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INTRODUCTION 

In 1955, IsrnoRE CoHN performed an end-to-end anastomosis on the colon of the 

dog, in which he made a 5 cm incision on the mesentery on one side of the anas-

tomosis, and then injected Achrom~·cin solution directly into the lumen of the colon 
through a thin plastic tube. The result was that the injection of Achromycin 

proved to be of great help in healing the anastomosis. He emphasized the import-

ance of administration of antibiotics, esp2cially their intraluminal administration. 

Following his example, I made the below experiments in order both to make a 

comparative stud：－’ on the results of the operation var~·ing according to the way日 of

administering antibiotics, and to examine the possibility of transplanting a completely 

devascularized segment of the bowel under administration of antibiotics. 

METHOD 

Healthy adult dogs, weighing 5.0 to 10 kg, were used. Except n’ater, no diet 

was given to them for 24 to 48 hours before operation. 

Operations were performed under aseptic conditions with 2.0 to 5.0 cc of 10% 

isomytal solution intravenously injected for anesthesia. A mid-line incision was 

used. After assuring that there was nothing abnormal in the peritoneal cavity, the 

omentum was resected as completely as possible, and as is shown in Figs. 1 and 2, 

a asegment of the colon descendens was held between two intestinal clamps, and then 
cut with a scalpel. The lumen of the bowel was cleaned, and an end－加－endone-layer 

anastomosis was performed with an人LBERT’scontinuous suture. A plastic tube (1.5 
mm in diameter) was inserted into the lumen of the colon on the healthy oral side 

of the anastomosis, so that its tip might remain adjacent to the anastomosis. The 

tube was then fixed byァ themethod of tobacco bag suture. Beginning at the anast-

omosis and proceeding 5 cm in the direction of the anus, all vessels to the colon 

were doubl；，’ clamped, diYirled, and ligated. The abdomen was then closed in three 
layers. 

For sewing materials，持4silk suture was used for the mesentery, fascia, and 
skin, and持2silk suture for the anastomosis. 
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Fig・. 1 Diagram of Operative Procedure. 
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Fig・. 2 特49.Photo taken at operation. 
End-to-end colon anastomos, with 
5 cm incision in mesentery on 
one side of anastomosis. 

The clogs were given nothing to eat or drink on the 1st postoperative da;-・. On 

the 2nd day, however, they were given water, and from the 3rd through the 5th 

day they received a liquid diet, and then, finally, normal animal food. 
An autopsy was performed on those animals w 

after death. Those which survived were sacri凸cedafter the 14th postoperative day. 

At the operation, 10% isom:.・tal solution was intravenous！γinjected for anesthesia. 

It was checked with naked cγe as to whether the wound on the abdominal wall 
had b3en suppurated, or if there was a町・thingabnormal in the peritoneal cavit:,-. 

The colon was then taken out, and cut lengthwise in order to examine the lumen. 
After that, it was fixed 10対 neutralformalin solution so as to measure the length 
of the mesentery separated. Histological examinations were also made on paraffin 

section. 
In the experiments there were used crystalline dihJ’drostreptomycin sulfate 
,,Sankyo" and crystalline penicillin G“Banyu”（abbreviated to SM and P respectiv-

cl;-・ in the following pages). 

RESULTS 

When all the vessels of the segment of the colon were divided in the operation, 

the segm巴ntcontracted and gradually changed its color to dark red, as it received 

no blood supply except through the bowel wall. The subserosal veins were seen 

enlarged and congested. 

In the present experiments, all the dogs were divided into 6 groups as is shown 

in Table l. The amount of colon contents varies according to cases, so they were 
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Table 1 ; Groups of experiments. 

1) Group 1 ; Cases gi¥'en no antibiotics. 
2) Group 2; Cases given P and SM intramuscularly. 
200,000 units of P and 1.0g of SM intramuscularly given at operation, and after operation, 
100,000 units of P and 0.5g of SM intramuscularly given every 6 hours for 7 days. 

3) Group 3; （、asesgi¥'en P and SM intraluminaly. 
200,000 units of P and 1.0g of SM, both in powder, spr斗yedin the lumen of colon at opera-
tion, and immediately after operation, 100,000 units of P and 0.5g of SM, both dissolved in 
10 cc of sterilized water, introduced into the lumen through a thin plastic tube every 6 
hours for 7 days. 

4) Group 4; Cises given P and SM白rstintraluminally and later intramuscularly. 
P and SM, at自rst,given intraluminally, but later intramuscularly due to the plastic tube 
slipping out. 

5) Group 5; Cases given P and SM intraluminally, and procaine penicillin G intramuscularly. 
Immediately after operation, 600,000 units of procaine penicillin G suspension given once 
a day, together with intraluminal P and SM. 

6) Group 6 ; Cases belonging to the above 5 groups, on which autopsy was performed 48 hours 
after operation. 

7) Group 7; Cases on which transplantation of completely devascularized and freed segment of 
colon or ileum was perform巴d.

divided into 4 classes, that is, from ‘verγlittle', through ‘a little，，‘much’，加‘ver~·

much' (shown in the following as‘士’，‘十’，‘十ド， and‘甘ド， respectivアely).
(1) Group 1 ; cases given no antibiotics (Table 2.) 

After operation, all three cases belonging to this group showed a very bad 

appetite, vomited, and were much weakened untill they died 36 加 88hours after 

the operation. The amounts of bowel contents were within the range of ‘a little' to‘ 
much', and had nothing in particular to do either with the general conditions the 

animals showed after the operation, nor with the local changes in the operated 

area. 

As mentioned above, an autops~＇ was performed as soon after their death as 

possible. No case wa日 foundwith a wound infection, but in the peritoneal cavities 

of them all there was a lot of foulsmelling, thick purulent fluid. The serora of 

the devascularized portion was tinged with dark purple, and the colon wall near 

the suture line had become jellied, with perforation observed here and there. 

In持12and持50,perforation was so large that it may better be said that the 
colon had been divided at the suture line. Needless to sa~·. fibrinous adhesion was 

observed in the loops of the日mallbowel adjoining the anastomosis, and edematous 

hyperemia in the serosal surface. The spedimen disclosed that the length of the 

incision made in the mesentcn・ was 5 cm in all cases bγactual measurement; that 

in非49and非12the whole devascularized segment, while clearly distinguishable from 
the adjoining normal bowels shfm℃d a c1ark brown color all around the bowel, 

indicati時 astate of necrosis, with its folds disappearing; and that in持50this color 
change was observed onl~· in that part of the devascularized portion near the m損ミ
tomosis日ite. These findings ma~· be said to show that the amount of blood suprMed 

to the area of devasct山rizationthro時 h intramural vessels varied accordinlf; to 
cases (Fig. 3). 

The histological findings of the devascularized segment revealed that beginning 

from the intact bowel and proceeding in the direction of the anastomotic line, cha-
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Table. 2 Group 1 ; Cases given no antibiotics. 

Operative procedure : End to-end anastomosis of colon, with 5 cm incision in mesentery on one side of anastomosis. 
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Table. 3 Group 2 ; Cases εiwn P and SM intramuscularly. 

Ope>ratin• procc<lure : F.nd-to・endanastomosis of colcn, with 5 cm incision in mesentcry on one side of anastomosis. 
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nges appeared first in the mucosa, next in the submucosa, and then in the muscular 

coat until complete necrosis spread over all layers. First, necrobiosis appeared in 

the epithelial cells of the mucosa, and cell infiltration in the propria mucosae, with 

the blood vessels enlarged. Then, the submucosa was seen edematous and congested, 

and as the edematous condition gre＼＼’ more marked and cell infiltration spread all 

over the muscular coat, necrosis came to show it叩lfin all the layers. In the 

gangrenous area, however, a large number of vessels were seen enlarged and dege-

nerated. (Fig. 4) 

(2) Group 2 ; cases given intramuscular injection of both SM and P (Table. 3) 

The cases belonging to this group received l.Og of SM and 200,000 units of P 

intramuscular！~’ when vessels were divided during the operation. After the operation, 

however, 0.5 g of SM and 100,000 units of P were injected every 6 hours for 7 

consecutive davs. 

Compared with those of group 1, the cases of this group showed neither anorexia, 

nor vomiting, with only slight disorders in general conditions for a short period. 

All three cases of group 2 survived more than 2 weeks and were then sacrificed. 
At autopsy, none of them had the abdominal wound suppurated, nor any free peri-

toneal日uid;all of them, however, had the operated portion of colon firmly adherent 

to the near-b~· loops of small bowel and the spleen. The findings of the specimen 

of the mucous surface were much the same in all cases, showing a shallow, smooth 

groove 1 to 1.5 cm in width encircling the lumen of the devascularized segment of 

the colon along the anastomotic line. In持42,a part of the segment was slightly 
stenotic, and the mucosa of i臼 neighbouringarea was edematous. No perforation 

was observed in any of the cases. The length of the incision made in the mesentery 
had become 4 to 4.5 cm by actual measurement. (Fig. 5) 

The histological findings, which were much the same in all cases, showed that 

in the above引 ientionedshallow smooth groove, mucous membrane had exfoliated to 

be replaced by ulcerous tissue developed ; and that deep in the granulation tissues 

there were found the remains of muscular fibers. In the colon wall adjoining the 

ulcerous parts, the lamina propria mucosae and the submucosa suffered a slight 
degree of cell infiltration. (Fig. 6) 

(3) Group 3; cases given both SM and P intraluminally (Table. 4) 

l.Og of SM and 200,000 units of P, both in powder, were sprayed in the lumen 

of the colon at the time of anastomosis. Following the operation, 0.5 g of SM and 

100,000 units of P, dissolved together in 10 cc of distilled water, were introduced 

into the colon through a thin plastic tube everγ6 hours for 7 consecutiYe clay日．

In 5 cases, two survived and three diα1. The t＇＇’o cases that survivied had ‘a 
little' or‘vetγlittle' contents in the colon at the time of the operation. Afterwar由，
they recovered fairl~ア well, with good appetite, and no vomiting at all. 

They were sacrificed more than 2 weeks after the operation. . Autopsy disclosed 

that in非32there were small abscesses in the abdominal wound, and a little 同llowish
serous peritoneal ftuid, while there was I川hi時川0時 with非41. In both cases 
the operater1 segment of the colon was seen to be only slightly adhered to the neig-



H
U
H
N
。
吋
切
の
斗
円
〈
問
問
司
句
切
の
斗
∞
。
司
〉

Z
‘
『
同
】
凶
円
。
吋
同
の

ω
。

z。
。
岡
、
。

Z
〉

Z
〉
∞
寸
。
足
。
巴

ω

n
 

n

l

 

m

d

 

e

c

 

g

n

 

n

e

 

∞

↑

比
－

e
 

f

一b

O

一

e

一h

au

－4
川

r

E

一

訓

昭

即

一

川

d

e

一
E

A
U

一
r

一
比

e
一

例

E

d

r

 

．，i
n

u

V

A

 

副

a

a
－

n
 

一

a

一

一

一

r

一

一

一

お

一

－

一

一

5

一
H
m

一

伴一

P
U｜
～

一

一

n

i

l

l

－

－

M
一

山

）
山
札
色
、
J

日

一

恥

一＋

M
m
陛

朴

一
M

I

F
以

旦

（

一

3

一

泊

一

回

一

）

北

m
m一
）

r
一
．
0

一＋

d
h
w一
一

冊

判
一

b

↑（
H
阿
山
一

一
（

χ
一

r一

一

凶
丁
｜

lu－
－

ー

ー
ー
比

T
I
l
l－
－
一

1
1

A
一
m

a

5

一

一

一閃

n
d
一

l
虫

一

一

一叫

d
．m
m－
F
M
M
一

一

一

一

一M

M

M
一

（

E
d
－

－

－J
a

一

一

e

h

一

一

一

b

u

d
抗

一

一

一

刻

a
〈

e
一

一

一

、

C

d

一

一

一

E

ヨ

n
一

一

一

l

o

－

－

一

n
北

i
一

一

一

山

川

向

前

川

一

＋

↑

士

一

件

｛

∞

叩

一

一

一

I

h

－

－

d

一

d

一

市
叫
、
’
ι町
一

泡

一

泡

一V
－

1
－

m
問

p
u
一
D

尚

一
D

出

一
目

凶

一

h

E

E

O

一
4
・

m
一
日
d

r
一
つ白

e
一

明
．
t
n
u
H
一
I

U

一
I

K

一
l

d

一

E

／
1
＼
一

目

一

民

一

－

Table. 4 Group 3 ; Cases εiYen P and SM intraluminally. 

Operative procedure : End-to-end anastomosis of colon, with 5 cm incision in mesentery on one side of anastomosis. 
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hbouring loops of small bowel and the spleen. 

The sp：；巴imenof the colon anastomosis showed that in 持32congestion and 

edematous swelling were appa1℃nt on ］~· to a slight degree, the former on the mucous 

surface at the anastomotic line, and the latter in the folds of mucosa. (Fig. 7) A 

case （枠41)had a smooth belt about 0.5 cm in width running along the anastomotic 
line, in the vicinity of which the mucous surface had become swollen and edematous, 

and the anmitomotic site was slightly stenotic. 

By histological examinations of持32it was found : that the mucosa of the 

devascularized area remained almost normal near the anastomosis ; that both sides 

of anastomosis were connected together with a small amount of granulation tissues, 

which were ulcerous; that fibrocytes increased and gathered around the suture, where 

cell-infiltration was dominant ; that connective tissues grew abundantly in the 

submucosa of the devascularized segment, with the deposition of hemosiderin. 

In the case of非41,the histological白ndingswere much the same, showing ulcers 

along the anastomotic line, and muscular layers interrupted here and there by the 

granulation tissues. 
As mentioned above, 3 dogs died as a result of the operation. One of them 

（特25)died 60 hours after ～the operation without recovering its appetite. Another 
（持39)regained its appetite with other general conditions improving as time passed, 
but after the 1st evacuation that occurred at the 54th hour following the operation, 

it suddenly began to vomit and rapidly became weakened, until it died at the 60th 

hour. The 3rd one （特40)was recovering favourably after the operation until the 
1st evacuation at the 72nd hour, when it began to vomit, became much weakened, 

and died at the 120th hour. 

An autopsy was performed on each as soon after death as possible. None showed 
suppuration in the abdominal I可・ound;however, there was a lot of foul-smelling, 

purulent fluid in the peritoneai cavity, and the serosal surface of the devascularized 

portion of the colon had become a dark purple color, with perforations ranging from 
the size of a red bean to the tip of the little白nger・.. a state of perforative periton-

itis; and that only a sfight degree of adhesion was observed in those loops of the 

small bowel adjoining the anastomosis. 

The findingsぱthemucous surface of the specimen disclosed that in all of the 
three cases, either the whole region of devascularization or the part near the anas-

tomosis had become dark reddish brown and necrotic, with its folds disppearing. 

The length of the incision made in the mesentery had become 4.0 to 7.0 cm by 

actual measurement. (Fig. 9) 

The histological findings reyealed that all the layers were necrotic at the anas-

tomotic・ ・line ,of the dev加 cularizedportion; that a little farther from that part, cell 

infiltration was observed on the muscular layer ; and that thrombosis occurred iri. 

enlarged veins. Each la:yァerof the bowel had been degenerated, and hemorrhage and 
congestion was ohserv€d through-out the mucoas. Hemolysis was observed, and 
veins were seen enlarged in the submucosa. (Fig. 10) 

(4) Group 4; cases given SM and P first intraluminally, and later intramuscu-
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Table. 5 Group 4 ; Cases gi、0nP and SM first intraluminally and lat0r intramuscularly. 
Op0ratiY<' proce《lure: End-to-0nd anastomosis of colon, with 5 cm incision in mesenl<'ry on one side of anastomosis. 
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Table. 6 Group 5 ; Cases given P and SM intraluminally, and procaine penicilline G suspension intramuscularly. 
Operati ,.c procedure End-to-end ana~tc mosis of colon, with 5 cm incision in mes<'nt<'ry on one side of anastomosis. 
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l,Jelt alon .. 
suture line 

9.0 

28 

27 
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larly (Table. 5) 

After operation, the dogs of this group received SM and P through a thin 
plastic tube inserted into the lumen of their colons for some hours, until the tube 
slipped out of the bowel and intraluminal administration became impossible. In 

four dogs （幹部， 非34,持37,and 特38,) however, administration of antibiotics was 
continued intramuscularly until the 150th hour, while in one dog （特31) it was 

discontinued. 

All cases died between the 78th and 260th hour. Autopsy was performed as 
soon after death as possible. It disclosed that none of them had a purulent wound 
on the abdominal wall. Except非37which had hemorrhagic purulent fluid ' in th~ 
peritoneal cavity, the rest su首位edfrorh perforative peritonitis, with foulsmelling 

pus in the peritoneal cavity. The白ndingsof the specimen of the mucous surface 
showed that a dark brown necrotic belt encircled the bowel, either over all the dev-
ascularized segment or locally along the anastomotic line. Perforation was found in 
all of the cases, and in特34and特26an almost complete separation of the anasto-

mosis was observed. 

Histologically, vessels in the muscular coat or the subserosa had become enlarged, 
and thrombosis and perivascular infiltration was noticed. In the circular muscular 
layer or s山 nuco杭 amore or less high degree of stratiform hemorrhage was ob砕｛
rved, and all layers or layers inner than the circular muscular layer were necrotic. 
In this groups, the periods of intraluminal administration of antibiotics varied 
according to cases. The tendency was that the shorter the period, i. e., the sooner 

intramuscular injection was begun, the longer they survived. 
In #31 which had a little contents in the colon, the administration of antibiotics 

was discontinued at an early stage. From histological examinations, however, the 
findings of anastomotic area in this case showed a state rather better healed, than 

in the other four cases. 

(5) Group 5; cases given both procain penicillin G suspension intramuscularly, 

and SM and P intraluminally at the same time (Table 6) 
To this group 600,000 units of procaine penicillin G suspension were intramus-

cularly injected together with intraluminal administration of SM and P. 

In one case （俳句 theintraluminal administration was continued for 7 days, but 

in the other two, it was discontinued and replaced by intramuscular injection because 

the plastic tube slipped out. 
The case （持28)survived well for 31 days after the operation, and was then 
sacrificed. In the specimen, the mucous surface of the devascularized area had a 
smooth belt 0.7 cm in width encircling the bowel along the anastomotic line. (Fig. 
11) Histologically, there were ulcers developed and some longitudinal muscular layer 

was observed deep in the granulation tissues. (Fig. 12) 

The 2 cases，非24and特27,were much the same in respect to weight, amount 
of contents of the colon, and other conditions. In both, the intraluminal administra-
tion was discontinued about four and a half days after the operation to be replaced 

by intramuscular injection because the tube slipped. 
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Fig. 9 Devascularized segment of昔＇..＇5＂’hich died 
in spite of intraluminal P and SM. Not 

necrotic perforation over all de、ascularized
portion. 

Fig. 11 ll28. Appearance of mucosa at_the site of 

anastomosis. The dog survived under intr-

amuscular procaine penicillin G and intral-

uminal P and SM. 

,,,. 
皆ザ唱 ＿＿....

、－ ,.., ..-e~〆

Fig. 13 Microscopic appearance of枠l(receiving 

no antibiotics), 48 hours after operation. 

Necrosis spreading over all layers of colon 

wall, with thrりmbosisand enlarg・C'ment of 
M、ssels.(H-E stain × 40) 

望号、也 、
.. v 

；：，り込日ザ、，、
·＼＇；~ 
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· ~ 、. , ，，.占JP
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Fig-. IO Microscopic appearance of韓25. Necrosis 

and hemorrhage are seen in all layers of 

colon wall. In muscular lay巴r,cell infilt-

ration, enlargement of veins, and t.hrom-

bosis are marked. 

Fig. 12 Microscopic appearance of非28.Ulcers de-

vcloped, and some longitudinal muscular 

layer seen deep in granulation tissues. 

(H-E stain × 40) 

’i 

Fig. 14 Microscopic appearance of devascularized 

colon of持5二48hours after operation. The 
dog received intramuscular P and SM. 

Note only slight degeneration in lamina 

muscularis mucoae, although hi凶 degree

of heomrrhage is seen and vessels are 

greatly enlarged. (H-E stain x 40) 
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The dog （非27)died after 108 hours. The autopsy disclosed it had perforative 

peri加nitis. The whole mucous surface of the devascularized portion had become 

~rk brown and necr叫ic,with the~ folds of its mucosa missing, and two ulcers 

about the size of the tip of the little finger had developαl at the .anastomosis. On 

th,e ~ther hand，持24sUl'vived for 61・<la｝司 andthen was sacrificed. The findings 
of t}le anastomosis were much the same as those of #28, both histok>gically and 

w:jth the naked eye. In the former, the portion of anastomosis was observed to be 
much better healed than in the latter. 

The histological examination of ：~27 revealed that there was a high degree of 

cell infiltration between the two layqrs of the muscular coat near the suture line. 

もhatthe tissues of all layers were in a state of necrosis, and that the submucosa 
w_as hemorrhagic, wi什l its veins greatly‘enlarged. A high degree of stratiform 
h~piorrhag~ was found in the submucosa and circular muscular la）℃r, in the outer 
layers of which was observed cell infiltration. Perivascular infiltration. ).¥as also found 

in the submucosa, though to a slightぇdegree.

マCOMMENT

In the above experiments, an &rid-to・endone-layer anastomosis was performed 

on the colon of the dogs, in which a 5 cm incision was made in the mesenter¥' on 

the anal side of the anastomosis in order to produce almost complete devasculariza-

tion in the segment of anastomosis. All cases of untreated group died of peritonitis 

caused by necrotic perforations on the devascularized portion. 16 cases receiyecJ 
antibiotics in various ways after the operation, and 7 of them surviw'd, while the 

other 9 died of perforative peritonitis (Table 7). These 9 cases, however, sun・ivcd 

longer than those of group 1 did, which proved the c百ectivcnessof antibiotic日 in
protecting colon anastomosis (Table 8) . 

Table. 7 Effect of antibiotics 

Operative procedure : End-to-end anastomosis of colon, with 5 cm incision 
on one side of anastomosis 

I Number of c出判 Dead Survived 

Cases i唖雨l戸a~＝－~ -「ゴ二：｜二二I二L
凶ven j Intralumi叫 Pand SM I 5 I 3 I 2 

i First intraluminal, later intramuscular I I 
ii.ntibiotics I P and SM I 5 I 5 I 

First ~ntr.aluminal, later intra111uscu!ar .P and I 3 I 1 I 2 
一一一 型一吋！1!.lnt_I'_a_mus四l_ar]2_rocafoepenicillin G I 」 ！一一一一一

白sesgiven no anti刷 ics I 3 I 3 ¥ 

Ho.w did the results of the ex予rimentsvary according to the different way of 

administering antibiotics? All cases which received intramuscular administration 

survived, showing a much higher rate of survival than those which received intralu-

minal administration. The former all had ulcers developed at the anastomosis, 

while the devascularized segments of the latter indicated varying stages according to 
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J<;ig・. 25 Relation between different methods of 

administering antibiotics and amounts of 

large bowel contents at operation. 

Survi;;cd 7 cases 

Died "teases 

8 011/'en SM即 dP /ntl-amμs口tlarly.

Eコ（｝／同 nSM and Ptηtra !umtnatly 
E皿 (livenSM and Pげ-stlnt,,./<mlin• tty, fat<r-

- -,nth?明USCIJ[a>(• 

匡書 !Jiven SM and P /mt刊詐包fum1nalty,tater- -
mtFamuscularly t:o,yet:/;肘 .，，，thinTN.muocular 
pr町..，噌！＂＇niciltinG su.平enslo刀 i 』

Fig・. 26 Amounts of colon contents in cases which recci＼℃d 

antibiotics intraluminally. 
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cases・.・ .. ・some with the suture line 

almost completely healed, some with 

ulcers, and others with perforations or 

slough of a anastomosis. 
Of the cases which were given an-

tibiotics intraluminallγ，011 l~ ’ those whose 

colon had ‘very little' or 'a little' con-

t12nts survived. This ma≫ mean that 

Table. 8 Survival hour of dead cases 

Methods of adm_inisfrationl Average s函弘元l
of l1ntibiotics I hours 

Cases江口でnno antibiotics 
Cases且：・ivenantibiotics 
intraluminally 
Ca『esgiven antibiotics in 
other ways 

56 H 

80 H 

178 H 

whether or not antibiotics intraluminally given take effect depends upon the amount 

of contents in the colon, but at the same time, the fact that some cases which 

had onh・ little contents in the colon died, shows that antibiotics given by the intra-

luminal route do not alw町’spervade evenly inside the colon. (Figs. 25 and 26) 

(6) Changes in the cases of the abov℃ groups observed at the same time, i. e., 

48 hours after the operation (Table 9) 

In order to see what changes took place in the cases belonging 句 theabove-

mentioned groups within the same hours, 6 cases were sacrificed 48 hours after the 

operation, including one which died at the 44th hour. The autopsy shO¥H:d that 2 

cases of group I had perforati¥'c rcritonitis, with mai:sive foul-fmelling I〕us,and an 

almost complete 間 paratirnof the anastomosis. In the othcr grm;ps, ~. 56 had 'a 

little，日erousperitoneal fluid, and the mucous surface of the dcvascularizcd portion 

had become edematous and dark reddish IJ1・mm,with its fold missing. On the 

contrarγ，the others had no peritoneal伽idthough the mucous surface showed the 

same chan江む円．

Histological examinations were made. In group 1, the devascularizcd portion of 

anastomosis had become necrotic from the mucosa through all the la~℃rs, and in 

the submucosa and tunica muscularis the vessels were observed enlarged and deg-

enerated to quite a high degree, and a trace of hemorrhage was also recognized. 

(Fig. 13) The changes seen in the cases of group 2 and 3 were much the回me.

The mucosal epidermis had become necrotic over all the devascularized portion, alt-

hough it remained normal here and there at the bottom of the cr~· pt. The vessels 

were seen enlarged on the propria mucosae, ¥vhich appea1吋 hemorrhagic. The 

muscularis mucosae, though slightly degenerated, mostly remained normal, while the 

subrnucosa showed a high degree of hemorrhage. The ve13sels of the submucosa 

were full of erythrocytes, but their walls were only slightlγdegenerated, with no 

hemolysis. Perivascular in白trationwas observed only to a slight degree. The inner 

layer of the muscular coat (circular muscular la~℃r) had been degenerated and st-

rongly hemorrhagic, while the outer layer (longitudinal muscular layer) showed 

no great changes, though the vessels were a little enla,rgecl, with a slight degree of 

hemorrhage and perivascular infitration (Fig, 14). 

(7) Group 7 ; cases on which transplantation of a completel~－ devascularized and 

freed segment of the bowel was performed (Table 10) 

In the above experiments, the site of the anastomosis completely healed in some 

cases even though the blood SU})ply wa只cuto汀 eitherhγthe devascularization itself 
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Fig. 15 Diagram of operative procedure of tra-
nsplanting completely de,・asculaized and 
freed segment of bowel. 

Tube 

思
..、

ー川崎グ芹ans-
plantcα7ion 

Fig・. 16 非43.A segment of colon, after being 
divided and freed, was put back 
where it had been. 
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or by thrombosis and other factors. From these results, I concluded that it might 

b2 pJssible to transplant a completely devascularized free segment of a bowel. For 

stud；，’ in this connection, experiments were made on 9 dogs. 

i) Group i ; cases in which a 5 cm long segment of colon was completely div-

ided and freed, and then put back where it had been （特29,43 & 45). 

Figs. 15 and 16 show how the operation was carried on. A 5 cm long segment 

of the descending colon was divided and freed after completely devascularized by 

cutting its mesenteric vessels. The segment was then placed where it had been, 

and fixed there b:i’means of end-to-end one-lavcr anastomosis. A thin plastic tube 

was introduced into the lumen from the healthy oral side of the anastomosis. The 

replaced portion was covered with the omentum, and the abdomen was closed in 

three layers. Then, antibiotics was given in quite the same wa~· as mentioned bef-
ore. 

The 3 cases of this group survived the operation and were later sacri白ced.The 

autopsy showed no purulent abdominal wound, but in the operated area a high 

degree of adhesion of the omentum and adjoining loops of small bowel to the site 

of anastomosis was observed. 

The planted segment in all cases was found to be much shortened-1/3 to 1/10 

times as long as it had been. Except特45,the other 2 cases had their planted 

section greatly strictured. (Fig. 18) 

Histologically speaking, ulcers developed in the planted section, and connective 

tissues grew abundantly, in which were seen muscular fibers remaining. No new 
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epidermis, however, was found covering over the planted segment. (Fig. 19) 

ii) Group ii ; cases where a 5 cm completely devascularized and freed segment 
of ileum was transplanted. 

A 5 cm segment was cut o百 fromabout the same portion of colon as in group 
i, into which was transplanted a 5 cm segment of ileum cut off from 20 cm oral 

to the ileocolic sphincter, by means of end-to-end one-layer anastomosis which was 
performed with a continuous suture using Albert’s method. (Fig. 17) The transpl・
anted section was covered with the omentum, and then the abdomen was closed in 
three layers. 

6 cases belonged to this group. One was given no antibiotics, but four received 

intraluminal administration (including one in which the transplanted portion was 

not covered with the omentum), and the other had intramuscular injection. 
a) Cases A; given no antibiotics. （非36)

This case died two and a half days after the operation. The autopsy showed 

it had perforative peritonitis, with its transplanted segment nearly separated from 

its adjoining normal bowels at both suture lines, and the lumen was found dirty 

and dark brown. (Fig. 20) 

Histologically, the tissues of the transplanted segment had disappeared, only to 

be replaced by the omentum and fibrinous masses. In other words, the segmen~ 
can not pJssibly be considered as constituting a part of the bowel wall. (Fig. 21) ・ 

b) Group B; cases given antibiotics intraluminally. （非30,44 & 46) 

Of the 3 cases of this group, one died of perforative peritonitis 6 days and 7 
hours after the operation, having two perforations about the size of the tip of the 

little finger in the transplanted purtion. (Fig. 22) Histological examinations revealed 

that the transplanted section had disappeared, the omentum and fibrinous masses 

replacing it, just as was the case with case A. No new vessels were seen growing 

there, and only very few fibrocytes were found. 
The other 2 cases survived and ・were sacrificed on the 30th and 39th day 

respectively. In both, the healthy colon on the oral side of the transplanted portion 

was much enlarged, while the transplanted portion was very much shortened －一3/5

to 2/5 times as long as it had been when transplanted・ ・・and fanshaped in the oral 
direction. (Fig. 24) 

c) Case C; given antibiotics intramuscularly. （持47)
This case survived and was sacri白ced23 days after the operation. The autopsy 

showed that the transplanted segment had been greatly constricted, becoming 1 /3 as 

long as it had been when grafted, and resembling a fan in shape. Histological 

findings were much the same as those of group B ; there were scarcely any muscular 

coat or newly growing epithelial cells. 
d) Case D ; given antibiotics intraluminally, but no covering with omentum 
（特48).
This case survived for 21 days and then was sacrificed. At autopsy, the loops 

of small bowel were observed strongly adherent 加 portionsof the transplanted 

segment, which had been much strictur吋 andfan-shaped, becoming 1/3 as long出

it had been when transplanted. Histologically, there were very few muscular fibers 
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Fig. 17 幹.15.Appearance of completely divided and 

freed segment of ileum transplanted into 

the loop of colon. 

Fig. 18 Appearance of colon anastomosis of似3,

in which completely divided and freed 

segment of colon was replaced where it 

had been. 

Fig. 20 Appearance of completely divided and 
freed segment of ileum transplanted into 
part of colon of持36,which received no 

antibiotics. 
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Fig. 21 Microscopic appearance of transplanted 
segment of非36.Note transplanted segment 
being replaced by omentum and fibrinous 
masses. (H-E stain x 40) 

Fig・. 23 Appearance of transplanted freed ileum 

of );30 which survived under intraluminal 
antibiotics. 

Fig・. 22 Appearance of completely divided and 

freed segment of ileum transplanted into 
part of colon of 非46which died under 
intraluminal administration of antibiotics. 

Fig. 24 Microscopic appearance of transplanted 
freed ileum segment of非44.Either gran-

ulation tissues or muscular fibers are sc-

arcely seen. 
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remaining in the granulation tissues of the transplanted portion. 

COMMENT 

Summing up and commenting on the results of the above experiments concerning 

transplantation of a piece of the freed bowel performed on 9 dogs, one case that 

received no antibiotics died, but all 3 cases survived in which a segment of colon 

was used, and one of the 5 cases died where a piece of ileum was transplanted. 

The transplanted section was observed to be greatly shortened, and constricted, 

having become, about 3 weeks after the operation, 1/6 to 1/10 of the former length 

in the c出eof colon, and 2/5 to 3/5 of it in the case of ileum. Indeed, this shows 
that antibiotics are e古田tivein grafting but at the same time, that a completely 

devascularized segment of bowel cannot be transplanted as effectivelJア asis intended, 

that is, to work properly as a substitute. 

SUMMARY AND DISCUSSION 

CoHN, PoTH, SuMIDA and others proved by experiments that antibiotics are 

effective in intestinal anastomosis. My experiments came to the same conculsion. 

If dogs had ‘much’or‘very much' contents in the large bowel, intraluminal admin-
istration could not help them. On the other, some died even though they had only 

‘a little' contents in the bowel. This may sound contradictory, but I think it is 
because antibiotics introduced into the lumen of the colon do not always pervade 

over all parts of the devascularized area. My experiments are ample proof that by 

an ideal intraluminal administration, better histological findings of anastomosis could 

be gained than by intramuscular administration. 

Clinically, therefore, at the time of bowel resection, if antibiotics are given by 

any other route, they should also be given systemically at the same time, which 

would bring about a constant e百ect.

The impediments to the healing of gastric or intestinal anastomosis are due to 
three local factors : 

1. The presence of solid or semi-fluid bowel contents and gas. 

2. The circulation impediment at the zone of anastomosis. 

3. The bacterial invasion (infection). 

The method of operation used in the present experiments was intended to bring 

about quite a high degree of circulation impediment. It is highly, probable. however, 

that there was circulation left in the devascularized area immediately after making 

an incision in the mesentery of the colon, for hemorrhage was observed at the cut 

end of the devascularized colon. What degree of circulation was left, then ? The 
answer depends upon, for example, the condition of vascular anastomoses which exist 

peripherally to the incision line of the mesenterv, as HAsEGA w AA asserts. This is 

true because, in the cases of group 1, which received no antibiotics, the extent of 

devascularized area that turned necrotic varied according to cases. 

The changes subsequently brought about on the tissues of the devascularized 

segment were influenced by bacterial infection or by di汀erentquantities of bowel 
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contents. 
In the cases of group 1 that received no antibiotics, necrotic chage-a finding 

similar to what NrnDERSTEIN termed“hemorrhagische Gangran” W出 foundless than 
48 hours after the operation. On the contrary, in those cases which ＼＼℃re given 

antibi0tics, no necrotic change was observed in any la）℃r of the bowel wall, though 

there w出 ahigh degree of hemorrhage, with the veins greatly enlarged. In the 
light of these findings, RABINov1c1 and CoHN correctly said that antibiotics n℃re 

effective in preventing both a circulation impediment caused by thrombosis due to 

bacterJal infection or toxin, and a necrosis in the tissues. 

It may be added here that even whrn complete devascularization has been bro-

ught about, administration of antibiotics, together with neighbouring viscera adherent 
to the segment, helps to someむxtcntto protect against necrosis of the transplanted 

segment and ultimate death, but that the transplanted section cannot be a substitute 
for the original bowel. 

CONCLUSION 

The present experiments made on the colons of dogs comprised two part只. In 
one, end-to幽endone-la）℃r anastomosies were performed with a 5 cm incision made in 

the mesentery on one side of the anastomosis. In the other, transplantation of a 

5 cm completely devascularized and i目1・ccdsc広mentof either large lJowcl or ileum 

was performed. 

In both, antibiotics (SM and P) were administered in differ℃nt ways and qua-
ntities, in order to evaluate thci1・ e町ectson the operation.τhe results were as 
follows: 

(1) Among those cases where an end-to-end one-la＼℃r anastomosis ＼＼＇山 performed
on the colon with an incision made in the mesentcrγ。11one side of the anastomosis, 
all the cases which did not receive antibiotics died, while all that treated with 

intra.muscular administration of antibiotics survived, and two of the fivec ases 

that received intraluminal administration survived. 

This is proof that antibiotics are e古田tivein protecting bowel anastomosis. 

(2) The cases given intramuscular antibiotics showed, with no exception, band-

like formation of ulcer along the suture line, whereas those treated intraluminally 

indicated varying stages from an almost complete healing of the anastomosis to a 

development of ulcers and perforations caused by necrotic changes in the area of 

devascularization. 

(3) One of the reasons whv intraluminal administration showed different e町田ts

may be because the large bowel contents varied according to cases. Clinically, there』

fore, at the time of operation, antibiotics should be given not only locallyア butalso 

systematically (intramuscularly), with the object to bring about comparatively 

constant e汀ects.

( 4) Among those cases on which transplantation was performed, all those 

which did not receive antibiotics died, while those which were given some did survive, 

the only exception being the one in which a piece of ileum ＼＼羽 used,and which 

received intraluminal antibiotics. 
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The日ndingsof thoト；cwhich survived showed that the transplanted portion had 
become ulcerous and highly constricted, with only little muscular fibers remaining 

deep in the tissues, and that there was no epithelial cells over the area of trans-

plantation. In other ¥¥'orcls, the tran日plantationwas of no use in the true sense of 

the word. 

I wish to thank Prof. Dr. Cm目ATOAllAKT and Assist. Prof. Dr. lcHm HoNJO for their guidance 

throughout the period of this work. 
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和文抄録

抗生剤の腸吻合に対する保護作用

（実験的研究）

梅

京都大学医学部外科学教室第 1講座 （指導：荒木千里教授）

司

血行障害に因する揚壊死に対する抗生剤の効果を検

討する為にp Isidore Cohnの実験の追試を行い． 氏

の重視する管内投与に対する全身投与の成績の比較，

更には抗生剤投与下』こ 11~ける遊離n家腸管移植の可能

性に就ても検討を加へる1.a，実験を行って以下の如き

成績を得た．

A) 腸11知合に於ける抗生剤の効果に就て

健康成犬で，下行結腸を一旦切断した上でqi.層連続

端々11'・0合を施行しP其の一側の結腸間膜を腸援に接し

て5.0cm切離するという，極めて不安定な腸l吻合を作

製し，次で合成樹脂細管を健康部より腸隆内に挿入

しp 先端を吻合部に持ち来して留置した．

抗生剤は硫酸ジヒドロストレプトマイシン及結晶ペ

ニシリンGナトリウムを使用し，管内役与群では其の

各々 I.Og及20万単位を吻合施行時に管腔内に撒布し，

筋注群では同量を同様時期に筋注した．術直後より毎

6時に夫々0.5g及10万単位を管内技与乃至筋注し7日

関連続した．別に3例に於て懸独プロカインペニシリ

ンG60万単位を管内投与に併用した．

1〕 抗生剤非使用群は何れも血流遮断部の壊死穿羽」

による穿孔性腹膜炎によって死亡した．抗生剤を術後

に投与した16例中7例生存し9例穿孔性腹膜炎で死亡

した．此の死亡例に於ても対照例に比して生存時間は

延長していた．此の事実は抗生剤の救命的効果を示し

ている．

林

2) 抗生剤投与例の内p 筋注群は全例生存したのに

反し，管内投与群は5例中2例生存＇ 3例は死亡して

いる．一方，其の11'・0合部の変化は筋注群でlし何れも

血流遮断部に相当して帯状浪蕩を4そしており，其の部

分に対寸る近傍臓器の癒着が高度であったのに反し，

管内投与群では筋注群に見られないような良好なl'''J合
部の状況を呈するものも認められるが，又筋注群に於

けるが如き帯状潰湯の形成を示す例もあり p 更には血

流遮断部の壊死穿孔を来した例もあって多様な所見を

示し，近傍臓器の癒着は一般に軽度である．此の事実

から管内投与の効果の不安定である事が明となり，理

想的に管内投与が効果を発揮する場合にのみ筋注群に

於ける以上に良好な吻合部所見が得られる．

3) 管内投与群に於て生存例は大腸内有：量の少量例

に限られておりp 他方極少量の大腸内容量でも死亡例

を見ており，管内投与の効果の一定せ'2る事実の一因

として，薬液の腸管内での分散の不規則なる事実が王手

げられる．

4) 管内投与実施中合成樹脂細管の滑脱によって管

内投与不能となりその健投与を中止し，或いは筋tiに
切替た5例は全例死亡した．其の際，管内投与継続の

時間の短い程，換言すれば筋注開始の早いもの程生存

期間は長い傾向が認められる．一方， 1例ではあるが

懸独プロカインペニシリンG60万単位を術直後たダ一

回併用した例は生存した．此の事は管内投与の不安定
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性とSM及Pの腸管内陸よりの非吸収性とを併せ考え

て，術後早期よりの全身投与の重要性を示唆するもの

と考えられる．

5) よって臨床的に腸切除時に抗生剤を投与する場

合p 常に一定した効果ある全身投与は不可欠と考えら

れる．

BJ 遊離腸管自家移植に於ける抗生剤の効果

健康成犬の下行結腸に於て其の 5.0cmを切離し，腸

間膜をも完全に切離し，完全に遊離した後再度単層端

々連続吻合によって連続せしめP 其の部を大綱にて包

み上述の管内投与を施行した.3例の全例は生存した．

又姻腸片 5.0cmを完全じ切除しP 其の遊離廻腸片を下

行結腸部に移値した例に於てはp 抗生剤非使用例は穿

孔性腹膜炎で死亡しF 大網で被覆し管内投与を行った

3例の内 1例は死亡した．叉大網で被覆し筋注を行っ

た1例及び大網で被覆する事なく管内投与を行った l

例は次に生存した．生存例では何れも移植片の短縮を

見，程度の差はあるが狭主主を認めp 移植片は筋線維の

遺残の僅少な肉芽組織と化し潰疹を形成しており，上

皮の新生は見られなかった．以上により，完全に腸壁

の血行停止を来した場合でも3 周囲臓器の癒着と相侯

ってP 或る範囲のl助壊死に対して抗生剤は救命的に働

く事が明らかとなったが，移植片の本来の代用性と云

う意味ではp 移値された腸管は殆どその役を果し得な

いものと考えられる．


