 4 Radioisotope blood level (%) and the intestinal movements three weeks after 
the gastrectomy 

ーノn
 

－
l
 m

2

 

／

1
 

V
M

＼

l
ノ

戸
口、
3

’

ほ

μ
H

ー‘，「

R
u

r
ι
＼

Fb
R
μ
P
O

司
－

e
p
O

吋叫

『
司
．
，

m－
F

ト

m
E町
広
ロ
U
H

e

’ω
 

い
時
台

A
T
A
A
A
A
A

ノ’E＼

aq
Z
1
 

1

・
h

に
d

ハU
T
A

l
 y－－a
 

♀
 ！、l’〆

O
J
 
f
 

－
 
ρ
、
町

1
8
8
9
6
8
5
2
6
5
8
2
6
4
4
3
6
2
6
2

K
0
1
2
4
1
4
7
5
7
5
3
5
3
1
9
1
9
a
a
 

1
1
1
1
1
1
1
1

1

1

1

 

l
 
t
 

n
u
 

凸
vl
 

M

B

 

mub
 
l
 
e
 

l

W

F

F

F

，，
F

，p

’v
’P
1

v

p

，，

p
 

o

r
d
f
u
Eυ
f
u
r
u
f
u
刊
U
付
U
川
U
川
U
パ
U
什
U
川
U
円
U
け
U
H
U
H
U
円
U
円
U

N
＆

2

1

1

3

3

・3

・
3

引

1
2
2
3
3
4
6
8
0
2
5
8
1
4

g

x

m

1

1

1

1

2

2

 

n
u

O
L
・
日
川

D
R
T
 

A, B, 12-14 
A, 11; B, 14 
B, 14 
A, B, 11-14 
A, 11 
A, 10; B, 11 
A, 9 (gemle) 
B, 11 
A, B, 9-11 
B, 9-10 
A, 8; B, 9-10 

I. M. : Intestinal Movem巴nts
Point A 1 No. 51 : 70 cm. distal from the TREITz's ligament 
・,No. 61 : 77 cm. distal // // 

Point B (No・51: 120 cm. distal from the THE11γ・.＇s ligament 
・,:¥o. 61 :130 cm. distal 11 // 

司
u

n

u

－

－

 

）

i

3

ト

2
1
L
1
0

1
2
1
1
1
1
E
l
i
－

－

 

n

5

5

1

ド

］

1

1

1

1

m

7
E
E
叫
ロ
片
底
抗
忠
弘

a叫
広
川
町

E
O
E

I

J

’

ト

’

l
h
v
h
；
；
7

－．，．，
l

Mm

b

h
町
9
口
B
一R『ロ
ロ
ロ
V
H

日
ロ
ロ

a
u
orη

V
A

守

t

’

げ
A
h
A
A
A

九
九
九
九
九
九
九
九
九
九
九
九
九
九
弘
ム

ι
M
 

．、y
a
A
 

9
d
 

－
 

氏
U

の
＆
h

，

I

：
 

，
%
 

♀
（
 
l
 
e
 
v
 
e
 

l
4
1
3
5
3
4
4
5
5
2
7
1
5
6
3
3
1
9
I
 

d
o－
－

3
6
1
4
5
5
6
4
1
β
4
$
4
2
8
＆
 

口

1
1
1
1
1
1
1
1
1
1
1
1

O
 
B
 



219 

THE EXPERIMENT ON THE ABSORPTION WHEN THE 
TEST MEAL WAS INGESTED DIRECTI.;. Y INTO THE 
SMALL INTESTINE THROUGH WITZEL’S ENTEROSTOMY 
AFTER THE GASTROINTESTINAL SURGERY AND THE 
INTESTINAL TRANSIT 

IV. 

Gastrectomy was performed in five cases and gastrojejunostomy was performed 
in six cases. ¥VITZEL’s enterostomy were performed at the distal part of about 75 
cm from the TREITZ’s ligament in all cases, from which a No. 14 catheter with 
one or two lateral opening near the end was inserted. The catheter was partly 
buried in a tunnel in the intestinal wall, and a small opening was made just 
proximal 旬 thisfor its insertion into the gut, through which the catheter was 
inserted and brought out of the abdominal wall. The test meal was ingested 
through this catheter 2 or 5 hours after the operation. The observation was cont-
inued for 4-5 hours. Phenol red was used as marker. The dog was slaughtered by 
strychinin immediately after the experiment and the distribution of phenol red in 
the intestinal tract was observed to evaluate the intestinal transit. 

Fig. 13 Absorption when the test meal was ingested directly into the small intestine 
through羽Tn官EL'Senterostomy after the gastrointestinal surgery 
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Average curve of control is broken line at points indicated. 

To summarize the results of the experiments in this section, the detail of the 
several cases are presented here. 
Dog. No. 72，♀， Weight 9 kg.; Gastrectomy, BROWN’s entero-entero anastomosis 
and WnzEL's enterostom.v were performed as above mentioned. 

Test meal with a marker was ingested three hours afterwards. 
Hours after test meal Radioisotope blood level (%) 
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λutops.＼·自ndi~1gs: Phenol red ＂’as clistri!Jutecl so extcnsi¥'el.¥-along the intest-
inal wall to reach the point of about 34 cm distal from the enterostomized port-

ion, which was 10 cm bellow the BRowN's entero・enteroanastomosis. 

Do.~. No. 54，♀，＼＼＇eight 8.8 kg.; Test meal ¥¥'ith a marker was ingested five hours after 
the gastrectomy and the ¥¥' n官EL1senternstomy. 
Hours after test meal 

5' 
IG’ 
15’ 
3ぴ
I.。，
1.30’ 
2. 0’ 
2.30’ 
3ぴ
3.30’ 
4.。，

Radioisotope blood le、・el(%) 
0.42 
0.31 
1.31 
1.87 
o. 5 
1.46 
2.32 
2.58 
2.25 
3. 0 
2.71 

Auto1〕町自ndings;The phenol red in the intestine was distributed until 42 cm 

below the enterostomized portion. The barking and bodily movement were energ-

etic, and the respiration of the abdominal type was recognized apparently. 

Radioactive blood levels of the five cases in which gastrectomy and WrTZEL's 

enterostomy were performed n’ere not over 3% during four hour-period. 

Dog. No. 70，♀，＼＼＇eight 10.2 kg. 
No, 69, 0, ¥Veight 8.2 kg. 

Gastrojejunostomy, BROWN’s entero・enteroanastomosis and WITZEL’s en terostomy 
were performed. Test meal with a marker was ingested one hour afterwards. 

Hours after test meal 

5’ 
1ぴ

15’ 
30’ 
I. 0 
1.301 
2. O' 
2.30’ 
3.ぴ
3.3ぴ
4.ぴ

Radioisotope blood level 
t¥o. 69 No. 70 
0.38 0.71 
0.45 0.73 
0.87 0.80 
1.09 1.93 
1.33 I. 73 
1.92 2.21 
2. 4 2.23 
2.29 2.60 
2.69 3. 2 
3.08 1.52 
3.14 1.97 

Autopsy findings: The distance of the distribution of the phenol red bellow 

the enteromized point in the intcぉtineafter four hours was 34 cm. and 47 cm. 
respective!,¥・ in the dog No. 69 and No. 70. 

Dog. Xり・ 63, ♀． Weight 8.7 kg. 

Test meal was ingested two hours and a half after the ga日trojejunostomy
and the WITZEL’s en terostorn v. 
The dog No. 63 was attached with the resin abdominal window through which 

weak pe1匂talticwa¥'c was observed 3-4 times per minutes after one hour・and

forty－白veminutes from the ingestion, but such movement continued for only about 
four minutes. 



Hours after test meal 

5’ 
IO’ 
15’ 
30’ 
I. 0’ 
1.30' 
2. O' 
2.301 
3. 0’ 
3.30’ 
4. 0’ 

Radioisotope blood level (%) 
0.18 
0.33 
0.45 
0.55 
1.17 
1.78 
2.25 
1.63 
1.91 
3.24 
2.59 

DISCUSSION 
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The problemof absorption in the gastrointestinal tract has been already disc-
ussed by many authors, however, few report has appeared to date concernig the 
studies of protein absorption evaluated successively. BAYLIN, SHINGLETON, and others 

s> studied the mode of absorption on the healthy men and dogs for six hours succ-

essively, using the radioactive iodohumanserum albumin. According to their data, 

the radiosotope blood level was maximum at 2 hours after the ingestion of the 

test meal. Using radioactive iodocasein in normal condition of dogs, the radioiso-
tope blood level reached maximum 3 hours after the ingestion as described above. 

These data were nearly the same with those of SHINGLETON. The periodic di首erence

on the curve between these two, in spite of the results from the similar rrethod, 

would be the di百erecebetween the test meals used. 
On the absorption from the stomach, AsANo1' reported that the absorption of 
P32 was very slight, however, HEVESY20> and ¥VATANABE2' described that Na"4 was 

absorbed in large quantities. As to the absorption of protein from stomach, SHIN-

GLETON and others reported that the absorption of radioactive iodohumanserum alb-

umin was absolutely absent during the observation of several hours. In our test, 

the absorption of radioactive iodocasein was also few during 24 hours. 
It has been proved that iodine is absorbed from the stomach as well as alcohol 
and natrium, even though its quantity is not so much as compared to the latter. 

When the mixed solution of the carrier-free iodine and the casein was ingested 
into the stomach which was occluded at the pyloric portion, the radioisotope blood 

level was 3.3拓 afterone and a half hours. This value was relatively high, com-

pared with the fact that the absorption of radioactive iodocasein alone from the 
stomach was below 0.5%. There are certain di町erencebetween the ah-;orption of 

radioactive iodocasein and that of the mixture of the radioactive iodine and the 

casein. Therefore, it is considered that the radioactive iodocasein is not hydrolized 
easily to the carrier-free iodine and casein in the stomach, and that the 1131 in the 

radioactive iodine labeled casein is attached to the molecule of casein not so loosely, 
but closely with some of the amino-acids in casein. In accordance with the studies 

of lVluTZENBECHER,21) it is proved that the added iodine acts upon tyrosine in casein, 

converting it to diiodo-L-tHosine. Thereafter, REINKE and TuRNER22＞ 日tudiedon 

the same subject in detail. Furthermore, in 1949, the study’of the radioactive 

iodocasein and diiodo131-L-tyrosine was carried out b:" HAMILTON,23> LEMMON, KENN-
ETH and ScoTT.24> It is considered that, when the radioactive iodocasein is ingested 
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into the gastrointestinal tract, it is decomposed into the amino-acids and the radio-

active iodine is absorbed as the form of radioactive cliioclo・L-t~-rosine.

It has been generally known that the protein is broken clown into amino-acids 

b：γthe action of digestiγe c11z:-mes in duodenum and then absorbed. When the 
test meal was ingested directly into the duodenum ＇γhich was exposed h>, laparoto・
my under local ancメlhesia,the radioisotope ¥Jloocl lc¥・el rose quicklγ；i. e., its level 

reached maximum at 2 hours after ingestion of the test meal, about one hour 

faster than normal control. It is easily understood from the marked di庁erenee 

between the absor・ptionfrom the stomach, duodenum and small intestine that the 

transportation of the gastrointestinal c:ontrnts, or in othEr wm<lヘthegastrointcst-
inal movement is one of the most important factors for the absorption. 

As described above, it was demonstrated that the absorption of protein indic-

ated the distinctive curve at each region in the gastrointestinal canal, and more-

over, there are a markecl difference on the speed and the rate of the absorption 

at each region. 

The absorption of protein is influenced not only by the gastrointestinal move-

ment but also many factors such as temperature, blood circulation, hydrogen ion 

concentration, the excreation of digestive juices, enzyme activities and so on.25i26mi 

It is not :vet clearly understood that how influence these factors on the vital func-

tions of the intestinal mucosa, but it is considered that the absorption of protein 

is based on the decomposition into the amino-acids ancl the special vital functions of 

the intestinal mocosa. It wa日alsodemonstrated that the absorption of protein in 

both the normal control arnl the duodenum were disturbed ¥Jy 0.01 mol of monoio・

doacetic acid which belongs to the alk~·lating agents as the impediment agent for 

the enzymes. It will be easil.'・ understood that, not only the smooth transportation 

of gastrointestinal contents but also the action of enzymes, and moreover, some 

vital functions of the mucous membrane of the gastrointestine are indispensable for 

the absorption of nutrition lη・ reason of the fact that the absorption is disturbed 

by the agent in spite of the presence of the marked gastrointestinal movements. 

Monoiodoacetic acid was examined IJ.¥・ AsANo and WATANABE to observe the 

influences of it upon the absorption, but the in自uenceof the monoiodoacetic acid 

itself against the gastrointestinal movement was not observed. The frequency of 

the intestinal mO¥℃ment was not a任ectedh；＞・ theuse of 0.01 mol of the monoiodo-

acetic acid. The movements of upper intestinal canal were vigorous and the cont-

raction was strong at the early stage, and then the movements of the lower 

intestinal canal became vigorous after 20 minutes. This is because that the tran-

sportation of monoiocloacetic acid alone is much faster than casein υwing to ifa 

自uidity. In addition, even if the clenaturation action of the monoiodoacetic acid 
upon the intestinal mucosa would be undeniable, such influence would be not so 
serious because of the dilution by intestinal叩 Cl℃tion. 

In regard to the influence of the general aJ1csthesia IJ:-・ ether upon the ab~orp・
tion, HAMADA28' reported that the absorption of glucose w部 notinfluenceιand also, 

WATANABE reported the facts that the influence of ether anesthesia was not obse-

rved on the absorption of ~a"'. While, ASANO reported the experimental results 
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that the influence of ether anesthesia on the absorption of P32 was so manifest 
that its absorption was almost absent during anesthesia, and after the discontinu-
ance of anesthesia, its absorption recovered to the normal level quickly. When the 
radioactive iodocasein was ingested in the duodenal canal, a little absorption was 
observed during anesthesia, but, when the test meal was ingested in the stomach, 
its absorption was very little and its radioisotope blood level was below 1 %-As 
AsANO’s report, the gastrointestinal movement stops and the content of stomach is 
stagnant duing the anesthesia, and for that reason the contents was impeded the 
touch with the surface of mucosa. These are founded on the fact that the radiois-
otope blood level rises gradually’with the recoverγof movement after the suspens-
ion of ether anesthesia; i. e. the gentle irregular contraction arises after the 
suspension of ether general anesthesia and, then, the movement returns to normal 
by degrees. It would be considered that the long delay of the absorption of casein, 
in spite of the quick recovery of the intestinal movements, is not only because of 
its large molecules, but also because of these factors such as the slow recover~· of 
the secretion of the digestive juice, impeded regional circulation, the activity of 
emzymes and the physiological functions of the intestinal mucosa and so on. 
In 1934, TANAKA represented the gastrointestinal movements after the gast-
rointestinal operation. Recently, AsANO reported that P3", indicated with fuchsin 
or methylen blue, did not reached until the ileocecal region at 24 hours after 
operation. From the result observed directly through the abdominal resin window 
immediately after the operation, both peristalsis and the rythmic segmentation 
were not recognized except the pendular movement of the intestine, and the fall 
of the intestinal tonus, with the congestion of the intestinal wall, was remarkable. 
Absorption after the gastrojejunostomy or the gastrectomy (polya type) is 
very poor, when the radioactive iodocasein was used as a test meal and the 
r配overyof the gastrointestinal movement is very late as mentioned above. These 
would be easily understood from this fact that both anesthesia and the operative 
invasion give the influence on the vital functions of the subject. From this stand-
point, by the intake of protein with 24 hours after operation, it is difficult to 
ex伊ctthe good nutritional effect. 
Recently, MuLLER-ABBOTT’s double tube was applied clinically for the ingestion 
of carbohydrate and protein solution after 4-5 hours of the gastrointestinal operation. 
But, such problem should be investigated furthermore considering these experimental 
results. 

The absorption and the intestinal movement 3 weeks after the gastrointestinal 
surgery were recovered to normal almost completel:-・. 
The values of blood radioisotope content in the cases of gastrojejunostom~· 

with WITZEL’s enterostomy, through which the test meal was ingested, are somew-
hat higher, but not so much, compared with those of gastrectomy with WITZEL’s 
enterostom：－・・ Thisdi仔erencemav be owe to the grade of the operative invasion 
against the subject日 andthe lengths of time needed for operation. Absorption in 
the cases of gastrointestinal operation (gastrojejunostomy or gastrectomy) with 
WITZEL’s nutritional enterostomy is better than that of gastrointestinal operation 
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alone, in which the test meal was ingested in the stomach immediately after 

operation. 

CONCLUSION 

The absorption of protein and the gastrointestinal movement after the gastro-

intestinal surgery was investigated, using the abdominal resin window and 

radioactive iodo白 河 川， andalso the relation between them was studied. 

1) 'Vhen the test meal was ingested into the empty stomach of the healthy 

dogs, the absorption after 3 hours showed maximal radioisotope blood level. 

2) The absorption of radioactive iodocasein from the stomach was almost 

absent, but the al>sorption following the ingestion of the test meal directly into 

the duodenum was verγexcellent. 

3) The gastrointestinal movement was hard！~· influenced l乃’0.01mol solution 

of the monoiodoacetic acid, but the absorption of radioactive iodocasein was distur-

bed below 50九 comparedwith the normal control. 
4) The gastrointestinal movement was not seen during the general anesthesia 

and the radioisotope blood level was also ＇’er.¥・ low. The recovery of the absorption 
after the discontinuance of anesthesia was slower than the recovery of the intest-

inal movement. 

5) The normal gastrointestinal movement was not seen immediately after the 

gastrojejunostomy or gastrectoms’and the absorption of the radioactive iodocasein 

was little. The influence of the gastrointestinal operation upon the protein abs<ir・ 

ption was great. 

6) After 3 1γeeks from the gastrojejunostomy or gastrectomy, the gastroint-

estinal movement recovered almost to the normal condition and the radioisotope 

blood level showed almost normal curve. 

7) ＂アhenthe gastrointestinal operation with羽TITZEL’snutritional enterostomy 
was performed, the absorption was somewhat better than that of the gastrointest-
inal operation alone. 

8) There is the correlation between the gastrnintestinal movement and the 
absorption of protein. 

The main points of this stud:• was reported at 57th annual meeting of the 
Japanese Surgical Society and at the 43th and 44th annual meeting of the Japan-
ese Gastr・o-enterologicalSociety. 
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和文抄録

放射性ヨードカゼイン使用に依る胃腸手術後の胃

腸運動と蛋白吸収との関係に就いての実験的研究

順天堂大学医学部第二外科学教室 （指導 田中憲二教授）

内藤芳 徳

胃腸手術後の吸収は，術後栄養の問題と関連し，特

に手術後蛋自の吸収に就いては術後処置の中で最も重

要なもののーっとされている．

成犬を用い，放射性ヨードカゼインを使用して蛋白

吸収を追求し，併せて腹窓を着装して胃腸運動を観察

して，その吸収と胃腸運動との関係に就いて研究を行

し，次の如き実験成績を得た．

1) 正常空腹時に於ける放射性ヨードカゼインの吸

収は，胃内注入後3時間で長高値を示した．

2) 放射性ヨードカゼインの胃からの吸収は殆んど

無く， 一方十二指腸内に直接注入せる場合著明な吸収

を認めた．

3) 胃腸運動はO.otモルのそノヨード酪酸に依り殆

んど影響されない．然し放射性ヨードカゼインの吸

Ji~は， 正常に比して約50%の抑制を示した．

4) エーテル全身麻酔中胃腸運動は停止し，血中ア

イソトープ値も甚だ低い．麻酔中止時p 吸収の回復It

胃腸運動の回復より遅延を示した．

5) 胃腸吻合術或は胃切除術の直後，正常胃腸運動

は認められずp 吸収も殆んど無い．

6) 胃腸l吻合術或は胃切除術より 3週間経過後では

胃腸運動は殆んど正常に回復しp 血中アイソトープ値

も殆んど正常値を示した．

7）胃腸手術（胃腸吻合術又は胃切除術）とウィ ッツ

エルの栄養療を造設せる場合，その吸収は胃腸手術の

みの場合より幾分良好であった．

8) 胃腸運動と蛋白吸収との間にはp 相関がある事

を知った．


