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I. INTRODUCTION 

Emphasis should be placed on the problem of the blood supply to the hepatomas which 

originate and grow in characteristic organ receiving dual distribution of the hepatic artery 

and portal vein from the aspect of their treatment and for understanding of pathophysiology 

of the hepatomas. Aithough there have been many publications on this point, the prevailing 

opinions insist that hepatomas are nourished exclusively by arterial blood, similarly to the 

tumors originating from other organs. However, experimental methods in these literatures 

are not always suited to the studies on vascular distribution in vivo. For instance, by 

resin伺 stmethod, vascular distribution could not be clearly visualized in the area of the 

border of hepatic tissue against tumor, and in the method of dye infusion, the infusion 

was performed unphysiologically, merely from arterial or venous system and interrelation 

between infusion pressure and histological findings was not adequately interpreted. 

In the present experiment using various strains of experimental hepatomas, vascular 

distribution of hepatomas were studied with particular attention to keep the condition of 

experiment as near the physiological one as possible, since there is subtle interference be-

tween the hepatic artery and portal vein in vivo. 

II MATERIALS AND METHODS 

1. Materials 

a). lntrahepatic Inoculation of Transplantable Tumor 

For experimental tumors, Walker carcinosarcoma 256, maintained in the Takeda In-

stitute, of following 109 th generation weekly l〕ytransplanting subcutaneously in the back 

of rats of、、iaitama日Irain. Ten <lays after the transplantation, subcutaneously growing tu-
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mor was extirpated aseptically, which was then ground into pieces and made into cell 

suspension in saline by the use of glass homogenizer, after removing central necrotic area 

and fibrous component around. Cell population was adjusted to be 500×104 in O.lcc of 

the suspension. Fifty rats weighing approximately 120 g were used. With anesthesia of 

intraperitoneal injection of Nembutal of 3 mg, the abdomen was opened and 0.2 cc of 

the tumor cell suspension was injected from a branch of the superior mesentric vein. 

Forty-one rats were subjected to the experiment, after the intrahepatic growth of the tu-

mor had been ascertained by exploration 15 days after transplantation via the portal vein 

(Fig. 1). 

b). DAB Hepatoma 

Sixty rats of Saitama strain weighing approximately 120 g were fed for 100 days 

with water and diet8l 2 4l m consisted of 1 kg of rice and 20 cc of 3 per cent 3' -methyl 

4 dimethylaminoazobenzene olive oil, 29 of which died within 90 days of the feeding. 

In survival回 ses,the abdomen was opened around 130 days later, 22 of which, being 

ascertained the development of tumor in the liver, were subjected to the experiment (Fig. 

2). 

c). Materials for Vascular Infusion 

1. Coloured Gelatin Solution 

Gelatin solution was prepared being coloured with carmine for the arterial infusion 

and with Pruss叫何 bluefor the portal infusion. In both occasions, 5 g of the dye was 

put into 50 cc of distilled water and made into colloidal solution being vigorously stirred 

in羽Taring’sblender for 5 minutes, which was then mixed with 100 cc of distilled water 

of l00°C containing 8 g of gelatin. The coloured gelatin solution was preserved at the 

temperature of 37° C with small amount of crystalline thymol as a preservative. The 

sedimantation of these gelatin solutions were discarded a few days later. Prior to use the 

solution was heated to 70°C and used for the infusion at the temperature of 35 to 40°C. 

If the dye solution in water be used for the infusion, the infused dye is comletely bleached 

with alcohol used for the dehydration of sections in the process of making paraffin 

sections, whereas the dye is bleached so slightly by alcohol as to enable the observation, 

if the dye solution is gelled with gelatin. 

ii. Dye Solutions for Vital Staining 

As the above mentioned gelatin solution does not reach the small vessels adequately 

owing to its high viscosity, 1 per cent trypan blue saline solution was used in some rats 

for the observation of the small vessels. 

2. Methods 

For the infusion of the dye solution into the hepatic vessels, the apparatus equipped 

with manometers as shown in Fig. 3 was used. The abdomen was opened in rats having 

hepatic tumor under anesthesia with ether, and a catheter was inserted into the portal 

vein. As the direct insertion of じatheterinto the hepatic artery was technically difficult, 

it was inserted into the aorta at the level of the beginning of the celiac artery. In order 

to observe arterial and portal pressures in a condition as near the physiological one as 

possible, these pressures were determined prior to the following procedures. Then the 

aorta was ligated cephalad and caudad to the celiac arterv, and the inferior vena was 
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ligated and cut in the thoracic cavity so that the outflow from the liver might not enter 

the systemic circulation again. The outflow from the liver was introduced extracorporeally 

through a catheter inserted into the cut end of the inferior vena cava. After washing out 

the blood within the liver by infusion of saline from the artery and portal vein simulta-

neously with the similar pressure as observed in the above mentioned procedure, the dye 

solutions were infused from the artery and the portal vein. At the infusion of the liver 

with coloured gelatin solution, the entire liver was usually tinctured with the infusion dye 

within 5 to 10 minutes. The observed arterial pressure ranged from 50 to 80 mmHg, and 

portal pressure from 90 to 150 mmH20. In cases in which the infusion of gelatin solu-

tion with these pressures was difficult, the infusion was carried out with higher pressures 

of the same proportion. 

In some rats, trypan blue solution was continuously infused into the portal vein for 

an hour with simultaneous infusion of saline from the artery in the similar manner. On 

the contrary, trypan blue solution was infused into the hepatic artery with simultaneous 

infusion of saline from the portal vein. In this occasion, the infusion was carried out 

with the same pressures as observed preliminarily, owing to the low viscosity of the solu-

tion. For the comparative study of the dye infusion under the physiological pressures with 
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that under abnormal pressup:es, trypan blue solution was infused into the hepatic artery, 

the portal vein being ligat~d and interrupted. Moreover, in the aim of clarifying the 

outflow path from the tumors, dye solution was infused invertedly into the hepatic vein 

with a pressure of about 150 mmH20. 

After finishing the infusion, all the vessels from and to the liver were ligated and 

the entire liver was taken out. The liver with the infusion of gelatin solution was placed 

in a cool temperature of 4' C for 1 to 2 hours until the infused material was completely 

gelatinized, and was fixed in 20 per cent formalin solution, and then embedded in paraf-

fin and cut in microscopic sections for double staining of hematoxylin and eosin. 

The liver with the infusion of trypan blue solution was fixed in the following solution 

of OoA and 00TA16>22>23> for 30 hours and embedded in paraffin. The microscopic sec-

tions were stained with 1 per cent safrani仰．

Solution for the Fixation cobalt chloride l.Og 

pycric acid O.lg 

neutral formalin 5.0cc 

trichlor acetic acid 2.0g 

distilled water 10.0cc 

III. RES UL TS 

1. DAB Hepatoma 

Infusion of coloured gelatin solution was carried out in 22 rats fed with the diet 

containing 3' methl DAB and development of tumor was ascertained. Arterial and portal 

pressures were as shown in Tab. 1. In 9 cases the infusion was performed with physio-

logical pressures, whereas it was impossible in 13 cases, hence the infusion being per-

formed with higher pressures as twice as much. Excluding 4 cases of unmonotonous 

appearance of the dye in the microscopic sections, appearance of dyes in the foci of 

hepatoma was studied in 18 cases. 

Ten microscopic sections were taken from the various parts of hepatoma in a single 

animal, and observation was carried out on histological character of the tumors. The 

tumors were classified into 3 types from the histological view. 

i. Hepatoma Type 

Principal structure resembles hepatic cells being sharply bordered, and tumor cells 

with irregular and huge nuclei are arranged in cords, being surrounded by thin reticular 

or collagenic fibers and facing to the sinusoidal channel of blood stream. The sinusoidal 

channels were sometimes wide and sometimes narrow (Fig. 4). 

ii. Cholangioma Type 

Cylindric or cubic tumor cells showed glandular struture having endothelium cells as 

the basement, and containing a large amount of connective tissue (Fig. 5). 

iii. Mixed Type 

This showed intermediate histological character of hepatoma and cholangioma or mix-

ture of cholangioma and hepatoma (Fig. 6, 7). 

Among 18 rats studied, most of them had mixed type tumor, in 9 cholangioma type 

was predominant, in 4 hepatoma type was predominant and in 5 the both was equallv 

observed, as shown in Tab. 2. 
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Appearance of dye> in infusion of red gelatin solution from the hepatic artery ar.d 

blue one from the portal vein in the liver having DAB hep3toma. 
Tab. 2 
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料水： Vesselsfilled with both solutions. 

Ten sections of hepatoma were taken from each of 18 rats regardless of the histo-

logical types of tumor. Furthermore, in 10 microscopic fields arbitrarily from each section, 

1800 microscopic fields in all, kind of dyes contained in the vessels was studied by mi-

croscopic .power of 150 time enlargement. Sixty-seven per cent of the vessels was filled 

with carmine infused into the artery, 26 per cent of the vessels was filled with Prussian 

blue infused into the portal vein and 7 per cent of the vessels was filled with both dyes. 

During this study, it was clarified that the pattern of dye filling in the vessels differed 

depending on the histological character of tumors, as follows. ・4

In tumor tissue which shows histological picture of typical cholangioma, dye infused 

into the artery only could be observed in the vessels of stromal connective tissue and dye 

infused into the portal vein could not be observed at all (Fig. 8). 

In tumor tissue of hepatoma type, large amount of dye infused into the portal vein 

could be observed in the sinusoidal path way of blood, at the same time containing small 

amount of dye infused into the artery. Coexistence of both dyes infused into the artery 

and portal vein could be recognized even in narrow part of the sinusoids (Fig. 9). 

Peculiarities of above mentioned dye spread were similar in tumor tissue of mixed 

type which was most frequently observed in rats examined here. In the area with pre-

dominance in character of cholangioma, most vessels contained merely the dye infused 
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into the artery, whereas in the area with histological picture of hepatoma the dye infused 

into the portal vein could be more or less observed (Fig. 10). 

When a small number of the vessels containing the dye infused into the portal vein 

could be observed even in tumor tissue seemingly assumed to be cholangioma type, detaild 

observation of the adjoining tumor cells revealed mass of tumor cells principally resem-

bled liver cells, obviously different from tumor cells in other parts. Thus, entrance of the 

dye infused into the portal vein in the tissue of hepatoma was invariably observed. 

2. Intrahepatic Inoculation of Transplantable Tumor 

Tumor cell suspension of Walker carcinosarcoma 256 was transplanted into the liver 

via the portal vein in rats. In 41 rats, intrahepatic tumor growth could be ascertained by 

exploratory laparotomy performed 15 days after the transplantation, in 20四 sesof which 

coloured gelatin solution was used for the infusion and in the remaining 21 cases trypan 

blue solution was used. 

Histological picture of Walker carcinosarcoma 256 transplanted into the liver via the 

portal vein was consisted of a number of tumor cell mass of various sizes. In large mass 

of tumor cell, sometimes central necrosis or scarring was observed and marginal area of 

the mass immediately faced to the surrounding liver tissue, without having capsule, layer 

of connective tissue or infiltration of round cells around. In some area, infiltration of tu-

mor cells into the mass of parenchymal cells of surrounding liver tissue (Fig. 12, 13, 14). 

a). Infusion of Coloured Gelatin Solution 

Tab. 3 

Rat ;¥I" 

1

2

3

4

5

6

7

8

9

0

1

2

3

4

5

6

7

8

9

0

 

6

6

6

6

6

6

6

6

6

7

7

7

7

7

7

7

7

7

7

8

 

p
a

’EA
 

O
 

肥

m

m

M

一Jm
d
J
M－
J
m
d
，M

d

d

d

d

d

J
制

叫

d
J叩
吋

叫

刈

込

町

∞

叩

g

g

b

g

g

g

b

g

b

E

g

b

g

g

g

R
一

b

g

g

b

E

u

p

t

 

b

o

k

 

－

o
 

，口
n

n

 

a

O

H

 

v

t

r

）
 

r一

u

、
（

巾

・

・

d
l
u
H
U
m
m
m
ω
お

m山

初

日

m山

町

山

∞

却

印

印

川

叫

ぬ

m
山
川
出
川
山
初

a

汀
十
f

比

m

3

2

1

2

1

2

1

2

1

2

1

2

2

2

2

1

2

1

1

x
m
一
か
い
叶

M

M

－t
 

p
t

－一
r

H

肥

c

－k
l

－「

i
－

川
ア
e

l

－

－

I
l
l
i－－

l
i
l
i
l
i－－－
－

－

I
l
l
i－－

1

l

e

p
－－一日〉

1

2

：
r
 

d

h
一

一

郎

町

↑

m
J回
一

戸

一

日

1
一

h

M

一n
E
h一
川

間

印

即

日

凶

叩

即

日

万

別

叩

m
m
m
m
印

刷

叩

印

1

山
－
ゆ
一
日

m一

ー
午
園
ん
ε
3
1
m

町

古

－

h

一h
l

Hu

－－
n
 

u

t

－
－
一
jn

J
山

田

も

－

1

1

1

1

1

1

1

1

1

－

－

G
o
n
u

・

V

V

E

 

n

a

－
 

h

’h

E

）
 

a

－

）

 

d
一
町
一

E
f九
4

0

0

0

0

5

0

0

5

0

5

0

0

0

0

0

0

0

5

0

0

g
h

一d
u
Eー
一

b
u
ロ
ロ
ロ
日
ロ
ロ

9

日
刊
ロ

m
m
ロ
ロ
内
M

M

H

H

凶

門

H

J
』

圃

じ

出

m

E

だ－一
r
巴

m

d

－R
戸
（

J
u
m

一

旧

n
目

：
1

’
 

vH
ド
。
』
．

ρ

出

叩

一

山

｛

l

－

S
）
 

n
a
E
5
0
b
 

－
1

代

E

H

J

「

0

0

0

5

5

0

0

5

0

5

5

0

5

5

5

0

5

0

0

0

d

F

一rw耐
7

8

6

6

6

7

7

7

5

7

6

7

6

7

6

6

6

8

7

6

s
e

－u
u（
 

目

白

一

宇

町
U

L

：t
 

田

畑

一

1
訂

p

b

－
 



第4号

Arterial and portal pressures in 20 rats are represented in Tab. 3. In 9回 ses,car-

mme gelation solution and Prussian blue gelatin solution were infused into the artery and 

portal vein respectively under the same pressures as previously measured. In 11 cases, the 

infusion was carried out under a higher pressures twice as much. Six国 S田 outof these 

20 were excluded from the experiment since the filling of colored gelatin solution was 

not monotonous all over. Sections were taken from various part of the liver of the re-

maining 14凶 ses,and 10 tumor masses from an individual rat were chosen including 

masses of various sizes. Distribution of dyes was examined in these materials. 

Distribution of dyes in the intrahepatic transplanted tumor mass is tabulated in Tab. 

4. To summarize these findings, most of the large tumor masses developed in the liver 

parenchyma had central necrosis, and in this necrotic foci neither the dye infused into the 

artery nor that infused into the portal vein could be found. Excluding such 紅白， thedye 

infused into the artery could be observed widely in a shape of dots or bands in tumor 

tissue all over. Appearance of the dye infused into the artery was observed to be dense 

in the central area of the tumor tissue and it tended to become more sparse in the pe-
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Appearance cf d問、 inthe ti"11e in infu,ion of red gelatin sol11tion from the hepatic 

川町 and blue one from the portal vein in the liver having transplanted hepatic tumor. 
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ripheral area. In the border of the tumor tissue against liver parenchyma, the dye from 

the portal vein could be found in most sections, and in some tumor foci this dye was 

observed in relatively internal area of the tumor foci. Particularly in the area where tu-

mor cells infiltratively invaded from the marginal area of the tumor foci into the sur-

rounding liver parenchyma, the dye infused into the portal vein was observed densely, 

while that infused into the artery was less frequently observed. Tumor foci of moderate 

size without having central necrosis could be observed with considerable frequency, and 

the dye infused into the artery could be seen in the central area, which was, however, 

sparse. Similarly to large tumor foci, appearance of the dye infused into the artery was 

predominant in the internal area whereas in most tumor foci the dye infused into the 

portal vein could be observed in the marginal area likewise. In small tumor foci, appear-

ance of the dye infused into the portal vein was more remarkable than that infused into 

the artery, Prussian blue densely appearing all over the tumor foci and carmine being 

observed at most sparsely in dots. Some tumor foci of this size were deprived of appear-

ance of this dye (Fig. 11). 

b). Infusion of Trypan Blue Saline Solution 

Arterial and portal pressures in 14 cases of infusion of trypan blue saline solution 

are tabulated in Tab. 5 and 6. In 7 cases, trypan blue saline solution was infused for 1 

hour into the portal vein with the same pressure as was previously measured, at the same 

time saline solution being infused into the artery with the same pressure as was pre司

viously measured. In other 7 cases, trypan blue solution was contrariwise infused into thε 

artery, at the same time saline solution being infused into the portal vein. Owing to low 

viscosity of trypan blue saline solution, the infusion could be carried out in all cases with 

the same pressures as were previously measured in the artery and portal vein, respective四

ly. As in most cases of infusion of trypan blue solution the dye did not satisfactorily 

remain within the vessels of the liver, appearance of the dye in intrahepatic tumor foci 

was examined in 3 cases of infusion of trypan blue solution into the port丘lvein and in 

2 cases of infusion of trypan blue solution into the artery. Ten microscopic sections were 

prepared from each individual liver and studies were carried out in 10 tumor foci of va-・ 

rious sizes selected arbitrarily from an individual liver specimen. 

Tab. 5 Appearance of dye in infusion of tryp3n blue solution from the portal vein with 
simulteneous infusion of 0.9 per cent salt solution from the hepatic artery in the 
liver having transplanted hepatic tumor. 

Rat No. 

Hepatic 
arterial 
pressure 

Portal 
Infusion pressure！玩 dye
solution 1 

Appearance of dye in tissu田

p悶 ure In民paticI In portal I Internal area ! l¥farginal i r 
呂rtery I vein ! cf tumor area of ! L 

(mmHg) j 〔mmH20〕 i (mmHg) i I mm!-1,0 I 1 foci tumor f回 I t回目

81 65 130 65 130 

82 75 140 75 140 ＋ ＋ 
83 70 135 70 135 ＋ サ十

84 65 110 65 110 

85 60 110 60 110 十 ＋十
86 65 130 65 130 

87 65 135 65 135 
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Tab. 6 Appearance of dw in infusion of trぅpanblue solution from the hepatic artery with 
simult3neous infusion 《，f0.9 per cent salt solution from the portal vein in the liver 
having transplanted hepatic tumor. 

I I Infusi＜》

Hepatic I Portal ｜竺！竺！i<
arterial I : I 
P悶 ure I pr<四 ure i In hepatic : In p町凶 ! Int町i:i_~l I Ma叩？
（皿Hg) I (m田HzOI 31(:1宮） c:H20) I ~~：o~1f配i I ~~：o~＇ 1配 l' ti出ue 

65 ; 125 65 ' 125 + i + 
50 i 120 i 50 I 120 

75 I 130 I 15 1 130 I 一 一
70 I 135 ! 70 i 135 ! + + + 
65 ! 120 • 65 I 120 ! + + + 
65 I 140 I 65 I 140 I + 
70 ! ! JO ' 70 I 110 + 

Rat No. 

a
u
n
v
n
u
－－企

η
4
q
u
A守

n白

n
D
q
d
n
w
u
q
u
q
d
n
v

In四 sesof infusion of saline into the artery and trypan blue solution into the portal 

vein, abundant network of capillaries could be observed around large tumor foci, being 

filled with trypan blue and fine branches of the network entering the tumor tissue here 

and there. Thus, the dye could be found in the interspaces of the tumor cells (Fig. 15, 

16). 

The network of the capillaries was not so marked around small tumor foci, but the 

dye was frequently found in the internal area of the tumor tissue (Fig. 17). 

In回 sesof infusion of saline into the portal vein and trypan blue solution into the 

artery, the dye remained very little within the vessels of the liver and it was scarcely 

found within the sinusoids of the liver parenchyma, appearing slightly in the internal 

area of the tumor foci (Fig』 18).

c). Infusion of Trypan Blue into the Hepatic Artery under Interruption of Portal 

Flow 

In order to explore the change in appearance of the dyes in the hepatic tumor under 

infusion with pressures of abnormal relationship in the artery and portal vein, trypan blue 

solution was infused into the artery alone with the interruption of portal flow in 3 rats. 

Ten microscopic sections were taken from each individual liver specimen and studies were 

carried out in 10 tumor foci of various sizes selected arbitrarily, finding of which is re-

presented in Tab. 7. Different from the occasion with simultaneous infusion of saline 

into the portal vein with physiological pressure difference, the dye appeared well all over 

the tumor tissue, at the same time appearing in the marginal area adjoining the liver 

Tab. 7 Appearence of dye in infusion of trypan blt肥 solutionfrom the hepatic .・ rtcry under 
interruption of portal flow in the liver having transplanted hepatic tumor. 

I Hep山 art

Rat No. I pressure ¥ f町 dye叩 lution I 一＇ I 
I I I lnterml 川町｛｝｛ Mar!!inal area cf I , 
I （皿ml-lg) I (mmHg) I tumor fcci i tum~r foci ! Liver ti田町

95 I 65 i 65 I + + 
96 I 60 60 I 件 ＋

97 I 60 60 +t +t 

一
＋
＋
＋
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parenchyma (Fig. 20). 

d). Infusion of Trypan Blue into the Hepatic Vein 

In the aim of clarifying the out-let path of blood in hepatic tumor, trypan blue solu” 

tion was infused backwards in 4 rats into the catheter inserted into the cut end of the 

inferior vena cava for external drainage from the liver. In this occasion, the infusion into 

the hepatic vein was performed with the similar pressure as portal pressure and the he-

patic artery and portal vein were cut and let opened at the liver hilum. After accom-

plishment of the infusion, 10 microscopic sections were taken from each of individual 

liver specimen, and the studies were carried out in 10 tumor foci of various sizes select-

ed ad libitum. The results are represented in Tab. 8. In these sections, the dye was 

observed to appear in the marginal area of the tumor foci (Fig. 19). 

Tab. 8 Appearance けfdyこ i:iinfusion of tC¥・p:.m blue solution from the hepatic vein with 
the cut and opened hepatic artery and portal vein in the liver having transplanted 
hepatic tumor. 

Rat No. 
Infusion p閣 mefor I 
dye solution I 

(mmH20) I 

Appearance of dye in tissues 

Internal area of 
tumor foci 

I Margin~！ are.1 ,f ! L…ue:, 
tumor loci 

98 

99 

100 

101 

150 

150 

150 

150 

＋

＋

＋

＋

 

件

＋

＋

朴

JV. DISCUSSION 

Since WRIGHT29J reported in 1937 that in hepatoma blood is supplied from the he-

patic artery and flows out through the portal vein, according to the results of his experi-

ment of infusion of coloured gelatin solution or coloured oil emulsion into the hepatic 

artery and portal vein, studies on blood supply to hepatic tumors have made a great pro-

gr側 beingfollowed by many reports. MANN and W AKIM20J, in 1953, reported on vas-

cular distribution in hepatoma developed on the basis of liver cirrhosis in hemochromatosis, 

using hepatic vascular cast method. In 1954, BREEDIS and YOUNG1J studied blood 

supply to metastatic hepatoma in men, DAB hepatoma in rats and Vx2 carcinoma trans-

planted in the liver of rabbits by the use of infusion of dye solution and vascularαst 

method. MuRTHY19J studied in 1959 vascular distribution following the pr凹 essof induce-

ment of DAB hepatoma by the use of infusion of india ink into the portal vein. MIYAKE 

and 0KUHIRA21J investigated in 1962 vascular distribution using cast preparation technique 

and infusion of coloured gelatin solution respectively in a single伺 seof hepatoma ac-

companied by liver cirrhosis, cholangioma, liver metastasis from esophageal carcinoma. 

These reports invariably asserted that hepatic tumor receives blood supply exclusively 

from the hepatic artery and opinion that portal blood does not enter the tumor tissue 

has been prevailing. However, the portal vein conveys blood to the liver 3 to 4 times as 

much compared with the hepatic artery, as reported by GRINl!Li¥ y and HERRICK9> that 

portal blood flow was 148 to 505 cc/min., whereas hepatic arterial blood flow 44.6 to 

163 cc/min. On the other hand, according to BRADLEY2>, different from systemiじ Vぜnous
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blood, portal blood contains as much oxygen as arterial blood does. Thus considering, it 

is questionable that portal blood, which occupies 60 to 80 per cent of total hepatic blood 

flow with high oxygen content in addition does not participate at all in nourishing tumors 

originating and growing in the liver, 

Concerning interrelationship between arterial blood flow and portal blood flow in 

hepatic circulation, HoNJ010> 1リ32>insisted that portal blood flow is seriously disturbed with 

resulting intrahepatic congestion, when the hepatic arterial flow is interrupted in normal 

liver. GRINDLAYり alsoreported that following experimental constriction of the portal vein, 

portal blood flow is decreased with simultaneous increase in hepatic venous flow. From 

these observations, increase in hepatic arterial flow is readily presumed to develop at dis-

turbance of portal blood flow, and it is assumed that arterial and portal flows are closely 

related with one another in hepatic circulation25> 28>. At present, there is no established 

method to study vascular distribution in hepatic tumors under physiological condition and 

infusion technique is chiefly applied. However, exquisite attention should be paid to the 

technique to reproduce with as、muchfidelity as possible the conditions of circulation in 

hepatic tumors in organism, when the infusion technique is used for the study of vascular 

distribution in hepatic tumors. 

Reflecting, however, upon method of investigation of researchers hitherto been re-

ported, it seems that, little attention has been paid to the pressure of infusion of dye solu-

tions. For instance, F1sHER5> studied vascular distribution of hepatic tumor by infusing india 

ink into the hepatic artery with simultaneous ligation of the portal vein at the liver hilum 

and contrariwise infusing india ink into the portal vein with the ligation of the hepatic 

artery, and from the results of his experiment he concluded that hepatic tumor is nour-

ished solely by arterial blood. MuRTHY19> also made experiments of india ink infusion 

into the superior mesenteric vein alone, and reported that appearance of dye in hepatic 

tumor foci could not be observed. In experiment of MANN and WAK!M20> using resin 

cast method, pressure of the infusion was appropriately changed depending upon resistance 

at infusion. In experiments of BREEDIS and others1>, india ink was infused into one of 

the two vessels in living organism and the liver was extirpated before recirculation of the 

infused india ink. In回 sesof necropsy in his experiments, infusion was ・carried out simul-

taneously into the hepatic artery and portal vein with the physiological pressure of 80 to 

150 mmH20. In some parts of the present experiment, difference in appearance of dye 

in hepatic tumor foci due to method of infusion was studied by infusing dye solution 

solely into the hepatic artery under ligation of the portal vein, and by infusing dye solu-

tion into the hepati，、 arterywith simultanenous infusion of 0.9 per cent salt solution un-

.der physiological pressure difference. In the former occasion, dye was wi<lely observed in 

tumor foci, whereas in the latter occasion it was observed to be sparse in marginal area 

of tumor foci. From these findings also, it is assumed that exquisite attention should be 

paid to the pressure of infusion in the method of infusion of dye solution. 

In the present experiment, portal and arterial pressures were measured prior to various 

procedures such as thoracotomy or vessel ligation in every experimental animal immediate” 

ly after laparotorny, and dye solution was infused simultaneouslv into the both vessels 

with the similar pressures ぉ m凶 suredre-,pectivelv‘ In most凶 sesof infusion with coト
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oured gelatin solution, pressures for the infusion were required to be somewhat increased 

in the proportion of physiological difference since the infusion was difficult. At the infu-

sion of trypan blue solution, however, the solution was infused with the similar pressures 

as measured very accurately in the abdominal aorta and the portal vein. Thus, the pres-

ent experiment was carried out with attention to keep the conditions as near as physiolog-

ical one, even though it was not perfect. 

In DAB hepatoma, tumors of typical picture of cholangioma type was supplied with 

arterial blood alone, while in tumors of hepatoma type and those showing more or less 

histological feature of liver cell carcinoma, participation of the portal vein in vascular 

distribution could be observed. There is no definite view, at present, concerning cell origin 

of tumors of hepatoma type and cholangioma type in DAB hepatoma. However, the find-

ings that hepatoma resembling normal liver cells in structure receives distribution of both 

of the hepatic artery and portal vein and cholangioma with the character of rather四 rci-

not11a of the extrahepatic bile duct receives distribution of the hepatic artery alone are 

accepted to be quite rational from the standpoint of pathogenesis of hepatic tumors. 

PoPPER6>25> classified primary hepatoma of men into hepatic carcinoma and carcinoma of 

intrahepatic bile duct based on the comparative study of histological and clinical findings. 

In the findings on vascular distribution in DλB hepatoma in the present experiment, it 

is accepted to be interesting findings that hepatoma and mixed type tumor which show 

the histological picture resembling normal liver cell cord and interlobular peripheral bile 

duct reveal outstanding contrast to typical cholangioma which shows the histological picture 

resembling rather carinoma of the extrahepatic bile duct, in respect to the participation 

of portal blood. 

WRIGHT29> carried out simultaneous infusion experiment from the hepatic artery and 

the portal vein in 15 corpses of liver metastasis originating from carcinoma of the large 

intestine, stomach, pancreas or breast, and he observed that portal blood did not enter 

tumor tissue, but with slight pressure on the hepatic vein, portal blood entered the tu-

mor, forming junction with the hepatic artery. Based on these findings, he considered 

that blood streams tumor tissue from the hepatic artery and flows out via the portal vein 

in metastatic tumors. In transplanted tumor in the present experiment, however, when 

trypan blue solution of low viscosity was infused into the portal vein with the similar 

pressure as measured previously in this vein and 0.9 per cent salt solution was simul-

taneously infused into the hepatic artery with the similar pressure as measured previously in 

this artery, trypan blue appeared in the interspace of tumor cells in marginal area of tu-

mor foci without pressure on the hepatic vein. This finding was interpreted to indicate 

that the portal vein is not always the outlet vessel of blood stream in tumor tissue. As 

the reason of absence of the portal vein in most hepatic tumor foci of transplanted tumor, 

BREEms1> postulated that the portal and hepatic veins are readily invaded and obstructed 

by tumor cells compared with the hepatic artery, and a small number of intrahepatic 

portal branches observed in the marginal area are nothing but the vessels of remnant 

liver parenchyma in the tumor growth. 

HIRON013> carried out experiments of ligation of the portal branches entering 7U per 

cent area of liver parenchyma including hepatic lobe transplanted .vith tumor, at various 
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stadiums after implantation of various experimental tumcn in the left hepatic lobe in rats. 

In his experiments, all the animals of control with simple laparotomy died of tumor 

growth, whereas prolongation of survival time could be observed in animals with portal 

branch ligation, and an atrophy was observed in the area of the interruption of portal 

blood flow, at the same time herein existing tumor revealing a tendency of retardation 

and decease in growth and metastasis formation. Incidence of the tumor regression was 

histologically proved to be 13.3 to 26.1 per cent. He also reported that significant dif-

ference could not be observed between the animals of ligation of the branches of the he-

patic artery entering the liver ar回 includingtumor foci and control animals. KRAUS and 

BELTRAN17> implanted ¥Valker carcinosarcoma 256 in the right lobe of the liver and li-

gated the portal branches entering 30 per cent liver area including the lobe of implantation 

7 days later. He could observe regression of tumor growth in 31.2 per cent of the ani『

mals. As the cause of such inhibition of tumor growth brought about by the interruption 

of portal blood to the hepatic area of tumor growth, atrophy of the liver parenchyma, of 

course, as the soil of tumor growth白 nnotbe neglected. On the other hand, however, 

this is interpreted to suggest participation of portal blood in nourishment of hepatic tumors 

to some extent, and the portal branches entering the marginal area of transplanted tumor 

come to p田sessan important sigificance as those enclosed in tumor tissue. Providing that 

tumor cells actually participating in growth and metastasis are those of marginal area, 

significance of portal blood should be emphasized even more3>4>15>1s>30>31>. 

Some reports on diversified effects of administration of carcinostatics by way of the 

vessels for hepatic tumor are instructive, on the other side, in consideration of vascular 

distribution in hepatic tumors. In clinical四 seof liver metastasis from田 rcinomaof the 

lung, FuKUYAMAn administered carcinostatics from the hepatic artery, autopsy finding of 

37th day revealed complete scarring in central ar田 ofthe metastatic tumor foci remain-

ing no tumor cell, while in the marginal area tumor cells could be as yet observed con-

fronting with surrounding normal liver tissue. IT014> administered carcinostatics from the 

hepatic artery in 5国 sesof primary and metastatic hepatomas, and made comparative 

study of histological findings before and after the administration. In a case of liver met-

astasis from stomach cancer, second look operation carried out 3 weeks later revealed 

disappearance of tumor cells in the central area of tumor foci, with some tumor cells 

remaining in the marginal area. He reported that effect of carcinostatics administration 

from the hepatic artery could not be demonstrated histologically in some of primary 

hepatomas. The diverse effect of carcinostatics administered from the hepatic artery depend-

ing on characters and site of tumor come to be readily comprehended by the aid of the 

findings of the pr白巴nt experiment that vascular distribution shows diversity in DAB 

hepatoma so much depending on histological pictures, and particularly in transplanted hepatic 

tumors portal blood enters the marginal area of tumor foci where tumor tissue is imme-

diately adjoining the surrounding normal liver tissue, suggesting that there exist some 

hepatic tumors in which participation of portal blood回 nnotbe denied. 

V. SUMMARY 

Blood supply to DAB hepatom礼礼nd transplanted hepatiじ tumorwas はudiedusing 
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dye solution infusing technique. 

Infusion experiment was carried out in 18 rats with DAB hepatoma which appeared 

after 100 days feeding with diet containing 3'-methyl-4-dimethylaminoazobenzene in 0.06 

per cent, and 41 rats with tumor growth in the liver ascertained 15 days after transplan-

tation of Walker carcinosarcoma 256 via the portal vein. 

Infusion apparatus equipped with manometers was used, and the infusion of dye so-

lution was simultaneously from the hepatic artery and portal vein carried out either with 

the回 mepressures as measured previously in the hepatic artery and portal vein or with 

the pressures of the similar proportion. Carmine gelatin soluton was infused into the he-

patic artery and Priussian blue gelatin solution was infused into the portal vein. In some 

rats, trypan blue saline solution was infused into the portal vein or hepatic artery. In this 

occasion, saline solution was simultaneously infused from another vessel with the pr白 sure

of physiological difference. The liver infused with dye solutions were extirpated and 

microscopic sections were taken for the study of app田 ranceof dye solution in tumor foci, 

and the results obtained are summarized as follows. 

1). Diverse appearance of dye in tumor foci of DAB hepatoma was observed depend-

ing on histological characters. 

a). In the area of typical cholangioma type tumor, merely dye infused into the artery 

could be observed. 

b). In tumor foci of hepatoma type, appearance of dye infused into the portal vein 

was predominant, slightly mingling with the dye infused into the artery. 

c). In tumor foci of mixed type, both dyes infused into the portal vein and hepatic 

artery were observed, and dye infused into the artery was predominant in area of 

cholangioma character, while in area of hepatoma character, dye infused into the portal 

vein could be observed. 

2). 

a). ¥Vhen colored gelatin solution was infused in transplanted hepatic tumor, in the 

internal area of large tumor foci excluding that of central necrosis, dye infused into the 

hepatic artery could be observed, and in marginal 紅白 dye infused into the portal vein 

existed. In small tumor foci, appearance of dye infused into the portal vein was predom-

inant, dye infused into the hepatic artery appearing slightly. 

b). When trypan blue solution was infused in cases of transplanted hepatic tumor, 

abundant net-work of the portal capillaries could be observed around large tumor foci, 

showing inflow of portal blood in marginal area of tumor foci. In small tumor foci, dye 

infused into the portal vein entered as far as the internal area. 

From al〕ovedescribed findings, it is assumed that hepatic tumor does not always re-

印 iveblood supply solely from the hepatic artery but in some tumor the portal vヒinwell 

participates in vascular distribution of hepatic tumor, depending on its histological picutres. 

Aじcompli,hingthe pr仁川・ntpiper, the author is so deeply indebted to Prof. Dr. Ictt10 l-IONJO for his kind 
advices and supervision，日日dthe author店れlsけ gr.itefulto Dr. KozAKA and the members of our clinic for their 
kind helps. 
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Fig. 1 Liver surface of rat at 15 d川、 aftertran」

plantation of cell suspension of 'vValker car-

cinosarcoma from the portal vein. T ransplante:l 

tumor appears grevi>h white. Rat ¥o. 81 

Fig. 2 M.1LT<>,cop1c finding of DλB hepatoma 

appeared after 100 d川ぷ feedingwith diet con-

taining 3'-mehtyl-DAB in 0.06 per cent. Rat 

＼り 14

Physiologic salt solutions 
c。rmine－一一一一一司
solution 

Prus~ian blue 
一一一－solution

Fig. 3 Apparatus for simult川 lt＇＜川、 infu>I<111 into the portal vein and hepatic c1rtery with、anリuspr田sures
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Fig. 4 3’－methyl-DAB hepatoma. Hi>tological 

picture of hepatoma type. 

H. E. x 400 Rat :¥u. 14 

Fig. 5 3仁methyl-DAB hep:;toma. Histological 

picture of cholangioma type. 

H. E.×300 Rat i¥u. 31 

~ 

選
Fig. 7 3’－methyl-DAB hepatoma. Histological 

picture of mixed type, containing tumor cells of 

hepatoma れpe within the structure of 

cholangioma1 type. H. E.×300 Rat No. 33 
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Fig. 8 3’－methyl-DAB hepatoma. Ap問aran問。fdye in the tumor ti描ueof cholangiorna type. Prussian blue 

was infused into the portal veiπand田 rmineinto the hepatiιartery, using. the apparatus as illustrated 

in Fig. 3. H. E. x 300 Rat No. 36. 

F』g.9 3’－methyl-DAB hepatoma. Appearance of dye in the tumor t悶ueof hepatoma type. Colored gelatin 

solution was similarly infused a,, in occasion of Fig. 8. H. E. x 300 Rat No. 38. 

町g.10 3’－methyl-DA8 hepatoma. Ap戸沼raneeof dye in the tumor tissue of mixed typε. Colored gelatin 

抽 lutionwas infused similarly as in c臥 ・asionof Fig. 8. H. E. x 300 Rat No. 15. 

Fig. 11 Appedrance of dye in the t陥ueof transp!Jnte:I hepatic tumor obtained 15 days after infusion of cell 

suspension of Walker carcino出 rcoma256 via the portal vein. Colored gela tin solution was similarly 

infused as in 叩 casionof Fig. 8. Large tumor foci in upper part and small tumor foci in liver 

t1>N1e in lower half. H. E. x 100 Rat No. 68. 
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Fig. 12 H1、t,,J，閉山lpicture of transplanted 

hepatic tumor obtain吋 15dιi、、 afterinfu-

sion of cell ＂＂‘‘ 

臼 rcoma256 via the portal vein. Tumor 

focus in the ri宮hthalf and small tumor 

foci in liver ti臼uein the left half. 

H. E. ×100 Rat ¥". 72 

Fig. 13 High power enlargement of Fig. 12. 

Marginal ar回 of tumor I川小 in upper 

half. H. E. ×300 Rat ¥:o. 72 

Fig. 14 High power enlargement of Fig. 

12. H. E. ×300 Rat ¥o. 72 
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Fig. 15. Transplanted tumor ti日ueobtained 15 

da、ち afterinfusion of cell suspension of Walker 

carcinosarcoma via the portal vein. Trypan blue 

田 lutionwas infused from the portal vein with 

simultaneous infusion of saline from the hepatic 

artery with pr＇田Sur白 as measured respectively. 

Relatively large tumor focus in lower half. 

出franin ×100 Rat ＼リ.83 

4，、4

Fig. 17. Relatively small tumor foci obtained by 

infusion of cell suspension of Walker carcino-

サ rcoma256 via the portal vein. Tryapn blue 

的 lutionwas infused from the port.ti vein with 

sirnult川｛河川、川fusio日けisaline from the hepatic 

.irれれ withpre田ur出品 resriectivelym白 sured.

日;ifranin×100 Rat ＼け.83 

Fig. 16. High power enlargement of marginal 

area of tumor foct1> in Fig. 15. Marginal area 

in the right half. Safranin x 300 Rat ト山． 83 

Fig. 18. Transplanted tumor ti田ueobtained by 

infusion of cell suspension of Walker carcmo-

sarcoma 256 via the portal vein. Trypan blue 

solution was infused from the hepatic artery 

with simultaneous infusion of saline from the 

戸川alvein with pre日uresme国 uredR》spectively.

Tumor ti出 uein the nght 3 quaters. 

Safranin×JOO Rat ＼り 88
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Fg. 19 Transplanted tumor tis.,ue obtained by 

infusion of cell suspension of ¥Va Iker 白 rcino-

臼 rcoma256 via the portal vein. Trypan blue 

solution was infused backwards from the portal 

vein with the pre出 ure of 150 mmH,O. the 

hepatic artery and portal vein being cut and 

severed. Safranin x 100 Rat ＼り.95 

Fig. 20 Transplanted tumor tissue obtained l九

infusion of cell suspension of Walker carcino-

日 rcoma256 via the portal vein. Tηpan blue 

solution was infused from the hepatic artery 

with p町田ureas measured previously, the portal 

flow being interrupted. 

Safranin ×100 Rat :¥o. 98 
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H，】inhur（！町ーFishman’s’fhe ph、、1opatho再V。fcrnKt'r, 85, A H明 her-HarperBook, 195 9. 
28) S.xlema~し W 主： Pa出ologic Phys凶n日y Mechanisrr 

Compan》， 1956.
291 Wright. R. D. : The bloαi supply of newly developed epithelial tissue in the liver. J. Pa tho. & Bact. 45 : 

405. 1937. 
30)* Yoshida. T. & Kin, C. ・ Uber dem histologischen A11fbau d田 Impfkarzinoms.Gann, Jap. J. Cancer Res., 

37 : 343. 1943. 
31)* Yoshida, T. : Y川 hi仁l.1－山rcoma.Neiraku-Shobo, 'I・okyo.1949. 
32) Yoshitomi, J. : Experimental刈udieson the t川 ’oritesite of liver necrosis after the interruption of the he-

patic arterial inflow. ,-¥re・h.Jap. Chir., 30・823,1961. 
(* Written in Japanese〕

和文抄録

実験的肝腫療の血行支配

金沢大学医学部第2外科学教室（指導 ・本庄一夫教授）

松村晴夫

動脈血と門脈血の二重支配をうける特殊な臓器を発

生増殖の場とする肝腫疹が，如何なる血行支配をうけ

ているかということは，肝腫疹の病態生理を理解する

上に，また実地臨床上肝腫湯の治療の上にも充分考服

されなければならない問題である．従来までの諸報告

ではすべての肝癌腫疹は動脈血のみで栄養されている

とする見解が有力である．

著者は生体においては肝動脈血行と，門脈血行とが

たがし、に微妙な関連をもっているので，なるべく生理

的な肝の循環状態という点に留意し， Walkercarcino-

凶 rcoma256の rat肝内移植腫湯ならびに， 3’ー問thyI-

DAB肝癌を対象とした色ぷ；主人法により，肝腫疹の

脈管支配の再検討を試みた．

manometerを装備した注入装置を用い，個 の々ratに

つき予め動脈圧と門脈圧を測定しP これらと等しい注

入ffあるいは庄の比率で， 同時に肝動脈ならびに門脈

から色素溶液を注入した．その結果を要約すれば，次

の如くである．

I) 実験的肝原発性腫疹

門脈上り Pru出 ianblue gelatin溶液，肝動脈から

C川 ninegelatin溶液を注入し，その腫疹巣の色ぷifrc人

分布状況を観察するに，その組織学的性状により異な

っていることを主事めた．

a) 典型的cholangiいma1¥ Iメの部分では，動脈性注

人色ぷのみが流入している．

b) hepatoma typt・の題協似て’は門脈性色素の存在

が有力であり，動脈性色業も混在している．

c) m1、収Itvpeでは門脈＇It色素p 動脈性色素の両者

が存在し， chohngiomaの'It十九わ強ければ動脈性注入

色素が有力であり， hepatomaの組織像と共に門脈性注

入色素の存在が認められる．

2) 実験的肝移植腫疹

Prussian blueならびに Carmineにて着色せる gelatin

溶液注入ならびに， Trypanblue溶液を注入し，腫疹

リト、の色素流入状況を観察した．

a) 着色gelatin溶液注入では比較的大きい腰暗号巣内

部全般には，肝動脈性色素のみが存在するが，肝組織

に接する腫療従j旦縁部には門脈性色素の存在を認め，

小さい腰湯巣では全体に優勢に門脈性色素が流入して

いる．

b) Trypan blue溶液を門脈から，生食水を肝動脈

から予め測定せる肝動脈圧と門脈圧に等しく同時に注

入した場合，大きい腫場巣の周辺に Trypanblueで充

された豊富なる毛細血管網の存在を認めp 処々から腫

湯巣に向ってその末梢枝が入り込み，腫癒細胞の間際

に色素が流入している．

c) 肝静脈より Trypanblue溶液をほぼ門脈圧と等

しい圧にて逆行性に注入し，肝動脈，門脈を切断開放

すれば，腫疹巣の辺縁部に色素の流入を認めた．

以上の結果より肝臓腫場の血管支配は従来の猪報告

の如く常に肝動脈のみによるものでなく，腫疹の組織

性止しによって様相が異なり，肝腫療のなかには肝動脈

のみな らず，門脈血も関与する場合のあることが判明

した．従って肝腫疹の発生病理の研究あるいは，肝腫

蕩に対して制癌剤の局所投与を行なう場合などに上述

の知見を充分考1'~：すべきであると考え る．

（尚，本論文の要旨u，第 l四日本癌治療学会総会，

ならびに第23回日本！・.＇・i:学会総会において発表した．）


